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Abstract:

We review the labor market implications of recent real business cycle and New Keynesian
models that successfully replicate the empirical equity premium. We document the fact that
all models reviewed in this paper that do not feature either sticky wages or immobile labor
between two production sectors as in Boldrin, Christiano, and Fisher (2001) imply a negative
correlation of working hours and output that is not observed empirically. Within the class of
Neo-Keynesian models, sticky prices alone are demonstrated to be less successful than rigid
nominal wages with respect to the modeling of the labor market stylized facts. In addition,
monetary shocks in these models are required to be much more volatile than productivity

shocks to match statistics from both the asset and labor market.

*We would like to thank two anonymous referees for their comments. All remaining errors are ours.



1 Introduction

Mehra and Prescott (1985) estimate an equity premium of 6.18% p.a. for the US
over the period 1889-1979 and demonstrate that a general equilibrium model of an
exchange economy is unable to replicate this fact unless the representative consumer
is implausibly risk averse. This puzzle seriously challenges business cycle research that
rests on representative agent stochastic dynamic general equilibrium (DSGE) models
so that substantial effort has been made to resolve it. Several review articles? document
this venture. With respect to models with an exogenously given endowment process
modifications of the agents preferences and, more recently, the possibility of rare, but
severe crises (Barro (2006)) have been proposed. Kocherlakota (1996) argues that
generalized expected utility preferences as proposed by Epstein and Zin (1989) do not
resolve the equity premium puzzle in the Mehra and Prescott (1985) data set, while
some form of habit formation does. Jermann (1998) demonstrates that habit formation
alone is not sufficient to resolve the equity premium puzzle in a production economy.
In addition to the consumer being eager to smooth consumption, the adjustment of
capital must be costly. However, in his model savings in physical capital is the single
vehicle to smooth consumption. Once the consumer is allowed to adjust working hours
too, there is second channel to cope with productivity shocks and the equity premium
disappears. Subsequent research, thus, has focussed on additional frictions hampering

the adjustment of labor.

In this paper we consider the ability of these more recent models to resolve the equity
premium puzzle while at the same time being consistent with the stylized facts of
business cycles. Our main motivation for this venture is the prominent role played
by DSGE models in the analysis of monetary policy and our conviction that models
suitable for this purpose should be broadly consistent with both asset and labor market

stylized facts.

Many studies document that these facts are relatively stable both across time and
countries.®> For this reason it is more or less a matter of (understandable) taste that
we will use German data to gauge the models reviewed below. In Appendix B that

is available from the authors upon request, we present the results from redoing the

2See, among others, Abel (1991), Kocherlakota (1996), Campbell (2003), and Cochrane (2008).
3See, among others, Ambler, Clarida, and Zimmermann (2004), Backus and Kehoe (1992), Brand-

ner and Neusser (1992), Basu and Taylor (1999), Hodrick and Prescott (1997), and MauBner (1994),

for a survey of these facts.



analysis presented below with parameter values and benchmark business cycle facts

related to the US economy to verify this claim.

In our study we consider several ways to introduce frictions in the allocation of labor.
Several authors have proposed a habit in leisure which serves as a short-cut to the
modeling of either adjustment costs of labor or search frictions in the labor market.
Bouakez and Kano (2006) argue that habit formation in leisure fits the US data better
with regard to the persistence and propagation of shocks than other standard real-
business-cycle models, in particular those allowing for learning-by-doing such as Chang,
Gomes, and Schorfheide (2002). Lettau and Uhlig (2000), however, argue that, with
habit formation in leisure, labor input is too smooth over the cycle and output and
hours are negatively correlated, which is clearly at odds with the stylized facts of the
business cycle. Uhlig (2007) combines habits in consumption and leisure with sticky
real wages as proposed by Blanchard and Gali (2005). With a considerable degree
of real wage stickiness his model is able to produce a sizable equity premium and a

positive correlation of hours and output.

In the two sector model of Boldrin, Christiano, and Fisher (2001) (BCF for short), it is
not possible to reallocate labor from the consumption goods sector to the investment
goods sector after the observation of the shock. Accordingly, the equity premium results
from variations in the relative price of the two goods rather than from variations in
the firm’s value. This model reproduces the positive output-hours correlation found in
the data, but fails to predict a positive correlation between the real wage and working

hours.

Most studies of the equity premium and asset prices are constrained to the analysis
of the real economy that is subject to a technology shock. As one of the very few
exceptions, De Paoli, Scott and Weeken (2010) examine the behavior of asset prices
in a New Keynesian model with sticky prices. They find that the effect of nominal
rigidities on the risk premium depends on the nature of the shock. While the risk
premium is reduced, if cycles are driven by technology shocks, it increases in the case

of monetary shocks.

In addition to these models we study a model with sticky nominal wages and a model

with both sticky nominal prices and wages.

Our results are summarized in Table 1.1. The first column displays the names of

the models that we consider in the following sections. The first row presents the



Table 1.1

Summary of Results

Equity sy S1/sy Sn/Sy Sw/Sy rynN  Twn  Score

premium

Data
5.18 1.14 2.28 0.69 1.03 040 0.27
Models

2. Real Business Cycle Models

Benchmark

Exogenous labor 5.18 0.90 2.28

Endogenous labor 0.52 0.51  1.47 1.27 2.08 —0.68 —0.94 26.43
Habit in leisure 5.25 0.65  2.22 0.56 1.53 —-0.91 —-0.96 3.52
Predetermined hours

Firms 0.08 0.86 2.19 0.10 1.71 —-0.62 —-0.25 28.18

Households 5.23 0.78  2.26 0.37 1.23 —0.50 —0.73 1.91
Sticky real wages 5.08 1.36 2.34 0.59 0.61 082 0.38 0.54
Two sector models

Stationary growth 4.77 095  2.66 0.13 3.28 0.72 —-0.03 5.88

Integrated growth 4.71 095 1.55 0.08 3.40 0.73 —0.08 6.99

Adjustment costs 4.58 092  2.07 0.07 3.29  0.69 0.00 6.04

3. New Keynesian Models

Sticky prices 0.43 0.54 1.99 1.06 1.93 —-0.76 —0.94 26.38
Sticky wages 520 0.98  2.43 1.38 1.14  0.57 —0.69 1.47
Sticky prices and wages 5.05 2.05 2.19 1.40 0.52 0.90 0.66 1.19

Notes: s;:=Standard deviation of time series z, where z € {Y, I, Nw} and Y, I, and N denote output,
investment, hours, and the wage, respectively. Empirical as well as model generated time series were
HP-filtered with weight 1600. The empirical moments relate to per capita magnitudes, except for the real
wage which was measured as hourly worker compensation. s;/s,:=standard deviation of variable x relative
to standard deviation of output y. 7pny:=Cross-correlation of variable hours with output, 7, n:=Cross-
correlation of the real wage with hours. The column Score presents the sum of squared differences between

the moments from simulations of the model and the moments from the data.

empirical values in Germany that we aim to match.* Among the real business cycle
models considered in Section 2 the model by Uhlig (2007) comes closest to the empirical

moments. This model features slowly adjusting external habits in both consumption

4Except for the equity premium, the second moments reported in Table 1.1 are taken from Heer
and MauBner (2008), Table 1.2, p. 56. The estimate of the German equity premium during 1900-2002
of 5.18 is from Kyriacou, Madsen, and Mase (2004).



and leisure and sticky real wages. The two-sector models in the spirit of Boldrin,
Christiano, and Fisher (2001), where the reallocation of labor between sectors within
the current period is impossible, are less successful in this endeavor. In the class of
New Keynesian models with nominal frictions our model with sticky prices and wages
performs best. Its score is only slightly worse than the score of the Uhlig (2007) model.
We find that sticky prices alone are less important than rigid wages for the modeling of
the asset and labor market statistics. In addition, we need a sizeable monetary shock

in the nominal models in order replicate empirical regularities.

The paper is organized as follows. In the next section we consider real models of
the business cycle. We first present the Jermann (1998) model as a benchmark case
to which we add one model element after the other. In Subsection 2.2, we show
that the equity premium disappears once labor is supplied elastically. In the following
subsections we consider habits in consumption and working hours, hours which must be
determined before the productivity shock is revealed to either the firm or the household,
sticky real wages, and frictions in the allocation of labor between sectors. Section 3
studies models with nominal rigidities. We start with the New Keynesian model of
de Paoli, Scott, and Weeken (2010) and show that this model is unable to replicate
several labor market statistics. In Sections 3.2 and 3.3, we demonstrate that our model
with rigid wages performs much better. All equilibrium conditions and derivations of
the individual models are presented in an Appendix that is available from the authors

upon request.

2 Real Business Cycle Models

2.1 The Benchmark Model
2.1.1 The Model

The first model that we consider is the asset pricing model of Jermann (1998).° We

follow the description of this model in Heer and MauBner (2009). Time is discrete and

°In Appendix A.3 we consider the time to plan model of Christiano and Todd (1996) as an alterna-
tive to the adjustment costs of capital approach employed by Jermann (1998). The model is also able
to generate the equity premium observed in the data, if labor supply is exogenous. As in the Jermann
model, the equity premium falls close to zero, if labor supply is endogenous. In a separate paper, we

will consider extensions of this model similar to those presented for the Jermann model here.
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denoted by ¢.

Households. A representative household supplies labor in a fixed amount of NV, = N
at the real wage w;. Besides labor income he receives dividends d; per unit of share
S; he holds of the representative firm. The current price of shares in units of the
consumption good is v;. His current period utility function v depends on current and
past consumption, C; and C;_1, respectively. Given his initial stock of shares Sy, the

households maximizes

0 e 1-n _
Et258{(0t+8 e 1}, 1200 € 0.1), e (0.1
s=0

subject to the sequence of budget constraints
/Ut(St—i-l — St) S 'LUtNt + dtSt — Ot. (21)

The operator E; denotes mathematical expectations with respect to information as of

period t. The first-order conditions of this problem are:

Ay = (Cy — cht—l)ﬂ7 - 5X0Et(ct+1 — XCCt)fn, (2.2a)
Ay = BEA 11 R, (2.2b)
d
R, = Bt (2.2¢)
Ut

where A; is the Lagrange multiplier of the budget constraint.
Firms. The representative firm uses labor N; and capital K; to produce output Y;
according to the production function

Y, = Z\N°K®, a€(0,1). (2.3)
The level of total factor productivity Z; is governed by the AR(1)-Process

ImZ =p’InZ_i+¢, e ~N(0(c7)?). (2.4)

The firm finances part of its investment I; from retained earnings RFE; and issues new

shares to cover the remaining part:

[t = Ut(St+1 - St) + REt (25)



It distributes the excess of its profits over retained earnings to the household sector:
dtSt = }/;5 — U)tNt — REt (26)

Investment increases the firm’s future stock of capital according to:

Kt+1 = q)(jt/Kt)Kt + (1 — 5)Kt, 6 6 [O, 1], (27)
where we parameterize the function ¢ as
1-¢
N

The firm’s ex-dividend value at the end of the current period ¢, V;, equals the number
of outstanding stocks S;,; times the current stock price v;. This definition implies:

Vi = 0SS = I +v.Sy — RE, 29 I + weNy — Yy + (v + di) St,

(ZiC) ]t + tht — Y; + Rt‘/;gfl.

Rearranging and taking expectations as of period ¢, yields

Yigr — w1 Nepr — L + Vi }
Ry '

[terating on this equation using the law of iterated expectations and assuming

. ‘/t—i-s }
lim E =0
o0 {Rt+1Rt+2 Ry

establishes that the end-of-period value of the firm equals the discounted sum of its

i-ef

future cash flows C'Fyy s = Vi — wip s Npws — Ly g

1
Ry 1Riyo. . Ry

Vi =E; Z Qt+sCFt+s> Ot+s = (2-9)

s=1
The firm’s objective is to maximize its beginning-of-period value, which equals V" =

V, + C'F;. Defining o, = 1 allows us to write

Vir — R, Z 01+sCFyis. (2.10)

s=0

The first-order conditions for maximizing (2.10) subject to (2.7) are:

wy = (1 —a)Z,N; Ky, (2.11a)
1
= — 2.11b
" YK, (2.11b)
qi0r = Et@tﬂ{OéZtHNtlJlaKfﬁl — (Iis1/ K1) + Qe [@(Li1 /Kpsn) + 1 — 0] }
(2.11c)



In addition, the transversality condition

slgglo Et0i45G14+sKirs11 =0 (2-11d)

must hold.

Market Equilibrium. Using equations (2.5) and (2.6), the household’s budget con-

straint implies the economy’s resource restriction:

In equilibrium, the labor market clears at the wage w; so that N, = 1 for all . Fur-
thermore, using (2.2b), g;41 can be replaced by SA;,1/A; so that at any date t the set

of equations

! (2.13a)
pr— —7 . a/

"= (1, /K,
Y = Z,K°, (2.13b)
Y, =Ci+ I (2.13c)
At = (Ct — chtfl)in — ﬁbEt(CtJrl — XCOt)in, (213d)

A

q = 5Et;\_;1{azt+tha+_11 — (L1 /K1) + qrar [P(Li1 / Kin) +1 — 5}} (2.13e)
Kt+1 - q)(]t/Kt)Kt + (1 - 5)Kt, (213f)

determines (Y;7 Ot7 -[t) Kt+17 At+17 Qt-l-l) given (Kt7 Ata qt)

Deterministic Stationary Equilibrium. Since our solution strategy rests on a
second order approximation of the model, we must consider the stationary equilibrium
of the deterministic counterpart of our model that we get, if we put 0 = 0 so that
Z; equals its unconditional expectation Z = 1 for all . In this case we can ignore the
expectations operator E;. Stationarity implies x;11 = x; = x for any variable in our
model. As usual, we specify ® so that adjustment costs play no role in the stationary
equilibrium, i.e., ®(//K)K = K and ¢ = ®'(J) = 1. This requires that we choose

ayp = 547

ay = ——.

1-=¢



These assumptions imply via equation (2.13e) the stationary solution for the stock of

capital:
1
1—pB(1=48)\1
K=|—"—— ) 2.14
(2 (2.14)
Output, investment, consumption, and the stationary solution for A are then given by
Y = K¢, (2.14b)
I =0K, (2.14c¢)
cC=Y -1, (2.14d)
A=C"1—=x9)™"(1 = x9p). (2.14e)

2.1.2 Calibration and the Equity Premium

Calibration. We calibrate this and the other models considered here in a two-step
procedure. In the first step we choose the parameters for which there is direct or (via
the models equilibrium conditions) indirect empirical evidence or that are usually set
by researchers to some preferred value. In the second step we set the remaining free
parameters so that the respective model best fits certain empirical targets. For the
first step we employ seasonally adjusted quarterly data for the West German economy
over the period 1975.1 through 1989.iv. The parameter settings are taken from Heer
and MauBner (2009), Section 6.3.4. Table 2.1 displays the respective values.® Notice
that the wage share in the German data, 1 — a = 0.73, is larger than the value
of 0.64 that is often found in comparable studies relying upon US data,” while the
depreciation rate, 6 = 0.011, is much smaller and amounts to approximately half the
US value. In addition, N = 0.13 is chosen to match the average quarterly fraction of
hours spent on work by the typical German household. Notice that many studies set
N = 1/3 arguing that the typical worker spends 8 hours per day on the job (see, for
example, Hansen (1985)). We consider the typical household to be an average over
the total population including children and retired persons rather than consisting of
a single worker who is also working on the weekend and does not take any vacation.
The discount factor § = 0.994 yields an annual risk free rate in the simulation of

the model of about 1 percent. We choose the unobserved parameters x¢ and ¢ to

SFor future reference it also presents parameters that will be introduced below.
See, for example, King, Plosser, and Rebelo (1988) and Plosser (1989).



match two statistics: the relative volatility of investment expenditures and the equity
premium. The former, measured as the standard deviation of the cyclical component
of investment expenditures relative to the standard deviation of the cyclical component
of GDP, is 2.28 in our data set. The latter equals 5.18 according to a recent study by
Kyriacou, Madsen, and Mase (2004) covering the period 1900-2002 (see footnote 4).
The solution of this problem is ¢ = 0.793 and ¢ = 5.53.

Table 2.1

Benchmark calibration

Preferences £=0.994 n=2 7=0.20 N=0.13
Production a=0.27 0=0.011

Stationary Shocks  p?=0.90 0Z=0.0072

Integrated Shocks Inz=0.006 oy,,=0.0101

Computation of the Equity Premium. The solution of the model are functions
g, i € {K,Y,C,I, A\, q}, that determine K;,1, Y;, C;, Iy, A, and ¢; given the current
period state variables K;, C;_1, and the log of the productivity shock In Z;.

In our model the gross risk free rate of return r; is given by

Ay

= 2.1
BE ALy (2.15)

Tt

Since

ANy = gA(Kt+17 Ci, In Zt+1)
= gA(gK(Kt, Ci_1,InZy), g% (K4, Co1,In Z,), p? In Z, + etZH)
= §A<Kt, Ct717 pZ hl Zt + GtZ+1, )

and etZH is normally distributed, the expected value of the Lagrange multiplier equals

00 1 —(eZ,1)?
E.A :/ (K, Cov, pP M Zy + €2, ) ——=—e @7 déZ,,.
ti\ 41 7009 (K4, Cro1,p t T Cq1 )UZ\/ﬂ t+1

We use the quadratic approximation of g* at the stationary equilibrium and the Gauss-
Hermite 6-point quadrature formula to approximate the integral on the right-hand-side

of this equation.



The labor market equilibrium condition (2.11a) and equation (2.7) imply that the
right-hand-side of (2.11c) can be written as

At+1 Y2+1 - wt+1Nt+1 - It+1 + CJt+1Kt+2

1=06E )
PR, Ay @K1
A d A ’
— B, t41 Q1 + Ve — 8E, t+1 Riuy
At V¢ At

where the second equality follows from equations (2.5) and (2.6) and the observation
that ¢ K;11 = v;Si11 (see Appendix A.1). Therefore, the gross rate of return on the
shares of the representative firm equals®

aYor — Iy + @ Kipo

Ry =
" QK

(2.16)

We use the quadratic approximations of ¢* and a random number generator to compute
a long artificial time series for R;,, — ;. The average of this time series is our measure

of the ex-post equity premium implied by the model.

We compute the equity premium from a time series of 1,000,000 observations and
the second moments of simulated time series from averages over 300 simulations with
80 observations. As our empirical data we pass the artificial time series through the
Hodrick-Prescott filter with weight 1600. As noted above, using the parameters in
Table 2.1 and a pseudo random number generator, this yields an equity premium of

5.18 and a relative standard deviation of investment of 2.28.°

2.2 Endogenous Labor Supply

In this section, we introduce flexible labor in the model of the previous subsection. As

a consequence, the equity premium drops from 5.18 to 0.52 percent (see Table 1.1).

The Model. Let

- (CtJrs B XCCt+sfl)1_n —1 Vo 1+
U =E — N
T ; { L= Lty 7 f7

(2.17)
6 € (0’1)7 XC € [07 1)7 1, Vo, V1 Z 0

8Note, a1 = Yip1 — wig1 Nigr.
9The Fortran computer programs are available from Alfred Maufiner on request. The solution

algorithm is the same as in Heer and Maufiner (2009), Chapter 2. The respective code is available

from http://www.wiwi.uni-augsburg.de/vwl/maussner/dgebook/download3.html.
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denote the household’s expected life-time utility. Maximizing this expression subject

to the budget constraint (2.1) implies the first-order condition:
VONtVl = Atwt (218)

in addition to equations (2.2). The model’s dynamics consists of equations (2.18),
(2.11a), (2.11b), (2.3), the resource constraint, (2.2a), (2.11c), and (2.7). The equi-
librium conditions for this and the following models are summarized in Appendix A.2

that is available from the authors upon request.

We follow Heer and Maufiner (2008) and calibrate v so that the implied Frisch elasticity
of labor supply 7 equals 0.20.

Equity Premium. In this model the ex post gross return on the firm’s shares equals

Yirr — w1 N1 — Lipr + @1 Koo

R 1=
" Qth+1

: (2.19)

since
Yivr — w1 Nep1 = a1 (K1 /Niya)®

due to the labor market clearing condition (2.11a).

Using the same sequence of random numbers as in Section 2.1, we find an average
risk free rate of return of 2.18 percent p.a. and an equity premium of 0.52 percent
p.a. Evidently, the size of the equity premium depends critically on the variability of
working hours over the business cycle. Besides the small premium the model has two
other deficiencies: hours and output as well as hours and the real wage are negatively
correlated (see Table 1.1), which is clearly at odds with the empirical evidence provided

in the first row of entries in Table 1.1.

To understand this it will be helpful to recall a well-known asset-pricing formula (see
Appendix A.1):

E(Rys1) — i = =1 cov(Mysq, Rir), (2.20)

where M1 = SA;11/A; is the household’s stochastic discount factor (SDF). According
to this relation, the size of the equity premium on the left-hand side depends on the

size of the covariance between the SDF and the equity return R, ;.
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Consider a positive, autocorrelated productivity shock. For a while, the firm’s business
prospects will be better than average as can be seen from the impulse response of the
cash-flow in Figure 2.1. Consequently, the firm wants to increase its capital stock.
The current price of capital increases and returns slowly to its stationary value. This
price effect dominates the effect on the firm’s cash flow so that the future return to
capital for the firm’s shareholders R, falls below its average value (see the lower right
panel in Figure 2.1). Since the shock raises the household’s labor income, current and
future consumption increase so that the marginal utility of consumption falls below
average and returns slowly to its pre-shock value. Therefore, the stochastic discount
factor increases. The opposite movement of the return on equity and the stochastic
discount factor generates the negative correlation that accounts for the equity premium

according to equation (2.20).

Figure 2.1: Stochastic Discount Factor and Return on Equity
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Endogenous labor supply dampens the effect of a productivity shock on both the SDF

and the return on equity, and, thus, reduces the equity premium (see the lower right
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panel of Figure (2.1)). In response to the shock, the household adjusts his income via
changes in working hours so that the marginal utility of consumption declines by far
less than in the case of a given supply of hours. The effect on hours is the result of
two opposing forces: the household wants to supply more labor, since real wages are
higher than on average. However, the income effect increases both the demand for
consumption and for leisure. The negative effect on hours is reinforced by adjustment
costs of investment, which make it expensive to transfer additional labor income into
future consumption. Therefore, hours decrease despite higher real wages and dampen

the effect of the productivity shock on the firm’s cash flow.

2.3 Habit Formation in Leisure

Lettau and Uhlig (2000) introduce habit formation in both consumption and leisure in
the standard real business cycle model in order to study the implications for the optimal
responses of output, consumption, labor input, and investment to exogenous shocks.
Different from our model, they do not allow for capital adjustment costs. Consequently,
the equity premium falls close to zero in their model. In the following, we introduce
habit in leisure in the above model explicitly allowing for capital adjustment costs. We
show that though we are able to produce an equity premium close to the empirical
value, the model predicts a strong negative correlation between output and hours and

between hours and the real wage.

The Model. With habit in leisure, the household expected life-time utility is given
bylo

U =E,; io: { (CtJrs - XCCt+371)1—77 -1 y (NtJrs _ XNNt+s—1)1+V1 } |

— 1
par L=n L+u (2.21)
1, Vo, 1 2 07 XC’XN S [07 ]-)
Maximizing (2.21) subject to (2.1) implies the first-order condition
Vo (NN — XNNt—l)Vl - 5V0XN]Et(Nt+1 - XNNt)Vl = Nwy (2:22)

0The exact utility function used by Lettau and Uhlig (2000) differs from ours. They specify the
utility as a function of leisure, 1 — N;. Bouakez and Kano (2006) use the fraction of labor and the
habit stock rather than the first difference.
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in addition to equations (2.2). The model’s dynamics consists of equations (2.22),
(2.11a), (2.11b), (2.3), the resource constraint, (2.2a), (2.11c), and (2.7). The equity

premium is computed from (2.19).

Calibration and Results. The model has three unobserved parameters, x¢, x%,
and (. We searched over a coarse grid with end-points Y € [0.1,0.97], ¥V € [0.1,0.97],
and ¢ € [1.5,9.0], respectively, and selected that combination of parameters that mini-
mized the sum of squared deviations between the empirical moments and those implied
by the model. The parameter values obtained from this procedure are Y¢ = 0.81,
XY = 0.97, and ¢ = 9.0. The respective moments are presented in Table 1.1. Though
the model is able to replicate the equity premium, it performs worse than the model
without a habit in labor with regard to the implied correlations between output and
hours and between hours and the real wage. Both are negative and (in absolute value)

greater than 0.9, and, thus, are strongly at odds with the empirical evidence.

2.4 Predetermined Working Hours

In this subsection we follow Boldrin, Christiano, and Fisher (2001) (BCF) and consider
frictions in the allocation of labor. In particular, we assume that working hours are
determined before the productivity shock is revealed. We study the question if it
makes a difference whether 1) the firm’s labor demand or 2) the household’s labor
supply is predetermined.!'’ We show that the distinction mainly concerns the business
cycle properties of the real wage, which is much more volatile if firms decide on hours.
Therefore, this version fits the facts far less than the model with hours determined by

the household.

The Model. In version one, maximizing (2.10) with respect to N;;; yields the first-

order condition
0 = EtAt+l ((1 — Oé)Zt_;'_th:_O{Kz’_l — wt+1) 5 (223)

which replaces (2.11a). Note, however, that equation (2.23) no longer implies

dit1 + v Yigr — Wi i Nepr — Lpr + @1 Ko
Rt+1 — — ,
Ut K41

HBCF assume that firms must determine labor demand prior to the technology shock.
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since aZy 1 N} " K25 # Yigr — w1 Kpy1. Therefore, we assume that the firm uses

internal funds only to finance investment. This allows us to employ (2.2c) to compute

the return on equity from

RtJrl = (/UtJrl + dt+1)/’l}t. (224)

In version two, maximizing (2.17) subject to (2.1) with respect to Nyyy yields the

first-order condition
0= Et {VON:—il-l — At+1wt+1} (225)

that replaces (2.18), whereas (2.11a) reflects the firm’s labor demand schedule. Besides,

the model is the same as in Section 2.2.

Table 2.2

Second Moments from the Model with Predetermined Hours

Variable Sy Sz /Sy ey TeN Ty

Version One: Hours Predetermined by Firms

Output 0.78 1.00 1.00  —0.50 0.50
Consumption 0.70 0.90 0.94 —0.72 0.75
Investment 1.75 2.26 0.76 0.07 0.00
Real Wage 14.44 18.63 0.69 0.17  —0.06
Hours 0.28 0.37  —0.50 1.00 0.51

Version Two: Hours Predetermined by Households

Output 0.78 1.00 1.00  —0.50 0.50
Consumption 0.70 0.90 094 —-0.72 0.75
Investment 1.75 2.26 0.76 0.07 0.00
Real Wage 0.95 1.23 097 —-0.71 0.69
Hours 0.28 0.37  —0.50 1.00 0.51

Notes: s;:=Standard deviation of HP-filtered simulated time series x,
where z stands for any of the variables in column 1. s, /sy :=standard
deviation of variable z relative to standard deviation of output Y.
rpy :=Cross-correlation of variable x with output Y. 7r,n:=Cross-
correlation of variable z with hours N , r;:=First order autocorrelation

of variable x.

Calibration and Results. Both versions of the model have two unobserved para-

meters, Y and ¢, which we choose so that the score statistic reported in Table 1.1 is
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minimized on a grid with endpoints x¢ € [0.1,0.95] and ¢ € [0.8,9], respectively. For
the model where households predetermine hours, the minimizer is Y¢ = 0.78 and ( = 8
with a score of 1.91 (see Table 1.1).

Table 2.2 presents second moments from simulations of both model versions for the
same parameter values.!? They are averages over 300 simulations of sample size 80.
Except for the time series properties of the real wage both models have virtually the
same implications for the second moments shown in the table. The annual equity
premium is 4.99 in the first version of the model and 5.23 percent in the second version.
The real wage is much more volatile in the first version. For this reason, the model fits
the facts less well: the moments presented in Table 2.2 imply a score of almost 311.
Even the most favorable choice of parameters, ¢ = 0.28 and ¢ = 0.8, yields a score
of 28 (see Table 1.1 for details). Thus, version two, where households predetermine
hours, clearly outperforms version one. However, as in the models considered before,
the version implies negative correlations between output and hours and between hours

and the real wage.

2.5 Real Wage Stickiness

Uhlig (2007) adds sticky real wages to a model similar to that considered in Subsec-
tion 2.3. The main differences concern the slow adjustment of the habits, the non-
separability between consumption and leisure in the utility function, and an integrated

technology shock.

The Model. The representative household solves

Y

> —Ch YA+ (1 = Ny — L1 —1
maxE, Zﬁs [(Crys — Cfy ) (A + 5 — t+s ¢)"]
s=0

subject to,

Vi(Sts1 — Si) < WiNy + DS, — C4,

where V;, Sy, W, and D, denote the price of the firm’s shares, the number of shares, the
real wage at which the household will supply labor, and dividends per share, respec-

tively. The habits in consumption C!* and in leisure L} are exogenous to the household

12The parameters other than x¢ and ¢ are set to the values given in Table 2.1.

16



and evolve according to

Cp=z[(1-X)X“Cior +X°C ], (2.26a)
L = (1= A" (1 = Ny + a8 L (2.26b)

The firm’s production function allows for stochastic growth in labor-augmenting tech-

nical progress and reads

Y, = B(Z,N,)' K7, (2.27a)
Zy

_ 2.27h

Tz (2.27b)

Inz,=Inz+e, €~ N0 02). (2.27¢)

Let Wtf denote the marginal rate of substitution between consumption and hours.

Uhlig (2007) assumes that the real wage adjusts according to

W, = (ZW,_ ) (Wi)—*. (2.28)

Calibration and Results. The model, which we fully describe in Appendix A.5,
has six unobserved parameters, x¢, x*, A°, A\f, u, and . The parameters o, 3, 6,
and 7, are set to the values given in Table 2.1. We use the parameter B to normalize
the marginal utility of consumption equal to one in the stationary equilibrium of the
deterministic counterpart of the model. The value of v follows from the Frisch elasticity
of labor supply 7 = 0.2 (see Table 2.1), and the parameter A in the utility function is
a function of other parameters (see Appendix A.5)!3. We equate z with the average
growth rate of GDP and compute Z; from actual data on output, hours, and the
capital stock. Our measure of o is the standard deviation of the growth rate of Z;.
Our estimates are Z = 0.006 and ¢ = 0.0101.

With more free parameters, it should come as no surprise that we will get a better
score statistic. Indeed, our search over a coarse grid with endpoints x¢ € [0.5,0.95],
L €10.5,0.96], A\ € [0.01,0.90], A\F € [0.01,0.9], ¢ € [0.2,4.0], and p € [0.01,0.95]

13Uhlig (2007) employs additional restrictions and also searches over the values of 3 and 7. He
uses the log-linearized model to compute second moments and the Sharpe ratio. We, instead, use a
second-order approximate solution and compute the equity premium as explained in Appendix A.5.
We would like to thank Harald Uhlig for providing us with his MatLab code so that we were able to

figure out the differences between his and our computational approach.
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produced a score of 0.54. The respective parameters point at strong habits in both
consumption and leisure, Y¢ = x* = 0.90, with more persistence in the adjustment of
the leisure than of the consumption habit, \* = 0.70 and A\ = 0.45, and at a very
high degree of real-wage stickiness, = 0.95. Notably, the correlation between output
and hours as well as between hours and the real wage are positive so that the model is
in good accordance with both the empirical equity premia (5.58% p.a. from the model
versus 5.18% in the data) and the stylized facts of the labor market (see Table 1.1 for
the details).

2.6 Two-Sector Models

In this section, we consider the two sector model of Boldrin, Christiano, and Fisher
(2001). As a distinctive feature of their model, investment goods are produced in
a separate production sector and the mobility of labor between this sector and the
sector producing the consumption good is limited. In particular, the household must
choose his supply of labor to both sectors before the productivity shock is revealed.
Therefore, the price of the investment good is volatile and generates a sizeable equity
premium. We study the sensitivity of their model with respect to the assumption on
the technology process. In the following, we first consider the case that the (natural)
logarithm of total factor productivity In Z; follows the AR(1) given in equation (2.4).
Subsequently, we compare our results to the case studied in BCF (2001) where labor

augmenting technical progress is driven by a random walk with drift.

2.6.1 Stationary Technology Shocks

The Model. Consumption goods C; are produced according to the technology
Cy = Z;N5 “Kg,, a€(0,1) (2.29a)

where N¢gy and K¢y denote labor and capital employed in this sector. The investment

goods sector (subscript I) uses the same technology so that
Iy = Z;N; *K¢ (2.29Db)

is the amount of investment goods I; which sell at the relative price p,. Total labor

and capital in the economy equal

Nt = NC’t + N[t, (230&)
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Kt - KCt + K[t. (230b)
The first-oder conditions with respect to labor demand of both sectors are:
wy = (1 —a)Z N K&y, (2.31a)

Both sectors rent capital services from the household at the rates r¢; and rp;, respec-

tively, so that equilibrium in the respective markets implies:

ror = aZyNEOKET (2.32a)
e = ptO{ZtNIlt_aKIO%_l. (232b)
The representative household maximizes the same intertemporal utility function (2.17)

as in the previous section. Since ex ante the wages in both sectors may differ from each

other as do the rental rates of capital, his budget constraint is
0 < weeNey + wreNpy + reeKeor + 1K + ey + iy — Cp — pidy, (2.33)

where wey and wy; denote the real wage paid in the consumption and the investment
goods sector, respectively. Maximizing (2.17) subject to (2.33) and the law of motion

for the aggregate capital stock
Ky =1+ (1 -9)K,, (2.34)

implies

2.35a

2.35b

2.35¢
2.35d

0=FE,; {VoNtlil — At+1w0t+1} ,
0= E; {voN/t, — Apiwpgr }
il = BE A1 (pra (1 = 6) + 7o),

pelhe = BE A1 (pre1(1 — ) + rres1)

—~ o~~~
~—_— —  ~—  ~—

—~

in addition to (2.2a) and (2.18).

In equilibrium the budget constraint implies the resource restriction Y; = Cy + pI;.
BCF argue that the measure of real output in the national income and product accounts
is output at constant prices. They choose the base period price p = 1, the relative price
of investment goods in the stationary equilibrium of the deterministic version of the
model, and compute output as ¥; = C; + [;. The dynamics of the model is, thus,
determined by (2.29)-(2.32), (2.34), (2.35) as well as (2.2a) and (2.18).
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Equity Premium. The household’s first-order conditions (2.35) imply that the gross

rate of return on investment in sector C' or [ are given by:

pir1(1—08) +ror (1 —0) + O‘Zt+1Né';f1Kg’t+1

RC’H—I = = s (236&)
Dt Dt
Riper = per1(l —0) + 71 _ pr1(l—0) + Oépt+1Zt+1N11,;rO{Kﬁ+1‘ (2.36D)
Dt Dt
BCF compute the average gross rate of return on equity from
KCt-H K1t+1
Ry = R Rpiq. 2.36¢
t+1 Koot Ct+1 Kot Tt+1 ( )
The risk free rate of return is the same expression as in the previous models, namely
Ay
ry=————0-.
" BB

We compute the ex-post average equity premium from the time series average of Ry, —

Tt.

Calibration and Results. The model has just one unobserved parameter Y“. The
search within x¢ € [0.01,0.95] provided x“ = 0.70 as the minimizer of our score
statistic. The model predicts an equity premium of 4.77% p.a., a positive correlation
between output and hours of 0.72, which is larger than the empirical value of 0.40, and
a negligible negative correlation between hours and the real wage of -0.03 as compared
to 0.27 found in the data. The score statistic of 5.88 indicates that this model performs
worse than the Uhlig (2007) model considered in the previous subsection. However, as

compared to this model it has only one free parameter.

2.6.2 Integrated Technology Shocks

The Model. In the following, we consider the model of the previous paragraph for
the case that the technical progress is a difference stationary stochastic process. This
is the assumption of the original BCF model. We reformulate the production functions

of both sectors accordingly:

Cy = (ZNew)' ™K@, a€(0,1), (2.37a)
Iy = (Z;Np) K¢, (2.37b)

where the growth factor of Z; is governed by equations (2.27b) and (2.27c¢).
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Calibration and Results. In the BCF model with stochastic growth and the utility
function (2.17) a stationary equilibrium exists only for 7 = 1. Since the model has the
same technology shock as the Uhlig (2007) model, we employ our estimates of zZ = 0.006
and o = 0.0101 (see Section 2.5). The value of the habit parameter that minimizes the
model’s score is x¢ = 0.80. With a score of 6.99 this version fits the empirical facts

slightly worse than the model with a stationary technology shock.

2.6.3 A Two Sector Adjustment Cost Model

The equity premium in the model of the previous two subsections is the outcome of
variations of the relative price of two goods. In order to study the equity premium

that results from variations in the firm value we introduce adjustment costs in the
BCF model.

The Model. The representative household holds stocks Sx; of both industries, where,
as before, the index X = (' denotes consumption goods and X = [ refers to the in-
vestment goods sector. He chooses his labor supply before the period ¢ productivity

shock is realized. The budget constraint is:

vor(Setr1 — Sct) +vre(Sres1 — Sr) < weeNew +wp N+ deeSer + dpSi — Cr. (2.38)

The representative firm in sector X maximizes

Vxie = Ey Z Ot+s [Xt+s — Wxt4+sNxtrs — pt+sIXt+s] (2-39)
s=0
subject to
X, = Z;Ny,*K%,, a€(0,1), (2.40a)
KXt+l = q)([Xt/KXt)KXt + (1 - (5>th7 (5 G (07 1] (240b)

In equilibrium, the stochastic discount factor equals

SAt—H
Ot+s — B Tt

Firms in each sector transfer their profits less retained earnings as dividends to the

household sector. Appendix A.8 presents the model in full detail.

21



Equity Premium. We compute the equity premium of each sector in the same way

as in the one sector model of Section 2.4, i.e.,

Ciiq —w N, — I K
Reney = t+1 ct+1Vot+1 — Prv1lot+1 + qot+a Ct+27 (2.41a)
ot Ko
Rppe1 = Perlir1 — W1 N1 — pevi g + C]ItJrlKn+27 (2.41b)
K1

are the gross rates of return on equity in the consumption goods and the investment
goods sector, respectively. The average gross rate of return is the weighted average of

these rates with the respective shares of capital employed in each sector as weights.

Calibration and Results. The model has two free parameters, ¢ and (. The
values that minimize the score statistic on a grid with endpoints ¢ € [0.1,0.95] and
¢ € 10.001,6.0] are x¢ = 0.70 and ¢ = 0.005. Thus, the model that comes closest to
the facts is one with negligible adjustment costs. It generates an equity premium and
labor market statistics that depart only slightly from those of the BCF model with
stationary technology shock.

3 New Keynesian Business Cycle Models

In the following three subsections, we will study monetary models with nominal rigidi-

ties. We begin with frictions in the form of price staggering.

3.1 Sticky Prices

In this subsection, we consider a slightly simplified version of the model of De Paoli,
Scott, and Weeken (2010). They build on the model described in Section 2.3 and
introduce money via the household’s utility function. Money prices do not adjust
perfectly due to convex costs of price adjustment. However, these costs are modeled
as intangible, i.e., they appear in the firms objective function but do not reduce the

firm’s output.

Households. Households enter the current period ¢t with a given amount of firm

shares S; and given stocks of nominal Bonds B;.!* The current price level is P,. Bonds

The original model also considers the stock of money. However, since monetary policy is modeled

via a Taylor rule and since real money balances enter the current period utility function additively,
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pay a predetermined nominal rate of interest )y — 1. The real share price is v; and real
dividend payments per share are d;. Firms pay the real wage w; per unit of working
hours N;. Thus,

L BB,

t

B,

Ve (Se41 — St) < w Ny + (Q — 1)? +diSy — Cy (3.1)
t

is the household’s budget constraint. Households maximize (2.17) subject to (3.1) and

given initial values of S; and B;.

De Paoli, Scott, and Weeken (2010) assume that the consumption and labor habits are
exogenous to the household. Thus, different from equations (2.2a) and (2.22), the first

order conditions are:

Ay = (Cy—xYC)™, (3.2a)
Awy = vo(Ny — XN N1, (3.2b)
vy = BE N1 (Vg1 + digr), (3.2¢)

Ay = ﬁEt%; Tir1 = %7 (3.2d)

Tt+1 P,

where A; is the Lagrange multiplier of the time ¢ budget constraint.

Firms. Final output Y; is produced from differentiated inputs Y;(j) distributed on

the unit interval according to the function

€

1 6y71 Ey%l
Y, = (/ Yt(j)eydj) e >l (3.3)
0

The zero-profit condition

PY, — / PG)Y()dj

implies the usual demand function for the intermediate product Y;(j):

Y,(j) = (M) v, (3.4)

and the price index

P, = (/01 Pt(j)1‘€ydj> = . (3.5)

the time path of money holdings does not interfere with the rest of the model. Therefore, we strip

down the presentation of the model. The full version is considered in Appendix A.9.
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Consider an arbitrary producer of intermediate product j € [0,1]. His production

function is
Yi(j) = ZeNo () K (), a€(0,1), (3.6)

where total factor productivity Z; is common to all producers and evolves as stated in
equation (2.4). The producer finances investment [;(j) out of retained earnings and

distributes the remaining surplus as dividends:

Dyi(j) = Y2(j) — weNe(j) — L:(j)- (3.7)
Capital accumulation is subject to adjustment costs so that
: 4 Ii(y .
Kiali) = (1= 0i00) + @ (40) Kl (3.5)
Ki(j)

with ®(-) specified in equation (2.8). Producer j determines his nominal price P (j),

demand for labor NV;(j), and investment expenditures ;(j) to maximize

S Piss(] :
£ Y 50 D) - (*—(‘7) - 1) Yirs
s=0

2\ Py (])
subject to (3.4), (3.6)-(3.8), and a given initial stock of capital K;(j). In this expression

AtJrs
Ay

7 denotes the inflation factor in a stationary environment without exogenous shocks.
Also note, that the convex cost function in this expression indicates intangible costs,

since it appears in the objective function of the producer but does not reduce his profits.

Let I'; denote the Lagrange multiplier in minimizing production costs subject to the

production function.!® The first-order conditions are given by:

Wy = (1 - a)rtZtNt(j)_aKt(j)aa (3-93)
1
U= SO EG) (3.90)
@ = BE N 0Ty 2, Ny () F () — 2e1U) (3.90)
A Kena(7)

g (1 =04 2(L45(5)/ Kira (7))

Y

0=(1—¢) (mj))_eyﬁ_w(ﬂq) N (3.94)

P, P mP_1(j) TP_1(J)
P\ Y, Aiy1 , (Pia(9) Po1(j)Yin
I — E — 1) —=——
e ( B B TRV ZRG) 7B, ())?

This multiplier is independent of the firm index j, since all firms face the same wages and rental

prices for capital and since the production function is linear homogenous.
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Monetary Policy. The central bank sets the nominal interest rate );; according

to the Taylor rule

1-6
T Y ymnde a
Q= Q0 (5) (?t) e 6 e0,1), @~ N9, (3.10)

The elasticity of ();; with respect to the deviation of the inflation factor m; from its
steady state value 7 will be chosen so that the equilibrium is determinate. Usually,

this requires 6, > 1.

Calibration and Results. The model has several additional parameters. We as-
sume an inflation target of zero and set the price elasticity equal to €, = 6.0 according
to markups estimated by Linnemann (1999). We choose d; = 1.5 so that the equilib-
rium of the model is determinate in all our simulations. The parameters x¢, x*, ¢,
¥, 81, and 09 are chosen in order to minimize the model’s score. We used a coarse
grid over the intervals x“ € [0.5,0.95], ¥ € [0.1,0.95], ¢ € [1.5,5.5], ¢ € [0.01,120],
51 € [0.01,0.90], and 09 € [0.50,30] (where o = 0.0072 is the standard deviation of

the innovations of the productivity shock).

The minimizer features a strong consumption habit, ¥¢ = 0.85, and a moderate labor
habit, Y~ = 0.40. The Taylor rule shows no persistence, §; = 0.01, but monetary
shocks are more important than productivity shocks, 0% /o = 2.5. Importantly, with

1 = 0.01, money prices are almost perfectly flexible.

The model is neither able to come close to the German equity premium (0.43 instead
of 5.18) nor is it able to generate the positive correlations between output and hours
and between hours and the real wage. According to its score of 26.38 it performs worse

than most of the real business cycle models considered in Section 2.

3.2 Sticky Wages

As our second model with nominal frictions, we set up a model with wage staggering
as introduced by Erceg, Henderson, and Levin (2000). From the previous section we
borrow the modeling of the government sector. The production sector is the same as

in Section (2.1) with one exception to which we turn next.
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Labor Demand. Labor input N; in production Y; = ZtNtl_"‘Kta is an index of the
different types of labor N;(h) supplied by the members h € [0, 1] of the representative
household:

1 61271
N, = [/ Ny(h)“ dh] , ew > 1 (3.11)
0

Let W; denote the nominal wage rate at date ¢t and W;(h) the wage paid to labor of
type h. Minimizing the wage bill

W,N, / WL N(h)dh

subject to (3.11) yields the demand function for labor and the wage index:

Ni(h) = (Wt(h))ew N, (3.12)

W, = [/01 Wt(h)l‘fw] ﬁ (3.13)

Since everything else is unchanged, conditions (2.11) continue to describe the firm’s
optimal decisions with respect to capital accumulation and aggregate labor demand
Ny, where wy = W;/P; on the left-hand side of (2.11a). As in the previous section P

denotes the money price of output Y;.

Wage Setting. The preferences of household member h € [0, 1] are:!°

_ (Cih) =X“Cia(h) =1 14,
w(Cy(h), Cr1(h), Ni(h)) = 11 1+ 1, Ny(h)™, (3.14)

n, %, 1 > 07XC € [Oa]-))

where Cy(h) denote consumption of household member h.

In each period a fraction ¢, of households updates their wage rate according to the

steady state inflation factor =:
Wi(h) = 7Wi_1(h). (3.15)

The fraction 1 — ¢,, of the households can choose their wage rate W;(h) optimally.

These households maximize

o)

E; ) (B0w)*uw(Cris(h), Crpsr(h), Nivs(h)) (3.16)

s=0

16 As in the previous section we do not model the demand for money.
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subject to the series of budget constraints

> Biysi1(h) — Biis(h) N (3.17)

o Pt+s

and the demand function (3.12). As before, d; are dividends per share S; with price
v, and By are bonds in money units that earn the nominal interest rate (); — 1. The
maximand (3.16) is the expected life time utility assuming that the household were
never able to readjust its wage after period t. We assume that there is a sufficiently
rich set of contingent security markets so that a representative agent exists. Therefore,
all wage setters will opt for the same relative wage wa; = Wi(h)/W;. In Appendix
A.10 we show that this wage is determined by the set of equations:

€w F115

— —_— 3.18

W At € — 1 F2t7 ( a)
Iy = Vowgtew(lwl)]\]tlw1 + BSOwEt (&> e, (3~18b)

W1 WAL+1

1—€w —€Ew
e ™ w

FQt = AtwtwAtht + BSOw ( ) ( At ) F2t+17 (318C)

Wi+1 W At+1

Wt Wt
= — = —w_ J18d
wy P = W1, (3.18d)
1= (1= o)Wy, ™ + @u(m/wr) e, (3.18¢)
Wi

Wy = . 3.18f
" Wi (3.180)

As can be seen from equation (3.18d), the partial adjustment of nominal wages entails

sticky real wages, though in a different manner as introduced in Section 2.5.

Consumption and Portfolio Choice. The pooling assumption allows us to derive

the demand for consumption, bonds, and stocks from maximizing

E; Z BSU(CHS, Ct—l—s—h Nt+s)

s=0

subject to the sequence of budget constraints

B B - B
t+s . Ct+s > t+s+1 t+s

Wit sNiys + Sedeys + (Qrys — 1) = 2
t+s

+ Vs (Strst1 — Stgs)-
The respective first-order conditions coincide with (3.2a), (3.2c), and (3.2d).
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Calibration and Results. The equity premium implied by this model can be com-
puted as in Section (2.2) from equation (2.19). The model has two new parameters,
the wage markup implied by €, and the degree of wage stickiness determined by ¢,,.
We set €, equal to 6 so that the wage markup is 20 percent. The remaining free pa-
rameters, X, ¢, ¢u, 01, and o@ are set in order to imply the best possible fit with the
data.

The minimizer, found on a coarse grid, implies a very strong consumption habit, y¢ =
0.95, significant adjustment costs, ( = 5.4, rigid wages, ¢,, = 0.84, a high degree of
persistence in the Taylor rule, §; = 0.91, and a predominance of monetary as compared
to productivity shocks, 0?/o = 3. Except for the correlation between hours and the
real wage, which is 0.27 in the data and -0.69 in the simulated time series, the model
is in good accordance with empirical evidence, documented by a score statistic of 1.47
(see Table 1.1 for details).

3.3 Sticky Prices and Wages

As our last model we merge the models from the previous two subsections so that
both the nominal prices and the nominal wages are sticky. The model is presented
in Appendix A.11. We set both the price elasticity of the demand for goods and for
labor equal to ¢, = €, = 6.0. The free parameters X%, ¢, 1, b, 01 and o9 are
chosen optimally. The result, y = 0.88, ¢ = 3.0, ¥ = 275, ¢, = 0.55, §; = 0.90,
and 09/0 = 4.6, demonstrates that price rigidity enhances the model’s performance,
especially with respect to the correlation between hours and the real wage. The model’s

score of 1.19 is close to that of the sticky wage model of Section 2.5 (see Table 1.1).

4 Conclusion

We have evaluated the current-state of the art business-cycle models that try to repli-
cate the empirically observed equity premium with regard to their labor market behav-
ior. In addition to the current studies, we also analyzed a model of the equity premium

with sticky wages and with both sticky prices and sticky wages.

In the class of real business cycle models the Uhlig (2007) model of sticky real wages

predicts an equity premium and labor market statistics that come very close to the
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empirical evidence provided in Table 1.1. Less successful are various variants of the
Boldrin, Christiano, and Fisher (2001) two-sector model with frictions in the allocation
of labor within the current period. Among the New Keynesian models with nominal
rigidities the model with sticky prices and wages is favored by the data. The score
of this model is only slightly worse than that of the Uhlig (2007) model. The sticky
price model of de Paoli, Scott and Weeken (2010) is neither able to generate a sizeable
equity premium nor the correct correlations between hours and output and between

hours and the real wage.

In future work we will explore along which dimensions more complicated models, like
the one introduced by Gourio (2012) with Epstein-Zin preferences and a small risk of

economic disaster, improve upon the simple, but successful models presented in this

paper.
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Appendix A (Not for Publication)

This Appendix covers technical details of the models considered in the body of the
paper and presents models that we have also studied but decided not to include in our

review.

A.1 Computation of the Equity Return

In Section 2.1 we demonstrate that the gross return to stockholders of the representative

firm equals

o= WY =l + @ Kin _ Vi + di
1 = = :
7K Uy

(A.1.1)

The first term on the right-hand side allows us to compute the equity return without
any assumption about the firm’s dividend policy. The second term includes dividends
per share d; 1, and we cannot employ this formula without statement about the amount
of self-financing. If we assume pure self-financing so that the number of outstanding
shares is constant, both formulas (differences due to the numeric approximation of the

respective functions aside) will provide the same rate of return.

The equivalence (A.1.1) rests on the relation v;S;41 = ¢ K41, which we prove in the

following. Note that (2.13e) can be written as:

A
@K1 =0 Xrl (CFi1 + @1 Ky0]
t

: l—ap—a
smce aZt+1Nt+1 t+1 — (Y;H - wt+1Nt+1)/Kt+1 and CF 1 = Y1 — w1 Ny — Lipa.

[terating on this equation yields

o0 A s
@i = ZBS /t\+ CFi s,
s=1 t

since the term 3°(Ayys/Ay) Kiys41 vanishes due to the transversality condition (2.11d)
(where 9,15 = 6°Ay1s/A;). The right-hand side of this expression is equal to V; = v,S;11
(see equation (2.9) in the body of the paper).

Let
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denote the stochastic discount factor that appears in equation (2.2b) and equation
(2.15). Both conditions hold for any ¢ and thus for any information set used in forming

expectations ;. Therefore, they also hold unconditionally.!” Thus, condition (2.15)

implies
S
E(M+1)

and equation (2.2b) can be written as
1= Et(Mt+1Rt+1)-
Using cov(z,y) = E(zy) — E(x)E(y) as well as the previous equation implies

E(-Rt—l—l) - T{ = —T’f COV(]\4H_17 Rt+1).

A.2 Endogenous Labor Supply

The model with endogenous labor supply in Section 2.2 is described by the following

equilibrium conditions:

Ny = Ay, (A.2.1a)
Wi = (]_ — Oé)ZtNt_aKta, (A21b)
1
L — A2lc
" S(/K) ( )
Y, = Z,N}*K?, (A.2.1d)
1/;5 = Ct + Ita (AQle)
Ay = (Cr = X9Cy1) ™" — BOE(Ciyr — X“Cy) 7, (A.2.1f)
A
qr = PE; X;l {@ZtﬂNtlJ:laKffll — (Iey1/Kig1) + @i [P(Lg1 [ Kpr) + 1 — 6] },
(A.2.1g)
Kt+1 - q)(-[t/Kt)Kt + (1 - 5)Kt (A21h)

In the stationary equilibrium, equation (A.2.1f) reduces to
1
K [1-B1-68)\1
—_—=|———" . A22
v (2 (A22)
For N = (.13, equations (A.2.2) allows us to infer K, and we can compute the station-
ary values of the remaining variables in the same way is in the model of the previous

section. Finally, equation (A.2.1a) allows us to fix the value of vy.

7Our derivation follows Grossman and Shiller (1991).
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A.3 Time-to-Plan Model

In this subsection we consider yet another way to explain the equity premium. We
embed a consumption habit in the model of Heer and Maufiner (2009), Section 2.6.2.
This model is a stripped down version of the Kydland and Prescott (1982) model
of economic fluctuations. The parameterization of the investment equation follows
Beaubrun-Diant (2005), who employs the time-to-plan model of Christano and Todd
(1996) to investigate the equity premium puzzle.

The model differs from the model considered in the previous subsection only with

respect to the modeling of the firm.

Firms. The firm maximizes its beginning-of-period current value thOP . By using
Otrs = 0°(Ay1s/Ny), this can be written as:

0 - sA S —Q @
VPP =E, Zﬁ L2 Zrs(AprsNigs) KR, — Wi ArpsNers — s (A.3.1)

subject to

4 4
It = ZwiXm Zwl = 17 (A32a)
i=1 i=1

Kioa = (1= 8)Kuvs + X, (A.3.2b)
X1 = Xo, (A.3.2¢)
Xors1 = Xar, (A.3.2d)
X1 = Xa, (A.3.2¢)

Ay =aAy, a>1. (A.3.2f)

The time-to-build model assumes that the resource costs are equally spread over the
construction period so that w; = 0.25 Vi = 1,2,3,4. The time-to-plan model instead
assumes that in the start-up phase little resources are required. Thus, w, = 0.01 and

w; = 0.33 Vi = 2, 3,4. This is the parameterization which we will employ here.

The first-order conditions of the firm’s problem are:

tht = (1 — Oé)ZtAgiaNtiaKf{, (A33a)
- Apiq 2 Ao 3 Aiis
¢ = wa + Pwsly + B wolE, + 7w Ky ) (A.3.3b)
Ay Ay Ay
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Ay
A

At+4

G (1 —0) + B'E, A,

q = PE, aZa(ArgaNess) KL (A.3.3¢)

where ¢; denotes the Lagrange multiplier of the constraint (A.3.2b). Equations (A.3.3b)
and (A.3.3c) can be condensed to

0= Et{w4 [5(1 - (S)At+1 - At] + wgﬁ [5(1 - 5)At+2 — AtJrﬂ (A33d)
+wa 8 [B(1 = 6)Arys — Apsa] + w1 B2 [B(1 — 0)Ayra — Agys]

+ af* NpraZsa( Ay aNepd) O K2 } :

Households. Since the model allows for deterministic growth of labor augmenting
technical progress A;, we modify the household’s budget constraint in equation (2.1)

to read
vtAt(St-‘rl - St) S thtNt + thtSt - Ct (A34)

so that v, wy, and d; now represent the share price, the real wage and dividends per
unit of A;. Accordingly, the first-order conditions for maximizing (2.17) subject to
(A.3.4) are

At = (Ct — XCthl)_n — BXCEt (Ct+1 — XCCt) o s (A35a)
Attht = 1/0]\[7;/17 (A35b)
UtAtAt = B]EtAt-i-lAt-‘rl(vt-i-l + dt+1). (A35C)

Temporary Equilibrium in Stationary Variables. In this model, a stationary

equilibrium exists

i. if labor supply is exogenously fixed so that condition (A.3.5b) does not apply,
ii. if there is no growth, i.e., a = 1,

iii. if there is growth, a > 1, and n = 1.

These restriction should be kept in mind, when considering the transformed equations

to which we turn next.
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We use lower case letters for all variables without a trend. Variables that grow are

scaled according to x; = X;/A; except for \; = A A",

A temporary equilibrium is defined by equations (A.3.5a)-(A.3.5¢), (A.3.2a)-(A.3.2e),
(A.3.3a), (A.3.3d), the production function Y; = Z;(A;N;)' " K, and the economy’s
resource constraint Y; = C} + I;, which follows from the household’s budget constraint
and the definition of dividends. To put the system into the canonical form of equations
(2.51) of Heer and Maufiner (2009), we include a set of auxiliary variables vy, i =
1,2,...,10. The final system reads:

voN* = Mwy, (A.3.6a)
— (1 - a)ZN K, (A.3.6b)
= Z,N}=k?, (A.3.6¢)
Ye = €t + i, (A.3.6d)
4
i = Zwixit, (A.3.6e)
i=1
di = yr — we Ny — iy, (A.3.6f)
AT1t+1 = T2, (A36g)
aTar11 = T3, (A.3.6h)
aT3t41 = Tat, (A.3.61)
akt+1 = (1 — (S)k't + T1t, (A36J)
At = (ct — (Xc/a)vlt)_l —E°p (actﬂ — Xoct)_l , (A.3.6k)
1 = Ba'"E, Attt {“t“ il dt“} : (A.3.61)
Ay Ut

0= Et{w4 [(Ba™) (1= 0)Aey1 — A (A.3.6m)

+ (5&"7) w3 [(Ba‘”) (1 —9)vgesr — Ugt]

+ (ﬂa n) Wa [(5@ n) 0)v3ty1 — U3t}

+ (5@ 17) w1 [(&L n) 0) Va1 — U4t]

-n 4 (pz)3 l—a, a—1

+a (561 ) Var41(Zit1) U7e+1V10t4+1
Vir = C—1, (A.3.6n)
Vot = )‘t+l> (ASGO)
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U3t = U241 = Art2, (A.3.6p

)
Vgt = Ust1 = Aess, (A.3.6q)
Ust = Nitr, (A.3.6r7)
Vst = Ust+1 = Niyo, (A.3.6s)
Ut = Ust+1 = Nigs, (A.3.6t)
vst = ki1, (A.3.6u)
Vgt = Ust1 = K2, (A.3.6v)
V1ot = Vot41 = Kipt3. (A.3.6w)

Equity Premium. The gross risk free rate is
. At . At
BE A1 Ba By

so that the household’s Euler equation (A.3.61) implies that the return on equity equals

Ty

div1 + Ve
(% '

Rt+1 =a

We assume that the firm finances its investment entirely from retained earnings so that

equation (A.3.6f) defines the dividend payments to the household sector.

Calibration and Results. Besides the weights w;, which implement the time to plan
assumption, the model has just on free parameter, . In the version with exogenous
labor supply of N = 1 and no technical progress, a = 1, we find that ¢ = 0.6768
implies an equity premium of 5.18% p.a. and a standard deviation of investment ex-
penditures relative to output of s;/s, = 2.35. Thus, the model fits the data almost as
perfect as the Jermann (1998) model.

However, if working hours are endogenous, the equity premium disappears as it does
in the model of section 2.2. It drops to 0.42% p.a. The relative standard deviation
of investment increases to s;/s, = 4.79. Except for the negative correlation between
hours and the real wage of r,,y = —0.55 the other labor market statistics are empirically

reasonable: sy /s, = 0.85, s,,/s, = 1.17, r,ny = 0.21.

A.4 Habit in Leisure

The model with habit in leisure in Section 2.3 is described by the following equilibrium

conditions:
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wy = (1 — )N Ky, (A4d.1a)

1
q = (1K) (A.4.1Db)
Y, = Z,N}"“K¢, (A.4.1c)
Agwy = vo(Ny = XV Ni—1)™ = Brox™ (Nepr — XV Ny)™, (A.d.le)
Ay = (Cr — XCthl)fn - ﬁXcEt(CtH - XCCt)fn, (A.4.1f)

A

q = BE, /Cl {aZt+1Nt1+_1aKfé+_11 — (It41/ K1) + G [(I)(]t+1/Kt+1) +1— 5] }a

(A4.1g)
Kt+1 - q)<]t/Kt)Kt + (1 - (S)Kt (A41h)

In the stationary equilibrium, equations (A.4.1c) and (A.4.1g) imply

K (#;—w) al (A42)

Equation (A.4.2) allows us to infer K with the help of N = 0.13, and we can compute
the stationary values of the remaining variables in the same way as in the model of the
previous section. Finally, equation (A.4.1e) allows us to fix the value of vy for given

value of d.

A.5 Real Wage Rigidity

In this subsection we consider real wage rigidity. We depart from our set up in the

previous subsection and consider the model of Uhlig (2007).

Firm. The production function of the representative firm is modified to allow for

stochastic growth in labor augmenting technical progress Z;. In particular, we assume

Y, = B(Z;N;,)' K¢, (A.5.1a)
Z

= A5.1b

<t Zt_17 ( 5 )

Inz =Inz+e, €~ N(0,02). (A.5.1c)
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The firm maximizes

thop = Z Ot+s [Y;€+s — WitsNeys — It+s] (A-5-2)
s=0
subject to
Kt+1 = q)<]t/Kt)Kt + (1 - 6)Kt (A53)

The first-order conditions are

Wi =(1—a)BZ N K}, (A.5.4a)
1
= — Ab.4
qt (I)/(It/Kt>7 ( 5 b)
qt0r = 5Et0t+1{@B(ZtﬂNtﬂ)l_QKfﬁl — (Iis1/ K1) + e [1 = 6 4+ ®(L1s1 /K1) }
(A.5.4¢)

Household. The representative household solves

Cl)(A4+ (1 — Ny — L) ] =1
I—mn

Y

max K, Z B° (Crvs =
s=0

subject to,

Vi(Si41 — St) < WiN, + DS, — C4,

where V;, S;, Wtf , and D, denote the price of the firm’s shares, the number of shares,
the real wage at which the household will supply labor, and dividends per share, re-
spectively.®® The habits in consumption C} and in leisure L are exogenous to the

household. They evolve according to

Cl=z[(1=X)XCror + A°CL ], (A.5.5a)
Ly = (1= M) (1= Nioa) + APLE (A.5.5b)

The first-order conditions of the household’s problem are:

A= (Cr=CY (A= (1= N, — L))", (A.5.6a)
AW =v(Cr = O (A= (1= Ny — L) " (1 = Ny — Ly, (A.5.6b)
A1 Vg1 + Doy Ay
1=0E =gk . A5,
PE, A, v OE, A, Ry (A.5.6¢)

8The reason why we are using upper case variables to denote prices and dividends will become

obvious in a moment.
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Labor Market. Real wages do not adjust instantaneously to clear the labor market.
Instead, near the balanced growth path labor supply will be demand-constrained. Thus,
given the real wage W, equation (A.5.4a) determines working hours (given the current

period capital stock K;). Between periods the real wage changes according to

W, = (ZW,_ )W)+ (A.5.7)

Dynamics. In equilibrium V;(Syy1 — S¢) = I} — RE;, and DS, = Y; — WyN; — RE;
so that the household’s budget constraint implies

Y, =Ci+ 1. (A.5.8)

Furthermore, g¢y1/01 = BAi41/A¢ from (A.5.6¢) and the definition of g; in (2.9) (in the
body of the paper).

To study the model’s dynamics we have to formulate it in stationary variables. Towards

this purpose let

T = ZXt , (A.5.9a)
t—1
At = AtZle' (A59b)

Thus, from (A.5.1a), (A.5.4a), (A.5.8), (A.5.4b), (A.5.6a), (A.5.6b), (A.5.7):

yi = Bz N/ °kf, (A.5.10a)
wy = (1 — a)]y’v—tt, (A.5.10D)
Yr = Ce + i, (A.5.10¢)
1
S — A.5.10d
" ik (4.5.10d)
M= (=) (A+ (1= N, — L))", (A.5.10¢)
wl =v (=) T (A+ (1= N — L)) (1= N, — L), (A.5.10f)
> w 1—
_(_~ AN
wy = (Ztlwt_1> <wt> (A.5.10g)

These seven equations determine v, ¢, 2, Ny, w; and w{ given the state variables
ke, 2, 261, ¢, L? wy_1, and the costate \;. The dynamics of the state and costate
variables follows from (A.5.3), (A.5.5a), (A.5.5b), and (A.5.4c)

Ztkt+1 = (I)(Zt/]ft)kt + (1 - 5)]%, (A511a)
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z

¢ = [ =2 ar+ X%, (A.5.11D)
t—1
Ly = (1= M) (1= Neoa) + AP L, (A5.11c)
e A . .
q = Bz "By ;\H {a(Yer1/kes1) = (o1 /kesr) + @ea (1 — 6 + Pis1/kiga) } -
t
(A.5.11d)

Balanced Growth Path. The balanced growth path follows from the set of equa-
tions (A.5.10) and (A.5.11) when we ignore the shock to technology and assume that
the ensuing deterministic dynamics has converged to stationary variables (denoted
without a time index). In order to guarantee that adjustment costs play no role on the

balanced growth path we assume

O'(i/k) =1, (A.5.12a)
O(i/k)=2z—146. (A.5.12b)

For the parameterization of the function ® used throughout this paper (see (2.8)) this

implies
ay = (2 —1+9)°, (A.5.13a)
G = (5—1+0) (%) | (A.5.13b)
Given these assumptions, equation (A.5.11d) implies
y _Z"—pB(1-9)
= A.5.14
’ of ( a)
Via the resource constraint (A.5.10c) we derive
c zZ—1+96
-=1-— A.5.14b
Y y/k ( )
oY _(z-149) (A.5.14c)

According to (A.5.11b) and (A.5.11c) the stationary values of the consumption habit

and the leisure habit equal

" =x%, (A.5.14d)
L" = X" (1 - N), (A.5.14e)
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respectively. In our calibration we set N to some given number and determine the shift
parameter B in the production function (A.5.1a) so that A = 1.} Equations (A.5.10e),
(A.5.10f), and (A.5.10b) imply
1-N 1\ ¢/y N 1
=1-(1-x"|———-(2-- A.5.14f
g ( X)[TN ( n)l—al—Nl—Xc ’ ( )

where 7 is the Frisch elasticity of labor supply with respect to the real wage.? Together

with the solutions obtained so far, this equation determines the parameter v from a
given value of 7. In the next step we can solve (A.5.4a), (A.5.6a), and (A.5.6b) for the
parameter A.2! This provides:

1

A=v(1 =XV e/y)(N/1 =) [A=x")A-N)]" = [ -x"H1 - N)]".
(A.5.14g)
Together with A = 1 (A.5.10e) implies
e ——1Xc [A+((1=xHa - N (A.5.14b)

so that we can derive the stationary level of stock of capital from k = ¢/(c/k) and the

Cc

stationary level of output from y = (y/k)k. Given N, k, and z (A.5.1a) implies

gV (kEN" (A.5.14i)
=2 —= . 5.14i
kE \zZN
Equity Premium. The gross risk-free rate of return in this model equals
Tt =

~ BEA BEA(Zi)z)T BB
The gross equity return R;,; derives from the household’s first-order condition with
respect to Sy11, which equals (2.2¢), and the definition of the firm’s dividends and

retained earnings in (2.6) and (2.5), respectively:

(22¢) Vigr + Diyr (Viga + Diga)Sea

Ry = v = ViSeen :
(2.6) Viy1Si1 + Yir — Wii Nyt — RE
B ViSi ’
(2.5) Yigr — Wi Neyr — L1 + Vg1 Sign
N ViSi1 '

9Without this normalization of A the numeric computation of first and second derivatives is very

inaccurate since A would be a very large number.
20Differentiate (A.5.10e) and (A.5.10f) with respect to c;, Ny, wy and ), evaluate the respective

derivatives on the balanced growth path, and solve for (dN/dw)(w/N)gx=o-
2INote that (A.5.7) implies w = w’ on the balanced growth path.
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Using V;S;11 = ¢ K11 (see Section A.1), this can be written as:

Yir1i = Wi Nepr — Ly + 1 K40

B = qi K41
(A5.3) Yior = Wit Nepr — Lipn + qon (Pl /Ky ) Ky + (1 — 0) K 4q)
B i Kiq1 ’
(Abda) aYipr — Ipr + g (P(Leq /Ky 1) Ky + (1 — 0) K1)
B QK1 ’
_ a1 /ki1) = Ger/Ken) + @ (PG /kiga) + (1= 9))
N qt 7
(A.5.11a) aypy1 — Gyt + Qer12er1keso
B qikiy1 '

Computation of Second Moments. The solution of the model delivers policy

functions for the stationary variables x;. The period t level of a variable, thus, equals
Xy = Zf_lxt, £ e {ln}

We assume Zy = 1. Given a random sequence {Z;}i_,, 2 = In(2;/2),

t—1
i1 = H e“iz.
i=1

The second moments are computed from logged and HP-filtered simulated time series
of Xt-

A.6 Two-Sector Model with Predetermined Working Hours by the House-
holds

The entire two-sector model where households decide upon their labor supply prior to

the observation of the technology shock consists of the equations:

wer = (1 — ) ZeNg Ky, (A.6.1a)
wr =p(1 — ) Z N, K7, (A.6.1b)
wy = NTC:th + %w”, (A.6.1c)
ror = aZy NSO KET, (A.6.1d)
T = pt@ZtN}t_aKﬁ_la (A.6.1e)
Cy = ZiNg “ K&, (A.6.1f)
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I, = Z;N;7* K¢, (A.6.1g)

Y, =G, + 1., (A.6.10)

Nt = Nct + Ny, (A.6.10)

K, = Ky + K, (A.6.15)
VoNZt | = EyApywersn, (A.6.1K)
i = BN iwreyg, (A.6.11)
Ay = (Cy = X“Cro1) ™" = BXEe(Cryr — X“C) 7, (A.6.1m)
Pl = BE N1 (pegr(1 = 0) +roes1) (A.6.1n)
Py = PE N1 (P (1 —6) + rpe1) (A.6.10)
Kii = I+ (1 - 0)K,. (A.6.1p)

A.7 Two-Sector Model with Stochastic Trend

Equilibrium Dynamics. In order to compute linear or quadratic approximate solu-
tions of the model, we must transform it into a model in stationary variables. However,
this requires n = 1, the assumption used by Boldrin, Christiano, and Fisher (2001). Tt

will be convenient to put

X
Ty 1= : . Xy € {Ky, Koy, K, Yy, Gy, I, wer, wre

Zi1 (A.7.1)
)\t = Atthl'

This allows us to transform equations (A.6.1) into the following system:*?

wor = (1= )z Nk, (A.7.2a)
wry = pe(1 — @)z N, kS, (A.7.2b)
wy = NTCttht + %wu, (A.7.2¢)
ror = ozl NG OKS (A.7.2d)
rre = pt@Z,:l_alet_aKﬁ_l, (A.7.2¢)
¢ =2 "Ny "k, (A.7.2f)
iy = 2 Nk, (A.7.2g)
Yo = €+ s, (A.7.2h)

22Note, that (A.7.1) implies that we redefine wages without using new symbols.
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Ny = Nei + N, (A.7.2i)
ke = key + ki, (A.7.2j)
I/ONtV_,'l_l = Et)\t—‘rlet—i-l) (A?Qk)
VONtlil = Et)\t+1w]t+1, (A721)
A= (e — XC<Ct—1/Zt—1))777 - 5X0Et(2t0t+1 - cht)fm (A.7.2m)
A
P = BE,; ;H (pt+1(1 - 5) + TCt+1) ) (A.7.2n)
t
A
pee = BE, ?Ll (Per(1 = 0) 4+ rpa1) (A.7.20)
t
Ztkt+1 = th -+ (1 — (S)kt (A72p)

Balanced Growth Path. The balanced growth path is obtained by assuming z; = z
and x; = z;_, for all variables x; of the model. Using these assumption, equations
(A.7.2n) and (A.7.20) imply r = rc = r;. Together with the stationary versions of
(A.7.2a) and (A.7.2b) this implies ko /N.=k;/N;=k/N and p = 1. This allows one to
compute k/N from (A.7.2d) as:

k_ (M)l/(al)‘

N PR (A.7.3a)

Given the stationary value of average hours IV, this equation also implies k. We can
then use (A.7.2p) to find

i=(z—1+06k (A.7.3b)

From i = z'7*N;(k/N)* and i = 2'7%k;(k/N)*"!, we get the stationary values of
N; and kj, and, therefore No = N — Ny and ko = k — k7. Given these solutions,
c = 217N, kS so that (A.7.2m) yields

z— b
c(z —b)

: (A.7.3¢c)

Equity Premium. The risk free rate of return is given by

. At . >\tzt
/B]EtAt-i-l BEt)\t-‘rl

and can be computed via Gauss-Hermite quadrature from the policy function for \; as

Ty

explained in Section 2.2. The rates of return on equity from both sectors as defined
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in (2.36a) involve stationary values only so that no change in the computation of the

equity return is required.

As explained in Section A.5, we compute second moments from logged and HP-filtered

levels of the variables.

A.8 Two-Sector Model with Capital Adjustment Costs

Households. The household maximizes (2.17) subject to (2.38) with respect to con-
sumption Cy, labor supply Nevi1, Npit1, Scia1, and Spy1. This yields the first-order
conditions (2.2a), (2.35a), (2.35b), and

A
| = BE, ! dery1 + UCt+17 (A.8.1a)
Ay Vet
1 = AE, Avii divi + Urtel (A.8.1b)
Ay Urt

which determine his portfolio allocation.

Firms. The representative firm in the consumption goods sector maximizes

Vor = Ey Z Ot+s [Ct-‘rs - th+sN0t+s - pt-l—sIt-i-s] (A~8-2)
s=0
subject to
Cy = Z\N5 “Kg,, a€(0,1), (A.8.3a)
KCt+1 = @(]Ct/KCt)KCt —+ (1 — 5)K0t7 = (0, 1], (A83b)

where in equilibrium g, = ﬁsAj\—tl. The first-order conditions for the optimal choice
of Ney, I, and Keyyq are:
wer = (1 — ) Z N K&y, (A.8.4a)

t
- A.8.4b

A I
qct = PEy ;\H {aZt+1Né?f1Kg{+11 - % + gori1 (PULor1/Keprr) +1 — 5)} ,
t Ct+1

(A.8.4c)

where gc; (Tobin’s ¢) is the Lagrange multiplier on the equation governing capital

accumulation. In addition, the transversality condition
lim B0t sqotysKotyst1 =0
S$§—00

47



must hold. As in the one-sector model of A.1, it can be shown that Vo = qoi K1

Analogously, the representative firm in the investment goods sector maximizes

Vie = Ey Z Ot+s [thrsItJrs — Wit s Nrigs — pt+sIIt+s] (A-8-5)
s=0
subject to
I, = ZtNIl;”K?t, = (O, 1), (A.8.6a)
Klt-i—l - (b(llt/KIt)KIt + (1 - 5)K[t, (S c (0, 1] (A86b)

The respective first-order conditions are:

wp = (1 — o) Z, N, K7, (A.8.7a)
Db
— ot A.8.7b
qre qy([[t/K[t), ( )
— BE Agr lea pra1 Prridien A
qre = PE; A P Zi N G K — K (A.8.7¢)
t It+1

+ qrep1 (P /K1) + 1 = 9) }

Firms from both sectors transfer their profits less retained earnings as dividends to the

household sector

doiSct = Cy — weeNey — REcy,
drSte = pely — wpyNpy — REy,
and finance the remaining investment expenditures by issuing new equity vx;(Sx¢ 41 —

Sxi) = pilxi — REx;. Thus, in equilibrium, the budget constraint of the household
implies the definition of GDP, Y; = C; + p.1;.

Equilibrium Conditions. The full model is described by 18 equations:

wer = (1 — ) ZNg Ky, (A.8.8a)
Wit = (]_ — Oé)ZtNI_taKﬁ, (A88b)
Dt
N S A8.
qct & (Ior/Koy) (A.8.8¢)
P (A.8.8d)

qre = m;
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Ny = Nei + N, (A.8.8¢)

Ky = Kev + K, (A.8.8f)

wy = NTC:th + NFI:?UR, (A.8.8g)

Cy = Z;NL “Kg,, (A.8.8h)

I, = Z;N}; “K§, (A.8.81)

Y, = Cy + 1, (A.8.8))

Iy = Iey + I, (A.8.8k)

Ay = (Cr = x9Ci1) ™ = BYCEy(Crpn — X°C) ™, (A.8.81)
VN = EiAviwery, (A.8.8m)
N{ L = BN iwrey, (A.8.8n)
qct = ﬁEtAX;l {aZmNét‘flKS;El — % (A.8.80)

+ qotr1 (P(Lori1/Korer) +1 —0) },

A 1
e = PE— P10 Zi NG K S — Dretfieed (A.8.8p)
Ay Kri
+ qre1 (P(Lre1 /K1) + 1 = 9) },
Kot = ®(Iot/Ked) Kor + (1 = 6) Ky, (A.8.8q)
K1t+1 = (D([It/KIt)KIt =+ (1 — 6)K1t' (A88r)

We employ the assumptions about the function ® from Section 2.2. Therefore, the
model has the same stationary solution as the two sector model in the previous sub-

section.

A.9 New-Keynesian Model with Sticky Prices

Households. Households enter the current period ¢t with a given amount of firm
shares S; and given stocks of nominal money balances M; and nominal Bonds B;. The
current price level is P,. Bonds pay a predetermined nominal rate of interest )y — 1.

The real share price is v; and real dividend payments per share are d,.?* Firms pay the

ZDe Paoli, Scott, and Weeken (2010) distinguish between real and nominal bonds and consider

different maturities of nominal bonds. They also assume that share prices and dividends are denoted
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real wage w; per unit of working hours N;. Government transfers to the households
are T; in units of money. Thus,

My — M, I Biyn— B
B P

B T,
L < Ne4+(Qr — 1) = +dySi+ — —Cy (A9.1)

U (Sp1 — Sp) + 2 2
t t

is the household’s budget constraint.

The current period utility function is

(Cr —xCiq) 71— 1
L—n
(Nt _ XNNt_l)lJrul -1
- VO 1 _|_ Vl (A92)

U(Ob Ci—1, N¢, Ny, Mt+1/Pt) =

Households maximize

U, =E, Z 55U(Ct+s, Ot—l—s—la Nt+s> Nt—1+sa Mt+1+s/Pt+s)

s=0
subject to (A.9.1) and given initial values of Sy, M;, and B;. De Paoli, Scott, and
Weeken (2010) assume that the household treats previous consumption C;_; and previ-
ous working hours /NV;_; as given, when he decides on current consumption and working

hours. Thus, different from equations (2.2a) and (2.22), the first order conditions are:

A = (Cy — XCCtA)fn, (A.9.3a)
Aywy = vo(Ny — XV N7, (A.9.3b)
vy = BE A1 (V1 + dita), (A.9.3¢c)
A P,
Ay = ﬂEtLQtH, Moyl = 2, (A.9.3d)
Tt+1 Py
_ A M
At = 6Et <9Mmt+1 + t+1) s M1 = t+1, (A93€)
Tt4+1 P

where A; is the Lagrange multiplier of the time ¢ budget constraint.

in units of money and not in units of goods. However, since the equilibrium conditions of the model boil
down to conditions in real share prices and real dividends, we can assume this right away. Furthermore,
since our focus is on the cross-correlations of output, hours, and the real wage, we restrict the spectrum

of financial assets to a one-period nominal bond, money, and stocks.
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Firms. The Lagrange function of the firm’s maximization problem can be written

as:
- At+s (Pt+s (]) ) o . .
Y =K s Yivs — wipsNigs — Lyys
t;B A, { Pres t+ t4sVi+ (J) t+ (])
¢< Prs(3) )2
- == -1 Y.,
2 7TPt+S—1(]) "
. Iy s(7 ) .
s (1= )+ (1) o)~ Ko )
Kt+s(])
w - P, . . —ey
+ s Zt+sNt+s(j)1 Kt+s(j) - (;—(])) Yigs }
t+s

Differentiating this expression with respect to Ny(j), I;(j), Ki+1(j), and P,(j) and
setting the ensuing results equal to zero yields the first-order conditions stated in
(3.9).

Money Supply. The central bank satisfies the money demand that originates from
the Taylor rule (3.10). This implies the money growth factor pu:

My
= . A94
e M, ( 9 )

The government transfers the seignorage lump sum to the households so that

Ty My — M,
P *T. (A.9.5)
Temporary Equilibrium. In equilibrium the supply of bonds is zero, B; = 0, the
supply of shares is constant, and all intermediate producers choose the same nominal
price P;(j) so that — via the definition of the price index (3.5) — the relative price of each
producer equals unity, and individual prices P,(j), output Y;(j), working hours N,(j),
capital services K,(j), investment expenditures I;(j), and dividend payments D;(j)
equal the respective aggregate quantities. Therefore, the budget constraint (A.9.1)
simplifies to the economy’s resource constraint Y; = C; + I;, and (3.6) implies the
aggregate production function Y; = Z, N/~ *K¢. The dynamics of the model is governed
by equations (A.9.3), the simplified equations (3.7), (3.8), (3.9), the resource constraint,

the production function, the Taylor rule (3.10), and (A.9.4). For convenience, we repeat
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this set of equations, yet in a different ordering with the static equations appearing

first.

Ay = (Ct - XCOt—1>_n7
Awy = Vo(Nt - XNNt—l)Vla
Wi = (1 — Oé)FtZtN;aKta,
Y, = Z;N,*K},
Y, =Ci + I,
_ 1
Qt - @l(lt/Kt)7
di =Y, —w Ny — I,
KtJrl - (1 - (5>Kt + (I)(It/Kt>Kt,

g = BE—— |al111 2 NS KPS —

+ @ (1—0+ q)(]t-i-l/Kt—i-l))] ;

At _ ﬁEt At+1Qt+1 ,

T4+1
- M —v At+1
AN =E, (0 mt—i—l_'_ﬁ_ )
Tt41
o N
v = BE, A (Vi1 + dis),
t
T
mt+1 - 3
T
1-p@ _Q
Q [T T\ p(1=p%) Q
Qu1=Q) | 5 (—t) et,
15 T

T

T
0= (l—ey)Yt—i-eyFth—l/J(?—l) L,

A
1 BE, /t\+1w (7Tt+1 _ 1) 7Tt+1Y;5+1.
+ m m

(A.9.6)
(A.9.6k)
(A.9.61)

(A.9.6m)

(A.9.6n)

(A.9.60)

Note that equation (A.9.6g) derives from equation (3.7) if we normalize the outstanding

shares to unity. Equation (A.9.6m) is just another way to write the definition of end-

of-period real money balances m; = M, /P, given the definition of the money growth

factor p; and the inflation factor m;. Since the nominal interest rate ;1 is determined

in period ¢, it is non-stochastic with respect to the conditional expectations operator
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E;. Thus, condition (3.2d) can be written as

which allows one to reduce the first-order condition (A.9.6k) to a static equation by
using the definition (A.9.6m) and the Taylor rule (A.9.6n).?* Considering the maxi-
mization problem of the firm, equation (A.9.61) recursively defines the end-of-period

value of the firm, if investment is entirely financed from internal funds.

Stationary Equilibrium. As usual, the stationary equilibrium is defined by setting
the shocks equal to their unconditional means and by assuming z;,1; = x; = «x for all

variables x of the model. In this case, equation (A.9.60) simplifies to

1
r=%"- (A.9.7a)

€y

and equation (A.9.61) reduces to

Y 1-81-9)

A.9.
I T ) (A.9.7b)
so that for given N the stationary stock of capital equals
K = N(Y/K)aT1. (A.9.7¢)

and output Y is determined by (A.9.6d). Given the properties of the adjustment cost
function ® (see Section 2.2), equation (A.9.6h) implies

I = 6K, (A.9.7d)

and we get the stationary value of consumption from the resource constraint (A.9.6e).
Given the solution for C' we can compute the solution for A from (A.9.6a). The
stationary real wage follows from equation (A.9.6¢). This allows us to determine the

parameter vy:

v = Aw (N — x¥N) ™. (A.9.7¢)
Dividends d follow from equation (A.9.6g). The stationary share price derives from
(A.9.61):

v = id. (A.9.7f)

1-p

24Otherwise, the model must be solved by using the generalized Schur factorization.
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In the stationary equilibrium, the Taylor rule (A.9.6n) fixes the nominal interest rate

factor @) for a given inflation target :

™
= — A.9.

and (A.9.6m) implies ;1 = 7. Finally, given 6™ equation (A.9.6k) can be used to

determine the stationary end-of-period level of real money balances m:

m = (w)/ (A.9.7h)

QM

A.10 New Keynesian Model with Sticky Wages

The Optimal Relative Wage. Substituting from (3.12) in (3.16) and (A.9.1) yields

the Lagrangian for choosing the optimal wage:

7_E, Z(ﬁw{ [(Cm(h) SUSROREY

s=0

I—y
—ew(14v My s1(h) _
_ 14 <7T5Wt(h)) () Nl+u1 +0 ( Prts > 1
Wt+s e 1 - Y

T SWe(h) (7 We(h)\
+ Ayps(h) (h) < it )) Nigs + Sips(h)diys
Py Wits
Biis(h)  Ty(h)
+ s—1 — — Ciis(h
(Qt+ ) Pt+s Pt—l—s " ( )
_ Miysia(h) = Myys(h) + Biysia(h) — Biys(h)
Pt+s

— Utts(Strst1(h) — Sirs(h))

}.

Differentiating with respect to W;(h) and setting the ensuing expression equal to zero

delivers
N €w — 1 7TSW h
EtZ(ﬁng)s{NH_s(h) [VONt-‘rs(h)Vl - P At—l—s(h) Ptt(_) }
s=0 w +s

We assume that there is a sufficiently rich set of contingent security markets so that a

representative agent exists. Thus, Ay s(h) = Ayis and all wage setters will opt for the
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Wi(

same relative wage w; = h. Therefore, the preceding condition can be stated as:

Wi
o €w F1t
War = 1Ty, (A.10.1a)
> Wy(h)\ )
Pu=E S (Bou)'m (W—”) N, (A-10.1b)
s=0 t+s
> Wy (75Wi(h) ™
Tor =By S (Bow)*Arss ( Ny, A10.1c
2t tsZ:;( )AL P Wi t+ ( )

The auxiliary variables I'j; and I'y; have a recursive definition. Consider (3.18b):

W h —ew(1+V1) 7TW h, —Ew(l—l—lll)
Iy = Et{VD ( d >> N+ (Bow)vo (A) Ntljf/l

Wt Wt+1
W (h)\ et
+ (Bow)?vo (ﬁ) Ntlj2 Tl
(A.10.2)
Therefore,
W, A —ew(14v1) } W h —ew(14v1)
i = E{ (S0 vt g (T )
t+1 t+2
W1 (h —ew(l41) Y
+ (Bw)?vo <—V[;:3( )) N+

From the perspective of period t 4 1 the variables Wy(h), Wiy1(h), and Wy, are non-

random. Thus, multiplying the previous equation on both sides by

(Wt(h)/Wt) W, )Ew(1+l/1) _ (WwAt 1 )ew(1+u1)
. <7TWt+1(h)/Wt+1 Wi = (89v) WAL+1 Wit1

and taking expectations as of period ¢ yields (since E,E;1{-} = E,{-} by the law of

iterated expecations)

_Ew(1+V1)
W
(B ) By (—A) i1

W1 W At+1

Wy (h)\
= Et{(5¢w)7/0 <W—t()) Ntlﬁ !
t+1

W, (k) T
T (B0 <—Wf( >) N L
t+2
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Together with (A.10.2) this establishes:
Flt = Vowgfw(l+yl)Nt1+V1 + BSOwEt <&> F1t+1, (A1033>
W1 WALl
Analogously, the recursive definition of the auxiliary variable I'y;,

1—ew —€w
T > ( At ) Tapir, (A.10.3b)

W1 W At+1

Doy = Aywyw i Ny + Beow (

can be derived, where

1%
wy = ?tt, (A.10.3¢)
Wi
= . A.10.3d
Wt W, ( )

Finally, note that W;_;(h) = W,_; for those that cannot adjust their wage optimally.
Thus, equation (3.13) implies:

th_ew =(1- Sow)tht_ew + pr(ﬁwt—l)l_ew
or

1= (1= o)Wy, ™ + @ (/) . (A.10.4)

Equilibrium Conditions. The equilibrium conditions of the model consist of the
firm’s optimality conditions stated in (2.11), the production function (2.3), the capital
accumulation equation (2.7), the economy’s resource constraint implied by the house-
hold’s budget constraint, the wage setting equations (3.18a)-(3.18d), the household’s
optimality conditions (2.2a), (A.9.3¢)-(A.9.3e), and the Taylor rule (3.10). We dis-
regard the solution for the stock of real balances so that the following 14 equations

determine the time path of Y;, Cy, I;, Ny, Ky, wy, war, wi, Q, T, qry Ay, Ty, and Ty

wy = (1 — )N “ K}, (A.10.5a)
1

S — A.-l .

Y, = Z,N} " “K¢, (A.10.5¢)

Y, =Gy + 1, (A.10.5d)

. €w I—‘lt
War = (A.10.5¢)
1= (1= pu)wiy; ™ + pu(mjwi) =, (A.10.5f)
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Wt

Wy = —W¢—1, (A105g)
Ty
Kt+1 — (1 - (S)Kt + ®(It/Kt)Kt7 (A105h)
A
q = PE, ;\H {aZtHNtlIfoﬂl — (1 / Kisr) + @ [P(i1 [ Kypa) +1 = 5]}
t
(A.10.5i)
At = (Ct — XCOtfl)in — /BXCEt(CtJrl — XCCI‘)?”, (A105J)
Ay = BE A Qt“, (A.10.5k)
Tt4+1
'y = Vow;w(lJrul)Nth + 5<Pw]Et (&) Ciitt, (A.10.51)
W1 W Ap41
1—e€w —€w
e ™ w
F2t g AtwtwAtht + ﬁ(pw ( ) < At ) F2t+1’ <A105m>
W41 W At+1
1-p@ _.Q
Q (T 7\ P(1—p%) @
Ot = QF (B) (?t) et (A.10.5n)

Stationary Solution. In the stationary equilibrium of the deterministic counterpart

of the model, equation (A.10.51) implies
Y 1-8(1-96)

K af

Given the stationary value of hours N, (A.10.5¢e) yields the stationary stock of capital

_1
K—N (M) ‘
af
Given the assumptions with respect to ®(//K) investment equals I = JK so that
consumption follows from (A.10.5d). Given C the stationary version of (A.10.5j) yields

A.

In equilibrium, wage inflation w must equal price inflation @ — the target of the mon-
etary authority. Equation (A.10.5f), thus, implies w4 = 1. Therefore, equations
(A.10.5e), (A.10.51), and (A.10.5m) reduce to

[ _fw vy N1
€y —1 AwN

We use this equation to fix the unknown parameter v, yielding:

w =L\ gan-tam),

v =(1-a) -
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A.11 Sticky Prices and Sticky Wages

This model merges the models of Section 3.1 and 3.2. As in the body of the paper we

neglect real money balances since they do not interact with the rest of the model.

Households. The preferences of a member h of the household sector are the same
as in (3.14), where IV, is defined in (3.11). The budget constraint of the representative
household is

B — B B
el < we Ny + (Qt - 1)_t + dSy — Ch.

U (Spp1 — Se) + 2 P,

Therefore, the household’s decisions with respect to consumption, portfolio allocation,
and nominal wages satisfy equations (3.2a), (3.2¢), (3.2d), and (3.18a)-(3.18f).

Firms. The production sector is the same as depicted in Section 3.1 so that equations

(3.92)-(3.9d) describe the optimal decisions of producer j.

Equilibrium Dynamics. The full model, thus, is described by the following set of

equations:
At = (Ot — XCCt_l)_n, (Allla)
Wy = (1 — Oé)FtZtNtiaKta, (Alllb)
Y, = Z,N} K¢, (A.11.1c)
Y, =C) + I, (A.11.1d)
1

= — A.11.1
"= LK) ( )
dt = }/;g — tht — It, (Al]_].f)

€w I—‘lt

— 2t All1
Wa €Cw — 1 F2t7 ( g>
1=01- gpw)wzﬁ” + gpw(ﬁ/wt)kew, (A.11.1h)
wy = L,y (A.11.10)

Tt
Kt+1 — (1 _5>Kt+¢(lt/Kt)Kta (A].llj)
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Appendix B

B.1 Fixed Parameters and Targets

This appendix presents the results of our study with respect to the US economy. We
take the parameters that remain the same in all models from Heer and Maufiner (2008).
They are displayed in Table B.1. The sources of our empirical targets (displayed in the
first row of Table B.2) are Mehra and Prescott (1985) for the equity premium of 6.18%
p.a., Cooley and Prescott (1995) for the relative volatilities of investment s; /sy = 2.97,
hours sy /sy = 0.98, the real wage s,,/sy = 0.44 and the correlation between output
and hours ryy = 0.78, and Gali and van Rens (2010) for the correlation between hours
and the reals wage r,n = 0.21.

Table B.1
US Calibration

Preferences £=0.99 n=1 7=0.3 N=0.33
Production a=0.36 0=0.025
Stationary Shocks p?=0.95 0%=0.00712

Integrated Shocks Inz=0.004 o0y,.=0.018

B.2 Results

Table B.2 presents the results obtained from stochastic simulations of the models con-

sidered in the body of the paper.

We set the free parameters in the benchmark model of Jermann (1998), x and ¢, so
that the model reproduces the equity premium and the relative volatility of investment
expenditures. Since it is common in studies of the US economy to assume log-linear
preferences in consumption, n = 1, we need a stronger habit than in the German
calibration (x“ = 0.951 instead of x = 0.793) to achieve this goal. The adjustment
cost parameter ( = 5.345 is not very different from its value of ( = 5.53 in the German

calibration.?®

25 Jermann (1998) employs 7 = 5, x¢ = 0.82, and ¢ = 4.35.
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Table B.2
Summary of Results - US Calibration

Equity sy S1/sy Sn/Sy Sw/Sy rynN  Twn  Score

premium

Data
6.18 1.72 2.97 0.98 044 0.78 0.21
Models

2. Real Business Cycle Models

Benchmark

exogenous labor 6.18 0.92  2.97

endogenous labor 0.48 0.33  2.37 2.96 3.78 —0.77 —-0.99 51.71
Habit in leisure 5.58 0.42 1.80 1.87 282 —-0.92 —-0.99 12.52
Predetermined hours

Firms 0.01 093  2.87 0.05 0.94 0.67 0.68 39.47

Households 6.12 0.69  2.78 0.94 1.58 —0.32 —0.80 3.56
Sticky real wages 5.96 1.88  2.49 0.74 0.79 0.63 —0.13 0.60
Two sector models

Stationary growth 426 096 1.79 0.18 418 0.75 —-0.13 19.83

Integrated growth 5.80 1.52 1.43 0.13 3.09 0.75 —0.02 10.30

Adjustment costs 5.08 0.96 1.71 0.17 4.55  0.75 —0.15 20.49

3. New Keynesian Models

Sticky prices 0.24 0.63  2.27 0.88 1.77 —-0.65 —0.78 40.51
Sticky wages 6.19 2.38  2.38 1.41 0.61 0.92 —-0.77 1.62
Sticky prices and wages 6.13 2.72 295 1.49 0.14 094 0.13 0.38

Notes: s;:=Standard deviation of time series z, where z € {Y,I, Nw} and Y, I, and N denote output,
investment, hours, and the wage, respectively. s;/s,:=standard deviation of variable x relative to standard
deviation of output y. rpyy:=Cross-correlation of variable hours with output, r,, x:=Cross-correlation of
the real wage with hours. The column Score presents the sum of squared differences between the moments

from simulations of the model and the moments from the data.

As in the German case, the model with endogenous labor fails to generate a sizeable
equity premium and predicts counterfactual negative correlations between output and

hours and between hours and the real wage.

The model with habits in both consumption and hours has three free parameters. Our

search on a coarse grid for the minimizing values of ¢ € [0.1,0.95], x¥ € [0.1,0.95],
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and ¢ € [0.2,20] found x¢ = 0.90, xV = 0.95, and ¢ = 17.5. Though the model
is able to predict a sizeable equity premium of 5.58% p.a. it implies that hours and
the real wage are much more volatile than in the data. Furthermore, it is also unable
to produce the right signs of the correlations between output and hours and between

hours and the real wage.

Among the models with predetermined hours, the model where firms employ workers
before the realization of the productivity shock is clearly inferior to the model where
the household predetermines the supply of hours. In the first version of the model, the
search over the free parameters yielded y¢ = 0.70 and ¢ = 0.2 with a score of 39.47.
In the second version, x°.91 and ¢ = 7.8 imply a score of 3.56. While the first version
produces the correct signs for the labor market correlations it badly fails with respect
to the equity premium. The second version is able to predict the equity premium but

fails with respect to the signs of the labor market correlations.

The search over the six free parameters of the sticky real wage model found ¢ = 0.935,
Y =0.96, \¢ = 0.68, \l' = 0.01, ¢ = 2.7, and p = 0.95 implying a model score of
0.60. Thus, as in the German case, it requires strong habits and a high degree of real

wage rigidity to explain both the equity premium and the labor market facts.

The two sector model of Boldrin, Christiano, and Eichenbaum (2001) has just one free
parameter. In the version with a stationary productivity shock, x¢ = 0.79 minimized
our score statistic. Though the model is able to predict a sizeable equity premium, it
implies an excessive volatility of the real wage. Overall, it fits the US data quite less well
than does the German calibration with respect to our German target statistics. The
version with an integrated technology shock and x¢ = 0.76 performs much better with
a score of 10.30, though in this model, too, wages are too volatile. In the adjustment
cost version of the model ¢ = 0.80 and ¢ = 0.001 yield a score of 20.49. Thus, as in

the German calibration, adjustment costs do not yield a better model.

The results reported for the sticky price model employ €, = 6 and d, = 1.5. The five
free parameters are x¢, ¥V, ¢, ¥, §;, 09. We searched over a coarse grid covering
the intervals x¢ € [0.5,0.95], XV € [0.2,0.95], ¢ € [1.2,4.25], ¥ € [0.01,140], 6; €
[0.01,0.95] and 0@ € [0.507,507]. The minimizer is the set of parameters y“ = 0.92,
YN =020, (=181 =1.0, 8 =0.01, and 09 = 50%. As in the German calibration,
the model is neither able to predict a sizeable equity premium nor the correct sign of
the labor market correlations. With a score of 40.54 it is only slightly better that the
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real model with endogenous labor supply. Remarkably, price rigidity does not play any

role in this model, since with @) = 1 prices are almost perfectly flexible.

Our simulations of the sticky wage model use €, = 4 from Erceg, Henderson, and
Levin (2000). The best choice (on a coarse grid) of the free parameters is ¢ = 0.95,
¢ =25, ¢, = 093, §; = 88, and 09 = 4.807. The model is in good accordance
with the US-targets, except for the negative correlation between hours and the real
wage. With a score of 1.62 it fits the fact much better than the sticky price model.
Note that ¢, = 0.93 indicates a high degree of wage stickiness and that it requires
a predominance of monetary shocks over productivity shocks 09 /0? = 4.8 to achieve

this result.

In the model with both sticky nominal prices and wages we set ¢, = 6.0 and ¢,, = 4.0.
The score statistic for this model is 0.38. It is achieved for y© = 0.95, ¢ = 1.8, ¢ = 170,
bw = 0.85, 9 = 0.90, and 0% = 4.50%. As compared to the sticky real wage model of
Uhlig (2007) the real wage stickiness that results from a combination of nominal price

and wage stickiness comes slightly closer to the US targets.

Summarizing, the overall picture is similar to the results obtained with respect to the
German calibration. Among the one-sector real business cycle models the sticky real
wage model has the smallest score statistic. The model with hours predetermined by the
household comes closer to the facts than the two sector models. In the US calibration
this result is more pronounced. Different from the German calibration the two-sector
model with integrated technology shocks dominates the model with stationary shocks.
With respect to the three New Keynesian models sticky wages are in much better
accordance with the empirical facts than the sticky prices model. For US data, adding

sticky prices to this model even improves the fit with the data.
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