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BUSINESS CYCLE BASICS

Trend vs. cycle decompositions

Business cycle asymmetries: unemployment

Is output trend or difference stationary?

Welfare gains from stabilization policy

Lucas’ Macroeconomic Priorities

Connection to asset pricing and equity premium puzzle

Great Moderation
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BURNS AND MITCHELL

(Peak to trough analysis)
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HOW TO DEFINE CYCLES?

Peak-to-trough analysis

Linear detrending

First Differences (aka Growth Rate)

Flexible detrending (e.g., HP Filter, Bandpass)

Consumption Risk 4 / 56



STOCK AND WATSON (1999): LEVEL OF GDP
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STOCK AND WATSON (1999): LINEARLY DETRENDED
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STOCK AND WATSON (1999): GROWTH RATE
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BAND PASS FILTER DEFINITION

Also: Hodrick-Prescott (1981) Filter
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BAND PASS FILTER
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BUSINESS CYCLES: STANDARD VIEW
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FRIEDMAN 1964

“Consider an elastic string stretched taut between two points on the

underside of a rigid horizontal board and glued lightly to the board.

Let the string be plucked at a number of points chosen more or less

at random with a force that varies at random, and then held down at

the lowest point reached. The result will be to produce a succession

of apparent cycles in the string whose amplitudes depend on the

force used in plucking the string.”

“Output is viewed as bumping along the ceiling of maximum feasible output except that every

now and then it is plucked down by a cyclical contraction.”
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THE LAST TROUGH-TO-PEAK-TO-TROUGH IN THE US
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THROUGH THE LENS OF THE PLUCKING MODEL
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FRIEDMAN 1964: IMPLICATION

Plucking Model view: Contractions are drops below potential

Plucking Property: One implication stressed by Friedman

Size of a contraction predicts the size of the following expansion

Size of an expansion doesn’t predict the size of the following contraction
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THE PLUCKING PROPERTY

Amplitude of a contraction
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THE PLUCKING PROPERTY

β R2

Subsequent expansion on contraction 1.09 0.58
(0.33)

Subsequent contraction on expansion -0.38 0.22
(0.27)
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ALTERNATIVE: FOREST FIRES

Jackson and Tebaldi (2017)

Forest fires: the longer the expansion, the more “underbrush” there are

to burn during the contraction

Recessions: Perhaps longer expansions beget larger contractions

Aggregate data not supportive: Neither size nor duration of expansion

predictssize of subsequent contraction

Goes (slightly) the other way

Longest post-WW2 expansions (1961-1968, 1982-1989, 1992-2000) were

followed by among the mildest recessions
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UNEMPLOYMENT: UP THE ELEVATOR, DOWN THE

STAIRS
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CONTRACTIONS ARE FASTER THAN EXPANSIONS

Neftçi (1984)’s “sudden jumps and slower drops”

pp/year

Speed of expansions 0.88

Speed of contractions 1.89

P-value for equal speed 0.002
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POSITIVE SKEWNESS OF THE UNEMPLOYMENT RATE

Sichel (1993)’s “deepness”:“when troughs are deeper than peaks are

tall”

Unemployment rate (%)
0 5 10 15

Skewness of the unemployment rate = 0.63

Reject [H0: No Skewness] at p-value = 0.071
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COVID RECOVERY: WHY WAS THIS TIME SO

FUNDAMENTALLY DIFFERENT?

Not well understood. Some ideas:

Shock was (and expected to be) less persistent

Labor hoarding, temporary layoffs

Shock involved “rationing” which led households to build up huge
savings

Pent up demand for vacation travel, restaurants etc.

Huge government stabilization policies (Fed, Treasury)
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IS OUTPUT TREND OR DIFFERENCE STATIONARY?

Intellectual history:

Big debate in macro in 1980’s

(Nelson and Plosser, 1982; Watson, 1986;

Clark, 1987; Campbell and Mankiw, 1987)

Important implications for business cycle theory

(Are recessions permanent?)

Papers:

Cochrane (1988): US data on GNP, Variance ratios

Cogley (1990)
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SUPPOSE OUTPUT IS A RANDOM WALK?

logYt+1 = µ+ logYt + ϵt+1

What does this imply about ∂ logYt+j/∂ϵt+1 as j → ∞?

∂ logYt+j/∂ϵt+1 = 1 for all j

What does it imply about vart(logYt+j) as j → ∞?

Goes to infinity!!

But does US GDP look like a random walk with drift?
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US GDP

1869 1892 1916 1939 1963 1986 
FIG. 2.-Log real per capita GNP, 1869-1986 
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FIG. 3.- I/k times the variance of k-differences of log real per capita GNP, 1947-86, 

with asymptotic standard errors. 

901 

Consumption Risk 24 / 56



SUPPOSE OUTPUT IS TREND STATIONARY?

Trend stationary model:

logYt+1 = bt +
∞∑
j=0

ajϵt−j

(
∑∞

j=0 ajϵt−j stationary: aj approaches zero for large j)

How do long run forecasts change in response to ϵt?

Invariant to shocks!

vart(logYt+j) →
∑∞

j=0 a2
j σ as j → ∞
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VARIANCE RATIOS FOR CONSUMPTION GROWTH

Cochrane (1988) advocated using variance ratios:

VRi,k =
1
k

var(Yi,t − Yi,t−k )

var(Yi,t − Yi,t−1)

Random walk: VRi,k = 1 for all k

Trend stationary: VRi,k → 0 as k → ∞

Positively autocorrelated growth: VRi,k > 1 for large k
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RANDOM WALK IN GNP 899 
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FIC;. 1.-i/k times the variance of k-differences of log real per capita GJNP, 1869- 

1986, with asymptotic standard errors. 

Of the series always returns to the "trend line." Furthermore, that 
trend line is linear: theremore no "waves" of low-frequency movement. 
These characteristics drive the finding of a small random walk com- 
ponent. (Note that low-frequency movement generated by a non- 
linear trend, a shift, etc. would show up as a large random walk 
component in this and most other estimation techniques based on 
linear time-series models.) 

Prewar GNP data are more variable than postwar data, and one 
might suspect that this characteristic drives the result. However, 
figure 3 and table 1 present 1/Ik times the variance of k-differences for 
postwar GNP, and the same pattern is evident. Both the variance of 
first differences and the variance of the random walk component are 
lower, but their proportions do not change much.2 

2 The pattern of fig. 2 is sensitive to the precise specification of the variables. First, 
the variance of quarterly differences of seasonally adjusted GNP is less than one-fourth 
the variance of yearly differences, so the variance ratio is higher if one uses quarterly 
rather than annual differences in the denominator. This observation explains most of 
the difference between fig. 2 and the results reported by Campbell and Mankiw (1988), 
who use a similar technique on quarterly data. Second, taking the variance of overlap- 
ping k-year differences of quarterly data vs. the variance of k-year differences of annual 
averages, including or excluding population growth, taking logs or not, and even 
changing the sample by a few years can all change the variance ratio by about one 
standard error. 
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COGLEY (1990)

Extends Cochrane’s estimation approach to

9 OECD countries for 1871-1985

Critiques small sample properties of Cochrane’s

asymptotic standard errors
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Log Per Capita Consumption in France
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RANDOM WALK IN OUTPUT 509 

TABLE 2 

ESTIMATES OF THE VARIANCE RATIO: PER CAPITA OUTPUT GROWTH, 1871-1985 

k = 15 k= 20 k= 15 k= 20 

Australia 1.15 1.21 1.25 1.40 
(.63, 3.2) (.64, 4.1) 

Canada .64 .64 .72 .77 
(.35, 1.8) (.34, 2.2) 

Denmark .92 .97 1.00 1.09 
(.51, 2.6) (.51, 3.3) 

France 1.57 1.55 1.78 1.84 
(.86, 4.4) (.82, 4.9) 

Italy 1.60 1.80 1.75 2.02 
(.88, 4.5) (.96, 6.1) 

Norway 1.21 1.39 1.24 1.39 
(.67, 3.4) (.74, 4.7) 

Sweden .90 .89 .99 .97 
(.50, 2.5) (.47, 3.0) 

United Kingdom .77 .85 .94 1.03 
(.43, 2.2) (.45, 2.9) 

United States: 
GDP .48 .36 .62 .51 

(.27, 1.4) (.19, 1.2) 
GNP .49 .41 .60 .53 

(.27, 1.4) (.22, 1.4) 

NOTE.-Approximate 90 percent confidence intervals are shomi in parentheses 

Table 2 shows estimates of the variance ratio for each country. The 
first two columns show VJ for k equal to 15 and 20 and m equal to 10. 
A 90 percent confidence interval based on the chi-square approxima- 
tion is shown in parentheses. The last two columns show 17k for k equal 
to 15 and 20. The results are not sensitive to either the choice of k or 
the choice of estimator. 

Table 2 reveals four interesting facts. First, since the estimates of 
U.S. GNP and GDP are essentially the same, comparisons of the vari- 
ance ratio based on foreign GDP with Cochrane's estimate based on 
U.S. GNP are not unreasonable. For U.S. GNP, the estimates are a bit 
larger than Cochrane's. The data used here are taken from Gordon 
and differ a bit from Cochrane's data.9 Since the confidence intervals 
include Cochrane's estimate, any differences that are due to choice of 
data series are not significant. 

Second, the United States has the smallest point estimate in the 

9 Friedman and Schwartz (1982) link their early data to net national product in 1947. 
Cochrane links the early data to GNP. Gordon adds a capital consumption adjustment 
to the early Friedman and Schwartz data and links them to post-World War II GNP. If 
the early Friedman and Schwartz data are more like NNP than GNP, then Gordon's 
data are likely to be more homogeneous over time than Cochrane's. 
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WELFARE GAINS FROM STABILIZATION POLICY

Robert Lucas’ thought experiment

Macroeconomic Priorities (Lucas, 2003)

Famously led Lucas to stop working on business cycles and start

working on growth
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WELFARE GAINS FROM STABILIZATION POLICY

Imagine that we could magically eliminate all consumption variation

around trend

Consumer’s stochastic consumption stream:

ct = Aeµte−(1/2)σ2
ϵt

log(ϵt) ∼ N(0, σ2) implies useful fact:

E(e−(1/2)σ2
ϵt) = 1

Consumer’s utility function

E

{ ∞∑
t=0

βt c1−γ
t

1 − γ

}

β is subjective discount factor, γ coefficient of risk aversion
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WELFARE GAINS FROM STABILIZATION POLICY

E

{ ∞∑
t=0

βt ((1 + λ)ct)
1−γ

1 − γ

}
=

∞∑
t=0

βt (Aeµt)1−γ

1 − γ

λ ≃ 1
2
γσ2

For 1947-2001, the standard deviation of the log of U.S. real, per capita

consumption about a linear trend: 0.032.

Estimates of γ from macro and public finance: 1-4

λ =
1
2
(0.032)2 = 0.0005
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WELFARE GAINS FROM STABILIZATION POLICY

Conclusion: Welfare gains from stabilization policy are trivial.

Is this convincing?

Trend vs. difference stationary consumption

Disasters, long-run risks

Uninsurable risks

Inequality and heterogeneity

Deeply connected to “equity premium puzzle”
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DIGRESSION: CONSUMPTION BASED ASSET PRICING

Consumption based asset pricing starts from the

Consumption Euler equation:

U ′(Ct) = βEt [(1 + Ri,t+1)U ′(Ct+1)]

A little manipulation yields:

1 = Et

[
(1 + Ri,t+1)

βU ′(Ct+1)

U ′(Ct)

]
1 = Et [(1 + Ri,t+1)Mt+1]

where Mt+1 is call the stochastic discount factor
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POWER UTILITY

Now suppose that

U(Ct) =
C1−γ

t − 1
1 − γ

This implies:

U ′(Ct) = C−γ
t

Mt+1 =
βU ′(Ct+1)

U ′(Ct)
= β

(
Ct+1

Ct

)−γ
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EULER EQUATION WITH POWER UTILITY

1 = Et [(1 + Ri,t+1)Mt+1]

1 = Et [(1 + Ri,t+1)]β

(
Ct+1

Ct

)−γ

Taking logs and assuming log-normality:

0 = Et ri,t+1 + log β − γEt∆Ct+1 +
1
2
[σ2

i + γ2σ2
c − 2γσic ]

And for risk-free rate:

0 = rf ,t+1 + log β − γEt∆Ct+1 +
1
2
γ2σ2

c

Combining these last two yields:

Et ri,t+1 − rf ,t+1 +
1
2
σ2

i = γσic

Consumption Risk 38 / 56



EQUITY PREMIUM

Et ri,t+1 − rf ,t+1 +
1
2
σ2

i = γσic

Equity premium is a function of covariance between consumption

growth and return on equity

What is the intuition for this?
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MEASUREMENT

Et ri,t+1 − rf ,t+1 +
1
2
σ2

i = γσic

Suppose equity returns and consumption growth are perfectly correlated:

Et ri,t+1 − rf ,t+1 +
1
2
σ2

i = γσiσc
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 51

 
Table 5  Long-Period Averages of Rates of Return 

Country Start Stocks Bills Start Bonds Bills 
Part 1:  OECD countries 

Australia 1876 0.1027 (0.1616) 0.0126 (0.0566) 1870 0.0352 (0.1157) 0.0125 (0.0569) 
Belgium -- -- -- 1870 0.0291 (0.1584)** 0.0179 (0.1447)** 
Canada 1916 0.0781 (0.1754) -- 1916 0.0392 (0.1199) -- 
Denmark 1915 0.0750 (0.2300) 0.0265 (0.0652) 1870 0.0392 (0.1137) 0.0317 (0.0588) 
Finland 1923 0.1268 (0.3155) 0.0128 (0.0935) -- -- -- 
France 1870 0.0543 (0.2078)* -0.0061 (0.0996)* 1870 0.0066 (0.1368) -0.0079 (0.1000) 
Germany 1870 0.0758 (0.2976) -0.0153 (0.1788) 1924 0.0402 (0.1465) 0.0158 (0.1173) 
Italy 1906 0.0510 (0.2760) -0.0112 (0.1328) 1870 0.0173 (0.1879) 0.0046 (0.1191) 
Japan 1894 0.0928 (0.3017) -0.0052 (0.1370) 1883 0.0192 (0.1820) 0.0043 (0.1475) 
Netherlands 1920 0.0901 (0.2116)** 0.0114 (0.0474)** 1881 0.0308 (0.1067) 0.0118 (0.0512) 
New Zealand 1927 0.0762 (0.2226) 0.0234 (0.0529) 1926 0.0276 (0.1209) 0.0240 (0.0529) 
Norway 1915 0.0716 (0.2842) 0.0098 (0.0782) 1877 0.0280 (0.1130) 0.0204 (0.0709) 
Spain 1883 0.0610 (0.2075)† 0.0173 (0.0573)† -- -- -- 
Sweden 1902 0.0923 (0.2347) 0.0180 (0.0719) 1922 0.0292 (0.0941) 0.0176 (0.0448) 
Switzerland 1911 0.0726 (0.2107)†† 0.0083 (0.0531)†† 1916 0.0218 (0.0717) 0.0065 (0.0545) 
U.K. 1870 0.0641 (0.1765) 0.0179 (0.0624) 1870 0.0280 (0.1049) 0.0179 (0.0624) 
U.S. 1870 0.0827 (0.1866) 0.0199 (0.0482) 1870 0.0271 (0.0842) 0.0199 (0.0482) 

Part 2:  Non-OECD countries 
Chile 1895 0.1430 (0.4049) -0.0094 (0.1776) -- -- -- 
India 1921 0.0514 (0.2341)*** 0.0133 (0.0835)*** 1874 0.0191 (0.1147) 0.0240 (0.0785) 
South Africa 1911 0.0890 (0.2006) -- 1911 0.0248 (0.1165) -- 
Overall means††† -- 0.0814 (0.2449) 0.0085 (0.0880) -- 0.0266 (0.1234) 0.0147 (0.0805) 

 
*missing 1940-41, **missing 1945-46, †missing 1936-40, ††missing 1914-16, ***missing 1926-27 
†††Averages of means and standard deviations for 17 countries with stock and bill data and 15 countries with bond and bill data 
 
Notes:  See notes to Table 4.  Standard deviations are in parentheses.  Columns for stocks and bills are for common samples with the indicated 
starting date.  Columns for bonds and bills are for common samples with the indicated starting date.  End dates are 2006.
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EQUITY PREMIUM

Volatility of consumption seems to be relatively modest

World seems to be a relatively safe place

People must be very risk averse to not want to

bid up prices of stocks
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INTROSPECTION ABOUT γ

Consider the following gamble: I flip a coin and ...

If it comes up heads, I multiply your lifetime income by 1 million

If it comes up tails, I reduce your lifetime income by 10%

If you accept, your CRRA is less than 10

What about 20% reduction? If yes, CRRA < 5

What about 30% reduction? If yes, CRRA < 3

What about 50% reduction? If yes, CRRA < 2
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GREAT MODERATION

Empirical observation:

Rolling window quarterly standard deviation of output

shows sharp drop in 1984!

Note: This is the “classic” graph but perhaps it is misleading

(more on this later...)

Early papers:

McConnell and Perez-Quiros (2000)

Blanchard and Simon (2001)

Stock and Watson (2002))
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EARLY WORK: MCCONNELL AND PEREZ-QUIROS

(2000)

Sharp decline in volatility in 1984Q1

Possible hypotheses:

Shift toward service sector

Better monetary policy

But largest declines in durable goods: production but not sales
(i.e. role of inventories)

Conclude that inventory management was important
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MCCONNELL AND PEREZ-QUIROS (2000)
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BLANCHARD AND SIMON (2001)

Longer-term trend in volatility over the twentieth century

Confounding factors:

World Wars

Much more volatile data before modern national accounts (Romer (1986))

Nevertheless, it appears there has been a “long and large decline” in
macro volatility over the post-WWII period

Exact timing varies across countries
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FIGURE IV 
Stochastic Volatility for the United States, the United Kingdom and Canada 
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Figure from Nakamura et al. (2013)
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STOCK AND WATSON (2002)

Comprehensive view of the evidence:

Broad decline in volatility across sectors

Associated with declines in conditional variances, not means (based on

ARIMA type model)

Break rather than trend

Formally test for break date (as in Bai, Lumsdaine, Stock, 1998)

Break date around 1984

Much less support for “inventories” view when focusing on annual data
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Has the Business Cycle Changed and Why? ? 185 

Table 7 STANDARD DEVIATIONS OF GROWTH OF PRODUCTION, 
SALES, AND INVENTORIES 

One-quarter growth Four-quarter growth 

S1984-2001/ S1984-2001/ 
Series S 1960-1983 S 1984-2001 S 1960-1983 S 1960-1983 S 1984-2001 S 1960-1983 

GDP 4.32 2.18 .51 2.71 1.59 .59 
Total goods: 

Production 7.78 4.58 .59 4.12 2.87 .70 
Sales 5.14 3.93 .76 3.05 2.01 .66 
AI / sales 6.22 4.50 .72 2.09 1.95 .94 

Durable goods: 
Production 17.25 8.06 .47 8.46 5.28 .62 
Sales 9.86 7.83 .79 5.67 3.67 .65 
AI/sales 12.10 8.17 .68 4.15 3.15 .76 

Nondurable goods: 
Production 7.41 4.69 .63 2.96 1.81 .61 
Sales 4.50 2.88 .64 2.35 1.41 .60 
AI/sales 6.55 3.97 .61 1.89 1.59 .84 

Services production 1.71 1.38 .81 1.18 0.80 .68 
Structures production 11.80 6.71 .57 7.16 4.79 .67 

Notes: S1960-1983 denotes the standard deviation computed using the 1960-1983 data, etc. One-quarter 
growth rates are computed as 4001n(X,/X_ ), where X, is sales (etc.), except for AI/sales, which is 
computed as 400 times its quarterly first difference (400AX,). Four-quarter growth rates are computed 
as 1001n(X,/X, _), except for AI/sales, which is computed as 100 times its fourth difference [100(X, - 

X,-4)]. 

sharply in the latter period, whereas the standard deviation of sales fell 

proportionately less: the standard deviation of quarterly growth of dura- 
ble goods sales in the second period is 79% what it was in the first period, 
while the standard deviation of quarterly growth of durable goods pro- 
duction in the second period was 47% of its first-period value.7 As the 
second set of columns show, however, this disproportionate decline dis- 

appears at longer horizons: when one considers four-quarter growth 
rather than one-quarter growth, the standard deviations of production 
and sales fell by essentially the same amount.8 Indeed, the striking feature 
of the final column of Table 7a is that the standard deviation of four- 

quarter growth in sales and production fell by 30% to 40% across all pro- 

7. The entries in first columns of Table 7 closely match those in Table 4 of Kahn, McConnell, 
and Perez-Quiros (2002), with slight differences presumably attributable to different sam- 
ple periods and different vintages of data. 

8. This is true for other degrees of temporal aggregation. For one-quarter growth, the ratio 
of the relative standard deviations of durables output to durables sales growth is .79/ 
.47 = 1.70; for two-quarter growth, it falls to 1.35; for three-, four-, six-, and eight-quarter 
growth, it is respectively 1.15, 1.04, 1.00, and 1.01. 
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WHY DID THE GREAT MODERATION OCCUR?

Stock and Watson consider several hypotheses

Inventories (McConnell and Perez-Quiros, 2000)

But little evidence in annual (as opposed to quarterly) data

Sectoral Shift to less volatile service sector

Not large enough (but ignores feedback)

Weaker propagation of shocks

Inconsistent with VAR evidence (see next slide)

Changes in residential housing market

Big drop in volatility and changes in institutions, but occurred gradually!

Might be a candidate

What is left? Smaller shocks!
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STOCK AND WATSON: SHOCKS NOT PROPAGATION!
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SMALLER SHOCKS

Identified productivity and commodity price shocks (20-30%)

Changes in Monetary Policy (10-25%)

Change in Taylor rule

Estimate structural model, allowing Taylor rule to change

Lucas critique?

Unknown sources of “Good Luck” (40-60%)

Has our good luck ended?
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JAIMOVICH AND SIU (2007)

Argue for demographic explanation for Great Moderation

Key insight: Population is aging in many countries

...And volatility of hours worked much higher for certain age groups

Consider age groups 15-19, 20-24, 25-29,...,60-64

U-shaped pattern in cyclical volatility by age
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The remaining panels of Figures 2 and 3 present the same series for all G7 countries. In each 
panel, the scale of the vertical axes is identical to facilitate comparison. In six of the seven coun-
tries, business cycle volatility and the volatile labor force share clearly covary, although there is 
a slight phase shift in Canada. In France, unconditional evidence of this relationship is weaker, 
but relative to the other countries there is little change in volatility to explain.

Table 4 presents estimation results from equation (1) on γ, the average effect of the labor force 
measure on business cycle volatility. Column 1 presents our OLS estimate when σit is the “rolling 
window” measure of the standard deviation of HP-filtered output. The regression result suffers 
from autocorrelated residuals. This is due in part to the construction of the volatility measure, 
which results in overlap of output data in consecutive observations of σit . To address this, we 
run standard tests on the residuals to determine the highest order of serial correlation. For this 
specification, we cannot reject a highest order of two. In column 1 and throughout the paper, we 
report results when heteroskedasticity and autocorrelation-robust standard errors are constructed 
using the Newey-West estimator in this manner.

The share of volatile-age workforce participants has a positive effect on business cycle vola-
tility. To interpret the magnitude of the coefficient estimate, a 10 percent increase in this labor 
force share would increase cyclical volatility by 0.40.10 We estimate this effect to be significant 
at the 1 percent level.

10 Again, we delay discussion of this in relation to the US Great Moderation to the following section.

Figure 2. Demographics and Business Cycle Volatility, G7 Countries, Part 1

Notes: Dark, triangle-hatched line: volatile-age labor force share. Light, square-hatched line and light, dashed line: two 
measures of business cycle volatility. See text for detailed description of variables.
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