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Model predictions

Predictions RBC model
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IRF of the RBC model
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Fig 6. Transitional dynamics: Basic RBC model (stars); fixed labor model (circles) dashes in mid
lefi-hand panel represent labor response.

(CREI, UPF & B

Advanced Macro Il



BC statistics simulated data from the RBC model

Table 3
Business Cycle Statistics for Basic RBC Model*®
. First Contemporaneous
, Relative . .
Standard ) Order Clorrelation
. Standard .
Deviation L Auto- with
Deviation .
correlation Output
Y 1.39 1.00 0.72 1.00
C 0.61 (0.44 0.79 0.94
I 4.09 2.95 0.71 0.99
N 0.67 0.48 0.71 0.97
Y/N | 0.75 (.54 0.76 0.98
w 0.75 (.54 0.76 0.98
r 0.05 0.04 0.71 0.95
A 0.94 0.68 0.72 1.00

Note: All variables have been logged (with the exception of the real
interest rate)and detrended with the HP filter.
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Characterizing Business Cycles

What are business cycles?
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) Business Cycle Expansions and Contractions
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US Business Cycle Expansions and Contractions *

Contractions (recessions) stait atthe peak of & business cycle and end atthe trough,

Please alsa see:
® Latest announcement from the NBER's Busmess Cv:le Dating Committes, dated 12/01/08
® July 2003 announcement of business cycle tro
® Press citations on NEER Business Cycles

BUSINESS CYCLE DURATION IN MONTHS
REFERENCE DATES
Peak Trough Contraction  Expansion Cycle
Quarterly dates Pea Previous trough  Trough fiom  Peak from
ate in patentheses o © Previous  Previous
Trough this peak Trough FPeak
December 1854 (1) = - -
June 1857(11) December 1858 (1V) 18 30 48
October 1660(II1)  June 1861 (I1T) ] 22 a0
April 1865(1) December 1867 (1) 32 46 78
June 1869(11) December 1870 (1v) 18 18 36
October 1873(111) March 1879 (1) 65 34 99
March 1892(1) My 1885 (1) 38 36 74 101
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Fig. 2.1. Level of GDP.
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Fig. 2.2. Linearly detrended GDP.
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Fig. 2.3. Growth rate of GDP.
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Fig. 2.5. Bandpass-filtered GDP (business cycle).
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Fig. 2.6. Bandpass-filtered GDP (trend).
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Comovement variables over the BC
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Fig. 3.10. Consumption (nondurables).
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Fig. 3.26. Employment (total hours).
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Fig. 3.27. Employment (average weekly hours).
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Fig. 3.29. Vacancies (Help Wanted index).
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Fig. 3.1. Contract and construction employment.
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Fig. 3.32. Total factor productivity.
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Fig. 3.37. GDP price deflator (level).
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Fig. 3.44. Real wage rate (level).
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Fig. 3.49. Treasury Bond rate (10 year).
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Romer fact #2: patterns BC different from growth

TABLE 4.2 Behavior of the components of output in recessions

Average share in fall

Average share in GDP in recessions

Component of GDP in GDP relative to normal growth
Consumption

Durables .57 L3.1%

Nondurahles 25.4 10.3

Services 0.4 9.5
[nvestment

Residential 4.8 10.7

Fixed nonresidential 10.6 20.3

Inventories 0.6 41.8
Met exports —(L.G ~11.4
Government purchases 20.3 3.8

Thijs van Rens (CREI, UPF & BGSE) Advanced Macro I April 24, 2012
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Fig. 2.2. Linearly detrended GDP.
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Summarizing the BC facts (Romer)

TABLE 4.3 Behavior of someimportant macroeconomic variables in recessions

Average change Number of recessions
Variable in recessions in which variable falls
Real GDE —3.9% 10/10
Ernployment® —2.8% 10/10
Unemployment rate {(percentage paints) +1.6 0/10
Average weekly hours, production —-2.2% 10/10
workers, manufacmuring
Qutput per hour, nonfarm business® -1.7% a9/10
Inflation (GDP deflator; percentage points) =0.1 4410
Real compensation per hour, nonfarm —0.6% 7710
business®
Nominal interest tate on 3-month Treasury =15 9/10
bills (percentage points)
Ex post real interest rate on 3-month -1.2 7/10
Treasury bills {percentage points)
Real money stock (M-2,/GDP deflator)*t —0.0% kTr

*Change In recessions |5 computed relative 1o the variable's sverage growth over the full postwar period,

194 7-2004.
t Avallable coly begloning in 1959,
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Summarizing the BC facts (Stock and Watson)

Table 2 e
Descriptive statistics for cyclical components of series, 1953-1996
Series Std Cross correlations with output {corrix,, .. ))
e "6 s 4 3 2 1 0 1 2 3 4 5 &
Gross Domestic Product 1.66 029 -0.18 003 033 066 091 100 091 066 033 003 018 020
Sectoral employment
1. Contract and construction employment 375 002 020 039 058 073 080 077 065 044 019 004 023 035
2. Manufacturing employment 261 006 014 040 0.67 087 094 084 059 026 006 030 —0.43 045
3. Finance, insurance and real estate employment 1.0 025 035 043 049 050 046 038 028 015 002 010 -0.20 -0.28
4. Mining employment 379 043 019 025 028 025 0.6 -0.00 -0.20 -0.40 —0.53 -0.58 -0.55 -045
5. Government emplayment 082 051 0353 049 043 035 029 023 015 004 008 —021 -031 -037
6. Service employment 083 020 033 04% 063 071 0.69 055 034 0.08 -015 -033 -0.44 -0.50
7. Whelesale and retail trade employment 120 -0.01 021 045 068 083 087 079 060 035 010 -0.10 —0.24 -0.32
8, Transportation and public utility employment 154 023 042 061 077 083 076 056 026 006 033 049 033 —0.50
NIPA components
9. Consumption (total) 126 -0.3% 028 007 021 051 076 050 08% 075 053 02% 009 008
10, Consumption (nondurables) 111 036 -024 -0.02 025 0.52 074 083 080 065 043 021 0.02 -0.12
11, Consumption (services) 064 -0.13 -000 014 031 049 066 078 08B0 070 051 027 005 012
12. Consumption (nondurables + services) 078 —028 -015 005 029 055 075 087 085 071 049 025 003 -0.13 o
13. Consumption (durables) 466 —046 —038 —-0.19 009 042 070 085 086 073 053 032 015 0.03 =
14, Tnvestment (total fixed) 497 ~034 <019 004 032 0461 082 089 083 065 041 018 <000 -0.13 §'
15. Tovestment (equipment) 525 -0.06 016 041 065 084 092 088 073 049 023 -0.01 -020 —0.31 :""
16. Investment (monresidential structures) 467 020 040 058 070 074 067 052 030 007 -0.14 -0530 040 —0.49 =
17. Investment (residential structures) 10.04 049 -048 037 ~0.18 009 038 062 077 078 069 053 036 0.20 =
18, Change in bus. inventories (rel. to tend GDP) 038 -0.58 —0.50 —032 —0.04 028 057 073 072 056 032 008 008 —0.15 ;
contintied on next page 5
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Summarizing the BC facts (King and Rebelo)

Table 1

Business Cycle Statistics for the U.S. Economy

Relative First ( ,'r)nt("111]_)1')1';‘111("1')1 15
Standard \ Order Correlation
. Standard .
Deviation Deviation Auto- _ with
correlation Output
1.81 1.00 0.84 1.00

C 1.35 0.74 0.80 0.88

I 5.30 2.93 0.87 0.80

N 1.79 0.99 0.88 0.88

Y/N | L.02 0.56 0.74 0.55

w 0.68 0.38 0.66 0.12

T 0.30 0.16 0.60 -0.35

A 0.98 0.54 0.74 0.78
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Changes in BC facts

Percent

Figure 1: Annual Growth Rates in GDP
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Stock and Watson (2002). Has the Business Cycle Changed and Why?
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Table 2
Standard Deviations, by Decade, of Annual Growth Rates or Changes of 22
Macroeconomic Time Series

Series Standard Standard Deviation, relative to 1960 - 2001
Deviation 1960- 1970- 1980- 1990-
1960-2001 1969 1979 1989 2001
GOP 0.023 0.98 1.18 1.14 0.67
consumption 0.019 0.97 1.17 1.07 0.78
consumption — durables D.066 0.87 1.18 1.13 0.79
consumption — nondurables 0.018 1.06 1.22 0.81 0.87
consumption — services D.012 1.07 0.54 1.20 0.88
investment (total) 0.104 0.82 1.15 122 0.77
fixed investment — total 0.067 077 1.29 1.04 0.54
nonresidential 0.067 0.87 1.47 1.06 0.89
residential 0.134 078 1.25 1.23 0.65
Ainventory investment/GDP 0.006 1.12 0.92 1.22 0.71
exports 0.064 1.07 1.13 1.12 0.66
imports 0.072 0.87 1.24 1.14 0.70
government spending 0.025 1.40 1.00 0.85 0.65
Production
goeods (total) 0.038 0.97 1.13 1.13 0.76
nondurable goods 0.073 1.00 1.14 1.186 0.68
durable goods 0.025 0.92 1.16 1.22 0.65
services 0.011 1.41 0.52 1.01 0.87
structures 0.062 073 1.33 1.1 0.73
nonagricultural employment 0.017 0.94 1.21 1.09 0.73
price inflation {GDP deflator) 0.004 0.69 1.51 1.06 0.50
30-day T-bill rate 1.704 0.51 1.10 143 0.75
10-year T-bond rate 1.223 0.43 0.65 1.67 0.82
Notes: NIPA series are annual growth rates, except for the change in inventory

investment, which is the annual difference of the quarterly change in inventories as a
fraction of GDP. Inflation is the four-quarter change in the annual inflation rate, and
interest rates are in four-quarter changes.

Thijs van Rens (CREI, UPF & BGSE) Advanced Macro Il April 24,
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TABLE 1. Standard deviation of four-quarter percentage
growth of per capita GDP in the G7 by decade.

1960-1969  1970-1979  1980-1989  1990-2002

Canada 1.83 1.82 2.67 224
France 1.24 1.66 1.27 1.43
Germany 2.56 2.13 1.67 1.53
Italy 234 3.14 1.33 1.30
Japan 2.19 3.16 1.57 2.08
UK 1.84 248 2.51 1.60
US 2.09 2.74 2.66 1.47

MNotes: Entries are the standard deviation of 100 In(GDF, [ GDP,_4).
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TabLE 2. Test for breaks in autoregre:

sive parameters.

Conditional variance:

Conditional mean Conditional variance: break model Trend + break model
P Break date  67% confidence interval I3 Break date  67% confidence interval p: trend - break Break date
Canada 000 1972:4 1972:2-1973:2 0.00 1991:2 1990:4-1993:1 000 0.25
France 000 1974:1 1973:3-1974:3 0.03 1968:1 1967:3-1970:3 092 065
Germany ~ 0.39 0.00 1993:1 049 0.91
Ttaly 000 1979:4 1979:2-1980:2 0.00 1980:1 A 0.00 0.27
Japan 000 1973:1 197 1973:3 0.32 034 0l
UK 0.00 19801 1979:3 803 0.00 1980:1 1979:4-1982:1 0.00 0.00 1970:4
us 099 0.00 1983:2 1982:4-1985:3 067 0.01 1983:2

Notes: These results are basad on AR(4) models estimated using Aln(GDF, f GDP; ;). The results shown in the columns labels “Conditional Mean™ refer to changes in the AR coefficients
and the results shown in the columns labeled “Conditional Variance™ refer to changes in the variance of the AR innovations. The “break model” allows a one-time break in the variance: the
“Trend + break model” allows the variance to contain a linear trend and a one-time break. Columns labaled * p” are the p-value of the test statistic under the mull hypothesis of no-change;
“Break date” is the estimated date of a one-time shift in the parameters (reported only if the p-value is less than 5%): and the confidence interval is for the break date.




Labor productivity (bandpass filter)
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Correl prod w th output (blue) and hours (red), cntrd 6-yr rolling window , bp
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Back to the model

Can model match the facts?
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Calibration

Table 2
Calibration of Baseline Model
alb 0 Yy o o P 0.
1 10984 | 348 1 [ 1.004 |1 0.667 | 0.025 | 0.979 | 0.00

e

-1
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Table 3
Business Cycle Statistics for Basic RBC Model*”

. First Contemporaneons
, Relative , -
Standard ) Order Clorrelation
.. Standard .
Deviation .. Auto- with
Deviation .
correlation Output
Y 1.39 1.00 0.72 1.00
C 0.61 (.44 0.79 (.94
I 4.09 2.95 0.71 (.99
N 0.67 (.48 0.71 0.97
Y/N|[0.75 (.54 0.76 (.98
w 0.75 (.54 0.76 (.98
T 0.05 0.04 0.71 0.95
A (.94 (.68 0.72 1.00

Note: All variables have been logged (with the exception of the real

interest rate)and detrended with the HP filter.
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Table 1
Business Cycle Statistics for the U.S. Economy

Table 3
Business Cycle Sratistics for Basic RBC Model'”

Relative First Contemporaneons Relative First Contemporaneon
Standard e Order Correlation Standard y Order Correlation
o Standard ) . Standard )
Deviation L. Auto- with Deviation s os Auto- with
Deviation . Deviation .
correlation OQutput correlation Output
Y 181 1.00 0.84 1.00 1.00 0.72 1.00
C 1.35 0.74 0.80 0.88 0.44 0.79 0.94
I 5.30 2.93 0.87 0.80 2.95 0.7L 0.99
N 1.79 0.99 0.88 0.88 0.48 0.71 0.97
Y/N|Lo2 0.56 0.74 0.55 0.54 0.76 0.98
W 0.68 0.38 0.66 0.12 0.54 0.76 0.98
r 0.30 0.16 0.60 -0.35 0.04 0.71 0.95
A 0.98 0.54 0.74 0.78 0.68 0.72 1.00
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FiGURE 2. ESTIMATED IMPULSE RESPONSES FROM A BIVARIATE MopeL: U.S. DATA, FRST-DIFFERENCED HoUms (PomNT
ESTDMATES AND +2 STANDARD ERrROR CONFIDENCE INTERVALS)

Gali (1999)

(CREI, UPF & BGSE)



Canada: technology shoek Canada: nontechnology shock

FIGURE 5. ESTIMATED IMPULSE RESPONSES OF EMPLOYMENT (SOLID LINE) AND PRODUCTIVITY (DASHED LINE) FOR
INDUSTRIALIZED ECONOMIES
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FiGURE 5. Continued
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FIGURE 6. ESTIMATED TECHNOLOGY AND NONTECHNOLOGY COMPONENTS OF U.S. GDP AND HOURS
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