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Asset-return implications of nominal price and wage rigidities are analyzed in general
equilibrium. Nominal rigidities, combined with permanent productivity shocks, increase
expected excess returns on production claims. This is mainly explained by consumption
dynamics driven by rigidity-induced changes in employment and markups. An interest-
rate monetary policy rule affects asset returns. Stronger (weaker) rule responses to
inflation (output) increase expected excess returns. Policy shocks substantially increase
asset-return volatility. Price rigidity heterogeneity produces cross-sectoral differences
in expected returns. The model matches important macroeconomic moments and the
Sharpe ratio of stock returns, but only captures a small fraction of the observed equity
premium.

& 2014 Elsevier B.V. All rights reserved.
1. Introduction

Explaining both asset return and aggregate business cycle fluctuations in a unified framework remains an important
challenge in financial economics. Standard real business cycle models imply a counterfactually low compensation for risk in
asset returns, partly because production factors can be freely adjusted to reduce consumption risk.2 This has motivated the
introduction of real frictions to these models, such as investment adjustment costs and imperfect factor mobility,3 to
attenuate the households' ability to smooth consumption. In the spirit of the New Keynesian literature, we study a different
friction in an equilibrium model, i.e., rigidities in nominal product prices and wages, to address (i) how these rigidities and
monetary policy affect the valuation of production claims such as stocks, and (ii) how productivity and monetary policy
shocks affect the return dynamics of these claims.

Exploring nominal rigidities for the analysis of asset returns is motivated first by ample evidence of their existence in
United States data. For instance, Nakamura and Steinsson (2008) report a median duration of prices between 8 and 11
paper that previously circulated as “Monetary Policy Risk and the Cross-Section of Stock Returns.”
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months, and Barattieri et al. (2014) suggest an average wage duration between 3 and 4 quarters.4 Second, models with
nominal rigidities, such as Christiano et al. (2005) and Smets and Wouters (2007), have become the workhorse model for
macroeconomic and policy analysis in central banks. These models capture important business cycle dynamics and are
widely used to understand howmonetary policy affects the real economy. It is then of significant importance to examine the
link between monetary policy and asset returns implied by these models.5

The main findings in the paper are as follows. First, nominal rigidities, in combination with persistent shocks to
productivity growth, improve the model's ability to generate positive and sizable expected excess returns in production
claims. Second, the quantitative impact of wage rigidities on the equity premium is significantly larger than the impact
of price rigidities. Third, monetary policy shocks have a large contribution to asset return volatility, but a minor effect
on expected excess returns. Fourth, monetary policy rules with a greater weight on interest rate smoothing, a greater
responsiveness to inflation, or a lower responsiveness to output lead to larger expected excess returns. Fifth, differences in
price rigidities translate into differences in expected returns across production sectors. These differences are determined by
product elasticities of substitution within and across sectors. Finally, the model calibration implies an annualized equity
premium of only one percent, and a minor effect of monetary policy rules on asset returns. As in many other equilibrium
models, it reflects the significant difficulty to amplify macroeconomic risk and generate enough asset return volatility.

Our production economy model has four main ingredients. First, a representative household with Epstein and Zin (1989)
recursive preferences over consumption and labor. Recursive preferences disentangle the elasticity of intertemporal
substitution of consumption (EIS) from risk aversion. As illustrated by Tallarini (2000), this separation is useful to keep
reasonable values for the elasticity of substitution to match macroeconomic dynamics, while having values for risk aversion
that match empirical Sharpe ratios of financial assets. Second, nominal rigidities are modeled in a staggered wage and price
setting following Calvo (1983). The representative household provides differentiated labor types to the production sector
and has monopolistic power to set wages. However, at each point of time the household can only adjust wages optimally for
a fraction of labor types. Similarly, firms provide differentiated products and have monopolistic power to set their prices. At
each point of time, a firm can only adjust the price optimally with some positive probability. Third, monetary policy is
modeled as a Taylor (1993) policy rule to set the level of a nominal interest rate. The rule responds to current economic
conditions and is affected by policy shocks. Fourth, the model incorporates permanent and transitory shocks to productivity.
This shock specification is motivated by Campbell (1994), who shows that permanent and transitory shocks have different
effects on optimal consumption and asset returns, and by the Alvarez and Jermann (2005) empirical evidence of a significant
permanent component in the pricing kernel.

The model is calibrated to match relevant properties of quarterly U.S. data for the 1982–2008 period. Price and wage
rigidity parameters are chosen to match the average duration of prices and wages in the data. Parameters describing shocks,
preferences, and the monetary policy rule are calibrated to match consumption, inflation, and interest rate volatility. Risk
aversion is set to match the Sharpe ratio implied by equity returns. The calibration implies an EIS of around 0.15, and a
coefficient of relative risk aversion of around 16.

In the calibration, permanent productivity shocks contribute more than 96% to the risk premia in output and profit
claims. This occurs despite the fact that the volatilities of the three model shocks are of comparable order of magnitude. To
understand why, the pricing kernel is decomposed into short- and long-run components. Permanent productivity shocks
have persistent effects that drive both components in the same direction, generating a large price for this risk. On the
contrary, transitory productivity and monetary policy shocks have mean-reverting effects that drive the short- and long-run
components in opposite directions, reducing their prices of risk.

In the absence of nominal rigidities, permanent productivity shocks imply a negative equity premium if the EIS is lower
than one, echoing the results in Bansal and Yaron (2004) and Kaltenbrunner and Lochstoer (2010). After a negative
permanent shock, output decreases. A substitution effect reduces the demand for future output claims and, hence, lowers
the price of these claims. A wealth effect raises the relative price of future consumption and, hence, the price of output
claims. The wealth effect dominates if the EIS is less than one, and output claims have a negative expected excess return
over the risk-free rate.

In the presence of nominal rigidities, permanent productivity shocks generate a positive equity premium if the EIS
is lower than one. Output dynamics are affected by the rigidities through their effects on employment and production
markups. After a negative permanent shock, wages remain higher than optimal due to wage rigidities, and prices do not
adjust enough to compensate for higher labor costs due to price rigidities. Employment decreases, amplifying the negative
effect of the shock on output. Over time, real wages adjust towards their optimal levels, translating into higher expected
future output growth. A substitution effect leads to a higher demand for claims on future output and, hence, a higher price
for these claims. A wealth effect reduces the relative price of future output and lowers the price of output claims. The wealth
effect dominates if the EIS is lower than one, and returns on output claims become procyclical and embed a positive risk
premium. Procyclical product markups induced by the rigidities further amplify the volatility of dividend claims relative to
output claims, increasing the equity premium.
4 Blinder et al. (1998) summarize theories for the existence of price rigidities based on the nature of costs, demand, contracts, market interactions, and
imperfect information. Wage rigidities are linked to the nature of labor contracts, unions, and laws.

5 Bond returns have been analyzed extensively in the New Keynesian framework. See for instance Bekaert et al. (2010), Rudebusch and Swanson (2008,
2012) and Palomino (2012). Stock returns have been less studied in this literature.



E.X.N. Li, F. Palomino / Journal of Monetary Economics 66 (2014) 210–225212
Monetary policy is not neutral under nominal rigidities. The model calibration implies that a 50-basis-point increase
in the annualized nominal interest rate leads to a 62-basis-point decrease in equity returns, implying a positive equity
premium. This premium is affected by the monetary policy rule. Rules with a higher responsiveness to inflation, lower
responsiveness to output, or greater weight on interest-rate smoothing amplify the effects of permanent productivity shocks
and increase expected excess returns. These results are explained by the effects of the rule on the real interest rate. However,
monetary policy shocks have a small price of risk, only contribute with 1.5% of the total equity premium, and changes in risk
premia from variations in the monetary policy rule parameters are quantitatively small.

A model extension to incorporate two production sectors allows us to explore the asset return implications of different price
rigidities across sectors. Differences in the returns of claims on sectoral profits are driven by the difference in product prices
(relative price) induced by the heterogeneous price rigidities. A high relative price for one sector leads to two opposite effects:
lower profits due to lower output demand, and higher profits due to a higher production markup. The elasticity of substitution of
products across sectors determines the difference in sectoral output demands. The elasticity of substitution of products within
each sector determines the difference in sectoral markups. Depending on the difference between the two elasticities, the sector
with higher price rigidities could earn higher or lower expected returns than the sector with lower price rigidities.

The contribution of the paper can be evaluated in three different dimensions. First, it shows that employment dynamics can
play an important role in shaping risk premia. This channel can complement the investment channel already explored in the
literature. Second, it links nominal rigidities to asset returns. This link can be important to understand the transmission channels
of monetary policy. Third, it studies the effects of multiple shocks on asset prices in a calibrated framework. Asset returns
can reflect compensations for shocks different than productivity shocks, that are important for macroeconomic dynamics.
Quantitatively, nominal rigidities and permanent productivity shocks increase the equity premium relative to comparable real
business cycle models. However, the model only generates one seventh of the observed equity premium, and the effects of
monetary policy on asset returns are small. Despite this limitation, the model provides a reference point for asset-pricing New
Keynesian models. Other elements such as additional frictions or shocks can be added to improve its quantitative performance.

This paper joins the literature that links the real economy to asset prices in a unified framework,6 such as Kaltenbrunner and
Lochstoer (2010), Croce (2014), and Gourio (2012). It is mostly related to Boldrin et al. (2001) and Christiano et al. (2005). Boldrin
et al. (2001) show that adding frictions in intersectoral factor mobility and habit formation in preferences to the standard
business cycle model of Kydland and Prescott (1982) reproduces important business cycle and equity return properties,
simultaneously. However, habit formation also leads to a counterfactually high volatility in the risk-free rate. Our model instead
relies on Epstein and Zin (1989) recursive preferences and permanent productivity shocks to achieve both a high price of risk and
low volatility in the risk-free rate. As in the standard New Keynesian framework, described in Woodford (2003) and explored by
Christiano et al. (2005), frictions in the model result from nominal price and wage rigidities. While Christiano et al. (2005) focus
on their business cycle implications, this paper analyzes the effects of these frictions on asset prices.

The paper also is related to empirical studies on the response of the stock market to monetary policy shocks, such as
Thorbecke (1997), Rigobon and Sack (2004), and Bernanke and Kuttner (2005), among others. Consistent with these studies,
our model reproduces the positive (negative) response in the stock market value to expansionary (contractionary) policy
shocks. However, this response in the model calibration is only one quarter of the one found empirically.

Recent efforts to understand the effects of labor and its frictions on asset returns are related to this paper. Lettau and Uhlig
(2000) find that labor negatively affects the performance of habit models to capture the equity premium. This performance can
be improved by adding real wage rigidities as shown by Uhlig (2007). In the same spirit, Favilukis and Lin (2013) analyze different
asset return quantitative implications of infrequent renegotiation of real wages. This paper explores nominal instead of real wage
rigidities, and time-varying instead of fixed employment, to understand their effects on asset returns.

A particular channel linking monetary policy to asset returns, i.e., monetary policy interest rate rules through nominal
rigidities, is studied in this paper. Other channels have been explored theoretically or found empirically. For instance,
Bhamra et al. (2011) provide an alternative channel for monetary policy to affect the real economy based on nominal
rigidities in debt obligations. Lucca and Moench (2013) find robust evidence of a significant stock return during the 24-hour
period before the FOMC meeting. This evidence suggests a puzzling strong link between asset returns and monetary policy
difficult to study in equilibrium models.

The paper is organized as follows. Sections 2 and 3 present the model, its calibration and main implications. Sections 4
and 5 explain the mechanisms linking asset returns to nominal rigidities and monetary policy rules, respectively. Section 6
summarizes some cross-sectional implications and Section 7 concludes.

2. The model

We model a production economy where households derive utility from the consumption of a basket of differentiated
goods and disutility from supplying a basket of differentiated labor services for the production of these goods. The
differentiated goods are produced in an environment characterized by monopolistic competition and nominal price and
wage rigidities. If some producers are not able to adjust prices optimally and/or if households are not able to adjust their
wages optimally, inflation generates distortions in relative prices and/or real wages that affect production decisions. Since
6 Cochrane (2006) provides an extensive summary of the main findings and challenges in this literature.
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inflation is determined by monetary policy, different policies have different implications for real activity, affecting the
returns on financial claims linked to production (e.g., stocks). Monetary policy is an interest-rate policy rule that reacts
to inflation and deviations of output from a target. Productivity and monetary policy shocks are the sources of risk in
the economy. Most model elements are standard in the New Keynesian literature with three exceptions. First, recursive
preferences to increase risk aversion without affecting the elasticity of intertemporal substitution. This approach also has
been used by Rudebusch and Swanson (2012). Second, transitory and permanent components in productivity shocks to
identify their respective contributions to risk premia. Third, a model solution using second-order approximations of the
optimality conditions to capture risk premia in expected asset returns.

2.1. Household

The representative household in this economy chooses consumption Ct and labor supply Nt
s
to maximize the Epstein and

Zin (1989) recursive utility function

Vt ¼ ð1�βÞUðCt ;N
s
t Þ1�ψ þβEt ½V ð1� γÞ=ð1�ψÞ

tþ1 �ð1�ψÞ=ð1� γÞ; ð1Þ

where β40 is the subjective discount factor, ψ �140 is the elasticity of intertemporal substitution of the utility aggregator
of consumption and labor, and γ40 determines the coefficient of relative risk aversion. The recursive utility formulation
allows us to relax the strong assumption of γ ¼ ψ implied by constant relative risk aversion. The intratemporal utility is

U Ct ;N
s
t

� �¼ C1�ψ
t

1�ψ
�κt

ðNs
t Þ1þω

1þω

 !1=ð1�ψÞ

; ð2Þ

where ω�140 captures the Frisch elasticity of labor supply. The process κt, defined in Section 2.2, is introduced to preserve
balanced growth. The consumption good is a basket of differentiated goods produced by a continuum of firms, defined as
the Dixit–Stiglitz aggregator

Ct ¼
Z 1

0
CtðjÞðθp �1Þ=θp dj

" #θp=ðθp �1Þ

; ð3Þ

where θp41 is the elasticity of substitution across differentiated goods, and Ct(j) is the consumption of the intermediate
good j. As shown in Appendix A, household's utility maximization leads to the demand function for intermediate goods j7

Ct jð Þ ¼
PtðjÞ
Pt

� ��θp

Ct ; ð4Þ

where Pt is the price of the final consumption good and Pt(j) is the price of intermediate goods j.
Following Schmitt-Grohe and Uribe (2007), we assume that the representative household provides a continuum of

differentiated labor services indexed by kA ½0;1�. The aggregate supply of labor is

Ns
t ¼

Z 1

0
Ns

t ðkÞ dk; ð5Þ

where Ns
t ðkÞ is the supply of labor type k.8

The representative household is subject to the intertemporal (nominal) budget constraint

Et ∑
1

s ¼ 0
M$

t;tþ sPtþ sCtþ s

� �
rEt ∑

1

s ¼ 0
M$

t;tþ sPtþ sðLItþ sþDtþ sþφtþ sÞ
� �

; ð6Þ

where M$
t;tþ s is the nominal discount factor for cash flows at time tþs. The real labor income from supplying labor to the

production sector is

LIt ¼
Z 1

0

WtðkÞ
Pt

Ns
t kð Þ dk; ð7Þ

where Wt(k) is the wage of labor type k. The household owns the production sector and receives aggregate real dividends
(profits) Dt.9 The last term in the budget constraint is the aggregate operation cost incurred during production, φt. Its
detailed discussion will be given in Section 2.2.
7 Appendices can be found as part of the online supplemental material, or in the working paper version on the authors' websites.
8 This approach is different from the standard heterogeneous households approach to model wage rigidities in Erceg et al. (2000), where each

household supplies a differentiated type of labor. In the presence of recursive preferences, this approach introduces heterogeneity in the marginal rate of
substitution of consumption across households since it depends on the labor types supplied by households. We avoid this difficulty and obtain a unique
marginal rate of substitution by modeling a representative agent who provides all different types of labor.

9 It is assumed that the household does not participate in managing the production activity. In reality, individuals own firms through diffused
ownership and collectively hire professional managers to run firms for them.
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Appendix A shows, from the household's optimality conditions, that the one-period real and nominal discount factors are
the marginal rates of substitution

Mt;tþ1 ¼ β
Ctþ1

Ct

� ��ψ Vtþ1

Et ½V1� γ
tþ1 �1=ð1� γÞ

 !ψ � γ

; and M$
t;tþ1 ¼Mt;tþ1

Ptþ1

Pt

� ��1

; ð8Þ

respectively. The real and nominal discount factor gives us the one-period (continuously compounded) real nominal interest
rates, characterized, respectively, as

rt ¼ � log Et ½Mt;tþ1�; and it ¼ � log Et ½M$
t;tþ1�: ð9Þ

2.1.1. Wage setting
The labor market is imperfectly competitive. The representative household monopolistically provides the continuum of

differentiate labor services described by Eq. (5). These labor services produce the homogeneous labor service used by the
production sector, Nt

d
, given by

Nd
t ¼

Z 1

0
Ns

t ðkÞðθw �1Þ=θw dk

" #θw=ðθw �1Þ

; ð10Þ

where θw41 is the elasticity of substitution across differentiated labor types. Appendix A shows that the optimal demand
for labor type k is

Ns
t kð Þ ¼ WtðkÞ

Wt

� ��θw

Nd
t ; ð11Þ

and the aggregate wage is

Wt ¼
Z 1

0
W1�θw

t ðkÞ dk
" #1=ð1�θwÞ

: ð12Þ

Note that Nt
s
refers to the aggregate supply of all labor types, while Nt

d
refers to the homogeneous labor service demanded by

the production sector. The household chooses wages Wt(k) for all labor types k under Calvo (1983) staggered wage setting.
Specifically, at each time t the household adjusts wages optimally only for a fraction 1�αw of random labor types. For the
remaining fraction αw, the household keeps the previous period wages Wt�1ðkÞ. Since the demand curve and the cost of
labor supply are identical across different labor types, the optimal nominal wage of labor type k, Wn

t ðkÞ, is the same for all
labor types kA ½0;1�, denoted as Wn

t . The appendix shows that the optimal wage satisfies

Wn

t

Pt
¼ μw;tκtðNs

t ÞωCψ
t ; ð13Þ

where μw;t is the time-varying wage markup (described in the appendix). Eq. (13) can be interpreted as follows: in the
absence of wage rigidities (αω ¼ 0), the marginal rate of substitution between labor and consumption is κtðNs

t ÞωCψ
t , and the

optimal wage is this rate adjusted by the optimal constant markup μw ¼ θw=ðθw�1Þ. Wage rigidities generate a time-varying
wage markup μw;t , since the wage of some labor types is not adjusted optimally.

2.2. Production sector

The production of differentiated goods is characterized by monopolistic competition and price rigidities in a continuum
of firms. Firms, indexed by j, take wages as given and set prices for their differentiated goods in a Calvo (1983) staggered
price setting: at each time t, a fraction αp of random firms keep their previous period prices Pt�1ðjÞ, while the remaining
fraction 1�αp set prices to maximize the present value of their profits. A firm maximizing profits takes into account the
probability αp of not being able to adjust the price optimally in the future. Specifically, firm j solves the maximization
problem

max
fPt ðjÞg

Et ∑
1

s ¼ 0
αspM

$
t;tþ s½PtðjÞYtþ sjtðjÞ�Wtþ sjtN

d
tþ sjtðjÞ�φtþ s�

� 	
; ð14Þ

subject to the demand function

Ytþ sjt jð Þ ¼ PtðjÞ
Ptþ s

� ��θp

Ytþ s; ð15Þ

and the production function

Ytþ sjtðjÞ ¼ Atþ sN
d
tþ sjtðjÞ: ð16Þ
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Output Ytþ sjtðjÞ is the production of firm j at time tþs given that its last optimal price change was at time t. The wageWtþ sjt
and the firm's demand Nd

tþ sjtðjÞ of homogeneous labor service have a similar interpretation. The functional form of the
demand function is identical to the demand function for consumption in Eq. (4).

The production function depends on labor productivity At and labor. We assume that labor productivity contains
permanent and transitory components. Specifically, At ¼ Ap

t Zt ; where the permanent and transitory components follow
processes:

Δ log Ap
tþ1 ¼ ϕaΔ log Ap

t þsaεa;tþ1; ð17Þ
and

log Ztþ1 ¼ ϕz log Ztþszεz;tþ1; ð18Þ
respectively, with Δ as the difference operator, and innovations εa;t and εz;t � IIDN ð0;1Þ. Given the permanent component in
productivity, the operation cost is defined as φt � Ap

t φ. Under this definition, the operation cost is fixed (φ) relative to the
balanced growth path. The cost is paid by producers to the household as presented in the budget constraint (6). An example
of this cost is rental of office space owned by households. Similarly, the scaling process κt in the utility function (2) is defined
as κt � ðAp

t Þ1�ψ to preserve balanced growth.
All firms that set prices optimally face and identical maximization problem and then choose the same optimal price Pn

t
when allowed. Appendix B shows that the optimal price satisfies

Pn

t

Pt

� �
¼ μp;t

At

Wt

Pt
; ð19Þ

where μp;t is the time-varying product markup (described in the appendix). Eq. (19) can be interpreted as follows: In the
absence of price rigidities, the product price is the markup-adjusted marginal cost of production, with optimal markup
μp ¼ θp=ðθp�1Þ. Price rigidities generate the time-varying markup μp;t , since some firms do not adjust their prices optimally.

2.3. Monetary policy

The monetary authority sets the level of the one-period nominal interest rate it. Monetary policy is described by the
policy rule

it ¼ ρit�1þð1�ρÞðıþ ıππtþ ıxxtÞþut ; ð20Þ
where the interest rate is set responding to the lagged interest rate, aggregate inflation πt � log Pt� log Pt�1, the output gap
xt, and a policy shock ut. The output gap is defined as

xt � log Yt� log Yf
t ; ð21Þ

where Yt
f
is the output under perfectly flexible prices and wages, defined in Appendix D. The policy shock follows the process

utþ1 ¼ ϕuutþsuεu;tþ1; ð22Þ
with εu � IIDN ð0;1Þ.

2.4. Asset returns

The real price of a claim on all future cash flows fBtþ sg1s ¼ 1 is

SB;t ¼ Et ∑
1

s ¼ 1
Mt;tþ sBtþ s

� �
: ð23Þ

The one-period real return of this claim is

RB;tþ1 ¼
Btþ1þSB;tþ1

SB;t
¼ Btþ1

Bt

1þPB;tþ1

PB;t

� �
; ð24Þ

where PB;t is the price-cash flow ratio, defined as PB;t � SB;t=Bt .
We analyze expected returns for claims on aggregate output (B¼Y) and dividends (B¼D). Appendix F derives the

approximate decomposition for the expected excess return

log Et ½RB;tþ1�� log Rf ;t ¼ �covtðmt;tþ1;Δbtþ1Þ�covtðmt;tþ1; logð1þPB;tþ1ÞÞ; ð25Þ
where Rf ;t is the one-period real risk-free rate satisfying ð1þRf ;tÞ�1 ¼ Et ½Mt;tþ1�, mt;tþ1 � log Mt;tþ1; and bt � log Bt . We use
this decomposition for the analysis.

2.5. Equilibrium

The equilibrium of the economy requires product, labor, and financial market clearing. Product market clearing requires
that consumption equals production, i.e., Ct¼Yt. Labor market clearing requires that the supply and demand of labor type k
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to produce good j are equal for all k and j. Financial market clearing requires the nominal interest rate from the household's
problem in Eq. (9) to match the interest rate set by the monetary authority, i.e.,

� log E½M$
t;tþ1� ¼ ρit�1þð1�ρÞðıþ ıππtþ ıxxtÞþut :

Appendix D provides a summary of the system of equations describing the equilibrium of the model. We find the
equilibrium numerically, using a second-order approximation of the optimality conditions.10 A second-order approximation
is required to capture non-zero expected excess returns on financial claims. This solution method, however, does not allow
us to explore time variation in expected excess asset returns. Expected excess returns are constant up to a second-order
approximation.
3. Calibration and model implications

We analyze the implications of nominal rigidities and monetary policy on expected asset returns of production claims,
focusing on claims on all future output and profits. The effects of nominal rigidities on expected excess returns can be
understood by the impact of these rigidities on the pricing kernel, output, labor, and production markups. The model is
calibrated to capture important dynamics of United States macroeconomic variables and stock returns. Different model
specifications are compared to highlight the most important channels driving the results.
3.1. Calibration

The calibration matches properties of quarterly U.S. data from 1982:1 to 2008:3 for consumption, inflation, the short-
term nominal interest rate, and stock returns. This period is chosen to avoid changes in the monetary policy regime, as
suggested by Clarida et al. (2000).11 The consumption series was constructed using data on real consumption of nondurables
and services from the Bureau of Economic Analysis. The series is de-trended using the Hodrick–Prescott filter. The inflation
series was constructed to capture inflation related only to consumption of non-durables and services, following the
methodology in Piazzesi and Schneider (2007). The short-term nominal rate is the 3-month T-bill rate from the Fama risk-
free rates database. The stock market data are the quarterly returns of the market portfolio obtained from the Center for
Research in Security Prices (CRSP).

Table 1 presents the parameter values for the baseline calibration. The constant growth rate of the permanent
productivity shock ga is chosen to match the growth rate of consumption for the sample period. The value of θp is chosen to
obtain an average production markup of 20%. This is the value for the “high markup” specification in Altig et al. (2011)
(hereafter ACEL). The price rigidity parameter value αp is chosen such that the average price duration is 2.2 quarters,
consistent with the empirical evidence in Bils and Klenow (2004). The value of θw is such that the average wage markup is
5%. The wage rigidity parameter αw implies a duration of wages of four quarters, as estimated in ACEL. The parameter β(and
ı ¼ � logðβÞþψga) is chosen to match the average level of the nominal risk-free rate. This value implies a growth adjusted
subjective discount factor of βe�ψga ¼ 0:975. The interest rate rule parameters ρ, ıπ , and ıx are chosen to be consistent with
the evidence for the sample period according to Clarida et al. (2000).

The parameter values for the elasticities ψ, ω, and the autocorrelations and conditional volatilities of productivity and
policy shocks are chosen to match the variance decompositions of (de-trended) consumption, inflation and the short-term
nominal interest rate presented in ACEL. ACEL use a VAR to identify productivity and policy shocks and obtain a variance
decomposition for different macroeconomic variables. Table 2 presents their variance decomposition for inflation,
consumption and the short-term interest rate.12 Productivity and policy shocks explain a small fraction of the total
volatility of the three macroeconomic variables. Based on this decomposition, parameter values are chosen to match the
contribution of these shocks to the total variability of the macroeconomic series. Since the model has both permanent and
transitory components in productivity, additional restrictions are required to identify the variability explained by each of
these components. We choose a mix of shocks that matches the volatility of consumption growth. Specifically, a calibration
in which productivity has only a permanent component implies a volatility of consumption growth significantly higher than
in the data. On the other hand, a calibration where productivity has only a transitory component implies a very low volatility
in consumption growth. The combination of permanent and transitory productivity shocks with policy shocks matches the
volatility of consumption growth in the data.13 A significant fraction of this volatility is attributed to permanent shocks.
10 We use the Dynare package available from www.dynare.org to solve the model.
11 We do not include data after 2008:3 since the financial crisis drove short-term interest rates to the zero bound. For the most recent period after

2008, monetary policy is better described by unconventional tools, such as quantitative easing, rather than by an interest-rate rule.
12 ACEL refers to these productivity shocks as “neutral technology” shocks. The variance decomposition in ACEL for the short-term rate refers to the

Federal Funds rate. We assume that the same variance decomposition applies to the three-month T-bill rate. ACEL estimate their VAR using data for 1982–
2008, consistent with our sample period.

13 Ideally, we should match the volatility of consumption growth explained by productivity and policy shocks. However, we match the total volatility of
consumption growth to make a more meaningful comparison with other asset pricing models.

www.dynare.org


Table 1
Baseline parameter values.

The table contains the parameter values for the baseline calibration. The model is calibrated at quarterly frequency. The average productivity growth and
volatilities are presented in per cent per quarter.

Parameter Description Value

Preferences
β Subjective discount factor 1.0054
ψ Inverse of elasticity of intertemporal substitutiona 6.5
γ Risk aversion parameter 84.5
ω Inverse of Frisch labor elasticity 0.35

Rigidities and monopolistic competition
θp Elasticity of substitution of differentiated goods 6
θw Elasticity of substitution of labor types 21
αp Price rigidity parameter 0.63
αw Wage rigidity parameter 0.78

Interest rate policy rule
ρ Interest-rate smoothing coefficient in policy rule 0.63
ı Constant in the policy rule 0.029
ıπ Response to inflation in the policy rule 1.5
ıx Response to output gap in the policy rule 0.125
ϕu Autocorrelation of policy shock 0.564
su Conditional volatility of policy shock 0.151

Productivity
φ Fixed production cost 0.1472
ga Average productivity growth 0.4695
ϕa Autocorrelation of permanent productivity shock 0.391
sa Conditional volatility of permanent productivity shock 0.202
ϕz Autocorrelation of transitory productivity shock 0.985
sz Conditional volatility of permanent productivity shock 0.102

a This is elasticity of the utility aggregator of consumption and labor.

Table 2
Data and model volatility.

The table contains the total volatility of macroeconomic variables and the volatility explained by the model shocks in the data and the model. The
baseline parameter values are presented in Table 1. The variance decomposition is obtained from Altig et al. (2011). Columns labeled “Prod.” refer to
aggregate productivity shocks (permanent and transitory). The column labeled “Perm.” refers to permanent productivity shocks. The column labeled
“Trans.” refers to transitory productivity shocks. The row labeled ĉ t refers to de-trended log consumption. Volatilities are measured in per cent per quarter.
The sign “�” in the data columns indicates that the statistic is not available.

Total volatility Volatility explained by the shocks

Data (1982–2008) Data Model

Variable Policy Prod. Policy Prod. Perm. Trans.

Panel A: Macroeconomic moments
it 0.65 0.24 0.09 0.24 0.09 0.07 0.06
πt 0.34 0.08 0.12 0.08 0.09 0.08 0.05
ĉ t 0.76 0.17 0.22 0.17 0.22 0.17 0.14
Δct 0.37 – – 0.12 0.35 0.35 0.03

Panel B: Asset pricing moments
Statistic Data (1982–2008) Model

Sharpe ratio (SRD) 0.215 0.215

E.X.N. Li, F. Palomino / Journal of Monetary Economics 66 (2014) 210–225 217
Table 2 shows that the model is able to match the contributions of productivity and policy shocks to the total variability
of de-trended consumption, inflation, and the nominal interest rate. The calibration implies a low elasticity of intertemporal
substitution of 1=6:5� 0:15, and a Frisch elasticity of labor supply of 1=0:35� 2:86.14

Finally, the fixed operation cost φ is set to match the volatility of dividend growth of the aggregate stock market, and γ
to match the stock market quarterly Sharpe ratio, as in Tallarini (2000) and Kaltenbrunner and Lochstoer (2010). Consistent
14 Macroeconomic models usually rely on elasticities of substitution between 0 and 1. The Bansal and Yaron (2004) model requires an elasticity of
substitution greater than 1 in order to capture the observed equity premium. Empirical estimates are below and above 1. For instance, Hall (1988) provides
an estimate very close to zero, and Vissing-Jorgensen (2002) finds an elasticity for stockholders around 0.3–0.4., and very close to zero for non-
stockholders. On the other hand, Vissing-Jorgensen and Attanasio (2003) conclude that the elasticity for stockholders is likely to be above 1.
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with the empirical practice, the nominal risk-free rate and expected asset returns are used to calculate the model implied
Sharpe ratio.

The recursive utility specification is critical for the model to match the Sharpe ratio. As in Tallarini (2000), the
macroeconomic properties of the model depend on the elasticity of substitution but are not significantly affected by risk
aversion. The parameter γ is set at 84.5. In the presence of leisure preferences, the household's attitude toward risk is not
only determined by this parameter but also by the willingness to supply labor in different states of the world. As shown by
Swanson (2012), the (average) coefficient of relative risk aversion for the recursive preferences in Eq. (1) is

ψ

1þψμw
ωμp

þ γ�ψ

1�1�ψ
1þω

� 16:

This value is still high according to empirical and experimental evidence,15 but significantly lower than the values required
by standard real business cycle models to match Sharpe ratios. For instance, Tallarini (2000) requires a risk aversion
coefficient of around 1000.
3.2. Quantitative results

We explain in this section the three main implications for asset returns of the model calibration. First, expected excess
returns on production claims are mainly a compensation for shocks to the permanent component of productivity. Table 3
presents summary statistics for the baseline calibration along with those from alternative model specifications. Column (1)
shows that the quarterly expected excess returns on output and profit claims are 12 and 24 bps, respectively, in the baseline
calibration. Claims on profits are riskier than claims on output as a result of a procyclical production markup, ρðΔc; log μÞ40,
and the fixed operation cost, φ40. Fixed operation costs add a leverage effect that amplifies the magnitude and risk of
returns on profit claims. In an economy with no fixed production costs (φ ¼ 0), the expected excess return on the profit
claim is 13 bps. The procyclical markup is the result of price rigidities (in combination with wage rigidities). Profits are
riskier than output because profits decline by more than output when marginal utility is high, as a result of lower markups
(product prices are low relative to marginal costs).

Columns (2)–(4) in the table allow us to quantify the individual contributions of the three model shocks to the results.
Each column corresponds to the baseline calibration with only one shock in the economy (the volatility of the two other
shocks is set to zero). It is clear from the table that expected excess returns are mostly a compensation for permanent
productivity shocks. These shocks contribute around 12 and 23 bps to the premium in output and profit claims, respectively.
The total contribution of transitory productivity and policy shocks is less than one basis point. The difference is also reflected
in the implied Sharpe ratios. The Sharpe ratio for permanent shocks is significantly higher than the Sharpe ratios for the
other two shocks: 0.28 for permanent shocks in profit claims compared to 0.01 for transitory productivity and policy shocks.
The significant difference in the contributions of these shocks is explained in Section 4.

The second finding is that both price and wage rigidities increase expected excess returns on output and profit claims,
but wage rigidities have a significantly larger impact than price rigidities. Table 4 allows us to make comparisons of
the baseline model with model specifications with no rigidities, or only wage or price rigidities.16 The economy with no
rigidities in column (2) can be seen as a frictionless real business cycle economy. In the absence of nominal rigidities, the
model implies negative expected excess returns on both output and profit claims. Once wage rigidities or price rigidities are
introduced, columns (3) and (4), respectively, show that expected excess returns on these claims become positive. It can
be seen that wage rigidities generate larger expected excess returns than price rigidities. This can be explained by the
significant response of employment to permanent productivity shocks under wage rigidities, as shown in Section 4. It is
worth noting in column (3) that claims on output and profits have the same expected returns since markups are constant
when prices are flexible. On the other hand, column (4) shows that profit claims are less risky than output claims in a model
with only price rigidities.

The third finding is that the magnitude of the equity premium implied by the model is very small in comparison to its
empirical counterpart. Table 3 shows that the expected excess return on profit claims is 24 bps per quarter in the baseline
calibration. This represents a small fraction of the equity premium of 1.78% per quarter in the data. Since the calibration
matches the empirical Sharpe ratio, the result implies that the volatility of profit claim returns in the model is too low. It
occurs despite the fact that the calibration matches the volatility of dividend growth in the data. This leads us to conclude
that the traditional model with nominal rigidities has a significant limitation to translate macroeconomic volatility into
asset return volatility. We address this shortcoming, provide an interpretation, and suggest potential improvements for the
model in Section 7.
15 See, for instance, Barsky et al. (1997).
16 For this comparison, the fixed operation cost φ is set to zero. This simplification allows a clean comparison across models for returns on profit claims,

and does not alter the qualitative properties of the model. Specifically, the fixed operation cost value was chosen in the baseline model to match the
volatility of aggregate dividends. This value implies and implausibly high dividend growth volatility in the specification with only price rigidities that
obscures the interpretation of the results.



Table 3
Model summary statistics. The effect of different shocks.

The table contains statistics for the model baseline calibration and the contribution of each model shock to the results. The baseline parameter values are
presented in Table 1. “Baseline” indicates an economy with both price and wage rigidities. “Only Ap” indicates only permanent productivity shocks
ðsz ¼ su ¼ 0Þ. “Only Z” indicates only transitory productivity shocks ðsa ¼ su ¼ 0Þ. “Only u” indicates only policy shocks ðsa ¼ sz ¼ 0Þ. De-trended log
consumption is denoted by ĉ t . Excess returns and the Sharpe ratio for asset b are XRb;t ¼ Rb;tþ1�Rf ;t , and SRb ¼ E½XRb;t �=sðXRb;t Þ, respectively. Volatilities and
returns are measured in per cent per quarter. The sign “�” in the data column indicates that the statistic is not available.

(1) (2) (3) (4)
Statistic Data Baseline Only Ap Only Z Only u

Panel A: Macroeconomic variables
sðπÞ 0.34 0.12 0.08 0.05 0.08
sðĉÞ 0.76 0.27 0.17 0.14 0.17
sðiÞ 0.65 0.26 0.07 0.06 0.24
sðlog μpÞ – 0.17 0.13 0.08 0.07
sðΔcÞ 0.37 0.37 0.35 0.03 0.12
sðΔdÞ 8.10 8.10 6.74 4.39 0.97
ρðΔc; log μpÞ – 0.47 0.60 0.77 0.03

ρðΔc;ndÞ 0.10 0.30 0.87 �0.06 0.37

Panel B: Asset returns
E½i� 1.30 1.30 1.31 2.53 2.54
E½XRY ;tþ1� – 0.12 0.12 0.002 0.004
E½XRD;tþ1� 1.78 0.24 0.23 0.006 0.003
sðRY Þ – 0.85 0.43 0.12 0.72
sðRDÞ 8.30 1.10 0.82 0.47 0.56
SRY – 0.15 0.28 0.01 0.01
SRD 0.22 0.22 0.28 0.01 0.01

Table 4
Model summary statistics. The effect of different rigidities.

The table contains statistics for the model baseline calibration and the contribution of each nominal rigidity to the results. The baseline parameter values
are presented in Table 1, except for the fixed cost parameter φ . All model specifications assume φ ¼ 0. “Baseline” indicates the baseline economy with both
price and wage rigidities. “No Rig.” indicates no price and wage rigidities ðαp ¼ αw ¼ 0Þ. “Only WR” indicates no price rigidities ðαp ¼ 0Þ. “Only PR” indicates
no wage rigidities (αw¼0). De-trended log consumption is denoted by ĉ t . Excess returns and the Sharpe ratio for asset b are XRb;t ¼ Rb;tþ1�Rf ;t , and
SRb ¼ E½XRb;t �=sðXRb;t Þ, respectively. Panel C reports the conditional standard deviations of the pricing kernel m, its short-run component mSR, and its long-
run component mSR, as well as the conditional correlation between the short-run and the long-run components. Volatilities and returns are measured in
per cent per quarter. The sign “�” in the data column indicates that the statistic is not available.

(1) (2) (3) (4)
Statistic Data Baseline No rig. Only WR Only PR

Panel A: Macroeconomic variables
sðπÞ 0.34 0.12 0.86 0.21 0.33
sðĉÞ 0.76 0.27 0.12 0.28 0.17
sðiÞ 0.65 0.26 0.42 0.26 0.14
sðlog μpÞ – 0.17 0.00 0.00 0.84
sðΔcÞ 0.37 0.37 0.22 0.38 0.30
sðΔdÞ 8.10 0.69 0.02 0.22 4.48
ρðΔc; log μpÞ – 0.47 0.00 0.00 �0.79

ρðΔc;ndÞ 0.10 0.30 �0.01 0.33 0.19

Panel B: Asset returns
E½i� 1.30 1.30 1.64 1.28 1.55
E½XRY ;tþ1� – 0.12 �0.13 0.15 0.03
E½XRD;tþ1� 1.78 0.13 �0.13 0.15 0.00
sðRY Þ – 0.85 0.51 0.89 0.42
sðRDÞ 8.30 0.85 0.51 0.89 0.30
SRY – 0.15 �0.26 0.17 0.06
SRD 0.22 0.16 �0.26 0.17 0.02

Panel C: Pricing kernel decomposition
sðmÞ – 0.30 0.30 0.06 0.00
sðmSRÞ – 0.21 0.19 0.08 0.02

sðmLRÞ – 0.12 0.11 0.02 0.02

corrðmSR;mLRÞ – 0.64 0.80 �1.00 �1.00

corrðm;mLRÞ – 0.82 0.94 �1.00 �0.98
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4. Understanding the mechanism

This section explains why expected excess returns on production claims are amplified by nominal rigidities, mainly as a
compensation for permanent productivity shocks.

4.1. Role of permanent productivity shocks

Permanent productivity shocks have the largest contribution to the volatility of the pricing kernel in Eq. (8). To
understand why, Appendix E shows that the log-pricing kernel can be decomposed as

mt;tþ1 ¼ ϑ log βþmSR
t;tþ1þmLR

t;tþ1;

where

mSR
t;tþ1 ¼ �ψϑΔctþ1�ð1�ϑÞΔqtþ1; and mLR

t;tþ1 ¼ �ð1�ϑÞlog 1þPQ ;tþ1

PQ ;t

� �
;

are the short- and long-run components, respectively, and ϑ� ð1�γÞ=ð1�ψÞ. PQ ;t is the price-cash flow ratio for the claim on
all future cash flows fQtþ sg1s ¼ 0, and qt � log Qt . This claim is the wealth portfolio in the economy, with cash flows Qt that
are combination of consumption and labor income, as defined in the appendix. The dependence on labor income results
from labor preferences. In the absence of these preferences, Qt¼Ct, and the wealth portfolio becomes a claim on future
consumption. The short-run component mSR contains shocks to current period consumption and labor income growth,
while the long-run component mLR contains shocks to the return on wealth. In Bansal and Yaron (2004) and Croce (2014),
the short- and long-run components are uncorrelated by design. In this model economy, and similar to Kaltenbrunner and
Lochstoer (2010), innovations to the short- and long-run components come from the same shocks and, hence, are correlated.
Productivity and monetary policy shocks contribute to both components. Therefore, not only the volatility of these
components but also their correlation are important to determine the volatility of the pricing kernel and the prices of risk.

Panel C in Table 4 shows that the volatility of the pricing kernel from permanent shocks is five times larger than that
from transitory shocks, and seventy times larger than that frommonetary policy shocks. However, the contributions of these
shocks to the volatilities of the short- and long-run components of the pricing kernel are of similar magnitude. The large
difference in the volatility of the pricing kernel is mainly driven by the correlation between mSR and mLR. This correlation is
positive under permanent productivity shocks, but negative under transitory productivity and monetary policy shocks. After
a permanent productivity shock, both current and future consumption (and labor income) decrease, and then generate a
positive correlation between mSR andmLR and a large volatility of the pricing kernel. On the other hand, since both transitory
productivity and monetary policy shocks are mean-reverting, bad news for current consumption (labor income) means good
news for future consumption (labor income). Consequently, the correlation between mSR and mLR generated by these shocks
is negative, and their contribution to the volatility of the pricing kernel is small.

4.2. Role of nominal rigidities

Nominal rigidities affect returns on production claims through their effects on output dynamics and the marginal utility
of consumption. These effects, in turn, can be understood from employment and product markup dynamics. To highlight the
main mechanisms, an economy affected only by permanent productivity shocks and no fixed operation costs (φ ¼ 0) is
analyzed. Permanent productivity shocks are the quantitatively important source of risk premia, as shown above. Fixed costs
in the model always amplify the volatility of dividends relative to output and, hence, the absolute value of the risk premium
in dividend claims relative to output claims. For comparison purposes, we describe first the properties of expected excess
returns in an economy with no rigidities.

4.2.1. Asset returns under flexible prices and wages
Table 3 shows that expected asset returns are negative in an economy with no rigidities.17 Employment and production

markups are constant in this economy. Profits are then a constant fraction of output, and expected returns on output and
profit claims are the same. Consider the expected excess return decomposition in Eq. (25) for the output claim. The first
term in the equation generates a positive premium because a negative shock leads to a higher marginal rate of substitution
of consumption and lower output. However, the second term generates a negative premium that is larger than the first term.
The second term is negative since the negative shock leads to a higher price-output ratio, PY ;tþ1. To understand why,
Appendix G shows that PY ;t is approximately given by

log PY ;t ¼ constþϕað1�ψÞ
1�κYϕa

Δat ;
17 This is a standard result in models with permanent productivity shocks and a lower than one EIS. See Bansal and Yaron (2004) for an endowment
economy, and Croce (2014) and Kaltenbrunner and Lochstoer (2010) for production economies with fixed employment.
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where the positive constant κY o1 is defined in the appendix. Throughout the paper, “const” is used to refer to any
unimportant constant for the analysis. It is clear that the sensitivity of PY ;t to the shock is negative when the inverse of the
elasticity of substitution (EIS) ψis larger than one. Two opposite effects drive this result. First, a substitution effect: after a
persistent negative shock, the household reduces the demand for the output claim to smooth consumption over time
(lowers PY ;tþ1); and second, a wealth effect: the persistent shock signals lower future output which increases its relative
price (raises PY ;tþ1). When the EIS is lower than one, the wealth effect dominates the substitution effect, making output
claims a hedging instrument.

4.2.2. Nominal rigidities and employment dynamics
Employment becomes procyclical and mean reverting in the presence of nominal rigidities. This feature is critical in the

model to generate positive expected excess returns. Appendix G shows that employment and the price-output ratio are
approximated by

log Nd
t ¼ constþnaΔat ; and log PY ;t ¼ constþ½ϕa�ð1�ϕaÞna�ð1�ψÞ

1�κYϕa
Δat ;

respectively. Procyclical labor demand, na40, leads to a procyclical PY ;t and, hence, a positive expected excess return in
output claims if na is large enough. The economic intuition for a positive na is as follows. Wage rigidities prevent nominal
wages from adjusting downward after a negative productivity shock. Product prices remain high to preserve production
markups, real production costs stay high, and labor demand declines. Similarly, price rigidities keep prices high after a
negative productivity shock. Nominal wages stay high to preserve labor markups, and labor demand declines. Therefore,
nominal rigidities lead to a procyclical labor demand that amplifies the effect of permanent productivity shocks on output.
This effect, however, is mean reverting since prices and wages gradually adjust over time, increasing future labor demand
after a negative shock. Strong mean reversion in labor demand, na4ϕa=ð1�ϕaÞ, leads to a higher expected consumption
growth after a negative shock, the substitution effect increases the demand for future output claims (raises PY ;t), and the
wealth effect reduces the price of future consumption (lowers PY ;t). The wealth effect dominates if ψ41, making output
claims risky.

4.2.3. Price rigidities and time-varying markups
Table 3 shows that output and profit claims have the same expected returns in models with no rigidities or with only

wage rigidities. This is the result of a constant production markup. Producers freely adjust prices to keep their optimal
markups. This is no longer true in the presence of price rigidities. In the baseline model with price and wage rigidities,
markups are procyclical and expected returns on profit claims are higher than expected returns on output claims. Markups
vary over time since some producers are unable to adjust prices to restore the optimal markup.18 They are procyclical since,
given the rigidities, nominal wages react by less than prices in the calibration: after a negative shock, marginal costs remain
high relative to product prices, decreasing production markups and amplifying the risk of profit claims relative to output
claims.

5. Interest rate policy rule and asset returns

This section describes howmonetary policy shocks and the response to economic conditions in the interest rate rule (20)
affect asset returns. In an economy with flexible prices and wages, the policy rule does not have any real effects: policy
changes in the nominal interest rate are solely reflected in changes in inflation, and do not affect real interest rates and asset
returns. That is, the interest rate rule does not affect (real) risk premia and return volatility.

5.1. Policy shocks, asset volatility, and expected returns

In the model economy with nominal rigidities, Table 3 shows that policy shocks generate volatility in real asset returns
and command a small positive compensation for risk. Fig. 1 shows that an expansionary monetary policy shock leads to
lower nominal and real interest rates. The real rate decreases since nominal prices and nominal wages do not fully adjust
to neutralize the change in the nominal rate.19 Consequently, both output and dividends increase, the marginal utility of
consumption decreases, and then the compensation for policy shocks in expected returns on output and dividend claims is
positive. The compensation is small, however, as the volatility in the pricing kernel induced by policy shocks is small.

Bernanke and Kuttner (2005) show that an unanticipated 25-basis-point cut in the federal funds rate is associated with
about a 100-basis-point increase in a broad stock market index. This evidence is qualitatively captured by the model but
with a smaller magnitude. Fig. 1 indicates that a 50-basis-point reduction in the annualized nominal interest rate leads to a
62-basis-point increase in the value of the dividend claim after a monetary policy shock.
18 In a model with only price rigidities, production markups are countercyclical and expected returns on profit claims are lower than expected returns
on output claims. In both models, however, profits remain procyclical as observed in the data.

19 There is also a feedback effect on nominal interest rate from contemporaneous changes in inflation and output caused by the monetary policy shock.
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Fig. 1. Impulse responses to an expansionary monetary policy shock for the one-period nominal and real interest rates, it and rt, respectively, and the
return on the dividend claim, Rd;t . The parameter values are presented in Table 1. The interest rates are annualized.

Table 5
Additional model implications.

The table contains summary statistics for different specifications of the monetary policy rule in Panel A, and for a model extension for two sectors with
different price rigidities in Panel B.

Panel A: The interest rate rule is it ¼ ρ it�1þð1�ρÞðıþ ıππtþ ıxxt Þþut : The baseline parameter values are presented in Table 1. “Baseline” indicates an
economy with both price and wage rigidities. Columns (2), (3) and (4) report model statistics for individual changes in parameter values for ıπ , ıx , and ρ,
respectively. The calibration in column (4) also adjusts the ıπ and ıx coefficients such that ð1�ρÞıπ and ð1�ρÞıx stay at their baseline levels. Expected excess
returns and Sharpe ratios for asset b are XRb;t ¼ Rb;tþ1�Rf ;t ; and SRb ¼ E½XRb;t �=sðXRb;t Þ, respectively. A variable with the sign “*” indicates a statistic for a
model with φ ¼ 0. Figures in parenthesis are percentage changes with respect to the baseline calibration. Volatilities and returns are reported in basis
points per quarter.

Panel B: The baseline parameter values are presented in Table 1, except for β¼ 1:0063 and γ ¼ 0:79. The sectoral price rigidity parameters are αpH ¼ 0:8
and αpL ¼ 0. Excess returns are XRb;t ¼ Rb;tþ1�Rf ;t . Returns are measured in per cent per quarter.

(1) (2) (3) (4)
Statistics Baseline ıπ ¼ 1:89 ıx ¼ �0:16 ρ¼ 0:712

Panel A: Different reaction coefficients in the interest rate policy rule
sðπÞ 12.12 10.91 (�9.96) 12.21 (0.78) 12.65 (4.44)
sðxÞ 23.71 23.54 (�0.72) 26.09 (10.03) 26.10 (10.05)
sðΔcÞ 36.92 37.34 (1.15) 38.41 (4.05) 37.83 (2.46)
sðΔdÞ 809.92 803.09 (�0.84) 787.97 (�2.71) 806.15 (�0.47)
sðΔdÞn 69.41 68.92 (�0.7) 67.90 (�2.18) 69.16 (�0.36)

E½XRY;tþ1� 12.41 13.63 (9.82) 14.46 (16.48) 13.20 (6.38)
E½XRD;tþ1� 23.65 24.47 (3.47) 24.58 (3.94) 23.85 (0.83)
E½XRD;tþ1�* 13.21 14.38 (8.91) 15.14 (14.68) 13.94 (5.52)
SRY 0.15 0.16 (11.46) 0.15 (3.71) 0.14 (�3.57)
SRD 0.22 0.22 (2.93) 0.22 (0.47) 0.21 (�1.05)
SRD* 0.16 0.17 (10.09) 0.16 (2.66) 0.15 (�3.67)

θp4η¼ 2 θp ¼ η¼ 6 θpoη¼ 20

Panel B: Sectoral expected returns
E½XRY;tþ1� 0.123 0.123 0.123
E½XRY;H;tþ1� 0.122 0.115 0.093
E½XRY;L;tþ1� 0.125 0.131 0.153
E½XRD;tþ1� 0.271 0.271 0.271
E½XRD;H;tþ1� 0.371 0.272 �0.072
E½XRD;L;tþ1� 0.171 0.270 0.622
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5.2. Response to economic conditions and asset returns

Panel A of Table 5 allows us to compare summary statics for the baseline model calibration and three “policy
experiments”. The experiments are individual changes in the responses to inflation (ıπ) and the output gap (ıx), and the
interest rate smoothing coefficient (ρ) in the policy rule. Column (2) in the table shows that an increase of ıπ from 1.5 to 1.89
leads to a 10% drop in inflation volatility, and 9.82% (1.22 bps) and 3.47% (0.82 bps) increases in expected excess returns on
output and dividend claims, respectively. After a negative permanent productivity shock, wage rigidities keep wages high
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and prices increase to compensate for the high labor costs. A stronger response to inflation in the rule leads to a higher real
interest rate, which further lowers output and increases risk premia.

Similarly, a reduced response to the output gap, ıx, reduces the response to productivity shocks of the real interest rate. A
relatively higher real rate after a negative shock amplifies the negative effect on output of the shock. Therefore, risk premia
are higher with a lower ıx. Quantitatively, column (3) in the table shows that a change in ıx from 0.125 to �0.16 leads to a
10% increase in output gap volatility, and 16.48% (2.05 bps) and 3.94% (0.95 bps) increases in expected excess returns on
output and dividend claims, respectively.20

Finally, stronger interest rate smoothing reduces the relative weight of the response to inflation and the output gap in the
rule. Column (4) in the table shows that an increase in ρ from 0.63 to 0.712 simultaneously increases inflation and output
volatility. The 10% increase in output gap volatility translates into 6.38% (0.79 bps) and 0.83% (0.20 bps) increments in
expected excess returns on output and dividend claims, respectively. It is worth noting that the model calibration implies a
very small sensitivity of expected excess returns to variations in the policy rule.
6. Price rigidities and cross-sectoral returns

Bils and Klenow (2004) present evidence of significant dispersion of price stickiness across industries. Differences in the
degree of price rigidity across industries may translate into differences in the expected returns of their production claims. To
explore this channel, the model is extended to incorporate two sectors, H and L, characterized by high and low price
rigidities, αpH and αpL , respectively. The two sectors are identical except for the degree of price rigidity. The consumption
products of the two sectors, CH;t and CL;t , respectively, conform the basket of consumption goods

Ct ¼ ½ν1=ηCðη�1Þ=η
H;t þð1�νÞ1=ηCðη�1Þ=η

L;t �η=ðη�1Þ; where CI;t ¼
Z 1

0
CI;tðjÞðθp �1Þ=θpdj

" #θp=ðθp �1Þ

; ð26Þ

for I¼ fH; Lg, ν is the weight of sector H in the basket, and η41 is the elasticity of substitution between sectoral goods. Each
production sector maximizes profits as in Section 2, subject to the price rigidity αpI .

21 Returns of output and profit claims,
RYI ;t and RDI ;t , respectively, are compared across sectors. If αpH and αpL are the same, the two sectors are identical and share
the same expected asset returns. If the price rigidities are different, the implications on the cross section of asset returns
depend on elasticity parameters. To illustrate the main mechanism, consider the valuation of claims on sectoral profits that
pay off only one-period in the future. Under the assumption of no fixed operation costs (φ ¼ 0), Appendix F shows that the
difference in expected returns on these claims can be approximated as

log Et ½Rð1Þ
H;tþ1�� log Et ½Rð1Þ

L;tþ1� ¼ �ðθp�ηÞcovtðmt;tþ1; pH;tþ1�pL;tþ1Þ;

where pI;t is the product (log) price for sector I. Differences in expected returns on sectoral profit claims are driven by the
dynamics of the relative price pH;t�pL;t , and the elasticities of substitution η for goods across sectors and θp for goods within
each sector.

The difference in returns on profit claims is the result of the difference in output (output effect) and the difference in
markups (markup effect) across the two sectors. In the model, a negative productivity shock increases product prices to
compensate for high marginal costs given the wage rigidity. The price of good H is lower than the price of good L due to
greater price rigidities in sector H. The output effect is then a higher demand for sector H output in states of high marginal
utility. It makes a claim on output L riskier than a claim on output H, and increases the expected return of the sector L claim
relative to the sector H claim. The output effect depends on the elasticity of substitution between the two goods, η. On the
other hand, the negative relative price (pH;topL;t) implies that the markup of sector H is smaller than that of sector L. This
markup effect makes a claim on profits H riskier than a claim on profits L, and increases the expected return of the sector L
claim relative to sector H. The markup effect depends on the elasticity of substitution among the differentiated goods within
each sector, θp. As a result, the net effect on expected returns on sectoral profit claims depends on the difference in
elasticities within and across sectors.22

To explore the difference in expected returns quantitatively, we set αpH ¼ 0:8 and αpL ¼ 0. This implies a mean and a
standard deviation of price durations of 2.2 quarters and 2.13 quarters, respectively, which are consistent with Bils and
Klenow (2004) evidence. Panel B of Table 5 presents the expected returns of sectoral output and profit claims for model
specifications with different values of η. The output effect dominates (E½RYH �RYL �o0 and E½RDH �RDL �o0) if η4θp, while the
markup effect dominates (E½RDH �RDL �40) if ηoθp. The two effects exactly offset each other if θp ¼ η. The table also shows
that the differences in expected returns are only quantitatively important for significant differences between θp and η.
20 We use a negative ıx only to obtain an increase of 10% in output gap volatility. A negative response to the output, however, is not empirically
supported.

21 Additional details of the model extension can be provided by the authors under request.
22 It is worth mentioning that in a model with perfectly flexible wages, differences in price rigidities have the opposite effect on the relative price,

and then an opposite effect on expected returns. After a negative productivity shock, the price of the sector H good is high relative to the price of the
sector L good.
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7. Discussion

The nominal rigidities explored in this paper have interesting qualitative and quantitative implications for asset returns.
Qualitatively, nominal price and wage rigidities, in combination with permanent productivity shocks, generate procyclical
mean-reverting variation in labor demand that increases the riskiness of output and profit claims. In addition, price
rigidities, when combined with wage rigidities, generate procyclical production markups that increase the riskiness of profit
claims relative to output claims. In the presence of rigidities, real asset returns become sensitive to the response to economic
conditions in an interest rate policy rule, and policy shocks become a priced risk factor that affect asset return volatility.
Differences in price rigidities translate into differences in expected returns across production sectors. Quantitatively, wage
rigidities have larger effects on expected asset returns than price rigidities, mainly as a compensation for permanent
productivity shocks. However, the equity premium is only a small fraction of its empirical counterpart and has a minor
sensitivity to the specification of the interest rate policy rule.

How should we interpret the limited quantitative performance of the model? On one hand, it highlights a significant
shortcoming of the traditional New Keynesian framework to capture asset pricing dynamics. It raises doubts on whether
nominal rigidities can be an important driver of asset returns and an important channel of transmission of monetary policy
through asset prices. On the other hand, the model results can be taken as a reference point for future model developments
and empirical analysis.

The model can be extended in at least four dimensions. First, the model abstracts from capital accumulation and,
therefore, ignores any potential effects of nominal rigidities on investment behavior. The joint study of investment
dynamics, nominal rigidities, and asset prices merits further exploration. Second, the model does not incorporate shocks
that are becoming standard in New Keynesian models such as price and wage markup shocks or investment specific
technological shocks. These shocks are important in these models to reproduce some observed macroeconomic dynamics,
and can become significant risk factors in asset returns. Third, we assume homogeneous wage rigidities within and across
sectors. Heterogeneity in wage rigidities and imperfect labor mobility can be an additional source of differences in the cross
section of asset returns. Fourth, we assume that financial markets are complete and frictionless. The effects of monetary
policy and nominal rigidities on asset returns can be amplified by financial frictions such as the financial accelerator in
Bernanke et al. (1999), or under limited financial market participation as in Galí et al. (2004).

The model delivers predictions for the link between nominal rigidities and expected asset returns that can be tested
empirically. All else equal, economies with higher wage or price rigidities should have higher expected excess returns on
production claims than economies with lower wage or price rigidities. Different labor laws or different market power
regulations around the world translate into differences in wage and price frictions, that can be a source of variation across
international equity returns. Different pricing policies across firms and production sectors can be reflected in heterogeneity
in their expected stock returns. This study is already being undertaken by Gorodnichenko and Weber (2013) with positive
results. Finally, the model prediction that interest rate monetary policy rules with more weight on inflation relative to
output stabilization imply higher expected stock returns can be tested in the data.
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