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Another driver of the business cycle

� Sources of business cycle �uctuations:
� Neutral technology shocks
� Investment-speci�c technology shocks
� Oil price shocks
� Labor supply shocks
� Monetary policy shocks
� Financial shocks
� News shocks

� All of these are �rst moment (level) shocks
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Another driver of the business cycle

� Business cycles driven by uncertainty

� Consider the second moment (uncertainty) of the same shocks as an
additional driver of the business cycle

� Take neutral technology shocks as a starting point

� De�nition of 2nd moment shocks: time variation in the variance of
innovations to productivity



Policy makers believe that uncertainty matters

� Larry Summers (March 2009):
"[...] unresolved uncertainty can be a major inhibitor of investment.
If energy prices will trend higher, you invest one way; if energy prices
will be lower, you invest a di¤erent way. But if you don�t know what
prices will do, often you do not invest at all."

� FOMC (April 2008):
"Several participants reported that uncertainty about the economic
outlook was leading �rms to defer spending projects until prospects
for economic activity became clearer."
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Policy makers believe that uncertainty matters

� Olivier Blanchard (January 2009):
"Crises feed uncertainty. And uncertainty a¤ects behavior, which
feeds the crisis. Were a magic wand to remove uncertainty, the next
few quarters would still be tough, but the crisis would largely go
away."

� Christina Romer (April 2009):
"Volatility has been over �ve times as high over the past six months
as it was in the �rst half of 2007. The resulting uncertainty has
almost surely contributed to a decline in spending. [...] When you
don�t know what is likely to happen, the best thing to do may be to
simply do nothing as you wait for more information."
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What this paper does

� Study the role of uncertainty shocks for business cycle �uctuations

� Paper has three main parts:

1 Empirical evidence that proxies of uncertainty are countercyclical

2 DSGE model with �rst and second moment shocks:

� Uncertainty shocks can lead to business cycles
� Uncertainty substantially reduces the impact of policy

3 Evaluate the performance of the model using establishment level data
from the Census (starting now)



What this paper does not (currently) do

� Attempt to endogenize uncertainty

� 2nd moment shocks are just as exogenous as �rst moment shocks

� Include/analyze other potentially important uncertainty channels

� Consumer durables

� Credit

� Risk
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Uncertainty over the business cycle

� Uncertainty is hard to measure and the concept is vague

� Build on prior literature and use di¤erent types of proxies:

1 Cross-industry, �rm and plant evidence: larger spreads

2 Time-series aggregate data: more time series variation

3 Cross-forecaster evidence: larger disagreement among professional
forecasters

� Use all proxies to create aggregate uncertainty index that rises by
48% during recessions

Table 1
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Inter-quartile range of the 3-month growth rates of industrial production. Covers all
196 manufacturing NAICS sectors in the Federal Reserve Board database.
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Cross firm sales growth spread

Interquartile range of sales growth (Compustat firms). Only firms with 25+ years of
accounts, and quarters with 500+ observations. SIC2 only cells with 25+ obs.
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Interquartile range of stock returns (CRSP firms). Only firms with 25+ years of
accounts, and quarters with 500+ observations. SIC2 only cells with 25+ obs.

Cross firm stock returns spread
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Cross establishment sales and labor productivity growth
spread

� ASM data on 60,000 manufacturing establishments 1974-2006

� Analyzed the cross establishment sales & labor productivity growth
spread

� Found two stylized facts:

� Cross-sectional spreads strongly counter cyclical

� Increase both overall and within SIC 4-digit category



Monthly industrial production conditional heteroskedasticity, from a GARCH(1,1)
auto-regression with 12 lags.
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Stock market volatility

S&P 100 implied volatility (the VXO, which is very similar to VIX) from 1987, and
normalized realized volatility of actual S&P100 daily stock returns prior to 1986.



Interquartile range of year ahead unemployment rates / mean unemployment rates.
From Survey of Professional Forecasters. Average of 41 forecasts per quarter.

Forecaster dispersion for unemployment
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Forecaster dispersion for industrial production

Interquartile range of year ahead production/mean production. From Survey of
Professional Forecasters. Average of 41 forecasts per quarter.
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Are recessions also conditionally associated with
uncertainty?

� So far, only unconditional correlations between uncertainty proxies
and the business cycle

� Use VAR analysis to investigate the conditional association of
uncertainty with recessions noting that this does not imply causality



VAR analysis

� Use standard VAR framework from Christiano, Eichenbaum and
Evans (2005) that includes the following variables (in this order):

� Log of real GDP (logs)
� Real consumption (logs)
� GDP de�ator (logs)
� Real investment (logs)
� Real wage (logs)
� Labor productivity (logs)
� Fed Funds rate
� Real pro�ts (logs)
� Growth rate of M2

� Add aggregate uncertainty index, but
� Check robustness to change in ordering (�rst, last)
� Add TFP series to control for �rst moment shock (Basu, Kimball and
Fernald)



VAR analysis – uncertainty first

Shock calibrated to increase uncertainty 48% during recessions

Cholesky orthogonalized on quarterly data from 1968:4 to 2006:4 using 4 lags.
Dotted lines are 95% confidence intervals



VAR analysis – different experiments

Cholesky orthogonalized on quarterly data from 1968:4 to 2006:4 using 4 lags.
Dotted lines are 95% confidence intervals

Shock calibrated to increase uncertainty 48% during recessions



Results for Germany (from Frank Smets )
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Results for US consumption (source Mark Doms)



Taking stock

� Uncertainty �however measured � is strongly countercyclical

� Associated with a drop and rebound in output in VAR framework

� Model allows us to study the mechanism further, and provide
additional micro-predictions to test in Census data



1 Measuring Uncertainty

2 Model

3 Census Data



Model

� Conforms as closely as possible to standard frictionless RBC

� Main deviations:

� Second moment shocks

� Firm level heterogeneity

� Non-convex adjustment costs in both capital and labor

� Mechanism: Non-convexity & second-moment shocks generate
time-varying option values.







Technology

� Large number of heterogeneous �rms

yj ,t = Atzj ,tkα
j ,tn

ν
j ,t , α + ν < 1

where: A : aggregate productivity kj : capital
z : idiosyncratic productivity nj : labor

� Productivity follows an AR process with time variation in the variance
of innovations: σA

t and σZ
t follow two-state markov chains

log(At ) = ρA log(At�1) + σA
t�1εt

log(zj ,t ) = ρ log(zj ,t�1) + σZ
t�1εj ,t
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Capital and labor adjustment costs

� Capital and labor follow the laws of motion:

kj ,t+1 = (1� δk )kj ,t + ij ,t
nj ,t = (1� δn)nj ,t�1 + sj ,t

where: ij : investment δk : capital depreciation rate
sj : hiring δn : labor attrition rate

� Allow for the full range of adjustment costs:
� Fixed � lump sum cost for investment and/or hiring
� Partial �per $ disinvestment and/or per worker hired/�red
� Quadratic � to invest/disinvest and/or hire/�re more rapidly

� All investment and hiring (even replacement investment and hiring) is
subject to AC
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Firm�s value function

V (k, n�1, z ; A, σA, σZ , µ) =

max
i ,n

8<:
Azkαnν � w(A, σA, σZ , µ)n� i � AC k (k, k 0)� AC n(n�1, n)

+
E

�
m

�
A, σA, σZ , µ; A0, σA0, σZ 0, µ0

�
V (k 0, n, z 0; A0, σA0, σZ 0, µ0)

�
9=;

� State variables:
� Firm�s capital stock: k
� Firm�s hours stock from last period: n�1
� Firm�s current idiosyncratic productivity: z
� Aggregate productivity: A
� Macro uncertainty: σA

� Micro uncertainty: σZ

� The joint distribution of �rms over z , k and n�1: µ



Households & solution

� Representative agent who works, consumes and owns shares in �rms

� Recursive competitive equilibirum

� Approximate µ with a set of moments taken from the �rm
distribution over (z , k, n) following Krusell and Smith

� Solution method builds on recent work in the lumpy investment
literature

� Kahn and Thomas (2003, 2008)

� Bachman, Caballero, Engel (2008)
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Simplify the problem

� Two assumptions to simplify the solution:
� Separability in C & N
� In�nite Frisch labor supply elasticity.

� We assume the following functional form for the household�s utility
function:

U(C , 1�N) =
C 1� 1

σ

1� 1
σ

� φ
Nχ

χ

� Separability of preferences yields simple SDF

mt ,s = β(s�t) C
� 1

σ
s

C
� 1

σ
t

� The FOC for hours worked

wt = φNχ�1
t C

� 1
σ

t



Simplify the problem

� Rede�ne the problem in terms of marginal utility (where p � Uc )

Ṽ = pV

= max
i ,n

n
p

�
Azkαnν � wn� i � AC k � AC n

�
+ pE

�
mV 0�o

= max
i ,n

n
p

�
Azkαnν � wn� i � AC k � AC n

�
+ βE

�
Ṽ 0�o

� If χ = 1, solution greatly simpli�es

wt = φC
� 1

σ
t

� By forecasting p, no need to forecast w seperately



Sketch of numerical solution

1 Forecast the intertemporal price p̂ and a set of moments µ̂ from the
�rm distribution

p̂ = f1(A, σA, σZ , µ̂) µ̂0 = f2(A, σA, σZ , µ̂)

2 Solve for Ṽ using the forecasting functions for p̂ and µ̂

3 Simulate the economy:

� Use only the 2nd forecasting function and value function from step 2
� In each period guess a price and given it solve the �rm�s problem

max
i ,n

n
p

�
Azkαnν � wn� i � AC k � ACn

�
+ βE

�
Ṽ 0�o

� Aggregate across all �rms and check if resulting aggregate
consumption is consistent with household optimality

4 Update forecasts using the simulated data from step 3. Stop if the
forecasting functions do not change, else return to step 1



Calibration

� δn : annual exogenous quit rate of 15%

� 19.2% is the lowest annualized value of the monthly quit rate in JOLTS

� Adjustment costs:

� Fixed cost of capital adjustment: 1.5% of annual sales

� Resale loss of capital: 34%

� Fixed cost of adjusting hours: 2.1% of annual wage bill

� Firing and hiring costs: 1.8% of worker�s annual wage

Table 2



Calibration of uncertainty process

� There is no observable empirical counterpart to the uncertainty
processes that drive the model (σA & σZ )

� Calibrate the Markov chain to match the persistence and variance of
observable uncertainty proxies

� interquartile range of �rm sales growth rates

� interquartile range of �rm stock returns

� Implies about a doubling of σA,t & σz ,t in uncertain state and the
following transition matrix:

Normal Uncertain
Normal 0.956 0.044
Uncertain 0.208 0.792
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% of economies in the high uncertainty state
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No first moment shock: average productivity
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Effects of a rise in uncertainty on employment
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Effects of a rise in uncertainty on investment
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Effects of a rise in uncertainty on output
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Effects of a rise in uncertainty on consumption

-5.00%

-4.00%

-3.00%

-2.00%

-1.00%

0.00%

1.00%

2.00%

3.00%

4.00%

-4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12

Quarter



Effects of a rise in uncertainty on TFP
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Business cycle statistics

SD(X) SD(X) / SD(Y) CORR(X,Y)
Y 1.80 1.00 1.00
I 9.51 5.30 0.87
C 1.04 0.58 0.56
H 1.24 0.69 0.97



Investment rates at �rm level

� Cooper/Haltiwanger data
� Annual
� Constructed as a balanced panel from the ASM (very large
establishments)

� Two margins of aggregation: time and the number of units per �rm

Fraction of �rms with:
Positive Negative Positive
Investment Investment Spike Inaction

Cooper/Haltiwanger 0.815 0.104 0.186 0.081
Quarterly 0.069 0 0.069 0.931
Annual 0.274 0 0.274 0.726

5 units �Annual 0.798 0 0.165 0.202



Uncertainty alters the impact of policy

� Illustrate with a simple policy experiment: an investment tax credit
from Mars

� For one period, Mars subsidizes capital investment

� Not full GE, but easier to compute

� Complete surprise to agents

� Evaluate the impact of this policy during normal and uncertain times
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Impact of 1% investment credit
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Impact of 1% investment credit
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Policy implications

� Note: no normative analysis

� Given the reduced responsiveness, policy impulse should be larger in
order to get same e¤ects as policy during normal times

� To avoid overshooting once uncertainty falls, policy should be
temporary

� Additional uncertainty from policy can be detrimental



1 Measuring Uncertainty

2 Model

3 Census Data (coming soon)



Reduced response in periods of high uncertainty
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Conclusions and next steps

� Uncertainty appears strongly countercyclical

� Realistically calibrated DSGE model with �rm level heterogeneity

� Time variation in uncertainty can lead to moderate business cycle
�uctuations in output, investment, hiring and TFP growth

� Policy impact is di¤erent in times of heightened uncertainty

� Next steps:

� Further improvements on numerical solution, lots of robustness checks

� Investigate model�s predictions in micro data
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Notes for Table 1

Row (1) contains the interquartile range of �rm sales growth, de�ned as (salest+2�
salest�2)/(0.5�salest+2+ 0.5�salest�2), where the 4-quarter window is used to remove
quarterly accounting e¤ects. Data from quarterly Compustat. Row (2) contains the interquartile

range of �rm stock returns, using CRSP monthly data. Row (3) reports the quarterly average of

the monthly interquartile range of growth rates of industrial production, covering the

manufacturing sector broken down into 196 NAICS 3 to 6 digit sectors, from the Federal

Reserve Board. Row (4) contains the average quarterly conditional standard deviation of

monthly industrial production estimated from an AR(12) regression with GARCH(1,1) errors.

Row (5) contains the quarterly average of the CBOE�s VXO index (implied volatility on the S&P

100) from 1987 onwards, and the standard deviation of daily returns on the S&P 500 prior to

1987. Rows (6) and (7) contain interquartile range divided by the mean of the 4-quarter ahead

forecasts for unemployment and industrial production, obtained from the Survey of Professional

Forecasters. Row (8) contains the average of the seven indicators in columns (1) to (7) after

they have all been normalized to have a value of unity during non-recession quarters. Full data

details in Appendix A.



Increase in uncertainty during a recession

Table 1: The Increase in Measuresof Uncertainty During Recessions

% increaseduringrecessions, correlationwith quart. periodcovered

mean(standarddeviation) ind. productiongrowth

(1) Firm salesgrowth spread 23.1 (3.4) -0.471 67Q2 to 08Q2

(quarterlycross-sectionalinterquartilerange)

(2) Firm stock returns spread 22.4 (3.6) -0.367 69Q1 to 08Q4

(quarterlycross-sectionalinterquartilerange)

(3) Industry output growth spread 66.5 (5.4) -0.603 72Q1 to 09Q1

(quarterlycross-sectionalinterquartilerange)

(4) Macro output growth volatility 57.6 (13.1) -0.409 62Q1 to 09Q1

(quarterlyaverageconditionalstandarddeviation)

(5) Macro stock returns volatility 44.2 (6.8) -0.470 63Q1 to 09Q2

(quarterlystandarddeviationof daily stockreturns)

(6) Forecasterpredicted industrial production spread 62.5 (9.3) -0.282 68Q4 to 09Q2

(quarterlyinterquartilerange/ mean)

(7) Forecasterpredicted unemploymentspread 70.4 (6.9) -0.535 68Q4 to 09Q2

(quarterlyinterquartilerange/ mean)

(8) Uncertainty index 47.3 (3.6) -0.621 68Q4 to 08Q4

(averageof normalizedindividualmeasures)

go back



table 2
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Simulation with only capital adjustment costs

� Our adjustment cost speci�cation involves non-convex costs both in
capital and labor

� In line with existing estimates in the literature from

� Direct measurement: for labor Nickell (1986) and for capital Ramey
and Shapiro (2005)

� Indirect inference: Cooper and Haltiwanger (2006) and Bloom (2009)

� The impact of uncertainty on output is around 45% larger e¤ect when
AC on both capital and labor

� The consumption problem is mitigated by adding labor adjustment
costs



Only K AC: Output response to an uncertainty shock
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Simulation with only micro or macro uncertainty

� Micro uncertainty drives (most of) the volatility overshoot

� Both types of uncertainty contribute to drop in output

� Relative size of volatility is debatable



Effects of a rise in uncertainty: No AC
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Uncertainty shocks as a magni�cation mechanism

� need to �ll up.



More business cycle statistics

SD(X) SD/SD(Y) Corr(X,Y)
Y 1.80 1.00 1.00
I 9.54 5.30 0.87
C 1.04 0.58 0.56
N 1.24 0.69 0.97

Benchmark Model
SD(X) SD/SD(Y) Corr(X,Y)

Y 1.80 1.00 1.00
I 9.18 5.10 0.89
C 0.95 0.53 0.60
N 1.21 0.67 0.96

NO AC

SD(X) SD/SD(Y) Corr(X,Y)
Y 2.10 1.00 1.00
I 10.92 5.20 0.83
C 1.34 0.64 0.57
N 1.41 0.67 0.96

Only Macro UNC
SD(X) SD/SD(Y) Corr(X,Y)

Y 1.60 1.00 1.00
I 7.84 4.90 0.82
C 1.07 0.67 0.61
N 1.02 0.64 0.97

Only Micro UNC

SD(X) SD/SD(Y) Corr(X,Y)
Y 1.80 1.00 1.00
I 8.82 4.90 0.95
C 0.79 0.44 0.76
N 1.26 0.70 0.95

High Macro Dispersion
SD(X) SD/SD(Y) Corr(X,Y)

Y 1.80 1.00 1.00
I 8.82 4.90 0.72
C 0.79 0.44 0.43
N 1.26 0.70 0.96

High Micro Dispersion


