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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 recegsions—--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 recesslon 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 cyecle 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, such as Friedman's "plucking model” 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 £ = trough £ 1, 0 otherwise ;

(ii) the length of phase2, phase3, phase4 = integer[(peak - 1 -
(trough+l)) /3], with the remainder of 1 allocated to phése 3, and the
remainder of 2 allocated 1 each to phase2 and phase4;

(iii) phase5 =1 if t = peak t 1, 0 otherwise;

(iv) the length of phasef, phase7, phase8 = integer[(trough-1 - (peak+l))/3],
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) phasel 1 1if t = trough, 0 otherwise;

(ii) phase5 1 1if £ = 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 Burns and Mitchell Phases
real GNP IP real GNP IP

Recesgsion -2.67 -9.57 phasel -1.16 -1.79
(0.50) (1.38) (1.13) {1.91)
1st year of 6.35 12.79 phase? 5.97 10.13
expansion (0.98) {(1.95) (0.82) (1.66)
rest of 3.71 4.67 phase3 &.67 5.60
expansion (0.33) (0.61) (0.43) (1.04)
Adj. R? 0.42 0.27 phaseé 2.88 4.43
(0.37) {0.89)
p-values for HO: phase5 1.93 -2.06
(0.63) {1.94)

lst yr = rest 0.00 0.00
of expansion phaseé -3.04 -8.24
(0.75) {1.72)
phase? -3.06 -8.98
(0.99) {3.04)
phase8 -2.37 -13.33
(1.42) (4.70)
Adj. R? 0.44 0.21

p-values for HO:

ph2 < ph3 0.06 0.01
ph2 < ph4 0.00 0.00
ph3 < ph4 0.00 0.20
ph2 = ph3 = ph4 0.00 0.01
ph6 — ph7 — ph8 0.89 0.58

Notes to Table 1: Dependent variable is period to period+l 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.



Table 2

Phase regressions for alternative industrial production indices

Recession

lst year of
expansion

rest of
expansion

Adj. R?

Fed

-16.
(2.

17.
(2.

7
(1

0.

p~values for Ho:

lst yr =

rest
of expansion

0.

Notes to Table 2:

annual rate).

1940:12, and for monthly extended Miron-Romer series 1947:2 to 1990:6.

IP

99
61)

45
30)

.33
.19)

21

00

Dependent variable is period to period+l growth rate (at

Miron-
Romer

-12.
(3.

21.
(4.

10.
(3.

0.

49
67)

69
36)

34
75)

10

.03

Extended

M-R

-19.71
(4.00)

18,78
(5.11)

2,92
(1,16)

0.07

0.00

phasel

phase?

phase3

phased

phaseb

phaseb

phase?7

phased

Adj. R2

Fed

-4,
(3

13
(1.

-18
(5

-17
(4.

IP

40

L45)

14

97)

.65
I3

.95
.46)

.75
.58)

.05
.50)

.84
.89)

.28

20)

.16

p-values for Ho:

ph2 = ph3
ph2 =< ph4
ph3 = phd
ph2=ph3=ph4
phé=ph7=ph8

IA A A

0.
Q.
0.
0.
0.

0%
00
a7
03
80

Miron-
Romer

-16.
(10.

30,
(6.

6.
(2.

11.
(4.

14
(5.

-18.
(5.

-13.
(6.

-7.
(9.

0.

OSSO o0

51
49)

73
16)

32
93)

15
91)

.60

34)

07
87)

4t
4tt)

59
16)

13

.60
.01
.79
.00
.65

29

Extended
M-R

-9
{5

11

-2

-15
(3

-18.
(5.

.80
J0)

.76
(3.

29

.06
.54)

.80
22

.31
(4.

03)

.76
44

42
53)

-19.37

(5.

0.

oo oo

20)

03

.03
.01
.32
.07
.75

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

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  1897:86 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 1929:86 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.



Table 4

Phase regressions for Bry-Boschan dates

Three Phase Fed IP Fed IP
Regression 1947:2-1991:6 1919:2-19%1:6
Recession -9.58 -17.89
(1.19) {1.19)
lst year of 13 .68 18.93
expansion (2.02) (2.82)
rest of 4. .87 7.50
expansion (0.64) (1.34)
Adj. R? 0.27 0.23
p-values for HO:
lst yr =< rest 0.00 0.00
of expansion
Burns and Mitchell
Phase Fed IP Fed IP
Repression 1947:2-1991:6 1919:2-1991:6
phasel -2.37 -3.20
(1.82) (2.27)
phase?2 9.72 12 .66
(1.70) (2.04)
phase3 6.11 9.20
(1.03) (1.67)
phased 3.26 7.72
(1.27) (2.17)
phasze5s 3.43 4.31
{3.85) (2.99)
phase6 -6.88 -11.10
(l.85) (3.59)
phase? -7.65 -16,32
(2.77) (5.67)
phase8 -12.82 -26.486
(4.36) (4.83)
Adj. R? 0.19 0.18

Miron-
Romer

-26.30
(3.49)

28.98
(4.73)

15.52
(3.07)

0.30

0.01

Miron-
Romer

-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)

31

Extended
M-R

-17.83
(3.63)

19.67
(4.05)

6.45
(3.63)

0.12

0.00

Extended
M-R

~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-values for
Extended

Ho:
ph2 < ph3
ph2 =< ph4
ph3 =< ph4
ph2=ph3—ph4
ph6=ph7—=ph8

A A A

Notes to Table §:

Fed IP

1947:2-1991:6

0.03
0.00
G.06
0.02
G.53

Table 4 (continued)

Fed IP

1916:

[oNeNeNolNe)

Standard errors are

2-1991:6

.10
.05
.27
.25
.04

in parentheses.

Miron-

Romer

0.09
0.45
0.96
0.18
0.02

32



Table 5

Phase regressions for components of real GNP (1947:2-1991:2)
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Three Phase

p-values for HO:

of expansion

Burns and

Mitchell Phase

Consumption Investment
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)
lst year of 4.80 14.04 3.63 25.32 19.6&7 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. R? 0.16 0.10 0.12 0.36 0.13 0.27 0.11 0.16
lst yr = rest 0.01 0.00 0.26 0.00 0.00 0.07 0.69 0.00

Consumption Investment
Res Non Res

Regression Total Durable ND & ser Total Struct PDE Struct Inventory
phasel 2.84 -0.34 3.12 -19.32 17.13 -11.69 -7.79 -15.88
(0.62) (4.99) (0.26) (9.29) {8.60) {3.54) (2.53) (7.66)
phase? 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)
phase5 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)
phaseb -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)
phase? 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)
phase$8 -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)
0.26 0.27 0.10 0.14

Adj. R? 0.21 0.10 0.18 0.32
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Table 5 (continued)

Consumption Investment

p-values for Res Non Res

Ho: Total Durable ND & ser Total Struct PDE Struct
Inventory

ph2 = ph3 0.12 0.01 0.50 0.01 0.00 0.33 0.48 0.02
ph2 =< ph4 0.00 0.00 0.04 0.00 0.00 0.01 0.72 0.00
ph3 = 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
phé=ph7=ph8 0.44 0.18 0.65 0.25 0.34 0.13 0.5% 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.



Three Phase
Regression

Recession

1st year of
expansion

rest of
expansion

Adj. R?
p-values for HO:

1st yr < rest
of expansion

Burns and Mitchell

Phase

Regression

phasel

phase?

phase3l

phased

phase5

phaseb

phase?

phaseB8

Adj. R?

Government

1.06
(1.65)

0.83
{1.41)

4.88
(1.53)

0.03

0.89

Government

0.51
(2.84)

2.22
(1.22)

5.93
(2.86)

3.35
(1.37)

5.03
(2.03)

1.79
(1.09)

2.14
(2.32)

-0.07
(3.59)

0.00

Table 5 (continued)

Exports

-2,
{3.

83
07)

.06
L41)

.57
.00)

.05

.98

Exports

4.
(7.

-2.
(2.

-1%.
(4.

24
o)

A7
.08)

.07
13)

A&7
.20)

.54
.57

.94
.13)

70
65)

37
26)

.04

Imports

-4,
(2.

12.
(2.

7
(0.

0.

47
35)

99
36)

.68

90)

11

.02

Imports

-2.
(7.

12,
(2.

-6,
(3.

=2,
(5.

-3,
(3.

68
80)

20
41)

.16
.09

.03
.65)

.66
.56)

96
84)

97
18)

48
46)

.09

S

35

Final
ales

.59
43)

.12
.60)

.85
.34)

.25

.33

Final

Sales

-0.
(0.

-1

(1.

-2

(1.

.57
.84)

46
.39)

.63
.56)

.07
349

.92
.56)

39
46)

.37
20)

Jab
38)

.32
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Table 5 (continued)

p-values for Final
Ho: Government Exports Imports Sales
ph2 = ph3 0.93 0.92 0.08 0.62
ph2 =< ph4 0.73 0.69 0.08 0.00
ph3 = ph4 0.19 0.31 0.48 0.00
ph2=ph3=ph4 0.32 0.37 0.31 0.01
phé=ph7-ph8 0.87 0.01 0.88 0.25

Notes to Table 5: All data are quarterly. Dependent variable is period to
period+]l growth rate (at an annual rate). Standard errors are in parentheses.



Phase regressions for Qutput, Productivity, Hours, and
Real Compensation in Manufacturing (1947:2-1991:2)

Three Phase

Repgression Qutput
Recession -10.15
(1.23)
lst year of 11.43
expansion {(1.98)
rest of 4. .05
expansion (0.75)
Adj. R? 0.45

p-values for HO:
lst yr =< rest 0.00
of expansion

Burns and Mitchell

Phasze
Regression Output
compensation
phasel -9.27
(3.04)
phase? 10.31
(L.69)
phase3 53.66
(0.88)
phase4 3.66
(1.13)
phaseb -2.03
(1.55)
phaseb -11.72
(1.82)
phase? -8.99
(3.30)
phase8 -10.77
(3.16)

Adj. R? 0.45

Table 6

Productivity

0.05
(0.84)

5.42
(0.68)

2.42
(0.48)

0.12

0.00

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)

2.11
(1.71)

0.30
(1.72)

0.15

Hours

-10.
(2.

21
50}

.00
.51)

.62
.56)

.50

.00

Hours

-2,
(1.

-9,
(1.

-11.
(2.

~10.
(1.

.23
.50)

.92
.33)

.09
.81)

.32
.76)

45
16)

06
30)

10
3N

43
78)

.50

37

Real
compensation

2.13
{0.46)

1.57
(0.80)

1.62
(0.43)

-0.01

0.52

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)

3.55
(0.81)

1.15
(0.81)

-0.02



p-values for
Ho:
compensation

ph2 =< ph3
ph2 =< ph4
ph3 < ph4
ph2=ph3=ph4
phé6=ph7=ph8

Notes to Table 6:

Table & (continued)

Real

Productivity Hours
0.00 0.12 0
0.00 0.01 0
0.38 0.06 0
0.00 0.06 0
0.28 0.49 0

All data are quarterly.

period+l growth rate (at an annual rate).

Dependent wvariable is period

.26
.35
.58
.82
.12

to

38

Standard errors are in parentheses.



Three Phase Nomag
Regression _ Employ.
Recession -2 .84

(0.67)

lst yeaf of 3.34
expansion {0.21)

rest of 3.03
expansion (0.54)

Adj. RZ 0.31

p-values for HO:
lst yr < rest 0.33
of expansion

Burns and
Mitchell
Phase
3mth

Nonag

Regression Employ.

phasel -2.27
{0.58)
phase?2 3.57
{0.54)
phase3 3.58
(0.37)
phase4 2.71
{0.25)
phase3’ 0.44
(0.53)
phaseb -1.35
(0.97)
phase?7 -2.70
(0.8L)
phase8 -3.90
(0.73)

Adj. R? 0.31

Fix Wgt
Deflator

5.
(1.

4,
(1.

3.
(0.

0.

Fix Wgt

Deflator

Interest Rates (1947:2-1991:2)

36
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Table 7 (continued)

p-values Nonag  Fix Wgt Money M2 Stock  10yr-
3mth

for Ho: Employ. Deflator CPI Base M2 velocity prices spread
ph2 =< ph3 0.51 0.79 06.72 0.80 0.04 0.59 0.04 0.06
ph2 =< ph4 . 0.08. 0.93 0.97 0.37 0.00 0.72 6.01 0.00
ph3 < ph4 0.02 0.81 0.97 0.08 0.06 0.74 0.60 0.00
ph2=ph3=pha 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 nenagricultural 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 g,(12) = a, + ay5; *+ a,(T; - P;) + a,d;
Industrial production; NBER business cycle dates

@ 221 o, 0y g2 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)

0.2499 -0.224 0.057%** 0.55 0.491
(0.306) (0.125) (0.015)
0.906"™" 0.138 -0.035™" 0.64 0.440
(G.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) (0.408) (0.068) (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 -0.04 0.61
(T-P) 1.00 -0.80

d 1.00



g

0.616
(0.367)

0.308
(0.268)

0.381™
(0.163)

-0.252
(0.280)

0.427"
{0.214)

0.337
(0.202)

0.276
(0.769)

Industrial production; NBER business cycle dates

&y

-0.320
(0.187)

-0.326™
{0.110)

0.046
(0.129)

-0.034
(0.410)

Table 9
Estimates of g, (12)-r;, =a; + o (s, r;) + ap(T, - P;) + ay(s,- r))(T; - P;)

&y

0.061""*
(0.016)

0.061™"
(0.013)

0.008
(0.021)

0.013
(0.065)

Qs R?

0.13

0.50

-0.033"™" 0.73
(0.005)

0.70

-0.034™" 0.71
(0.007)

-0.030™" 0.71
(0.009)

-0.028 0.69
(0.036)

42

se

0.691

0.522

0.382

0.406

0.396

0.396

0.415

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 szample 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.

(T-P)

Correlation matrix

1.00

(T-P)
-0.02
1.00

0.59
-0.81
1.00



Table 10
Estimates of g, (12) = o, + oy8; + a,(T; - P;) + a,d;
Excluding the Great Depression
Industrial production; NBER business cycle dates

oy oy a, ey RZ se

1.001% -0.200 0.08 0.542
(0.246) (0.138) .

0.668 0.053 0.03 0.558
(0.55%) (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 g;(12)-r; =a, + a,;(s;- ;) + (T -~ P;) + a;(s,- r;){(T, - P))
Excluding the Great Depression
Industrial productiom; NBER business cycle dates

Qg =51 Qg Oy Ez s€
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)
0.55%9 -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) = a; + «,d;
NBER business cycle dates

Series g a, Ez se N T
1P 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"™ .72 0.946 14 "
(0.352) (0.007)
NDUR 0.729%**  _0.027"™™ (.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), durables
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 g,(12) = a4 + o,d;
Bry-Boschan dates

Series o, o, Ez N T
1P 0.720"* -0.037" 0.73 0.462 13 1920:02-1921:04
(0.196) (0.006) 1981:07-1982:12
MFG 0.?34*“* -0.038*** 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™" Q.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}, durables
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 denctes 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

Monte Carlo
Aveg and (st dev)

ARTIMA ARTMA
Actual (12.1.0) (13.0.0)
Recession -9.58 -7.55 -7.55
(1.08) (1.11)
1st vear of 13.68 9.29 9.40
expansion (1.60) (1.46)
rest of 4,87 7.36 7.42
expansion (0.88) (0.94)
percent of replications
with p-value < actual
Actual ARIMA ARTMA
Ho: p=value (12,1.0) (13.0.0)
lst yr < rest 0.00 0.01 0.01
of expansion
ARIMA ARIMA
Actual (12.1.0) (13,0.O)
number of 8 11.1 10.8
cyeles (3.5} (3.4)

Notes to Table 13:
Boschan algorithm.

100 replications.

phasel
phase?
phase3l
phaseé
phaseb
phaseb
phase?

phase8

Ho:
ph2 =<
ph2 =<
ph3 <

ph2=ph3=ph4 0.02
ph6=ph7=ph8 0.53

ph3
phé
phé

Peak and trough dates were

Burns and Mitchell Phases

Monte Carlo

Avg and (st dev

ARTIMA
Actual (12,1,0) (13.0,0)
-2.37 -3.04 -3.11
(1.32) (1.69)
9.72 8.14 8.20
(1.53) (1.69)
6.11 7.41 7.57
(1.61) (1.67)
3.26 8.20 8.16
(1.63) (1.71)
3.43 3.28 3.30
{(1.74) (1.55)
-6.,88 -7.80 -7.95
(2.85) (2.05)
-7.65 -6.12 -5.86
{1.94) (1.85)
-12.82 -6.77 -6 _88
(2.61) (2.48%

percent of replications
with p-values < actual

Actual ARIMA ARTMA
p-value (12.1.0) (13.0.0)
0.03 0.12 0.10
0.00 0.00 0.01
0.06 0.02 0.07
0.07 0.07
0.60 0.71

selected by Bry-



Table 14

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

Monte Carlo

Actual Actual Averape and (standard deviation
with without ARTMA ARTMA ARTMA
Depression Depression (0,1.0) {12.1.0) (13,.0.0)
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 Carlo Replications with:

Deepness coefficient
< Actual (w/ Depression)

Deepness t-stat
< Actual (w/ Depression)

Deepniess coefficient
< Actual (wo/ Depression)

Deepness t-stat
< Actual (wo/ Deptression)

Notes to Table 14.
Bry-Boschan algorithm.

100 replications.

O.QS 0.01 0.07
0.00 0.00 0.00
0.20 0.13 0.20
0.01 0.01 0.08

47

Peak and trough dates were selected by



9201

9202

9203

9204
9205

9206

9207

9208

9209

9210

9211

9212
9213

9214

9215

RESEARCH PAPERS OF THE RESEARCH DEPARTMENT
FEDERAL RESERVE BANK OF DALLAS

Auvailable, at no charge, from the Research Department
Federal Reserve Bank of Dallas, P.O. Box 655906
Dallas, Texas 75265-5906

Are Deep Recessions Followed by Strong Recoveries? (Mark A. Wynne and Nathan
S. Balke)

The Case of the "Missing M2" (John V. Duca)

Immigrant Links to the Home Country: Implications for Trade, Welfare and Factor
Rewards (David M. Gould)

Does Aggregate Output Have a Unit Root? (Mark A, Wynne)
Inflation and Its Variability: A Note (Kenneth M. Emery)

Budget Constrained Frontier Measures of Fiscal Equality and Efficiency in Schooling
(Shawna Grosskopf, Kathy Hayes, Lori Taylor, William Weber) -

The Effects of Credit Availability, Nonbank Competition, and Tax Reform on Bank
Consumer Lending (John V. Duca and Bonnie Garrett)

On the Future Erosion of the North American Free Trade Agreement (William C.
Gruben)

Threshold Cointegration (Nathan S. Balke and Thomas B. Fomby)

Cointegration and Tests of a Classical Model of Inflation in Argentina, Bolivia, Brazil,
Mexico, and Peru (Radl Anibal Feliz and John H. Welch)

Nominal Feedback Rules for Monetary Policy: Some Comments (Evan F,
Koenig)

The Analysis of Fiscal Policy in Neoclassical Models' (Mark Wynne)
Measuring the Value of School Quality (Lori Taylor)

Forecasting Turning Points: Is a Two-State Characterization of the Business Cycle
Appropriate? (Kenneth M. Emery & Evan F. Koenig)

Energy Security: A Comparison of Protectionist Policies (Mine K. Yiicel and Carol
Dahl)



0216 An Analysis of the Impaci of Two Fiscal Policies on the Behavior of a
Dynamic Asset Market (Gregory W. Huffiman)

0301 Human Capital Externalities, Trade, and Economic Growth
(David Gould and Roy J. Ruffin)

9302 The New Face of Latin ‘America: Financial Flows, Markets, and Institutions in the
1990s (John Welch)

9303 A General Two Sector Model of Endogenous Growth with Human and
Physical Capital (Eric Bond, Ping Wang, and Chong K. Yip)

9304 The Political Economy of School Reform (S. Grosskopf, K. Hayes, L. Taylor, and W.
Weber)

9305 Money, Output, and Income Velocity (Theodore Palivos and Ping Wang)

9306 Constructing an Alternative Measure of Changes in Reserve Requirement
Ratios (Joseph H. Haslag and Scott E. Hein)

9307 Money Demand and Relative Prices During Episodes of Hyperinflation
(Ellis W. Tallman and Ping Wang)

9308 On Quantity Theory Restrictions and the Signalling Value of the Money
Multiplier (Joseph Haslag)

9309 The Algebra of Price Stability (Nathan S. Balke and Kenneth M. Emery)

9310 Does It Matter How Monetary Policy is Implemented? (Joseph H. Haslag and
Scott E. Hein)

9311 Real Effects of Money and Welfare Costs of Inflation in an Endogenously
Growing Economy with Transactions Costs (Ping Wang and Chong K. Yip)

9312 Borrowing Constraints, Household Debt, and Racial Discrimination in Loan
Markets (John V. Duca and Stuart Rosenthal)

9313 Default Risk, Dollarization, and Currency Substitution in Mexico
(William Gruben and John Welch)

9314 Technological Unemployment (W. Michael Cox)

9315 Output, Inflation, and Stabilization in a Small Open Economy: Evidence From
Mexico (John H. Rogers and Ping Wang)



9316

9317

9318

9319

9320
9321

9322

9323*

9324

9325

9326

9327

9328

9320*

9330

9331

Price Stabilization, Output Stabilization and Coordinated Monetary Policy Actions
(Joseph H. Haslag)

An Alternative Néo-Classica] Growth Model with Closed-Form Decision Rules
(Gregory W. Huffman)

Why the Composite Index of Leading Indicators Doesn't Lead
(Evan F. Koenig and Kenneth M, Emery) =~ "

Allocative Inefficiency and Local Government: Evidence Rejecting the Tiebout
Hypothesis (Lori L. Taylor)

The Output Effects of Government Consumption: A Note (Mark A. Wynne)
Should Bond Funds be Included in M2? (John V. Duca)

Recessions and Recoveries in Real Business Cycle Models: Do Real Business Cycle
Models Generate Cyclical Behavior? (Mark A. Wynne)

Retaliation, Liberalization, and Trade Wars: The Political Economy of Nonstrategic
Trade Policy (David M. Gould and Graeme L. Woodbridge)

A General Two-Sector Model of Endogenous Growth with Human and Physical
Capital: Balanced Growth and Transitional Dynamics (Eric W. Bond, Ping Wang, and
Chong K. Yip)

Growth and Equity with Endogenous Human Capital: Taiwan's Economic Miracle
Revisited (Maw-Lin Lee, Ben-Chieh Liu, and Ping Wang)

Clearinghouse Banks and Banknote Over-issue (Scott Freeman)

Coal, Natural Gas and Oil Markets after World War II: What's Old, What's New?
(Mine K. Yiicel and Shengyi Guo)

On the Optimality of Interest-Bearing Reserves in Economies of Overlapping
Generations (Scott Freeman and Joseph Haslag)

Retaliation, Liberalization, and Trade Wars: The Political Economy of Nonstrategic
Trade Policy (David M. Gould and Graeme L. Woodbridge)
{Reprint in error of 9323)

On the Existence of Nonoptimal Equilibria in Dynamic Stochastic Economies
(Jeremy Greenwood and Gregory W. Huffman)

The Credibility and Performance of Unilateral Target Zones: A Comparison of
the Mexican and Chilean Cases (Raul A. Feliz and John H. Welch)



9332

9333

9334

9335

9336

9337

9338

9339

9340

9341

9342

9401

9402

9403

9404

9405

9406

Endogenous Growth and Intemnational Trade (Roy J. Ruffin)
Wealth Effects, Heterogeneity and Dynamic Fiscal Policy (Zsolt Becsi)
The Inefficiency of Seigniorage from Required Reserves (Scott Freeman)

Problems of Testing Fiscal Solvency in High Inflation Economies: Evidence
from Argentina, Brazil, and Mexico (John H. Welch)

Income Taxes as Reciprocal Tariffs (W. Michael Cox, David M. Gould, and Roy
J. Ruffin)

Assessing the Economic Cost of Unilateral Oil Conservation (Stephen P.A. Brown
and Hillard G. Huntington)

Exchange Rate Uncertainty and Economic Growth in Latin America (Darryl
McLeod and John H. Welch)

Searching for a Stable M2-Demand Equation (Evan F. Koenig)

A Survey of Measurement Biases in Price Indexes (Mark A. Wynne and Fiona
Sigalla)

Are Net Discount Rates Stationary?: Some Further Evidence (Joseph H. Haslag,
Michael Nieswiadomy, and D. J. Slottje)

On the Fluctuations Induced by Majority Voting (Gregory W. Huffman)

Adding Bond Funds to M2 in the P-Star Model of Inflation (Zsolt Becsi and John
Duca)

Capacity Utilization and the Evolution of Manufacturing Output: A Closer Look
at the "Bounce-Back Effect" (Evan F. Koenig)

The Disappearing January Blip and Other State Employment Mysteries (Frank Berger
and Keith R. Phillips)

Energy Policy: Does it Achieve its Intended Goals? (Mine Yiicel and Shengyi Guo)

Protecting Social Interest in Free Invention (Stephen P.A. Brown and William C.
Gruben)

The Dynamics of Recoveries (Nathan S. Balke and Mark A, Wynne)





