
ABSTRACT

SEPULVEDA-UMANZOR JEAN P. Uncertainty and Business Cycle Asymmetries.

(Under the direction of Professor John J. Seater).

In this dissertation I investigate how macroeconomic uncertainty behaves dur-

ing the business cycle, and then I present a model that can reproduce what I find in

the data.

I first present evidence, from surveys of expectations, that indicates that macro-

economic uncertainty is higher during expected slowdowns than during expected ex-

pansions in real GDP.

I then, try to explain this theoretically. To do that, I show that the standard

stochastic growth model can be expanded to include an endogenous depreciation

rate, allowing it to deliver the findings previously discussed. The model generates

asymmetric output fluctuations in response to symmetric productivity shocks. Busi-

ness cycle asymmetries then reproduce the pattern of uncertainty described in the

empirical chapter.
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Chapter 1

Introduction

The first implication of the asymmetry from the point of view of economic
theory, is that models should be built that can explain this common phenomenon
endogenously.
-Salih N. Neftci, Are Economic Time Series Asymmetric over the Business
Cycle? JPE, 1984.

In this dissertation I study the topics of business cycle asymmetries and macro-

economic uncertainty.

With respect to the first, it has long been argued that macroeconomic time se-

ries present asymmetric behavior around the business cycle. Keynes (1936, p. 314)

notes that “the substitution of a downward for an upward tendency often takes place

suddenly and violently, whereas there is, as a rule, no such sharp turning-point when

an upward is substituted for a downward tendency.” Friedman (1969), argues that

“output [should be] viewed as bumping along the ceiling of maximum feasible output

except that every now and then it is plucked down by a cyclical contraction. . .When
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subsequent recovery sets in, it tends to return output to the ceiling.” This viewpoint

is connected to De Long and Summers’s (1988) “output gaps” view that suggests

”fluctuations are primarily lapses beneath sustainable levels of production, rather

than symmetric fluctuations around a trend.”

Neftci (1984) proposes a statistical test to prove the asymmetry hypothesis. Ap-

plying it to the U.S. unemployment series for the period 1948-81, he finds that the

behavior of the unemployment rate is characterized by pronounced jumps and slower

drops. Hamilton (1989) shows that a nonlinear model for real GNP growth rates

dominates linear models. Sichel (1993) analyzes postwar quarterly data and finds

that fluctuations in unemployment and industrial production have troughs deeper

below trend than peaks are tall.

These and subsequent work have helped to characterize the asymmetries one can

find in the data. Neftci (1984) defines asymmetry in terms of transition probabilities.

A series is asymmetric if the transition probabilities from one state of the business

cycle to another are different. That is, if the probability of passing from a contraction

to an expansion differs from the probability of passing from an expansion to a contrac-

tion. Sichel (1993) introduces the concepts of “steepness asymmetry” and “deepness

asymmetry”. A series is said to present steepness asymmetry when its first difference

are negatively skewed. Deepness asymmetry exists when the series “exhibits negative

skewness relative to mean or trend”.1 Figure D.1 shows these types of asymmetries.

1Notice that notwithstanding Sichel’s definitions, in both cases positive skewness would also
indicate asymmetry.



3

Sichel tests both concepts using macroeconomic data from the 1949-1989 U.S.

business cycle and finds that unemployment, industrial production and real GNP

fluctuations are deep, while fluctuations in unemployment are steep.2

McQueen and Thorley (1993) formalize Keynes’ (1936) observation of asymmetric

turning points by introducing the concept of “sharpness asymmetry”. A series show

sharpness asymmetry when the transitions at turning points are different. For in-

stance, when the transition from a contraction to a recovery occurs suddenly but the

transition from the expansion to the contraction is gradual. Testing the concept for

the U.S., they find evidence of sharpness for the unemployment rate and industrial

production. Clemens and Krolzig (2003) show that for a two-state model, deepness is

equivalent to sharpness and vice-versa. However, for a model of more than two-states,

the two concepts need not imply one another. Beaudry and Koop (1993) introduce

the idea of persistence asymmetry. If the persistence generated by positive innova-

tions differs from the persistence generated by negative innovations, then the series is

characterized by persistence asymmetry. Analyzing U.S. real quarterly GNP data for

the 1947-1989 period, they provide evidence that negative shocks are less persistent

than positive innovations.

Ramsey and Rothman (1996) enrich the analysis of business cycle asymmetries by

introducing the concept of “time reversibility”. “If the probability structure of a time

series going forward in time is identical to that in reverse time, the series is said to

2The evidence for deepness in real GNP is less strong.
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be time reversible”. They also differentiate between “longitudinal” and “transversal”

asymmetry, and argue that all previous definitions can be encompassed by either of

these two classes. Longitudinal asymmetry refers to ”asymmetries that are asym-

metrical in the direction of movement of the business cycle”. Neftci’s asymmetry,

and steepness are particular cases of this type of asymmetry. Transversal asymmetry

applies to asymmetries that are “orthogonal to the direction of the business cycle”.

Deepness and sharpness are transversal asymmetries. They develop a test and use it

on several macroeconomics time series, finding evidence of asymmetries in inflation,

industrial production, nominal GDP, real output, unemployment, and investment

among others.

In spite of the ample empirical literature on business cycle asymmetries, the the-

oretical work on it has lagged for many years. Indeed, only recently, economists are

working on models that can deliver these asymmetries endogenously. Acemoglu and

Scott (1997) offer a model that endogenously delivers asymmetric micro responses to

shocks by assuming intertemporal increasing returns to investment. This results in

investment costs being lower for the firm which invested in the recent past. There-

fore, the same shock will impact firms differently depending on their past investment

decisions. Hence, business fluctuations would present nonlinear dynamics. However,

it is not clear that this nonlinearities would produce asymmetries at the aggregate

level. Nieuwerburgh and Veldkamp (2003) present a model where learning asymme-

tries result in asymmetric business cycles. When agents believe that productivity is
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high they invest and work more. Asymmetries in learning about the true level of

technology will then result in asymmetric output response to productivity shocks.

This is the only model in the literature that actually generates asymmetric business

cycles. However, they do that by assuming a learning mechanism for the formation

of expectations. That is, to the best of my knowledge, there is not a model than can

deliver asymmetric business cycles within the rational expectations paradigm, and

this is what I try to develop in chapter 3 of this dissertation. There, I show that the

standard stochastic growth model augmented with an endogenous depreciation rate

can deliver asymmetric business cycles in a world of perfect information and rational

expectations. I show that this asymmetry is present with and without labor-leisure

choice.

The second topic that I address in this research is the subject of macroeconomic

uncertainty, and how it relates to the business cycle, and in concrete how it relates to

the expected performance of the economy. Do people feel more uncertain when they

expect a feeble economy than when they expect the economy to expand? This is the

question that this empirical study addresses.

Economists have long examined, both theoretically and empirically, the effects of

uncertainty on macroeconomic variables. Most of the empirical research has focused

on the effects of inflation uncertainty on the macroeconomy. For instance, Lahiri,

Teigland and Zaporowski (1988) study the effects of inflation uncertainty on interest

rates, Holland (1986) studies the effects of inflation uncertainty on unemployment,
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Makin (1982), Zarnowitz and Lambros (1987), and Holland (1988), inspect the effects

of inflation uncertainty on output. Also, following Milton Friedman nobel prize lecture

(1977), a battery of studies investigated the effects of the inflation level on inflation

uncertainty. Few studies have investigated the factors other than inflation itself, that

affect inflation uncertainty.3 To the best of my knowledge, no theoretical or empirical

studies exist on the variables, other than inflation, that may affect unemployment

uncertainty or output uncertainty. In the second chapter of this dissertation I study

how the expected output performance of the economy affects uncertainty about the

three variables aforementioned; the expected growth rate of real GDP, the expected

unemployment rate, and the expected inflation rate. I use the term “macroeconomic

uncertainty” to refer to uncertainty about these three variables. I build series for the

standard deviation of the expected growth rate of output, the expected unemploy-

ment rate, and the expected inflation rate from surveys of expectations, and I use

them as proxies for macroeconomic uncertainty. A total of eighteen different series

of uncertainty coming from three distinct surveys of expectations are generated, and

regressed on the expected growth rate of real GDP. With few exceptions, the message

from every series is the same: a predicted weakening of the economy, measured by

the expected growth rate of output, raises the level of uncertainty about the future

performance of output, unemployment, and inflation. The findings call for research

on theoretical models that could deliver such results endogenously.

3For instance, Mankiw, Reis and Wolfers (2003) study the dispersion (disagreement) among
inflation forecasts and relate it to the inflation rate and the output gap.
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Chapter 2

The Relationship Between

Macroeconomic Uncertainty and

the Expected Performance of the

Economy
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2.1 Estimating Uncertainty in Economics

The empirical estimation of uncertainty has been entirely concentrated on mea-

suring inflation uncertainty. Two main avenues have been followed to obtain those

measures. One approach, which I refer as the Model Based Approach, is to use

realized values of the variable to elicit econometric or statistical estimations of the

variability of it. This measure of variability is then used as a proxy for uncertainty.

In an early study Okun (1971) studies the correlation between the level and the

standard deviation of inflation, across seventeen OECD countries to see if economies

with higher levels of inflation consistently have higher inflation variability. Later,

Logue and Willett (1976), use regression analysis to find a strong relation between

the variability of inflation and the average rate of the price change for forty-one coun-

tries during the period 1958-1970.

The development of new econometric techniques, such as ARCH, allowed authors

to measure uncertainty by estimating the conditional variance of the variable under

analysis, typically the inflation rate. There is an ample literature in this area, but

the classical study is Engle (1982) who developed the ARCH technique, and applied

it to analyze the variability of inflation in the United Kingdom.

However, rather than measuring uncertainty, the model based approach really

measures volatility. The former is a feature that forward-looking agents face when

confronting any decision; it is related to an expectation, the latter is a characteristic

of the data once uncertainty has been solved.
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The other path that has been followed in the empirical literature, and that I refer

to as the Survey Based Approach, is to estimate uncertainty from surveys of economic

expectations. The common route taken is to obtain the standard deviation (or the

variance) of the point forecasts, of the variable under analysis, made at a point in

time by several different forecasters. This variability, which is actually a measure of

the disagreement among the forecasters (see Bomberger,1996), is used as a proxy for

uncertainty. Among the several studies using this approach are Hayford (2000), and

Mankiw, Reis, and Wolfers (2003).1

Zarnowitz and Lambros (1987) state that the main assumption required for the

validity of using disagreement as a proxy for uncertainty is that the interpersonal

dispersion measure be a good approximation to the dispersion of intrapersonal pre-

dictive probabilities held by the same individual. Using the Survey of Professional

Forecasters (SPF).2 they obtain a direct measure of inflation uncertainty. Since this

survey asks not only for point forecasts of inflation, but also requires forecasters to

assign a probability to different intervals where the inflation rate may realized next

period, a direct measure of uncertainty can be retrieved from the standard deviation

(or the variance) around those probability forecasts. This variance would tell us how

uncertain is the forecaster around his point forecast. In Zarnowitz and Lambros’

words: ”how diffuse is his distribution”.

Lahiri, Teigland, and Zaporowski (1988) use this measure to study the effect of

1They argue that disagreement is important by itself. They do not use it as a proxy for
uncertainty.

2A brief explanation of this survey is given in section 2.2
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inflation uncertainty on interest rates, finding that the former has not significant ef-

fect upon the real interest rate.

Using survey data to estimate uncertainty has both benefits and costs. Among

the former is that this better represents what economic agents were really perceiving

at the time they made decisions. How sure or unsure were they about the future

path of the main economic variables is something we can directly obtain from surveys

of expectations. Hence, if these surveys reflect the market’s perceptions, then the

level of uncertainty in the market about the future realization of the most important

macroeconomic variables can be acquired from them. The main drawback is that

disagreement may not be a good proxy for uncertainty, that is the Zarnowitz and

Lambros assumption may not be met. Here the evidence is not conclusive. There are

as many studies supporting its use (see for instance Bomberger (1996), and Giordani

and Söderlind (2003), as there are opposing it (Zarnowitz and Lambros (1987) is one

example).

In this paper, I follow the survey based approach, and the two proxies for uncer-

tainty within this approach are used. That is, I use disagreement and the measure of

uncertainty coming from the probability forecast in the SPF, in order to obtain series

of macroeconomic uncertainty. The latter measure allows me to disregard to certain

extent the drawback mentioned above.



11

2.2 Data Sources

2.2.1 The Surveys

Two, and in some cases three, different surveys are used to construct the vari-

ables that are explained below, the Livingston Survey, the Survey of Professional

Forecasters, and the Survey of Consumers from the University of Michigan.

The Livingston Survey (LS)

Originally conducted by the late journalist Joseph A. Livingston, and currently

being carried out by the Federal Reserve Bank of Philadelphia, the LS, every June

and December, asks economists in the financial, nonfinancial, academic, and labor

sector for their forecasts for a set of more than eighteen economic variables for the

end of the current month, six months ahead, twelve months ahead, and lately ten

years ahead for some variables.3 It covers the period between June of 1946 and the

present.

In this study I use six month ahead forecasts for real GDP, the consumer price

index, and the unemployment rate for the the period 1971-2002. 1971 is the earliest

year with real GDP forecasts.

3For a brief history of the survey see Croushore (1997)
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The Survey of Professional Forecasters (SPF)

First conducted jointly by the American Statistical Association (ASA) and the

National Bureau of Economic Research (NBER), the ASA-NBER Economic Outlook

Survey began to be administered by the Philadelphia Fed in 1990, which changed the

name to the Survey of Professional Forecasters, which truly reflects the nature of the

survey participants.

Conducted every quarter, the survey asks professional forecasters, that is, those

who forecast as part of their job, to provide their forecasts for more than twenty-five

economic variables for the next six quarters and for the current and the next calendar

year. In addition, the questionnaire also asks for three probability variables; the

probability that the percent change in real/nominal GDP falls in a particular range

in the current and following year, the probability that the percent change in the price

index for GDP falls in a particular range during the current and following period,

and the probability of a decline in real GDP in the current quarter and the following

four quarters.4

The variables I use in this study are: the one quarter ahead forecasts of real

GDP, the consumer price index, and the unemployment rate. In addition, the three

probability variables are exploited. Therefore, both point and probability projections

are used for the period 1968-2002.

4For a detailed explanation of this survey, see Croushore (1993)
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The Michigan Survey of Consumers (MSC)

Conducted every month by the Survey Research Center at the University of Michi-

gan, as its name indicates, it is a survey of consumer expectations about economic

and financial conditions. In a broad sense, the survey asks participants for their ex-

pectations about financial conditions in the household, and prices and income in the

whole economy. Based on the information collected, the Survey Research Center con-

structs the Index of Consumer Sentiment and the Index of Consumer Expectations.

I slightly modify the Index of Consumer Expectations to obtain what I call the

index of economic expectations. The purpose of this is to obtain an index where all

the variables have the same forecasting period.5

2.3 The Empirical Measures of Uncertainty

I examine what are arguably the three most important macroeconomic variables:

output growth, the unemployment rate , and the inflation rate. To this end, I con-

struct measures of output uncertainty, unemployment uncertainty, and inflation un-

certainty as follows.6

5Details are given in the appendix
6Table C.1 presents the correlation across the measures of uncertainty for the three surveys
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2.3.1 Output Uncertainty (Ut(Et[gt+1]))

I construct two different measures of output uncertainty. The first is a measure of

dispersion, also known as the level of disagreement among respondents. The second

is a direct measure of the uncertainty that a forecaster faces about his prediction, and

is obtained from the probability questions in the SPF. It measures the forecaster’s

own subjective variance (standard deviation) around his forecast, and was first used

by Zarnowitz and Lambros (1987) to analyze inflation uncertainty.

Point Forecasts (Disagreement)

By using point forecast data for the expected value of real GDP from both the LS

and the SPF, I construct the following measure of disagreement for the jth (j=LS,

SPF) survey.

U j
t (Et[g

j
t+1]) = [

1

Nt

Nt∑
i=1

(Et[g
j
i,t+1]− Et[g

j
t+1])

2]1/2,

where

Et[g
j
t+1] =

1

Nt

Nt∑
i=1

Et[g
j
i,t+1],

and

Et[g
j
i,t+1] = log(Et[RGDP j

i,t+1]/Et[RGDP j
it])× 100.

Et[·] is the expectation operator, t + 1 represents the forecasting period in the jth

survey, and i (i = 1, ..., Nt) represent respondents.

As can be seen, U j
t (Et[g

j
t+1]) is nothing other than the standard deviation around

the expected growth rate of real GDP, Et[g
j
t+1].
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A similar measure is built from the MSC’s data. Here, I slightly modify the well-

known Index of Consumer Expectations (ICE) with the purpose of obtaining an index

where the expectational period is the same. Indeed , the ICE is based on the answer

to three different questions, for two of which the forecasting period is twelve months

and for the third is five years. I eliminate the question associated with the five-year

projection period. I will refer to this new index as the index of economic expectations

(IEEt). It is built by using the same procedure as the ICE (see appendix for details).

A value for the index for each respondent, IEEit, is calculated for every month.

The mean and dispersion measures around the index are obtained as follows,

IEEt =
1

N

N∑
i=1

log(IEEi,t)

Ut[IEEt] = [
1

N

N∑
i=1

(log(IEEi,t)− IEEt)
2]1/2

Probability Forecasts

In the SPF, survey participants are asked, among other things, to provide their

estimated probabilities for l different given intervals (l = 1, ..., Lt) for the growth rate

of real GDP. In essence, forecasters are giving their subjective probability distributions

for the expected growth rate of real GDP.

To obtain the expected value and the standard deviation for each respondent’s

subjective distribution, an assumption needs to be made about the end points for
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the outermost intervals. I use the same procedure used by Lahiri, Teigland, and

Zaporowski (1998) when they analyze inflation uncertainty, which is to assume that

the outmost intervals have the same length as the rest.

At every time t, each individual is asked to assign a probability to each one of the

Lt intervals. Let that probability be Pit(gl,t+1),
7 and denoting the midpoint of the

interval by gl,t+1, it is possible to calculate the implicit expected growth rate of real

GDP, that is the mean of individual i’s probability distribution at time t, and the

level of uncertainty surrounding it for every respondent in the survey as

Et[gi,t+1] =
Lt∑

l=1

Pit(gl,t+1) · gl,t+1,

and

uit = [
Lt∑

l=1

(gl,t+1 − Et[gi,t+1])
2 · Pit(gl,t+1)]

1/2

Based on these, I can then calculate the time t expected growth rate of real GDP,

Et[Gt+1], and the level of uncertainty attached to it, Ut(Et[Gt+1]) as follows: 8

Et[Gt+1] =
1

Nt

Nt∑
i=1

Et[gi,t+1],

and

Ut(Et[Gt+1]) =
1

Nt

Nt∑
i=1

uit.

The former is an average of the expected growth rate by each survey participant. The

latter is the average of the standard deviation appended to each one of the Et(Gt+1)s,

7For example, an individual assigning Pit(gl,t+1) = 0.2 to the l= 2.0-2.9 interval, is saying that
he believes there is a 20% chance that the growth rate of real GDP would be between 2.0 percent
and 2.9 percent.

8Gt+1 will be used to represent the expected growth rate obtained from the probability forecast.
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and hence represents the level of uncertainty the market attaches to the expected

growth rate of output.

Another piece of information that can be obtained from the probability forecasts

in the SPF is the Probability of Decline variable.9 One of the questions forecasters

have to answer, is to assign the probability of a decline in real GDP in the quarter

following the quarter in which the survey is taken. Using this variable, which I

denote by Probit(Dt+1), I obtain the mean, Probt(Dt+1), and the level of disagreement

around it, Ut(Probt(Dt+1)), using the procedure described in part 2.3.1). Table C.2

summarizes the output-uncertainty measures obtained from the three surveys.

2.3.2 Unemployment Uncertainty (Ut(Et[Unemt+1]))

The only available survey data on expected unemployment rates are point fore-

casts. Using data from the jth survey (j = LS, SPF ), a measure of disagreement is

constructed around the mean of the time t expected unemployment rate as follows:

U j
t (Et[Unemj

t+1]) = [
1

Nt

Nt∑
i=1

(Et[Unemj
i,t+1]− Et[Unemj

t+1])
2]1/2,

with

Et[Unemj
t+1] =

1

Nt

Nt∑
i=1

Et[Unemj
i,t+1]

being the mean expected unemployment rate for the forecasting period, constructed

9Also known in the press as the Anxious Index
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from the expected rate, Et[Unemj
it+1], of each participant i in the jth survey. Table

C.3 summarizes the unemployment-uncertainty measures.

2.3.3 Inflation Uncertainty (Ut(Et[πt+1]))

As is the case with output data, it is possible to obtain both point and probability

forecasts for inflation. I use the two of them to build measures of inflation uncertainty.

Point Forecasts (Disagreement)

Let Et[π
j
i,t+1] be the ith forecaster’s expected inflation rate, at time t, in the jth

survey, and for the relevant forecasting period. By using it, I construct the following

measure of dispersion:

U j
t (Et[π

j
t+1]) = [

1

Nt

Nt∑
i=1

(Et[π
j
i,t+1]− Et[π

j
t+1])

2]1/2,

around the time t expected inflation rate:

Et[π
j
t+1] =

1

Nt

Nt∑
i=1

Et[π
j
i,t+1].

Probability Forecasts

Participants in the SPF are also asked to attach probabilities to various intervals

for their expected inflation rate.

Let the ith respondent (i = 1, ...Nt) assign the probability Pit(πl,t+1) to each of the

Lt intervals, and denoting πl,t+1 as the midpoint of the lth interval (l = 1, ..., Lt), I can
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use the same procedure followed to obtain output uncertainty to retrieve measures

of the mean and standard deviation of the distribution associated with the time t

expected inflation rate. Then,

Et[πi,t+1] =
Lt∑

l=1

Pit(πl,t+1) · πl,t+1

is the implicit inflation rate expected by the ith respondent, and

uit(Et[πi,t+1]) = [
Lt∑

l=1

(πl,t+1 − Et[πi,t+1])
2 · Pit(πl,t+1)]

1/2

is the standard deviation, or a sign of the diffuseness associated with the distribution

of Et[πi,t+1]. Hence,

Ut(Et[Πt+1]) =
1

Nt

Nt∑
i=1

uit(Et[πi,t+1])

represents the average level of uncertainty the market attaches to the expected rate

of inflation, Et[Πt+1].
10 Table C.4 summarizes the inflation-uncertainty measures.

10Et[Πt+1] = 1
Nt

∑nt

i=1 Et[πi,t+1]
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2.4 Results

2.4.1 Estimation Strategy

In all cases, stationarity is diagnosed with the aid of Augmented Dickey-Fuller

(ADF) tests.11 Nonstationary series are detrended or differenced. Detrending is done

by both fitting a deterministic trend, and by using the Hodrick-Prescott (HP) filter.

As detailed below, only in a few cases, results do vary with the detrending procedure.

Unless otherwise noted, I report the estimation with the HP-detrended series. In

some cases a time break is detected both by visual inspection and by the means of

Chow tests. In such occasions, estimation is carried out by using the residuals from

an auxiliary regression that accounts for the break.12

I use Ordinary least squares (OLS) to estimate the model. In several occasions,

diagnostic tests indicate the presence of autocorrelation and/or heteroskedasticity.

In such cases, Newey-West Heteroskedastic Autocorrelation (HAC) robust standard

errors are used and reported.

Since I will be regressing different measures of uncertainty on the expected output

performance of the economy, endogeneity of the latter may be a concern. Besides,

OLS estimators are biased when using lagged values of the dependent variable, and

serial correlation is found in the residuals. To confront both problems, I also estimate

the equations by using Generalized Method of Moments (GMM). Unfortunately, eco-

11Tests are reported in table C.5
12The auxiliary regression is Ut = β0 +β1D+ εt where D equals 1 after the break and 0 otherwise.
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nomic theory does not provide clues on the relevant instrument in this case, and there-

fore I used lagged values of the expected output performance variable as instruments.

However, a lagged value is used as instrument only if the R2 obtained from regressing

the expected output performance variable on its potential instrument is at least 10

percent. To estimate the variance covariance matrix, I use a quadratic spectral win-

dow which is advised for cases where the errors appear to be heteroskedastic. Since

both autocorrelation and heteroskedasticity are found in most cases, prewhitening of

the residuals is performed as suggested in Mátyás (1999). Finally, I use a variable

Newey-West bandwidth.
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2.4.2 Output Uncertainty

To investigate whether there is any relationship between output uncertainty and

the expected performance of the economy, I fit the following equation:

(Output Uncertainty)t = αo +
∑K

k =1 αk (Output Uncertainty)t−k +

φ(Expected Output Performance)t + εt (1)

Output uncertainty is proxied by the standard deviation about the measure of

expected output performance from each survey. The measure of output performance

varies with the survey being studied. It is proxied by the time t average expected

growth rate of real GDP (Et[gt+1], Et[Gt+1]) in the LS and SPF, the probability of

decline in real GDP (Probt(Dt+1)) also in the SPF, and the index of economic expec-

tations (IEEt+1) in the MSC.

The lag structure in equation (1) serves the purpose of detecting persistence in

the uncertainty process. Lags are chosen to equal the number of times in a year that

the respective survey is applied. In most cases, allowing for lagged values of the de-

pendent variable improved the fit of the equation in terms of the adjusted R-squared.

However, results are broadly insensitive to the inclusion and number of lags.

Table C.6 presents the results of estimating equation (1) by OLS and GMM.

Columns 1 through 8 report the results from using point forecasts obtained from the

LS, SPF, and the MSC. Two lags are used for the LS and four for the SPF. For

presentation purposes, only four lags are used for the MSC. For the first two surveys,
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the independent variable is the expected growth rate of real GDP, Et[gt+1], (columns

1-4), and the probability of decline, (Probt(Dt+1)) (columns 5 and 6). The dependent

variable is the level of uncertainty about those expectations, proxied by the standard

deviation of the respective projections. For the MSC, the independent variable is the

IEE, in log differences, and the dependent variable is the standard deviation around

that index.13

A time break is found in the uncertainty series from the LS around the first

semester of 1987. It is corrected as explained above.

Columns 9 through 18 report the estimation of equation (1) when using probability

forecasts from the SPF. This part of the survey asks forecasters for their probability

distributions for the growth rate of real GDP during the rest of the current year.

Therefore, the span of forecasts in different quarters is not the same. For instance,

projections of the growth rate of real GDP during the current year that are made in

May (Quarter 2), are actually predicting the growth rate for the next two quarters

of that year. I present results for each one of the forecasting periods, and for the

pooled series. The output uncertainty series from the pooled and quarter 2 data are

corrected for a time break found around the fourth quarter of 1991, and in the year

1992 respectively. GMM results for quarters 1 through 4 must be taken with caution;

the small sample size (n=21) makes GMM results less reliable.

In most cases the series show some degree of persistence, given by statistically

13See appendix A for details on the construction of the index.
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significant coefficients on the lagged variables. Indeed, most of the series show a sig-

nificant first lag coefficient.

OLS results clearly indicate that output uncertainty rises when the expected

growth rate of real GDP, the probability of decline in real GDP, or the IEE, falls.

Indeed, in seven of the nine series analyzed the coefficient on the expected output

performance is negative and statistically significant at conventional levels. GMM re-

sults offer broadly a similar picture. However, for the probability forecasts, the small

sample size and the fact that in some cases the the instruments barely meet the 10

percent R2 criteria, make GMM results less dependable for the probability part of

the SPF.

It can be seen that in the LS, a 1 percent fall in the 6-month ahead expected

growth rate of real GDP increases uncertainty about that projection between 0.1024

points (OLS), and 0.0793 points (GMM). Point forecasts in the SPF offer a similar

view. A decrease of 1 percent in the 1-quarter ahead expected growth rate of real

GDP raises uncertainty about that expectation by about 0.12 points in both OLS

and GMM estimations.

The positive coefficient found for the probability of decline series tells us that an

increase of 1 basis point in the probability of real GDP declining the quarter after

the survey is taken, increases the level of uncertainty about that assessed probability

between 30 basis points (OLS), and 17 basis points (GMM). The estimated coefficient

in the MSC indicates that a 1 percent negative change in the value of the index, a
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worsening of expectations about economic conditions, raises the level of uncertainty

about the index between 0.89 percent (OLS), and 2.2 percent (GMM).

To better understand the real magnitude of the results, I perform a crude exercise,

I compare the estimated coefficient associated with the expected output performance

series against the mean of the respective output uncertainty series.14 For instance,

when comparing the estimated -0.1024 against the mean of the output uncertainty

series for the LS, 0.5849, it is possible to conclude that a 1 percent fall in the 6-month

ahead expected growth rate of real GDP raises the average level of uncertainty about

it by about 18 percent. The same exercise gives a 35 percent rise in output uncer-

tainty for a 1 percent fall in the 1-quarter ahead expected growth rate of real GDP

for the point forecasts in the SPF, a 7 percent increase for the pooled series in the

probability forecasts of the SPF, a 14 percent increase for the SPF-quarter 1 series,

and a 4.6 percent for the SPF-quarter 3 series. An increase of one point in the ex-

pected probability of decline in real GDP raises average uncertainty about it by 2.4

percent, and a 1 percent decrease in the IEE increases output uncertainty by about

13 percent.

It then seems to be clear, from analyzing the different measures of uncertainty

arising from the three surveys, that when agents expect the growth rate of output to

decrease during the near future, they are more uncertain than when they expect the

opposite to happen.

14Comparisons that follow are based on OLS results
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2.4.3 Unemployment Uncertainty

Table C.7 reports the estimation of the following equation:

(Unemployment Uncertainty)t = βo +
∑K

k =1 βk (Unemployment

Uncertainty)t−k + θ(Expected Growth Rate of Real GDP)t + εt (2)

where unemployment uncertainty, U s
t (Et[Unems

t+1]), is proxied by the standard devi-

ation of the expected unemployment rate from each survey.15 The expected growth

rate of real GDP, Et[g
j
t+1], is obtained from each survey as shown in part 2.3.1. Equa-

tion (2) detects whether the level of uncertainty about the expected unemployment

rate is affected by the expected output performance of the economy. As with output,

two lags are used for the LS and four for the SPF. Once again, results are insensitive

to the inclusion of lags.

Persistence is found for the unemployment uncertainty series coming from the LS,

and, surprisingly, the level of uncertainty three (OLS), and four (GMM) quarters

earlier play a role in determining the time t level of uncertainty in the SPF.

The estimated coefficients on the expected growth rate of real GDP are in all

cases negative and significantly different from zero even at conventional levels. Al-

though, the change in uncertainty when Et[gt+1] rises by one point is similar for both

surveys, when compared with their respective means, they depart from each other

significantly. While the increase in unemployment uncertainty in the LS represents a

hike of 22 percent with respect to its mean, the surge in the SPF denotes an increase

15The MSC is not used here
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in uncertainty of 35 percent with respect to its mean. Consequently, a fall (rise) in

the expected growth rate of real GDP raises (decreases) unemployment uncertainty.
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2.4.4 Inflation Uncertainty

To investigate the relationship between inflation uncertainty and the expected

output performance of the economy, I fit the following equation:

(Inflation Uncertainty)t = γo +
∑K

k =1 γk (Inflation Uncertainty)t−k +

δ(Expected Growth Rate of Real GDP)t + εt (3)

where inflation uncertainty, U j
t (Et[π

j
t+1]), is proxied by the standard deviation about

the time t expected inflation rate obtained from each survey.16 The expected growth

rate of real GDP, Et[g
s
t+1], is obtained as before.

Two and four lags are allowed for the LS and SPF (point forecasts and pooled

series) respectively, and a one-period lag is used for the quarter per quarter probability

forecast series in the SPF. In all cases, results associated with Et[g
s
t+1] are insensitive

to the number of lags used for estimation.

Table C.8 reports the findings. A time break is found in the pooled inflation

uncertainty series, and in quarters 3 and 4 of the series. Thus the residuals from an

auxiliary regression accounting for the break are used in each case. The rest of the

inflation uncertainty series are detrended by using the HP-filter.

Columns 1 through 4 present the estimation for point forecasts in both surveys.

OLS results show no persistence in the inflation uncertainty series, however these

results are sensitive to the detrending procedure used. Indeed, linearly detrending

the uncertainty series makes some of the persistence coefficients significant in both

16Data from the MSC are not used
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the LS and SPF-point forecasts. GMM results show some degree of persistence in

both surveys.

Once again, the estimated coefficient on the expected growth rate of real GDP is

negative and significant at conventional levels in both series for the two estimation

methods.17 OLS results show that a one point decrease in the expected growth rate

of real GDP, increases inflation uncertainty by about 15 percent, and 32 percent for

the LS and SPF-point forecasts respectively.18

Columns 5 through 14 report the estimation of equation (3) for the probability

forecasts in the SPF. Most of the series show some degree of persistence, the exception

is the series for the fourth quarter.

The estimated OLS coefficients on the expected growth rate of real GDP are

negative for the five series and significantly different from zero at conventional levels

in four of the five series. Again, they indicate that when the growth rate of real GDP

is expected to fall, inflation uncertainty, proxied by the standard deviation of the

projections, rises.

17Linearly detrending the series decreases the significance level of the coefficient in the SPF.
18In both cases, the comparison is with their means.
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2.5 Policy Implications

People being more uncertain when they expect the economy to deteriorate, is

likely to alter the effects of macroeconomic policies, and thus policy design should be

adapted.

On the monetary side , this would imply that in order to achieve the same effect

on output, monetary policy needs to be more aggressive when agents are expecting

output to decline than when they expect it to increase. Indeed, higher uncertainty

during the downside would make economic agents hold back consumption and invest-

ment decisions, and therefore delaying, at best, the efficacy of monetary policy.19

On the fiscal side, policies aimed at affecting aggregate demand through consump-

tion, tax policy for instance, may also confront a different response from the economy,

depending upon the expected growth rate of output. When households expect output

growth to fall, the higher level of uncertainty associated with it would make them

postpone consumption decisions. For instance, and aside from Ricardian considera-

tions, a 1-percent increase in the tax rate on income may caused aggregate demand

to fall, but a 1-percent decrease in that rate may not affect aggregate activity at all

if households expect output to fall in the near future. Hence, aggressive polices are

called for when economic agents expect the economy to perform poorly in the near

future.

19Theoretically, one needs a concave marginal revenue product of capital on the innovation affect-
ing output to obtain a negative link between uncertainty and investment. Leahy and Whited (1996)
find this link empirically.
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The economic authority needs to account for this pattern of uncertainty when

designing macroeconomic polices.

Furthermore, and based on the previous discussion, the findings indicate that

the pattern of uncertainty found here may be an important factor explaining output

dynamics. For instance, based on the results, we should expect this uncertainty se-

quence to be associated with asymmetric output responses to macroeconomic policies.

However, the direction of causation is unclear.
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2.6 Concluding Remarks

I have measured macroeconomic uncertainty through the standard deviation as-

sociated with expected output growth, the expected unemployment rate, and the

expected inflation rate respectively. Eighteen different series of uncertainty obtained

from three different surveys of expectations are generated. I use the dispersion (dis-

agreement) among forecasts, and the forecaster’s own subjective uncertainty around

his point forecast as proxies for uncertainty.

The message in most series is the same: An expected weakening of the economy,

measured by the expected growth rate of real GDP, raises the level of uncertainty

about the future performance of output growth, unemployment, and inflation. Hence,

forward-looking agents behold higher levels of macroeconomic uncertainty when the

expected growth rate of output falls, and lower levels of uncertainty when the ex-

pected growth rate rises.

The findings shown here, may have substantial effects on the design of macroeco-

nomic policy. For instance, the same change in the target for the federal funds rate

may cause lower effects on output during a contraction of economic activity than dur-

ing an expansion because the higher level of uncertainty associated with the latter,

may eventually hold back spending and investment.

Furthermore, Cover (1992), and De Long and Summers (1998) document that

positive monetary shocks have smaller effects on output than negative monetary in-

novations. It could be argued, that this may be the result not only of prices being
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sticky downwards, as the Keynesian view would postulate, but also of higher levels

of uncertainty during downturns.

This study is an empirical attempt to shed some light on an area that is in need of

more theoretical and empirical research. The reader may argue about how good are

the proxies for uncertainty that I have used, or about whether forecaster’s expecta-

tions represent those of economic agents; indeed those are open questions. However,

the fact that people disagree more or have a higher level of subjective uncertainty

about their forecasts, during expected downturns than during expected expansions

is by itself an interesting phenomenon. Mankiw, Reiss and Wolfers (2003) argue

that ”disagreement about expectations is itself an interesting variable for students

of monetary policy and the business cycle”, and the fact that it moves with some

macroeconomic variables, ” raises the possibility that disagreement may be a key to

macroeconomic dynamics”.

Why do people feel more uncertain during the downturn than during the expansion

phase of the business cycle is a question that needs to be theoretically answered.
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Chapter 3

Asymmetric Business Cycles
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3.1 Introduction

In this chapter I offer two simpler setups to explain the asymmetry that is ob-

served in the data, and which was presented in chapter 1. I first, augment the

standard stochastic growth model by incorporating variable capacity utilization and

an endogenous depreciation rate as in Greenwood, Hercowitz, and Huffman (1988).

When reacting to a positive productivity shock, firms will increase output by utilizing

capacity intensively. However, that will also result in higher depreciation costs that

will ultimately slow down the adjustment of output. This creates an upper bound on

the output expansion path as the firm would restrain from using 100 percent of its

capacity. When confronting a negative productivity shock the firm will reduce out-

put, and at the same time will save in depreciation costs. Because of the convexity of

the depreciation function, the response to a negative shock will be more pronounced

than the response to a positive technology shock. Hence, business cycle asymmetries

appear endogenously, and in a world of perfect information.

In the second model, I allow labor to vary and create a link between labor hours

and capacity utilization. This setup generates similar results as the previous model,

albeit more pronounced.
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3.2 Model I: The Role of Capacity Utilization

Model I is the standard stochastic growth model augmented by an endogenous

depreciation rate. In this setup, capital is fixed during the short run, and the only way

to endogenously change output is by increasing the rate at which the firm utilizes the

capital stock since labor is assumed to be supplied inelastically. However, increasing

the rate at which capital is utilized will make installed capital depreciate faster.

3.2.1 Preferences

The economy is populated by a large but finite number of infinitely-lived identical

households. Households preferences over consumption, ct, are described by

∞∑
t=0

βtu(ct) (3.1)

where β ∈ (0, 1) is the discount rate and u(ct) is the momentary utility function,

which is given by

u(ct) =
c1−γ
t − 1

1− γ
(3.2)

with γ being the relative risk aversion coefficient.

3.2.2 Technology

The production side is in the spirit of Greenwood, Hercowitz, and Huffman (1988),

and is represented by the constant returns to scale production function

yt = At(ktνt)
αh1−α

t (3.3)
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where kt is the capital stock at the beginning of the period, νt is the rate at which the

firm utilizes capacity (kt) during that period, ht is aggregate labor and At stands for

exogenous technological change. Notice that in this setup ktνt represents the effective

flow of capital services. Technology is assumed to evolve over time according to

ln At+1 = ρ ln At + σεt+1 |ρ| < 1, (3.4)

with εt+1 i.i.d.with zero mean, unit variance, and small bounded support.1

The law of motion for the capital stock is

kt+1 = (1− δt)kt + it (3.5)

where it is investment, and δt is the variable depreciation rate. Using capital more

intensively inflicts a cost in terms of depreciation. This effect is captured by the

function

δt = ωνφ
t ω > 0, φ > 1 (3.6)

Hence, capital depreciates faster the more intensively it is used, and will not depreciate

at all if it were left idle during any period.

The economy must also satisfy the resource constraint

yt = ct + it (3.7)

Finally, I assume that labor is supplied inelastically and normalize it to unity.

The economy is not subject to any distortion or externality, hence I can approach it

1The σ parameter in front of the innovation process, ε, serves a technical purpose. It acts as the
perturbation parameter in the approximation procedure.
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from a social planner’s view.

The social planner’s problem is given by

max
{νt, kt+1}∞0

Et

∞∑
t=0

βt

(
c1−γ
t − 1

1− γ

)

subject to (3.3), (3.4), (3.5), (3.6), (3.7), and

ct, kt, νt ≥ 0 (3.8)

k0, A0 > 0 given. (3.9)

Optimality conditions are:

λt = c−γ
t (3.10)

λt = βEt

(
λt+1(αAt+1k

α−1
t+1 να

t+1 + 1− ωνφ
t+1)

)
(3.11)

αAt(ktνt)
α−1 = φ ω νφ−1

t (3.12)

At(ktνt)
α − ct − kt+1 + (1− ωνφ

t )kt = 0 (3.13)

Equations (3.10) and (3.11) result in the standard Euler equation governing con-

sumption. Equation (3.12) is the planner’s Euler condition governing the intensity

by which capital is utilized. The left hand side represents the marginal benefit of

increasing the utilization rate of capacity. It is given by the marginal productivity of

capital per utilization rate. Indeed, it may be written as αAtk
α−1
t να

t /νt, where the

numerator is the marginal productivity of capital. The right hand side is the marginal

cost of increasing νt. Equation (3.13) is the resource constraint.
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3.3 Model II: The Role of Labor

I now expand model I by allowing labor variability, and by linking the capacity

utilization rate to labor hours. In this setup capital is fixed in the short run. En-

dogenous movements in output may come from changing the intensity by which the

capital stock is utilized, or by varying labor hours. However, when increasing labor

hours, the firm must pay an adjustment cost.

3.3.1 Preferences

As before, the economy is populated by a large but finite number of infinitely-

lived identical households. Now households care about consumption, ct, and leisure,

lt. The household is endowed with one unit of time that it allocates between leisure,

and labor, ht = 1− lt.

Households preferences over consumption and leisure are described by

∞∑
t=0

βtu(ct, lt) (3.14)

where β ∈ (0, 1) is the discount rate and u(ct, lt) is the momentary utility function,

given by

u(ct, lt) =
[R(ct, lt)]

1−γ − 1

1− γ
, γ > 0 (3.15)

with

R(ct, lt) = cθ
t (1− ht)

1−θ, 0 < θ < 1 (3.16)
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These preferences imply an elasticity of substitution between consumption and leisure

equal to one. The parameters γ and θ determine the steady state level of labor

supply, the intertemporal elasticity of substitution of consumption, the intertemporal

elasticity of substitution of labor supply, and the relative risk aversion coefficient.

3.3.2 Technology

The production function is given as before by (3.3). However, in the previous

setup I did not explicitly model how the firm was able to increase the intensity by

which it used the capital stock. I now move closer to reality by linking the utilization

rate of capital to labor hours. Bils and Cho (1994) report evidence, from looms in

the textile industry and electricity consumption in manufacturing, that supports a

positive link between capacity utilization and labor hours.2 I thus assume that the

utilization rate is a function of labor hours

νt = ψ(ht) = ξhη
t ξ, η > 0 (3.17)

The technology process, the law of motion for the capital stock, and the depreciation

function are the same as in model I, and given by (3.4), (3.5), and (3.6), respectively.

The economy must also satisfy the resource constraint

yt − w(ht) = ct + it (3.18)

2They present evidence that supports the idea that capacity utilization increases with hours but
not with employment. This is consistent with Leontief production, at least in the short run.
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where the left hand side is output net of labor adjustment costs, w(ht). I assume that

it is costly for the firm to change hours. There is empirical evidence that for the firm

it is more costly to increase hours than to decrease it. In the former situation, the

firm will usually have to compensate workers with an overtime payment.3 Basu and

Kimball (1997) report this overpayment to be 25 percent of the usual hourly wage.

To capture this empirical regularity, I model adjustment costs as

wt(ht) =
(
exp(ht − hss)− 1

)
(3.19)

where hss is the steady-state level of labor hours.

As before, no distortions or externalities are present in the economy, and hence I can

use the social planner’s approach.

The planner’s problem is

max
{ht, kt+1}∞0

Et

∞∑
t=0

βt

(
[R(ct, lt)]

1−γ − 1

1− γ

)

subject to (3.3), (3.4), (3.5), (3.6), (3.16), (3.17), (3.18), (3.19),

ct, kt, ht, νt ≥ 0, (3.20)

and

k0, A0 > 0 given. (3.21)

Optimality conditions are

λt = θcθ−1
t (1− ht)

1−θ
(
cθ
t (1− ht)

1−θ
)−γ

(3.22)

3In the real world, firms can also increase total hours by hiring new workers, which is also costly
since the new workers need to be trained. Because this is a representative-agent model, the only
way to increase total hours is by increasing the hours that the representative worker is willing to
work.
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λt = (1−θ)cθ
t (1−ht)

−θ
(
cθ
t (1− ht)

1−θ
)−γ

(
µAt(ktξ)

αhµ−1
t − ηφωξφhηφ−1

t kt − exp(ht − hss)
)−1

(3.23)

λt = βEt

(
λt+1

(
αAt+1k

α−1
t+1 ξαhµ

t+1 + 1− ωξφhηφ
t+1

) )
(3.24)

At(ktξ)
αhµ

t − ct − kt+1 + (1− ωξφhηφ
t )kt − (exp(ht − hss)− 1) = 0 (3.25)

where µ = 1− α(1− η).

Equations (3.22) and (3.23) form the first-order condition between labor and con-

sumption. Equations (3.22) and (3.24) form the euler equation governing the path

of intertemporal consumption. Equation (3.25) is the economy’s resource constraint.

These equations, with the addition of equation (3.4), fully characterize the solution

to the planner’s problem.

3.4 Model Solution and Parametrization

Both models do not have closed form solution, and thus I rely on numerical meth-

ods to study the model’s dynamics. I use a perturbation procedure to obtain a

second-order approximation to the policy functions around the non-stochastic steady

state. This method is explained in Judd (1998) where he applies it to the one-sector,

stochastic discrete-time growth model. Schmitt-Grohé and Uribe (2004) generalize it

to a large class of rational expectations models.4

The basic idea of the method is to build a second-order Taylor expansion of the

4They also provide Matlab codes that compute the second-order aproximation. I adapt those
codes to this setup.
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policy functions around the non-stochastic steady state and a perturbation parame-

ter. Since the non-stochastic steady state is obtained by evaluating the optimality

conditions at σ = 0, it is natural to use σ as the perturbation parameter. (For more

on this, see Jin and Judd (2002)).

I approximate the following policy functions for consumption, the utilization rate,

and next-period capital in model I, and consumption, hours, and next-period capital

in model II as the following equations show.

ct = f(kt, At, σ) (3.26)

νt = f(kt, At, σ) (3.27)

ht = f(kt, At, σ) (3.28)

kt+1 = f(kt, At, σ) (3.29)

In both models, I take the approximation around the logarithm of the non-

stochastic steady state. (See appendix B for the derivation of the steady state in

both models). One of the advantages of higher-order approximations is the ability to

observe the effect of the risk parameter on the dynamics of the model as the previous

equations show.
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3.4.1 Parametrization

Model I

I parameterize the model in the non-stochastic steady state at quarterly frequen-

cies. McGrattan and Prescott (2000) report evidence compatible with an annual rate

of return on capital of 4 percent. This suggests a quarterly rate of r = 0.01, which

indicates a discount rate of β = 0.99. Capital’s share of output is set at α = 1/3. I

set the quarterly depreciation rate at δ = 0.025. φ, the parameter in the deprecia-

tion function, can be obtained from the first-order condition for capacity utilization

as φ = (1/β − 1 + δ)/δ = 1.4040. Given the value for δ, I can then obtain the

capital-output ratio in the steady state as (k/y)ss = 9.4957. I want the steady-state

capacity utilization rate, νss, to match the average utilization rate for U.S industries

in manufacturing, mining, and electric and gas utilities during the period 1967-2003,

as reported by the Federal Reserve Board of Governors. By using the expression for

depreciation in the steady state, δss = ω(νss)φ, I can then set ω at 0.0336, which

ensures, given φ, that νss = 0.81. Based on the previous values, I can pin down the

steady-state capital stock as kss = 26.3351. This makes the steady-state consumption

and investment shares of GDP to be (c/y)ss = 0.76, and (i/y)ss = 0.24 respectively.

I set the coefficient of relative risk aversion at γ = 2.0. Finally, for the parameters

in the law of motion of productivity I follow Cooley and Prescott (1995) by setting

the persistence parameter to 0.95 and the standard deviation of the innovations to

0.007.
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Model II

Three new parameters, with respect to model I, appear in this model; θ, η, and

ξ.5 I calibrate them to make both models comparable. I set θ = 0.525 to match

steady-state level for hours of hss = 0.31. The functional form for capacity utilization

in the steady state, vss = ξ(hss)η, is the basis for calibrating η, and ξ, hence I can use

one of them as a free parameter. I use η as the free paramater. In the baseline case, I

set ξ = 2.6129 which, given the steady-state values for the utilization rate of capital

and labor hours, gives η = 1. Bils and Cho (1994) report a value close to unity for

what here I call η. The relative risk aversion coefficient is not longer given only by γ

as before, but is now θγ − θ + 1. Hence, a coefficient of relative risk aversion of 2, in

model I, is equivalent, given θ, to γ = 2.90 in this model. The rest of the parameters

are the same as in model I.

The calibration for both models is summarized in table C.9.

5In the steady state, ht = hss, and thus adjustment costs are zero.
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3.5 Results

I am interested in observing whether models I and II present the types of asym-

metries found in the data, and, if found, whether that asymmetry gives rise to the

relationship between expected output growth and uncertainty as the one reported in

chapter 2. To do that, I obtain the quadratic approximation to the policy functions

evaluated at the natural logarithm of the steady state, and I simulate the economy

for 20,000 periods, divided into 500 sub-samples of 40 quarters each. To measure the

degree of asymmetry I use the skewness coefficient, and to analyze the relationship

between expected output growth and uncertainty I obtain the distribution of expected

output growth conditional on the stage of the business cycle the economy is in. To

check for robustness of the results I perform a sensitivity analysis for different values

of γ, and η. The details are explained below.

3.5.1 Asymmetry

Table C.10 shows the results. The distributions for output, consumption, the ca-

pacity utilization rate, effective capital, labor hours, and investment are all negatively

skewed. In all cases, the distribution shows the response of the variable to exogenous

innovations, in terms of log-deviations from the steady state. The negative skewness

indicates the presence of steepness asymmetry, that is asymmetry on growth rates.

When the only option to alter output in the short run is to use the capital stock

more or less intensively, model I, and with depreciation depending on the capacity
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utilization rate, it is more costly to expand output than to contract it when hit by

the same shock with opposite signs. The optimal level of capacity utilization is gov-

erned by equation (3.12). The left-hand side shows the marginal benefit of increasing

utilization, while the right-hand side represents the marginal cost of doing so. As

figure D.7 shows, the convexity of the marginal cost curve results in the asymmetric

response of the capacity utilization rate to positive and negative innovations in pro-

ductivity of the same magnitude. The negative skewness of output follows from that

of capacity utilization.

The behavior of investment is governed by equation (3.11). A positive technology

shock increases the expected return on capital, (Et[Rt+1 = αAt+1k
α−1
t+1 να

t+1+1−ωνφ
t+1]),

and hence stimulates investment. However, Rt+1 is not expected to increase as much

as it would when depreciation is constant. Again, the convexity of the depreciation

function implies that Rt+1 will behave asymmetrically, falling more in response to

a negative shock than increasing in response to a positive innovation of the same

magnitude. Therefore, investment will be characterized by a negatively-skewed dis-

tribution. The type of asymmetry observed in consumption is a direct result of the

asymmetry that output and investment present.

The behavior of the capacity utilization rate and investment explains the asym-

metry displayed by the flow of capital services.

The variables in the model with stochastic labor, model II, show a similar behavior

as those of model I. All of them exhibit a negatively-skewed distribution. However, in
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all cases the asymmetry is now stronger. This can be explained by the fact that now

the two factors by which the firm can alter output in the short run, the utilization

rate of capital and labor hours, display a negatively-skewed distribution, reinforc-

ing one another. The behavior of labor hours is explained by the expression obtained

from equalizing equations (3.22) and (3.23). The convexity of the marginal cost curve

implies that the effect on hours of an increase in productivity, through the effect on

the marginal benefit of working longer hours, is weaker than the effect coming from

a fall in productivity of the same magnitude.

Since capacity is now a function of hours, it is not surprising that the behavior of

the former is totally determined by the latter. Furthermore, the depreciation rate is

now given by δt = ωνφ
t = ω[ξhη

t ]
φ = ωξφhηφ

t , and thus it is determined by labor hours

through the effect of it on the utilization rate of capacity. Since the exponent on ht

is always greater than one, the depreciation rate continues to display convexity, and

thus it continues to generate asymmetries.

To recapitulate, model II has two sources of asymmetries; the depreciation rate,

δt, and the adjustment costs on labor hours, wt(ht). To better understand the role

of each source on output asymmetries, I set the elasticity of the capacity utilization

rate to labor hours, η, a free parameter, to η = 0.6 This makes the capacity utiliza-

tion rate constant, and given by νt = ω. Consequently, the depreciation rate is also

constant. This is given by δt = ωξφ. Therefore, the only source of asymmetries is the

6I actually set it to η = 0.0000001. That is, approximately zero. Setting η = 0 will cause
problems with the numerical calculations, since η determines the denominator of some fractions in
the routine.
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labor adjustment costs. Simulations for this economy show a skewness coefficient for

output growth of -0.288. When comparing this with the output skewness coefficient of

-0.338 in the baseline case, I can conclude that labor market frictions are responsible

for about 82 percent of the asymmetries in this economy.

The results indicate that both models are able to deliver asymmetric business

cycles. In particular, both models can generate, with different degrees, asymmetry in

growth rates, that is steepness asymmetry. In the case of output, it means that out-

put falls faster during recessions than it recovers during expansions, which is in line

with the empirical evidence. Although not shown here, the model can also generate

asymmetry in levels, albeit less pronounced.7 This type of asymmetry is the so-called

deepness asymmetry. Related to this, is the fact that the simulations produce longer

expansions than recessions. Indeed, the average length of an expansion delivered by

the general model is 24.17 quarters, and the average length of a recession is 15.8 quar-

ters. That is, the average recession in the model lasts 3.9 years, while the average

expansion in the model lasts 6 years. This is consistent with the empirical evidence.

It is important to notice that the model does not necessarily imply either steep-

ness or deepness asymmetry. Both types of asymmetries are generated under some

conditions. In the general model, asymmetries are generated when the depreciation

function is convex, and/or the labor adjustment cost function is convex. Convexity

on those function generates both asymmetries in levels and in growth rates. Con-

7The skewness coefficient for output, in levels, is -0.1653
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vexity on the depreciation necessitates an exponent greater than unity. The labor

adjustment cost is convex by construction.

3.5.2 Output Asymmetry and Uncertainty

If people know that output responds asymmetrically to technology shocks, then

we should expect that output uncertainty will be higher when output is below trend,

the steady state in this case, than when it is above it. When output is expected to

expand, economic agents know there is an upper bound that the economy could reach,

however, the lower bound ,when output is expected to decrease, is further away from

the trend. Therefore, output uncertainty should be countercyclical.

To check whether the model delivers countercyclical uncertainty, I simulate the model

to obtain the 1-quarter ahead expected growth rate of real GDP at each period, and

the level of uncertainty associated with it. I first obtain 1000 random shocks drawn

from a normal distribution to shock the system. This generates a path for output

for a thousand periods into the future. I call this the initial path. I then go to

the first period (quarter) and simulate the response of output to a one shock. The

value from which output will begin its response is the value that output took at that

period during the initial path. From here I obtain the one-quarter-ahead expected

path for real GDP. The expectation is based on the information set known during

the current quarter. I repeat this exercise a thousand times for that quarter. The

average of those expected paths is the one-quarter-ahead expected growth rate of real
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GDP, and the standard deviation represents the level of uncertainty linked to that

expectation. I repeat this exercise for each quarter. The value from which output

departs each quarter, is the value that output took in the initial path. At the end

of the simulation I am left with a thousand observations for the one-quarter-ahead

expected growth rate of real GDP, and the level of uncertainty associated to each

expectation. Figure D.8 offers a general idea of the simulation exercise.

I use the observations obtained with the procedure described above, to run a regression

of uncertainty on the expected growth rate of real GDP. For brevity, on figure D.9

I only show the results for model II . As can be seen, the coefficient on on the

expected growth rate of real GDP is negative and significant. Thus, it shows a

negative relationship between the expected growth rate of real GDP and the level of

uncertainty around that expectation. Therefore, the model delivers countercyclical

uncertainty.

3.5.3 Sensitivity Analysis

To check for the robustness of the results, I analyze the behavior of the models to

different values for the coefficient of relative risk aversion, and for η, the parameter

in the capacity utilization function in model II. The relative risk aversion coefficient

is one of the parameters more difficult to pin down from empirical studies, and thus

allowing different values for it is a common practice.

Bils and Cho (1994) estimates the elasticity of capacity utilization to labor hours,
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η in this case, to be between 0.8 and 1.0 and hence I allow it to vary as well.

I first increase the relative risk aversion coefficient to 5. This implies γ = 5 in

model I, and γ = 8.6 in model II. Table C.11 presents the results. As can be seen,

there are mild increases in asymmetry relative to the baseline case, however the overall

behavior of the model is the same.

I then allow η in model II to be 0.8. Table C.12 displays the results. Once again

the overall picture is the same.

3.6 Concluding Remarks

There is plenty of evidence that the main macroeconomic variables exhibit asym-

metric behavior during the business cycle. There is also evidence that people are

more uncertain when they expect the economy to perform poorly in the near future.

In this paper I present two models that can deliver both features endogenously. In

the first model, I concentrate in the role of capacity utilization by assuming that labor

is supplied inelastically. Increasing capacity increases capital services, and therefore

output. However, it also raises depreciation costs. This results in that the firm will

restrain from using 100 percent of its capacity, because it will reserve part of it for the

times where the shocks are high enough to offset the extra depreciation costs of using

capacity more intensively. This creates an upper bound for short run fluctuations.
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However, the lower bound could be zero. This generates the asymmetry.8

In the second model I emphasize the role of labor fluctuations in explaining busi-

ness cycle asymmetries. I link the utilization rate of capital to labor hours, and

assume adjustment cost to changing the number of hours people work. The func-

tional form for these costs is aimed at capturing the empirical asymmetry that it is

seen in labor practices. Indeed, to increase labor hours the firm will usually have

to pay an overtime payment well above the usual wage. However, it is less costly

to decrease the number of hours that a worker works. In this setup, increasing the

utilization rate of capital brings about an increase in labor hours, and this increase

generates extra costs, adjustment costs, for the firm. This generates the asymmetry.

In both cases I solve the model by a second-order approximation to the policy

functions and simulate it 20,000 times. These simulations show that the distribution

of output is negatively skewed, and that the level of uncertainty is higher during

contractions than during expansions.

8Since the productivity innovations have a small support, the firm never chooses to maintain its
capital stock idle. However, the convexity of the depreciation function is enough to generate the
asymmetry.
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Chapter 4

Conclusion

In this research I first study the relationship between macroeconomic uncertainty

and the predicted performance of the economy. To do that, I use two proxies for

uncertainty; dispersion or disagreement from point forecasts, and a direct measure of

uncertainty from probability forecasts found in the survey of professional forecasters.

Using these proxies, I build eighteen different measures of uncertainty obtained from

three distinctive surveys of expectations and I regress those on the expected growth

rate of real GDP. OLS regressions show that when the economy is expected to weaken,

people feel more uncertain about the expected growth rate of real GDP, the expected

unemployment rate, and the expected inflation rate. I also use GMM to estimate the

equations since endogeneity may be an issue in the estimated regressions. Lacking a

theoretical model linking macroeconomic uncertainty and the predicted performance

of the economy, I use lagged values of the independent variable as instruments. Re-



55

sults are qualitatively similar to those obtained with OLS.

The findings are important, especially for the design of macroeconomic policies,

as the policy maker will want to be aware of the countercyclical nature of macroeco-

nomic uncertainty because it could lessen the efficacy of fiscal and monetary policies

during the downturn.

The logical next question is whether a model can be built that delivers those re-

sults endogenously. That is the second topic that I approach in this research.

The previous findings indicate that the distribution of expected growth rates of

real GDP condenses when the average expectation increases, while it widens when

the average expectation falls. This is consistent with a distribution that is truncated

to the right. In other words, it is compatible with a situation where forecasters have

some upper bound or a maximum feasible growth rate of real GDP in mind, per

forecasting period.1 However, they do not have a similar lower bound in mind. For

instance, if forecasters believe that the maximum growth rate of real GDP that the

economy can reach during any given quarter is 5 percent, say, then as the average

expected growth rate of real GDP approximates this upper bound, the distribution

of those expectations narrows and thus its variance falls. However, when the aver-

age expected growth rate falls further away from the upper bound, the distribution

widens, that is, its variance increases. Readily available from this description is the

insight that a model that can generate some upper bound for business fluctuations,

1I thank David Dickey for this insight
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that is asymmetric business fluctuations, is a model that can generate the patter of

uncertainty that I find in the data. In chapter 3, I present such a model.

There I show that the standard stochastic growth model augmented by an en-

dogenous depreciation rate, is able to generate asymmetric business cycles and coun-

tercyclical output uncertainty.

I develop two different setups. In the first, labor is fixed, and thus output fluctu-

ations arise from changes on the intensity by which the firm uses the capital stock.

In the short run the capital stock is fixed, and the only option to change output is to

alter the utilization rate of that capacity. However, doing so also affects the amount

of depreciation. In the standard model, where depreciation is constant, and by as-

sumption the firm utilizes 100 percent of its capacity, a positive technology shock

increases the expected return on capital and investment responds accordingly. In this

setup however, where depreciation costs depend on how intensive the firm’s capacity

is used, a positive productivity shock will increase the expected return on capital

by less than in the previous case, because now depreciation costs will rise as well.

It results in the firm restraining from using 100 percent of its capacity. The firms

will save part of it for those instances where technology shocks are high enough to

compensate for the extra depreciation costs. This creates the upper bound on out-

put fluctuations. Besides, the convexity of the depreciation function indicates that

depreciation costs rise faster in response to a positive innovation than they fall in

response to a negative change in productivity of the same magnitude. This generates
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the asymmetry in output fluctuations.

In the second setup, output fluctuations are labor-driven. Changes in labor hours

affect the capacity utilization rate and ultimately generate variations in output. The

mechanism is the same as when labor is supplied inelastically, but here to increase

the capacity utilization rate, the firm needs to increase hours. That is, to run the

machines for more hours the firm necessitates more labor hours.

I obtain second-order approximations to the policy functions derived from the two

models, and simulate those 20,000 times. These simulations show that the model is

able to generate a negatively skewed distribution of output growth, that is, the model

generates asymmetric business cycles. From the model with labor choice I can isolate

the two factors generating asymmetries; the depreciation rate and the labor adjust-

ment costs. Simulations show that in this model economy, about 80 percent of the

asymmetries in output come from the labor market frictions embedded in the model.

Given a known asymmetric process for output growth, people will feel more uncer-

tain when the growth rate is expected to fall than when it is expected to rise. When

confronting positive and negative shocks to productivity, economic agents form ex-

pectations about the main macroeconomic variables. These expectations have a level

of uncertainty attached, however since agents know the economy has an upper bound

but not a clear lower bound, there is more uncertainty when the growth rate of real

GDP is expected to decrease than when it is expected to increase. From the simula-

tions, I obtain distributions of output growth, conditional on the phase of the cycle
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the economy is in. These show the patter presented in chapter 2. Therefore, I show

the the standard stochastic growth model augmented with an endogenous deprecia-

tion rate can deliver asymmetric business cycles and countercyclical uncertainty.

The results of this study call for more empirical, and theoretical research on the

topic. I see three lines for future work. First, how people form expectations is

a related and important topic that needs further study. Second, the issue of how

countercyclical uncertainty may affect the effectiveness of monetary and fiscal policy

during the recession, is a topic that can also be the subject of future work. Finally,

a more ambitious line of research can be the study of uncertainty and sticky prices.

The usual story for prices being sticky is menu costs. I believe an argument could

be made that uncertainty about macroeconomic conditions, specifically about future

demand conditions, may give result to sticky prices. This need to be theoretically

developed.
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[28] László Mátyás, editor. Generalized Method of Moments Estimation. Cambridge

University Press, 1999.

[29] Ellen R. McGrattan and Edward C. Prescott. Is the Stock Market Overvalued?

Federal Reserve Bank of Minneapolis Quarterly Review, 24(4):20–40, Fall 2000.

[30] Grant McQueen and Steven Thorley. Asymmetric Business Cycle Turning Points.

Journal of Monetary Economics, 31:341–62, 1993.



63

[31] Salih Neftci. Are Economic Time Series Asymmetric Over the Business Cycle?

Journal of Political Economy, 92(2):307–28, April 1984.

[32] Stijin Van Nieuwerburgh and Laura Veldkamp. Learning Asymmetries in Real

Business Cycles. NYU Working Paper, July 2003.

[33] Arthur M Okun. The Mirgae of Steady Inflation. Brookings Papers on Economic

Activity, 2:485–498, 1971.

[34] James B. Ramsey and Philip Rothman. Time Irreversibility and Business Cycle

Asymmetry. Journal of Money, Credit and Banking, 28(1):1–21, Feb. 1996.

[35] Shumway Robert H. and David S. Stoffer. Time Series Analysis and Its Aplica-

tions. Springer, 2000.
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Appendix A

The Index of Economic

Expectations (IEE)

As hinted in the body of the paper, the IEEt is built from a slight modification of

the Index of Consumer Expectations (ICE). The codebook of the Survey of Consumers

from the Survey Research Center at the University of Michigan describes how the ICE

is constructed.

The ICE is calculated as

ICE =
X2 + X3 + X4

4.1134
+ n

where, the Xs correspond to three particular questions in the survey.1 As the code-

book states, the relative scores of the 3 component questions (X2 to X4) are used in

the equation and are defined as the percent giving favorable replies minus the percent

1See the Codebook for details on the questions
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giving unfavorable replies, plus 100. The denominator of the formula is the 1966 base

period total for the three questions, and the added constant n is used to correct for

sample design changes from the 1950s. Prior to December 1981, n = 2.7; for Decem-

ber 1981 and after, n = 2.0.

X2 and X3 correspond to questions asking respondents about expectations one

year ahead, while X4 asks for a 5-year forecasting period. Because of this discrepancy

in the projection period, I drop the X4 question to end up with an index where the

components have the same forecasting period.

The IEEt is then

IEEt = log[
X2 + X3

1.455
+ n]

where the denominator represents the 1966 base period total for the two questions. I

take logs to decrease the scale of the index.
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Appendix B

The Non-Stochastic Steady State

MODEL I:

Equations (3.10) and (3.11) imply

1 = βEt

((
ct

ct+1

)γ

×Rt+1

)
(B.1)

where

Rt = αAtk
α−1
t να

t + 1− ωνφ
t (B.2)

Then, in the non-stochastic steady state (B.1) becomes

1 = β
(c

c

)γ

R

which implies

β = 1/R.

From (3.12) I can derive an expression for capacity utilization as

ν =

(
α

φ ω

y

k

) 1
φ
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From (3.10) and (3.11) the steady-state capital output ratio is given by

(
k

y

)ss

=
α

1/β − 1 + δ

Then, capacity utilization at the steady state is

νss =

(
1/β − 1 + δ

φ ω

) 1
φ

Notice that by using (3.12) and the capital output ratio, I can solve for φ as

φ =
1/β − 1 + δ

δ

I use (B.2) and the expression for the steady-state depreciation rate, δss = ω(νss)φ,

to find the capital stock at the steady-state.

kss =

(
α(δ/ω)

α
φ

1/β − 1 + δ

) 1
1−α
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MODEL II:

Equation (3.17), evaluated at the steady state implies

νss = ξ(hss)η

then, the depreciation rate, at the steady state, is given by

δss = ω(νss)φ = ωξφ(hss)ηφ

which implies that

hss =

(
δss

ωξφ

)(1/ηφ)

From equation (3.24), I obtain

1/β = α(kss)α−1ξα(hss)µ + 1− δss

which can be solved for the steady-state capital stock as

kss =

(
αξα

1/β − 1 + δss

) 1
1−α

× (hss)
µ

1−α

and by using hss from above

kss =

(
α

1/β − 1 + δss

) 1
1−α

×
(

δss

ω

) µ
ηφ(1−α)

× ξ
ηα−µ

η(1−α)

Now, from equations (3.22) and (3.23) I can derive θ as

θ =
css

(1− hss) (µξα(kss)α(hss)µ−1 − ωηφξφ(hss)ηφ−1kss − 1) + css

where css = yss − iss = (kssνss)α(hss)1−α − δsskss. Thus, I can solve for the value of

θ that matches a desired value for hss.
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Appendix C

Tables
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Table C.1: Correlation Matrix

SPF: Point Forecasts SPF: Probability Forecasts Livingston Survey Michigan Survey
RGDP URGDP UInfla UUnem RGDP URGDP UInfla Decline UDecline RGDP URGDP UInfla UUnem IEE UIEE

SPF RGDP 1
Point URGDP -0.0314 1

Forecasts UInfla -0.1075 0.6771 1
UUnem -0.1649 0.6625 0.6743 1
RGDP 0.4648 -0.1169 -0.3305 -0.4282 1

SPF: URGDP 0.0178 0.0938 0.3788 0.3401 -0.3265 1
Probability UInfla 0.0305 0.2351 0.4261 0.4321 -0.3436 0.8692 1

Forecasts Decline -0.7439 0.4004 0.4563 0.5053 -0.5912 0.1253 0.2118 1
UDecline -0.6374 0.3398 0.3184 0.3986 -0.4731 0.1096 0.2033 0.7769 1

RGDP 0.0610 0.2562 0.1867 0.2575 0.3160 0.1017 0.0064 -0.0083 -0.0018 1
Livingston URGDP 0.1728 0.1903 0.0999 0.0318 0.0291 -0.0875 0.0452 -0.0209 0.0576 -0.4970 1

Survey UInfla 0.2948 0.1108 0.1487 -0.0066 0.1499 0.0896 0.1131 -0.1853 -0.0917 -0.0858 0.2396 1
UUnem 0.1787 0.0684 0.1430 0.0247 -0.0341 0.0074 0.0579 -0.0443 0.1293 -0.2565 0.5868 0.3987 1

Michigan IEE -0.0971 -0.0845 -0.0522 0.0998 -0.0408 -0.1732 -0.2714 0.0754 -0.1130 0.0446 -0.0033 -0.2833 -0.1394 1
Survey UIEE 0.1197 0.0603 0.0168 -0.1195 0.0148 0.1442 0.2526 -0.0886 0.0894 -0.0839 -0.0578 0.1685 0.0576 -0.9408 1
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Table C.2: Summary of Output-Uncertainty Measures

Livingston Survey
(LS)

Survey of Professional
Forecasters (SPF)

Michigan Survey of
Consumers (MSC)

Original
Variable

Expected Real GDP
(RGDP)a

(1)Expected RGDPa

(2) Probability of
RGDPb (3) Probabil-
ity of Declinec

(1) Expected house-
hold financial con-
dition (2)Expected
country’s economic
condition

Constructed
Variable

Implicit expected
growth rate of RGDP

Implicit expected
growth rate of RGDP

Index of Economic
Expectations

Uncertainty
Measure

Disagreement (1) Disagreement (2)
Uncertainty from
Probability Forecasts

Disagreement

Forecasting
Period

6-month ahead fore-
cast

1-quarter ahead fore-
cast

12-month ahead fore-
cast

Periodicity Semi-annual Quarterly Monthly
Period 1971 : 06− 2002 : 06 1981 : 03− 2002 : 03 1978 : 01− 2002 : 12

aPrior to 1992: Real GNP
bRefers to the probability that the percentage change in RGDP falls in a particular range.

Prior to 1992: RGNP
cRefers to the probability of a decline in RGDP during the next quarter. Prior to 1992: RGNP
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Table C.3: Summary of Unemployment-Uncertainty Measures

Livingston Survey
(LS)

Survey of Professional
Forecasters (SPF)

Original Variable Expected Unemploy-
ment Rate

Expected Unemploy-
ment Rate

Uncertainty Mea-
sure

Disagreement Disagreement

Forecasting Period 6-month ahead fore-
cast

1-quarter ahead fore-
cast

Periodicity Semi-annual Quarterly
Period 1971 : 06− 2002 : 06 1981 : 03− 2002 : 03
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Table C.4: Summary of Inflation-Uncertainty Measures

Livingston Survey
(LS)

Survey of Professional
Forecasters (SPF)

Original Variable Expected CPI (1)Expected CPI (2)
Probability of Infla-
tion

Constructed Vari-
able

Implicit expected in-
flation rate

Implicit expected in-
flation rate

Uncertainty Mea-
sure

Disagreement (1) Disagreement (2)
Uncertainty in the
Zarnowitz & Lambros
sense

Forecasting Period 6-month ahead fore-
cast

1-quarter ahead fore-
cast

Periodicity Semi-annual Quarterly
Period 1971 : 06− 2002 : 06 1981 : 03− 2002 : 03
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Table C.5: Unit Root Tests

Series ADF CV(5%) Series ADF CV(5%)
Livingston Survey (2 lags) Continuation
Expected growth rate of real GDP (RGDP) Output Uncertainty
Intercept -4.712 -2.9101 Intercept -4.2812 -3.0294
Intercept + Trend -4.6038 -3.4849 Intercept + Trend -4.1307 -3.6746
Output Uncertainty (Time break removed) Inflation Uncertainty
Intercept -3.5714 -2.9101 Intercept -3.3758 -3.0294
Intercept + Trend -3.6276 -3.4849 Intercept + Trend -3.3645 -3.6746
Unemployment Uncertainty
Intercept -3.3827 -2.9101 SPF: Prob. Forecasts: Q2 (1 lag)
Intercept + Trend -4.075 -3.4849 RGDP
Inflation Uncertainty Intercept -3.8726 -3.0294
Intercept -1.9441 -2.9101 Intercept + Trend -3.8444 -3.6746
Intercept + Trend -3.2801 -3.4849 Output Uncertainty (Time break removed)

Intercept -4.2753 -3.0294
SPF: Point Forecasts (2 lags) Intercept + Trend -4.2905 -3.6746
RGDP Inflation Uncertainty
Intercept -3.3593 -2.8967 Intercept -1.4517 -3.0294
Intercept + Trend -3.5319 -3.4645 Intercept + Trend -4.2195 -3.6746
Output Uncertainty
Intercept -2.5185 -2.8967 SPF: Prob. Forecasts: Q3 (1 lag)
Intercept + Trend -2.8039 -3.4645 RGDP
Unemployment Uncertainty Intercept -4.5019 -3.0294
Intercept -3.2259 -2.8967 Intercept + Trend -4.2255 -3.6746
Intercept + Trend -2.9503 -3.4645 Output Uncertainty (Time break removed)
Inflation Uncertainty Intercept -6.2041 -3.0294
Intercept -3.3609 -2.8967 Intercept + Trend -6.2395 -3.6746
Intercept + Trend -3.0811 -3.4645 Inflation Uncertainty (Time break removed)
Probability of Decline in RGDP Intercept -1.4389 -3.0294
Intercept -3.2333 -2.8967 Intercept + Trend -2.8729 -3.6746
Intercept + Trend -3.0852 -3.4645
Uncertainty about Prob. of Decline SPF: Prob. Forecasts: Q4 (1 lag)
Intercept -3.2852 -2.8967 RGDP
Intercept + Trend -3.3511 -3.4645 Intercept -4.4213 -3.0294

Intercept + Trend -4.0637 -3.6746
SPF: Prob. Forecasts: Pooled (2 lags) Output Uncertainty
RGDP Intercept -3.112 -3.0294
Intercept -3.5613 -2.8967 Intercept + Trend -3.9694 -3.6746
Intercept + Trend -3.4842 -3.4645 Inflation Uncertainty (Time break removed)
Output Uncertainty (Time break removed) Intercept -3.7465 -3.0294
Intercept -7.7643 -2.8967 Intercept + Trend -3.7599 -3.6746
Intercept + Trend -7.7427 -3.4645
Inflation Uncertainty (Time break removed) MICHIGAN SURVEY (4 lags)
Intercept -6.1047 -2.8967 IEE
Intercept + Trend -6.0736 -3.4645 Intercept -2.583 -2.8715

Intercept + Trend -3.1937 -3.4265
SPF: Prob. Forecasts: Q1 (1 lag) Uncertainty about IEE
RGDP Intercept -2.7417 -2.8715
Intercept -3.5757 -3.0294 Intercept + Trend -3.5984 -3.4265
Intercept + Trend -3.6008 -3.6746

ADF: Augmented Dickey-Fuller Test CV: Critical Value.
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Table C.6: Output Uncertainty

Livingston Survey SPF: Point Forecasts SPF: Prob. Decline Michigan Survey
OLS GMM OLS GMM OLS GMM OLS GMM
(1) (2) (3) (4) (5) (6) (7) (8)

Constant 0.1254*** 0.0913** 0.0782** 0.0816** 0.0017 -0.0509 -0.0002 0.0007
(0.0348) (0.0409) (0.0373) (0.0394) (0.3050) (0.2717) (0.0025) (0.0066)

Ut−1 0.2511** 0.2808*** 0.3503*** 0.3508*** 0.1605** 0.2881*** -0.2575*** -0.0085
(0.1050) 0.1040 (0.1104) (0.1141) (0.0723) (0.1036) (0.0330) (0.1985)

Ut−2 0.0220 0.0456 -0.5079*** -0.5064*** -0.1319* -0.1487** -0.1665*** -0.0047
(0.1008) (0.0832) (0.1124) (0.0907) (0.0682) (0.0621) (0.0299) (0.1068)

Ut−3 0.1731 0.1743 0.0003 0.0047 0.0663** -0.0893
(0.1080) (0.1862) (0.9955) (0.0755) (0.0303) (0.0645)

Ut−4 -0.1296 -0.1295 -0.0865 -0.0478 -0.0017 0.0705
(0.1857) (0.0906) (0.0858) (0.0761) (0.0290) (0.0619)

Et(x) -0.1024*** -0.0793*** -0.1171** -0.1223* 0.2979*** 0.1702** -0.8889*** -2.2492***
(0.0219) (0.0286) (0.0530) (0.0668) (0.0000) (0.0882) (0.0661) (0.7676)

Adj. R2 0.3542 0.3734 0.2556 0.2556 0.6071 0.5492 0.7332 0.6340
F-statistic 11.9716 6.4947 25.722 162.60
p-value 0.0000 0.0000 0.0000 0.0000
B-G LM 1.9674 3.6878 8.5936 39.551
p-value 0.5792 0.5952 0.0352 0.0000
White Test 9.6068 53.538 31.933 69.579
p-value 0.3832 0.0000 0.0004 0.0000
ARCH LM 9.4811 52.007 3.0183 5.2658
p-value 0.0235 0.0000 0.3888 0.2611
J-statistic 0.2470 0.0000 0.0000 0.0000
p-value
Obs 63 63 85 85 85 85 300 300

*, **, ***: significant at the 10%, 5%, and 1% level respectively. B-G LM : Breusch-Godfrey LM test for serial

correlation. Numbers in parenthesis are Newey-West standard errors.
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Table C.6 (continued)

Pooled Quarter 1 Quarter 2 Quarter 3 Quarter 4
OLS GMM OLS GMM OLS GMM OLS GMM OLS GMM
(9) (10) (11) (12) (13) (14) (15) (16) (17) (18)

Constant 0.1361** 0.1462*** 0.5044** 0.5600*** 0.0199 0.1127 0.1015** 0.4296 0.5677***0.6446***
(0.0554) (0.0462) (0.1836) (0.1417) (0.0507)(0.2867) (0.0427) (0.2863) (0.1342) (0.2104)

Ut−1 -0.0389 -0.0420 0.4760** 0.3752** -0.1735 -0.2540 -0.4411***-0.5829*** -0.0030 -0.0302
(0.0845) (0.0808) (0.1982) (0.1455) (0.2446)(0.3372) (0.1306) (0.1591) (0.2189) (0.1699)

Ut−2 -0.2311***-0.2333***
(0.0596) (0.0540)

Ut−3 -0.1778***-0.1802***
(0.0616) (0.0500)

Ut−4 0.4806*** 0.4789***
(0.1175) (0.0870)

Et(x) -0.0543** -0.0582***-0.1507*** -0.2666** -0.0078 -0.0418 -0.0432** -0.1620 -0.0258 -0.0483
(0.0226) (0.0187) (0.0437) (0.1190) (0.0173)(0.1123) (0.0177) (0.1009) (0.0185) (0.0473)

Adj. R2 0.4545 0.4539 0.3893 0.3487 0.0350 0.00 0.2809 0.00 0.0090 0.00
F-statistic 14.322 7.0553 0.3085 4.7102 1.0094
p-value 0.0000 0.0058 0.7386 0.0236 0.3852
B-G LM 23.863 5.3828 5.5186 1.6856 0.0440
p-value 0.0024 0.0677 0.0633 0.4305 0.9782
White Test 23.905 14.594 1.7439 7.4291 2.0256
p-value 0.0079 0.0122 0.8833 0.1906 0.8455
ARCH LM 18.600 6.9981 0.0020 5.9572 0.5485
p-value 0.0171 0.0302 0.9645 0.0509 0.7601
J-statistic 0.0000 0.0001 0.0000 0.0000
p-value
Obs 85 85 21 21 21 21 21 21 21 21

*, **, ***: significant at the 10%, 5%, and 1% level respectively. B-G LM : Breusch-Godfrey LM test for serial

correlation. Numbers in parenthesis for columns 13 and 17 are standard errors. Numbers in parenthesis for all other

columns are are Newey-West standard errors.
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Table C.7: Unemployment Uncertainty

Livingston Survey SPF: Point Forecasts
OLS GMM OLS GMM
(1) (2) (3) (4)

Constant 0.2609*** 0.2814*** 0.0434*** 0.0609***
(0.0444) (0.0491) (0.0117) (0.0214)

Ut−1 0.1905* 0.0253 0.0041 -0.0167
(0.1064) (0.0713) (0.0944) (0.0758)

Ut−2 0.2616** 0.2415*** 0.0069 0.0243
(0.1059) (0.0701) (0.0927) (0.0891)

Ut−3 0.1879** 0.1681
(0.0922) (0.1103)

Ut−4 0.1255 0.1498**
(0.0916) (0.0652)

Et(x) -0.0688*** -0.0474** -0.0687*** -0.0954***
(0.0128) (0.0217) (0.0168) (0.0333)

Adj. R2 0.4044 0.3248 0.2022 0.1751
F-statistic 14.581 5.0544
p-value 0.0000 0.0005
B-G LM 3.6793 4.2784
p-value 0.2982 0.5101
White Test 7.4962 12.162
p-value 0.5856 0.2743
ARCH LM 0.7069 7.2731
p-value 0.8716 0.2011
J-statistic 1.8144 0.0000
p-value
Obs 63 63 85 85

*, **, ***: significant at the 10%, 5%, and 1% level respectively. B-G LM : Breusch-Godfrey LM test for serial

correlation. Numbers in parenthesis are standard errors.
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Table C.8: Inflation Uncertainty

Livingston Survey SPF: Point Forecasts SPF: Prob. Forecasts
Pooled Series

OLS GMM OLS GMM OLS GMM
(1) (2) (3) (4) (5) (6)

Constant 0.1196*** 0.2497*** 0.1146** 0.3484*** 0.1272** 0.1259***
(0.0237) (0.0646) (0.0697) (0.0866) (0.0529) (0.0384)

Ut−1 0.0841 -0.1899* 0.1715 0.0710 0.0269 0.0273
(0.1525) (0.1081) (0.1096) (0.1156) (0.0946) (0.0528)

Ut−2 0.0276 0.0205 -0.1602 -0.2475*** -0.1476** -0.1473***
(0.0847) (0.0673) (0.1079) (0.0844) (0.0698) (0.0444)

Ut−3 0.1454 0.1093 -0.0774 -0.0772
(0.0931) (0.0667) (0.1109) (0.0775)

Ut−4 -0.0316 0.0340 -0.4304*** 0.4303***
(0.0939) (0.0978) (0.1034) (0.0626)

Et(x) -0.0962*** -0.2036*** -0.2380** -0.5506*** -0.0485*** -0.0480***
(0.0169) (0.0413) (0.1020) (0.1477) (0.0174) (0.0114)

Adj. R2 0.3018 0.0086 0.0048 0.3186 0.3185
F-statistic 16
p-value 0 0.0000
B-G LM 1.9674 3.6878
p-value 0.5792 0.5952 0.0352
White Test 9.6068 53.538 31.933
p-value 0.3832 0.0000 0.0004
ARCH LM 9.4811 52.007 3.0183
p-value 0.0235 0.0000 0.3888
J-statistic 0.2470 0.0000 0.0000
p-value
Obs 63 63 85 85 85 85

*, **, ***: significant at the 10%, 5%, and 1% level respectively. B-G LM : Breusch-Godfrey LM test for serial

correlation. Numbers in parenthesis for column 3 are standard errors. Numbers in parenthesis for the rest of the

columns are Newey-West standard errors.
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Table C.8 (continued)

Quarter 1 Quarter 2 Quarter 3 Quarter 4
OLS GMM OLS GMM OLS GMM OLS GMM
(7) (8) (9) (10) (11) (12) (13) (14)

Constant 0.0108 -0.0178 0.0905** 0.1571* 0.0286 0.1330 0.0826* -0.1115
(0.0420) (0.0240) (0.0427) (0.0764) (0.0424) (0.1504) (0.0439) (0.2522)

Ut−1 0.4307 0.3197** -0.4629*** -0.4660*** -0.5276** -0.4990*** -0.1170 0.0943
(0.2980) (0.1300) (0.1354) (0.0516) (0.1354) (0.0743) (0.2077) (0.1989)

Et(x) -0.1158*** -0.1506*** -0.0341** -0.0570* -0.0109 -0.0501 -0.0282** 0.0375
(0.0397) (0.0387) (0.0159) (0.0315) (0.0140) (0.0622) (0.0138) (0.0816)

Adj. R2 0.4220 0.4819 0.2039 0.1456 0.2307 0.00 0.1149 0.00
F-statistic
p-value 00
B-G LM 1.9674 8.5936 39.551
p-value 0.5792 0.5952 0.0352 0.0000
White Test 9.6068 53.538 31.933 69.579
p-value 0.3832 0.0000 0.0004 0.0000
ARCH LM 9.4811 52.007 3.0183 5.2658
p-value 0.0235 0.0000 0.3888 0.2611
J-statistic 0.0546 0.0000 0.0000 0.0000
p-value
Obs 21 21 21 21 21 21 21 21

*, **, ***: significant at the 10%, 5%, and 1% level respectively. B-G LM : Breusch-Godfrey LM test for serial

correlation. Numbers in parenthesis for columns 5 and 7 are standard errors. Numbers in parenthesis for column 1

are white standard errors. Numbers in parenthesis for all other columns are Newey-West standard errors.
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Table C.9: Baseline Calibration

Technology Preferences
Model α δ ω φ ρ σε ξ η γ β θ

I 1/3 0.025 0.0336 1.4040 0.95 0.007 − − 2.0 0.99 −
II 1/3 0.025 0.0336 1.4040 0.95 0.007 2.6129 1.0 2.90 0.99 0.526
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Table C.10: Simulated Economies: Baseline Case

Model I Model II
Variable Relative Contemporaneous Skewness Relative Contemporaneous Skewness

Variability Correlation Coefficient Variability Correlation Coefficient
Output 1.000 1.000 -0.256 1.000 1.000 -0.338
Capacity Utilization 0.552 0.602 -0.149 0.578 0.985 -0.357
Labor Hours - - - 0.578 0.985 -0.357
Effective Capital 0.882 0.982 -0.267 0.867 0.968 -0.357
Consumption 0.443 0.923 -0.197 0.407 0.964 -0.260
Investment 2.931 0.983 -0.351 2.100 0.995 -0.463

Notes: (i) Based on 20,000 simulations. (ii) Relative risk aversion coefficient: 2.0 (iii) Relative variability represents the ratio of the

st. deviation of the variable on the left over the st. deviation of output. (iv) Contemporaneous correlation denotes the time-t

correlation between the variable on the left and output.

Table C.11: Simulated Economies: High Risk Aversion Case

Model I Model II
Variable Relative Contemporaneous Skewness Relative Contemporaneous Skewness

Variability Correlation Coefficient Variability Correlation Coefficient
Output 1.000 1.000 -0.259 1.000 1.000 -0.342
Capacity Utilization 0.584 0.505 -0.234 0.575 0.986 -0.371
Labor Hours - - - 0.575 0.986 -0.371
Effective Capital 0.899 0.977 -0.274 0.873 0.962 -0.149
Consumption 0.376 0.931 -0.195 0.403 0.987 -0.263
Investment 3.099 0.989 -0.383 2.071 0.999 -0.473

Notes: (i) Based on 20,000 simulations. (ii) High risk aversion refers to a coefficient of relative risk aversion equals to 5.0. (iii)

Relative variability represents the ratio of the st. deviation of the variable on the left over the st. deviation of output. (iv)

Contemporaneous correlation denotes the time-t correlation between the variable on the left and output.
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Table C.12: Simulated Economies: η = 0.8

Model II
Variable Relative Contemporaneous Skewness

Variability Correlation Coefficient
Output 1.000 1.000 -0.355
Capacity Utilization 0.609 0.987 -0.394
Labor Hours 0.609 0.987 -0.394
Effective Capital 0.808 0.954 -0.344
Consumption 0.417 0.964 -0.256
Investment 2.025 0.995 -0.467

Notes: (i) Based on 20,000 simulations. (ii) Relative risk aversion coefficient: 2.0 (iii) Relative variability represents the ratio of the

st. deviation of the variable on the left over the st. deviation of output. (iv) Contemporaneous correlation denotes the time-t

correlation between the variable on the left and output.
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Appendix D

Figures
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Figure D.1: Types of Asymmetries

Symmetric Cycle    Steep Cycle

Level of 

the

Variable

Level of 

the

Variable

Time Time

Level of 

the

Variable

Level of 

the

Variable

  Sharp Cycle    Deep Cycle 

Time Time



85

-2

-1

0

1

2

3

4

75 80 85 90 95 00

Expected growth rate of real GDP

6 month ahead forecast

1971:01 - 2002:01
%

0.2

0.4

0.6

0.8

1.0

1.2

1.4

75 80 85 90 95 00

6 month ahead output uncertainty

1971:01 - 2002:01

-0.4

-0.2

0.0

0.2

0.4

0.6

75 80 85 90 95 00

6 month ahead output uncertainty

Time break (1987:02) removed

1971:01 - 2002:01

0.1

0.2

0.3

0.4

0.5

0.6

0.7

75 80 85 90 95 00

6 month ahead unemployment uncertainty

1971:01 - 2002:01

-0.2

-0.1

0.0

0.1

0.2

0.3

75 80 85 90 95 00

6 month ahead unemployment uncertainty

HP-detrended series

1971:01 - 2002:01

0.2

0.4

0.6

0.8

1.0

1.2

1.4

75 80 85 90 95 00

6 month ahead inflation uncertainty

1971:01 - 2002:01

-0.4

-0.2

0.0

0.2

0.4

0.6

75 80 85 90 95 00

6 month ahead inflation uncertainty

HP-detrended series

1971:01 - 2002:01

Figure D.2: Uncertainty in the Livingston Survey
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Figure D.3: Uncertainty in the Survey of Professional Forecasters: Point Forecasts
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Figure D.4: Uncertainty in the Survey of Professional Forecasters: Probability
Forecasts
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Figure D.4 (continued)
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Figure D.5: Uncertainty in the Survey of Professional Forecasters: Probability of
Decline
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Figure D.6: Uncertainty in the Michigan Survey of Consumers
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Figure D.8: Simulation Diagram
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OLS Results 

Uncertainty = 0.0650 – 0.0578 Expected Growth
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Figure D.9: Regression of Uncertainty on Expected Growth Rate of Real GDP.


