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difference- and trend-stationary models. Even if we exclude the Great

Depression, the actual coefficient on the depth of the recession variable is

in the 20th, 13th, and 20th percentiles, respectively, and its t-statistic is

in the 1st and ,8th percentiles. Consequently, it is unlikely that linear

difference-stationary or trend-stationary models of industrial production can

explain the bounce-back phenomenon. Apparently, the trend reversion in the

industrial production series is too weak for the trend-stationary

autoregressive model to explain the phase and bounce-back phenomena.

While simple two- and three-state Markov models for the growth rate of

output or linear ARlMA models of output cannot explain the phase behavior and

the bounce-back phenomenon apparent in industrial production, richer time

series models may be able to do so. Nonlinear time-series models, such as

threshold autoregressions may better reflect the phase behavior and the

bounce-back phenomena present in industrial production than simple linear

ARlMA models .'6

6. Concluding remarks

In this paper, we examined whether the economy grows faster immediately

after a recession than in the rest of the expansion and whether the strength

of the recovery was related to the depth of the recession. We find that

indeed recoveries are characterized by higher than average output growth and

that the deeper the recession the faster output grows during the subsequent

16 Terasvirta and Anderson (1991) estimate a smooth transition threshold
autoregression to the growth rate of quarterly industrial production. They found
that in the low growth regime the autoregression contained explosive roots while
in the high growth regime the autoregression has stable roots.
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recovery. In addition to finding a recovery effect for output, we found that

the shape of the business cycle is characterized by concave expansions--output

grows at a slower rate later in the expansion than in the beginning of the

expansion-...,and -linear rece-ssions--the rate-of- contraction is not significantly

different over the course of the recession. The high growth during the

recovery seems to be driven by inventory investment, consumer durables, and

investment in residential structures. The finding that the strength of the

recovery depends, in part, on the depth of the recession appears to be quite

robust across alternative business cycle dates. In the Monte Carlo analyses,

we show that linear time-series models are unlikely to generate significant

bounce-back effects and to replicate the actual shape of the business cycle.

The typically concave shape of expansions and the linear shape of

recessions suggest an asymmetry over the business cycle that is inconsistent

with linear models of the business cycle (see Blatt (1980)). In other work,

we show that a standard real business cycle is incapable of capturing the

shape of the business cycle (Balke and Wynne (1993)). These models typically

generate business cycle shapes with "pointed" peaks rather than the concave

expansions found in the data. Nonlinear models of the cycle that utilize the

concept of a ceiling on output I such as Friedman's "plucking model II of

business cycles (Friedman (1969, 1993») and Hicks' model of the trade cycle

(Hicks (1950) (which also places a floor on output), may be more consistent

with the concavity of output over expansions.
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Appendix A

The phase dummies were created as follows.

For monthly data:

(i) phasel ~ 1 if t ~ trough ± 1, 0 otherwise ;

(ii) the length of phase2, phase3, phase4 ~ integer[(peak - 1 ­

(trough+1))j3], with the remainder of 1 allocated to phase 3, and the

remainder of 2 allocated 1 each to phase2 and phase4;

(iii)

(iv)

phaseS ~ 1 if t ~ peak ± 1, 0 otherwise;

the length of phase6, phase7, phase8 ~ integer[(trough-1 - (peak+1))j3],

with remainder of 1 allocated to phase 7 and a remainder of 2 allocated

1 each to phase 6 and phase8.

For quarterly data:

(i) phase1 1 if t trough, 0 otherwise;

(ii) phaseS 1 if t peak, 0 otherwise;

(iii) the length of phase2, phase3, phase4 ~ integer[(peak-trough)/3] with the

remainder allocated as in monthly case. Similarly, the length of

phase6, phase7, and phase8 ~ integer[(trough-peak)/3] with the remainder

allocated as above.
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Table 1

Average output growth during different phases of the business cycle

Three Phase

real GNP IP

p-va1ues for HO:

Recession

1st year of
expansion

rest of
expansion

Adj. R2

1st yr ::S rest
of expansion

-2.67
(0.50)

6.35
(0.98)

3.71
(0.33)

0.42

0.00

-9.57
(1. 38)

12.79
(1. 95)

4.67
(0.61)

0.27

0.00

Burns and Mitchell Phases

real GNP IP

phase1 -1.16 -1. 79
(1.13) (1.91)

phase2 5.97 10.13
(0.82) (1. 66)

phase3 4.67 5.60
(0.45) (1. 04)

phase4 2.88 4.43
(0.37) (0.89)

phaseS 1. 93 -2.06
(0.65) (1. 94)

phase6 -3.04 -8.24
(0.75) (1.72)

phase7 -3.06 -8.98
(0.99) (3.04)

phase8 -2.37 -13.33
(1. 42) (4.70)

Adj. R2 0.44 0.21

p-values for HO:

ph2 ::s ph3 0.06 0.01
ph2 ::s ph4 0.00 0.00
ph3 ::s pM 0.00 0.20
ph2 ~ ph3 pM 0.00 0.01
ph6 ~ ph7 ph8 0.89 0.58

Notes to Table 1: Dependent variable is period to period+1 growth rate (at
annual rates). Sample period for quarterly real GNP is 1947:2-1991:2 and for
monthly Federal Reserve Industrial Production (IP) 1947:2 - 1991:6. Standard
errors are in parentheses.
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Table 2

Phase regressions for alternative industrial production indices

Miron- Extended Miron- Extended
Fed IP Romer M-R Fed IP Romer M-R

Recession -16.99 -12.49 -19.71 phase1 -4.40 -16.51 -9.80
(2.61) (3.67) (4.00) (3.45) (10.49) (5.70)

1st year of 17.45 21. 69 18.78 phase2 13 .14 30.73 11.76
expansion (2.30) (4.56) (5.11) (1. 97) (6.16) (3.29)

rest of 7.33 10.34 2.92 phase3 9.65 6.32 4.06
expansion (1.19) (3.75) (1. 16) (1.73) (2.93) (1. 54)

Adj. R2 0.21 0.10 0.07 phase4 6.95 11.15 2.80
(1. 46) (4.91) (2.22)

p-values for Ho: phaseS 0.75 14.60 -2.31
(2.58) (5.34) (4.03)

1st yr :5 rest 0.00 0.03 0.00
of expansion phase6 -15.05 -18.07 -15.76

(3.50) (5.87) (3.44)

phase7 -18.84 -13 .44 -18.42
(5.89) (6.44) (5.53)

phase8 -17.28 -7.59 -19.37
(4.20) (9.16) (5.20)

Adj. R2 0.16 0.13 0.03

p-values for Ho:

ph2 ,;; ph3 0.09 0.00 0.03
ph2 ,;; ph4 0.00 0.01 0.01
ph3 ,;; pM 0.07 0.79 0.32
ph2~ph39'h4 0.03 0.00 0.07
ph6-ph79'h8 0.80 0.65 0.75

Notes to Table 2: Dependent variable is period to period+1 growth rate (at
annual rate). Sample period for monthly Federal Reserve Industrial Production
Index (FED IP) is 1919:2 to 1990:6, for monthly Miron-Romer series 1884:2 to
1940:12, and for monthly extended Miron-Romer series 1947:2 to 1990:6.
Standard errors are in parentheses.
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Table 3

Alternative business cycle chronologies

Bry-Boschan Dates Bry-Boschan Dates
NBER Dates from M-R IF from Fed IP

peak trough peak trough peak trough
1885:5

1887:3 1888:4 1887:3 1887:8
1890:7 1891:5 1890:9 1891: 6
1893:1 1894:6 1892: 6 1893:12
1895:12 1897:6 1895: 11 1896:9

1897:7 1898:7
1899:6 1900:12 1899:9 1900:12
1902:9 1904:8 1901: 9 1902:7

1905:10 1906:6
1907:4 1908:6 1907:9 1908:5
1910:1 1912:1 1910:2 1910:12
1913:1 1914: 12 1913: 1 1915: 1
1918:8 1919: 3 1917:8 1919:2
1920: 1 1921: 7 1920: 3 1921: 7 1920: 2 1921:4
1923: 5 1924:7 1923: 6 1923: 11 1923: 5 1924: 7
1926:10 1927: 11 1926: 3 1927: 3 1927:3 1927:12
1929: 8 1933:3 1929: 6 1933:4 1929:7 1932:7

1933: 11 1934:12
1937:5 1938:6 1937:2 1938:8 1937:5 1938:6

1945:2 1945:10 1944:4 1946:2
1948: 11 1949:10 1948:10 1949:10 1948:7 1949:10

1951:6 1952:7
1953:7 1954:5 1953:8 1954:4 1953:7 1954:4
1957:8 1958:4 1955:12 1958:4 1957:3 1958:4

1959:5 1959:10
1960: 4 1961:2 1960: 1 1961:2

1961: 12 1962: 6
1966:10 1967:6

1969:12 1970:11 1969: 11 1971: 8 1969:10 1970:11
1973: 11 1975:3 1973:12 1975:5 1973: 11 1975:3
1980:1 1980:7 1978:12 1980:7
1981:7 1982:11 1981:2 1982:12 1981:7 1982:12

1984:5 1986:9
1985:12 1986:9
1989:4 1989:12

1990:7 1990:8 1990:9

Notes to Table 3: For Fed IP, sample period for Bry-Boschan algorithm is
1919:1 to 1991:6. For Miron-Romer (M-R) Dates, the Bry-Boschan algorithm uses
the Miron-Romer IP series for 1884:1 to 1940:12 and the extended Miron-Romer
series of Watson (1992) for 1947:1 to 1991:6.
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Three Phase
Regression

Recession

1st year of
expansion

rest of
expansion

Adj. R2

Fed IP
1947:2-1991:6

-9.58
(1.19)

13 .68
(2.02)

4.87
(0.64)

0.27

Fed IP
1919:2-1991:6

-17.89
(1.19)

18.93
(2.82)

7.50
(1. 34)

0.23

Miron­
Romer

-26.30
(3.49)

28.98
(4.73)

15.52
(3.07)

0.30

Extended
M-R

-17.83
(3.63)

19.67
(4.05)

6.45
(3.63)

0.12

p-va1ues for HO:
1st yr " rest
of expansion

0.00 0.00 0.01 0.00

Burns and Mitchell
Phase Fed IP
Regression 1947:2-1991:6

Fed IP
1919:2-1991:6

Miron­
Romer

Extended
M-R

phase1

phase2

phase3

phase4

phase5

phase6

phase7

phase8

Adj. R2

-2.37
(1. 82)

9.72
(1.70)

6.11
(1. 03)

3.26
(1. 27)

3.43
(3.85)

-6.88
(1.65)

-7.65
(2.77)

-12.82
(4.36)

0.19

-3.20
(2.27)

12.66
(2.04)

9.20
(1. 67)

7.72
(2.17)

4.31
(2.99)

-11.10
(3.59)

-16.32
(5.67)

-26.46
(4.83)

0.18

-15.41
(4.56)

26.43
(6.16)

15.86
(5.46)

25.59
(4.26)

10.79
(2.53)

-27.67
(3.81)

-11.69
(7.54)

-39.23
(7.01)

0.27

-1. 22
(7.62)

13.54
(3.38)

7.26
(2.52)

8.32
(2.12)

1. 96
(1. 61)

-9.39
(5.59)

-8.77
(2.80)

-21.13
(6.66)

0.04



p-va1ues for
Extended
Ho:

ph2 ,,; ph3
ph2 ,,; pM
ph3 ,,; pM
ph2~ph3"'"Ph4

ph6~ph7"'"Ph8

Fed IP

1947: 2-1991: 6

0.03
0.00
0.06
0.02
0.53

Table 4 (continued)

Fed IP

1919:2-1991:6

0.10
0.05
0.27
0.25
0.04

Miron-

Romer

0.09
0.45
0.96
0.18
0.02

32

M-R

0.05
0.10
0.61
0.23
0.11

Notes to Table 4: Standard errors are in parentheses.
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Table 5
Phase regressions for components of real GNP (1947:2-1991:2)

Consumption Investment
Three Phase Res Non Res
Regression Total Durable ND & ser Total Struct PDE Struct Inventory

Recession 0.64 -3.80 1. 25 -19.78 -6.74 -12.88 -6.28 -10.51
(0.42) (2.69) (0.29) (3.26) (5.42) (2.46) (2.08) (2.07)

1st year of 4.80 14.04 3.63 25.32 19.67 10.77 2.40 11.45
expansion (0.50) (1.86) (0.40) (4.01) (3.52) (2.46) (2.65) (2.21)

rest of 3.45 4.21 3.33 3.05 0.16 6.61 3.85 -0.41
expansion (0.28) (1.19) (0.23) (1. 64) (2.06) (1. 22) (1. 29) (0.90)

Adj. R2 0.16 0.10 0.12 0.36 0.13 0.27 0.11 0.16

p-va1ues for HO:
1st yr :5 rest 0.01 0.00 0.26 0.00 0.00 0.07 0.69 0.00
of expansion

Burns and Consumption Investment
Mitchell Phase Res Non Res
Regression Total Durable ND & ser Total Struct PDE Struct Inventory

phase1 2.84 -0.34 3.12 -19.32 17.13 -11.69 -7.79 -18.88
(0.62) (4.99) (0.26) (9.29) (8.60) (3.54) (2.55) (7.66 )

phase2 4.72 12.41 3.73 20.11 17.82 10.20 3.38 7.38
(0.32) (1. 56) (0.24) (4.33) (3.04) (2.08) (1.87) (2.60)

phase3 4.01 5.95 3.74 5.75 2.56 8.83 3.22 1.48
(0.49) (2.28) (0.38) (2.80) (4.30) (1. 86) (2.55) (1. 45)

phase4 2.91 2.75 2.94 1. 75 -0.19 3.86 4.87 -1. 86
(0.44) (1. 54) (0.36) (1. 64) (2.67) (1. 49) (1. 68) (1.33)

phaseS 2.04 -0.21 2.34 -3.62 -22.43 5.64 2.81 2.19
(0.66) (2.46) (0.60) (5.43) (4.32) (2.32) (1.62) (4.34)

phase6 -1.01 -8.42 0.01 -24.96 -18.53 -7.52 -5.11 -15.54
(0.80) (2.64) (0.76) (4.18) (9.26) (4.37) (2.49) (3.55)

phase7 0.88 3.67 0.69 -25.22 -22.56 -14.06 -7.79 -7.53
(2.77) (5.67) (7.54) (2.80) (9.26) (4.83) (2.64) (2.60)

phase8 -0.41 -10.54 0.92 -9.65 -5.98 -18.38 -4.23 0.95
(1. 02) (5.73) (0.77) (7.32) (9.10) (4.58) (3.65) (4.56)

Adj. R2 0.21 0.10 0.18 0.32 0.26 0.27 0.10 0.14
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Table 5 (continued)

Consumption Investment

p-values for
Ho:
Inventory

Total Durable ND & ser Total
Res

Struct PDE
Non Res
Struct

ph2 :5 ph3 0.12 0.01 0.50 0.01 0.00 0.33 0.48 0.02
ph2 :5 pM 0.00 0.00 0.04 0.00 0.00 0.01 0.72 0.00
ph3 :5 ph4 0.07 0.14 0.08 0.09 0.31 0.01 0.71 0.07
ph2~ph3~ph4 0.01 0.00 0.18 0.00 0.00 0.01 0.78 0.01
ph69'h7-ph8 0.44 0.18 0.65 0.25 0.34 0.13 0.59 0.05

Notes to Table 5: All data are quarterly. Dependent variable is period to period+l
growth rate (at annual rates) except inventory investment which is change in the
level. Durables consumption includes dummy variables for 1950:3-1951:2. Standard
errors are in parentheses.
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Table 5 (continued)

Three Phase Final
Regression Government Exports Imports Sales

Recession 1.06 -2.83 -4.47 -0.59
(1. 65) (3.07) (2.35) (0.43)

1st year of 0.83 2.06 12.99 4.12
expansion (1. 41) (1. 41) (2.36) (0.60)

rest of 4.88 7.57 7.68 3.85
expansion (1. 53) (2.00) (0.90) (0.34)

Adj. R2 0.03 0.05 0.11 0.25

p-values for HO:
1st yr S rest 0.99 0.98 0.02 0.33
of expansion

Burns and Mitchell
Phase Final
Regression Government Exports Imports Sales

phasel 0.51 -4.94 -2.68 1. 57
(2.84) (7.91) (7.80) (0.84)

phase2 2.22 4.77 12.20 4.46
(1.22) (1. 06) (2.41) (0.39)

phase3 5.93 8.07 8.16 4.63
(2.86) (2.13) (1. 09) (0.56)

phase4 3.35 6.47 8.03 3.07
(1.37) (3.20) (1. 65) (0.34)

phaseS 5.03 3.54 1. 66 1.92
(2.03) (3.57) (2.56) (0.56)

phase6 1. 79 7.94 -6.96 -0.39
(1. 09) (6.13) (3.84) (0.46)

phase7 2.14 -2.70 -2.97 -1. 37
(2.32) (2.65) (5.18) (1. 20)

phase8 -0.07 -11. 37 -5.48 -2.44
(3.59) (4.26) (3.46) (1.38)

Adj. R2 0.00 0.04 0.09 0.32
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Table 5 (continued)

p-values for Final
Ho: Government Exports Imports Sales

ph2 :5 ph3 0.93 0.92 0.08 0.62
ph2 :5 pM 0.73 0.69 0.08 0.00
ph3 :5 pM 0.19 0.31 0.48 0.00
ph2-ph3~ph4 0.32 0.37 0.31 0.01
ph6~ph7~ph8 0.87 0.01 0.88 0.25

Notes to Table 5: All data are quarterly.
period+l growth rate (at an annual rate).

Dependent variable is period to
Standard errors are in parentheses.
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Phase regressions for Output, Productivity, Hours, and

Real Compensation in Manufacturing (1947:2-1991:2)
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Three Phase
Regression

Recession

1st year of
expansion

rest of
expansion

Adj. R2

p-values for HO:
1st yr :S rest
of expansion

Output

-10.15
(1.23)

11.43
(1. 98)

4.05
(0.75)

0.45

0.00

Productivity

0.05
(0.84)

5.42
(0.68)

2.42
(0.48)

0.12

0.00

Hours

-10.21
(2.50)

6.00
(1. 51)

1.62
(0.56)

0.50

0.00

Real
compensation

2.13
(0.46)

1. 57
(0.80)

1. 62
(0.43)

-0.01

0.52

Burns and Mitchell
Phase
Regression
compensation

phasel

phase2

phase3

phase4

phase5

phase6

Output

-9.27
(3.04)

10.31
(1. 69)

5.66
(0.88)

3.66
(1.13)

-2.03
(1.55)

-11.72
(1.82)

Productivity

0.95
(1.28)

5.38
(0.68)

2.56
(0.55)

2.33
(0.67)

0.41
(1. 50)

-2.66
(2.15)

Hours

-10.23
(2.50)

4.92
(1. 33)

3.09
(0.81)

1. 32
(0.76)

-2.45
(1. 16)

-9.06
(1. 30)

Real

2.23
(0.70)

2.01
(0.66)

1. 53
(0.45)

1. 66
(0.67)

0.86
(1.49)

1. 59
(1. 02)

phase7

phase8

Adj. R2

-8.99
(3.30)

-10.77
(3.16)

0.45

2.11
(1.71)

0.30
(1. 72)

0.15

-11.10
(2.37)

-10.43
(1. 78)

0.50

3.55
(0.81)

1.15
(0.81)

-0.02
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Table 6 (continued)

p-values for Real
Ho: Output Productivity Hours
compensation

ph2 :S ph3 0.01 0.00 0.12 0.26
ph2 :S pM 0.00 0.00 0.01 0.35
ph3 :S pM 0.07 0.38 0.06 0.58
ph2~ph3-ph4 0.01 0.00 0.06 0.82
ph6~ph7~ph8 0.82 0.28 0.49 0.12

Notes to Table 6: All data are quarterly.
period+l growth rate (at an annual rate).

Dependent variable is period to
Standard errors are in parentheses.
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Table 7
Phase regressions for Employment, Prices, Money and

Interest Rates (1947:2-1991:2)

Three Phase Nonag Fix Wgt Money M2 Stock 10yr-3mth
Regression Employ. Deflator cpr Base M2 velocity prices spread

Recession -2.84 5.36 4.55 4.70 5.40 -3.71 -3.57 0.90
(0.67.) (1. 02) (1.13) (1.13) (0.92) (0.87) (5.47) (0.26)

1st year of 3.34 4.93 3.31 4.86 7.71 2.99 20.22 1.43
expansion (0.21) (1. 02) (0.96) (1. 07) (1.17) (1.56) (2.46) (0.39)

rest of 3.03 3.59 4.28 5.12 6.20 1. 52 5.04 0.95
expansion (0.54) (0.58) (0.61) (0.62) (0.60) (0.60) (2.43) (0.24)

Adj. R2 0.31 0.03 0.01 -0.00 0.03 0.17 0.02 0.02

p-values for HO:
1st yr :5 rest 0.33 0.11 0.84 0.59 0.09 0.17 0.00 0.12
of expansion

Burns and
Mitchell
Phase Nonag Fix Wgt Money M2 Stock 10yr-
3mth
Regression Employ. Deflator cpr Base M2 velocity prices spread

phase1 -2.27 5.21 2.83 4.72 7.76 -4.75 46.30 1. 89
(0.58) (1.33) (0.89) (1. 53) (1. 45) (0.76) (9.03) (0.14)

phase2 3.57 3.13 3.15 4.93 8.32 1.44 15.03 1.72
(0.54) (0.77) (0.75) (0.93) (0.95) (1. 49) (3.35) (0.24)

phase3 3.58 3.82 3.65 5.78 6.72 1. 74 4.21 1. 20
(0.37) (0.65) (0.64) (0.73) (0.75) (0.80) (5.37) (0.33)

phase4 2.71 4.68 5.21 4.54 5.31 2.42 5.75 0.30
(0.25) (0.80) (0.86) (0.86) (0.73) (0.80) (2.42) (0.21)

phase5 0.44 3.54 5.82 3.40 4.46 1. 93 -4.07 -0.20
(0.53) (1. 84) (1. 96) (1. 42) (1. 09) (1. 02) (5.14) (0.39)

phase6 -1. 35 6.02 5.62 4.45 4.46 -3.92 -17.11 0.39
(0.97) (1.41) (1.76) (1.35) (1. 46) (1. 05) (8.48) (0.43)

phase7 -2.70 6.49 4.73 4.53 3.75 -2.59 -23.43 0.54
(0.81) (1. 94) (1. 41) (1. 42) (0.95) (2.11) (9.59) (0.28)

phase8 -3.90 3.55 4.00 5.37 6.71 -3.45 0.20 1. 51
(0.73) (1.50) (1.68) (1.52) (1.19) (1. 66) (10.78) (0.41)

Adj. R2 0.31 0.01 0.03 0.00 0.10 0.14 0.07 0.29
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Table 7 (continued)

p-va1ues Nonag Fix Wgt Money M2 Stock 10yr-
3mth
for Ho: Employ. Deflator CPI Base M2 velocity prices spread

ph2 :5 ph3 0.51 0.79 0.72 0.80 0.04 0.59 0.04 0.06
ph2 :5 pM 0.08 0.93 0.97 0.37 0.00 0.72 0.01 0.00
ph3 :5 ph4 0.02 0.81 0.97 0.08 0.06 0.74 0.60 0.00
ph2~ph3~ph4 0.07 0.35 0.12 0.34 0.03 0.79 0.05 0.00
ph6-ph7~ph8 0.09 0.11 0.50 0.83 0.04 0.78 0.03 0.01

Notes to Table 7: All data are monthly except the fixed weight GNP deflator. All
variable are in annual growth rates except interest rate spread. Stock prices
includes a dummy variable for 1987:10. Sample period for nonagricultural employment
is 1948:2-1991:2 while for interest rate spread the sample period is 1953:2-1991:2.
Standard errors are in parentheses.
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Table 8
Estimates of gl(12) = a o + Q1Si + a 2 (Ti - Pi) + Q 3di

Industrial production; NBER business cycle dates

"'0 "', "'2 "'3 ii 2 se

1.091**. -0.231 0.05 0.711
(0.322) (0.181)

0.614'** 0.057'" 0.46 0.535
(0.272) (0.016)

0.801'" -0.031**' 0.64 0.440
(0.173) (0.006)

0.299 -0.224 0.057**' 0.55 0.491
(0.306) (0.125) (0.015)

0.906'" 0.138 -0.035**..... 0.64 0.440
(0.203) (0.138) (0.008)

0.716'* 0.013 -0.026** 0.61 0.453
(0.235) (0.023) (0.011)

1.702** 0.558 -0.073 -0.076* 0.64 0.436
(0.752) (0.406) (0.066) (0.038)

Notes to Table 8. The basic series is the Federal Reserve's Index of industrial
production (seasonally adjusted). There are 14 observations in each regression.
The sample period starts with the recession of 1920:01-1921:04 and ends with the
recession of 1981:07-1982:11. * denotes significance at the 10% level; ** denotes
significance at the 5% level; *** denotes significance at the 1% level. Standard
errors are in parentheses.

Correlation matrix

s

(T-P)

d

s

1.00

(T-P)

-0.04

1.00

d

0.61

-0.80

1.00



Table 9
Estimates of gi(12)- r i = "'0 + "'1 (5i - r i ) + "'2(Ti - Pi) + "'3(5i - ri)(Ti - Pi)

Industrial production; NBER business cycle dates

"'0 "'1 "'2 "'3 ii2 se

0.616 -0.320 0.13 0.691
(0.367) (0.187)

0.308 0.061'" 0.50 0.522
(0.266) (0.016)

0.381" -0.033'" 0.73 0.382
(0.163) (0.005)

-0.252 -0.326" 0.061'" 0.70 0.406
(0.280) (0.110) (0.013)

0.427' 0.046 -0.034'·· 0.71 0.396
(0.214) (0.129) (0.007)

0.337 0.008 -0.030'" 0.71 0.396
(0.202) (0.021) (0.009)

0.276 -0.034 0.013 -0.028 0.69 0.415
(0.769) (0.410) (0.065) (0.036)
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Notes to Table 9. The basic series is the Federal Reserve's Index of industrial
production (seasonally adjusted). There are 14 observations in each regression.
The sample period starts with the recession of 1920:01-1921:04 and ends with the
recession of 1981:07-1982:11. * denotes significance at the 10% level; ** denotes
significance at the 5% level; *** denotes significance at the 1% level. Standard
errors are in parentheses.

Correlation matrix

s

(T-P)

d

s

1.00

(T-P)

-0.02

1. 00

d

0.59

-0.81

1.00
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Table 10
Estimates of gi(12) = "0 + "lSi + "2(Ti - Pi) + Q;3di

Excluding the Great Depression
Industrial production; NBER business cycle dates

"0 ", "2 ", li. 2 se

1. 001*** -0.200 0.08 0.542
(0.246) (0.. 138)

0.668 0.053 0.03 0.558
(0.559) (0.045)

0.828*** -0.029** 0.35 0.458
(0.213) (0.011)

0.233 -0.227 0.062 0.17 0.515
(0.574) (0.132) (0.042)

0.871*** 0.286 -0.051** 0.38 0.446
(0.210) (0.225) (0.020)

0.585 0.023 -0.026** 0.30 0.472
(0.474) (0.040) (0.011)

1.550* 0.590 -0.061 -0.080* 0.36 0.452
(0.832) (0.426) (0.072) (0.040)

Estimates of gi(12)- r i = "0 + "1(S,- r,) + "2(Ti - Pi) + ",(5i - ri)(Ti - Pi)
Excluding the Great Depression

Industrial production; NBER business cycle dates

"0 "1 "2 "3 li. 2 se

0.490 -0.310** 0.34 0.426
(0.228) (0.115)

0.617 0.033 -0.03 0.534
(0.535) (0.043)

0.460** -0.028"* 0.45 0.390
(0.200) (0.008)

-0.013 -0.320** 0.041 0.37 0.418
(0.474) (0.113) (0.034)

0.440* -0.059 -0.024 0.40 0.399
(0.221) (0.206) (0.017)

0.559 -0.010 -0.029** 0.40 0.407
(0.408) (0.036) (0.010)

0.496 -0.035 -0.049 -0.026 0.33 0.429
(0.875) (0.424) (0.074) (0.037)

Notes to Table 10. The basic series is the Federal Reserve's Index of industrial
production (seasonally adjusted). There are 14 observations in each regression.
The sample period starts with the recession of 1920:01-1921:04 and ends with the
recession of 1981:07-1982:11. * denotes significance at the 10% level; ** denotes
significance at the 5% level; *** denotes significance at the 1% level. Standard
errors are in parentheses.
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Table 11
Estimates of g,(12) ="0 + ",d,

NBER business cycle dates

Series "0 ", "R 2 se N T

IP 0.801'" -0.031'" 0.64 0.440 14 1920: 01-1921: 07
(0.173) (0.006) 1981:07-1982:11

MFG 0.878" -0.029'" 0.59 0.506 14 "
(0.197) (0.006)

DUR 0.840" -0.039'" 0.72 0.946 14 "
(0.352) (0.007)

NDUR 0.729'" -0.027'" 0.60 0.229 14 "
(0.081) (0.006)

MRSA 0.831" -0.051'" 0.63 0.941 15 1887:03-1888:04
(0.317) (0.010) 1937:05-1938:06

XMRSA -0.780 -0.121'" 0.84 0.529 8 1948: 11-1949: 10
(0.427) (0.020) 1981:07-1982:11

Notes to Table 11. The basic series are the Federal Reserve's index of industrial
production (IP), and its sub-components, manufacturing production (MFG) , durab1es
manufacturing (DUR) , and nondurables manufacturing (NDUR), all seasonally adjusted.
MRSA is the Miron-Romer(1990) industrial production index, seasonally adjusted.
XMRSA is the extended Miron-Romer index for the post World War II period constructed
by Watson (1992). N denotes the number of observations in each series. T gives the
dates of the first and last recessions covered by each series. * denotes
significance at the 10% level; ** denotes significance at the 5% level; *** denotes
significance at the 1% level. Standard errors are in parentheses.
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Table 12
Estimates of gi(12) = a o + Cl1di

Bry-Boschan dates

Series a o a, ii 2 N T

IP 0.720*** -0.037*** 0.73 0.462 13 1920:02-1921:04
(0.196) (0.006) 1981:07-1982:12

MFG 0.734*** -0.036*** 0.76 0.453 15 1920: 02-1921: 04
(0.169) (0.005) 1981:07-1982:12

DUR 0.986*** -0.036*** 0.73 0.866 15 1923: 05-1924: 07
(0.304) (0.006) 1981:07-1982:12

NDUR 0.485*** -0.054*** 0.84 0.323 16 1920: 01-1920: 12
(0.114) (0.006) 1981:07-1982:07

MRSA 0.839** -0.043*** 0.51 0.887 18 1887:03-1887:08
(0.378) (0.010) 1937:02-1939:08

XMRSA -0.043 -0.080*** 0.75 0.571 14 1948:10-1949:10
(0.291) (0.013) 1989:04-1989:12

Notes to Table 12. The basic series are the Federal Reserve's index of industrial
production (IP), and its sub-components, manufacturing production (MFG) , durab1es
manufacturing (DUR) , and nondurables manufacturing (NDUR) , all seasonally adjusted.
MRSA is the Miron-Romer(1990) industrial production index, seasonally adjusted.
XMRSA is the extended Miron-Romer index for the post World War II period constructed
by Watson (1992). N denotes the number of observations in each series. T gives the
dates of the first and last recessions covered by each series. * denotes
significance at the 10% level; ** denotes significance at the 5% level; *** denotes
significance at the 1% level. Standard errors are in parentheses.



Table 13

Phase regressions for data generated by ARIMA Models
estimated to Fed IP Index, 1947:1-1991:6

Three Phase Regression Burns and Mitchell Phases

Monte Carlo Monte Carlo
Avg and (st dev) Avg and (st dev)

ARIMA ARIMA ARIMA
Actual <12,1.0) (13,0,0) Actual <12,1.0) (13,0,0)

Recession -9,58 -7,55 -7,55 phase1 -2,37 -3,04 -3,11
(1. 08) (1.11) (1.32) (1. 69)

1st year of 13 .68 9.29 9.40 phase2 9.72 8.14 8.20
expansion (1. 60) (1. 46) (1.53) (1. 69)

rest of 4.87 7.36 7.42 phase3 6.11 7.41 7.57
expansion (0.88) (0.94) (1. 61) (1. 67)

phase4 3.26 8.20 8.16
(1. 63) (1.71)

percent of replications phaseS 3.43 3.28 3.30
with p-va1ue < actual (1. 74) (1.55)

Actual ARIMA ARIMA phase6 -6.88 -7.80 -7.95
Ho: p-value <12,1.0) (13,0,0) (2,85) (2.05)
1st yr ,;; rest 0.00 0.01 0.01
of expansion phase7 -7,65 -6,12 -5.86

(1. 94) (1. 85)

phase8 -12,82 -6.77 -6.88
(2,61) (2.48)

percent of replications
with p-values < actual

ARIMA ARIMA Actual ARIMA ARIMA
Actual <12,1.0) (13,0,0) Ho: p value (12.1.0) (13,0,0)

number of 8 11.1 10.8 ph2 ,;; ph3 0.03 0,12 0.10
cycles (3.5) (3.4) ph2 ,;;pM 0,00 0,00 0.01

ph3 ,;; pM 0,06 0,02 0.07
ph2~ph3~pM 0,02 0,07 0.07
ph6~ph7~ph8 0,53 0,60 0.71
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Notes to Table 13: 100 replications. Peak and trough dates were selected by Bry­
Boschan algorithm.
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Table 14

Bounce-back regressions for data generated by ARIMA models
estimated to Fed IP Index, 1919:1-1991:6

Monte Garlo
Actual Actual Average and (standard deviation)
with without ARIMA ARIMA ARIMA

Depression Depression (0,1,02 (12,1,02 (13,0,02

Deepness -0.0369 -0.0226 -0.0066 -0.0051 -0.0105
coefficient (0.0212) (0.0143) (0.0169)

Deepness -5.80 -2.58 -0.25 -0.32 -0.70
t-stat (0.97) (0.92) (1, 14)

Number of 13 12 16.6 19.0 18.7
cycles in (5.8) (6.1) (4.5)
sample

Percent of Monte Garlo Replications with:

Deepness coefficient 0.08 0.01 0.07
< Actual (wi Depression)

Deepness t-stat 0.00 0.00 0.00
< Actual (wi Depression)

Deepness coefficient 0.20 0.13 0.20
< Actual (wol Depression)

Deepness t-stat 0.01 0.01 0.08
< Actual (wol Depression)

Notes to Table 14. 100 replications. Peak and trough dates were selected by
Bry-Boschan algorithm.
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