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Abstract

We analyze the effects of monetary policy on the equity premium and the cross-section
of stock returns in a general equilibrium framework. Monetary policy is conducted using
an interest-rate policy rule reacting to inflation and output. Product-price rigidities in the
production sector generate an equity premium that depends on the policy. The model predicts
that (i) industries with lower price rigidities earn higher expected returns than industries with
higher price rigidities and (ii) the difference in expected returns declines with more aggressive
monetary policies. We provide an explanation for these results based on countercyclical
markups. Markups of industries with low price rigidities are less variable than markups
of industries with high price rigidities. When the marginal utility of consumption is high,
markups in industries with high rigidities increase by more than markups in industries with
low rigidities. As a result, profits of industries with low rigidities are more sensitive to policy
shocks, and investors require a higher compensation for holding stocks on these industries.
When the response of monetary policy to inflation is more aggressive, the markup variability
reduces, and the difference in expected returns between high and low rigidity industries

decreases. We find empirical evidence supporting the model predictions.

JEL Classification: D51, E44, E52, G12.



1 Introduction

The Federal Reserve conducts monetary policy to promote effectively the goals of price stability,
i.e., control inflation, and maximum employment. This mandate implies the idea that monetary
policy can influence real economic activity and suggests that real returns on financial assets can
be affected by the policy. Therefore, monetary policy is potentially helpful to understand asset-
pricing facts. This paper provides a theoretical analysis of the effects of monetary policy on the
cross-section of stock returns and presents empirical evidence supporting the predictions of the

theory.

We model an economy where the effects of monetary policy on stock returns are the result
of price rigidities in production, as in Woodford (2003). Differences in returns across stocks are
explained by different degrees of price rigidity across industries and the responsiveness of the policy
to economic conditions.® The policy is conducted using a policy rule to set a short-term nominal
interest rate. This rule responds to the level of inflation and a measure of output, and is affected by
policy shocks. We show that stocks carry a risk premium associated to policy shocks in an economy
with homogeneous price rigidity across industries. The magnitude of the risk premium increases
with the degree of price rigidity and decreases with the elasticity of intertemporal substitution
of consumption and labor, and the response to inflation and output in the policy rule. For an
economy with heterogenous price rigidities across industries, we show that industries with high
price rigidities involve lower expected returns than industries with low price rigidities, and the
difference in returns decreases with a more aggressive response to inflation and output in the

policy rule.

We provide a consumption-based explanation for the policy-related differences in stock re-
turns. Industries with low price rigidities earn higher expected returns because their profits are
more correlated to aggregate consumption than industries with high rigidities. Policy shocks in-
duce a positive correlation between consumption and inflation in the model. As a result, a policy
shock that reduces inflation, reduces profits (relative to the stock value) in the industry with
more flexible prices by more than the reduction in profits in the industry with more price rigidi-

ties. Simultaneously, the shock increases marginal utility because aggregate consumption is low.

IThere is ample evidence of infrequent adjustments in the prices of goods and services and significant differences
in the degree of price rigidity across industries. Bils and Klenow (2004) analyze 350 product categories. They report
a median duration of prices between 4 and 6 months and a standard deviation of around 3 months. Nakamura and
Steinsson (2007) exclude price changes related to sales and adjust this duration upwards to a range between 8 and
11 months. Blinder et al. (1998) conduct surveys on firms’ pricing policies and summarize different theories for
the existence of price rigidities based on the nature of costs, demand, contracts, market interactions and imperfect
information.



Therefore, investors require an additional compensation for holding stocks on industries with more

flexible product prices.

The dependence of profits and stock returns on the degree of price rigidity can be understood
as the result of countercyclical markups induced by the rigidity. When prices are flexible, monopo-
listic competitors choose a level of production and a price that ensure an optimal constant markup
over the marginal cost. When a producer does not adjust the product price, production depends
on aggregate demand. During bad times, aggregate demand is low, labor demand declines and
nominal wages decrease. Since prices are sticky, real wages also decline and the difference between
a unit of production and its real labor cost increases. That is, the markup increases during bad
times. The opposite happens during good times, and the markup is compressed with respect to

the optimal constant markup.

Monetary policy affects asset returns because it determines the distortions in markups gen-
erated by price rigidities. When inflation is low, differences between the optimal product price
and the “sticky” price are small, the variability in markups is low and investors do not require
high compensations for inflation risk. On the other hand, if monetary policy generates significant
volatility in inflation, markups are volatile and thus high compensations for claims on profits are

required.

When there are differences in prices rigidities across industries, markups for different industries
have different sensitivities to policy shocks. Industries with more flexible prices have implied
markups that are closer to the optimal constant markup than the markups for industries with
less flexible prices. As a result, the markups of rigid-price industries expand more than those of
flexible-price industries during bad times and decrease less during good times. Investors effectively
perceive stocks on rigid-price firms as less risky than stocks on flexible-price firms and require lower
returns. When monetary policy implies a low and stable inflation, the distortions caused by price
rigidities in the two industries are small and, therefore, differences in expected returns in the two

industries are small too.

Our theoretical results are complemented with empirical evidence supporting the predictions
of the model. We sort industries into 10 deciles on price rigidity and form 10 portfolios using firms
within the same deciles. We then form a hedge portfolio, defined as the price rigidity portfolio,
that longs the portfolio with the lowest price rigidity and shorts the portfolio with the highest
price rigidity. For the sample period from 1970 to 2006, we find that the price rigidity portfolio

earns positive abnormal returns on average and this return is not explained by the market, size,



book-to-market, and momentum factors. In addition we find that the average return of the price
rigidity portfolio is much higher from 1970 to 1979, than from 1980 to 2006. This finding is also
consistent with the model’s predictions since there is evidence of a significantly more aggressive

response to inflation in monetary policy after 1980 than during the 70’s.

Related Literature

The link between monetary policy and stock returns was first studied to understand the joint
behavior of inflation and stock returns. Fama and Schwert (1977) found a puzzling negative
correlation between inflation and stock returns, raising some doubts about the inflation-hedging
properties of these instruments. Fama (1981) found that this “anomaly” can be described as a spu-
rious correlation driven by the positive correlation between real activity and stock returns and the
negative correlation between inflation and real activity, which can be explained by money demand
theory and the quantity theory of money. Kaul (1987) extends the analysis by incorporating the
response of a monetary authority in the economy, and finds that the link inflation-stock returns is
sensitive to this response. Marshall (1992) shows that the link of asset returns and inflation arises
naturally in an equilibrium model where money facilitates transactions. In contrast, the link in
this paper results from product price rigidities in the model economy and depends on the response

of the policy to economic conditions.

The reaction of the stock market to monetary policy shocks has been studied by Thorbecke
(1997), Bernanke and Kuttner (2005) and Rigobon and Sack (2004), among others. They all find
a positive (negative) reaction in the stock market value to expansionary (contractionary) policy
shocks. For instance, Bernanke and Kuttner (2005) find that a surprise cut of 25 basis points in the
federal funds rate translates into an increase of 1.25% in the value of the aggregate stock market.
They also find that stocks of different industries have different responses to policy shocks. In this

paper, the difference in responses is explained by differences in prices rigidities across industries.

This paper is also related to the literature on market competition and stock returns. Thomadakis
(1976) analyzes the role of monopolistic power on the firm’s returns and systematic risk. Subrah-
manyam and Thomadakis (1980) show that the CAPM beta of a firm decreases as its market power
increases. Bhattacharyya and Leach (1999) show that market power generates “risk spillovers”
across firms affecting their expected stock returns. However, none of these papers consider the
effect of monetary policy shocks in determining market power variation over time and across

industries.

The paper is organized as follows. Section 2 describes the economic model. Section 3 presents

the stock pricing implications of the model. For comparison purposes we present results for

4



three different economies: an economy with flexible prices, and economies with homogeneous
and heterogeneous price rigidities across industries, respectively. Section 4 presents the empirical

evidence and section 5 concludes. The appendix contains all the proofs.

2 The Model

We model a production economy where households derive utility from the consumption of a basket
of two goods and disutility from supplying labor for the production of these goods. The two goods
are produced in two different industries characterized by monopolistic competition and nominal
price rigidities. We allow for heterogenous degrees of price rigidity in the two industries to learn

about the effects of different rigidities on the cross-section of stock returns.?

Nominal rigidities generate real effects of monetary policy. When some producers are not able
to adjust prices optimally, inflation generates distortions in relative prices that affect production
decisions. Since inflation is determined by monetary policy, different policies have different im-
plications for real activity. We model monetary policy as an interest-rate policy rule that reacts
to inflation and deviations of output from a target. Important derivations are provided in the

appendix.

2.1 Households

Assume a representative infinitely-lived household, maximizing its expected total utility
1— w
B (f -
11— 1+w

where C; is the consumption of a final good, and N, is the supply of labor at time ¢. The final

: (1)

good is a basket of two intermediate goods produced in two industries. We refer to these industries
as [ = {H, L}, where H and L are the industries with high and low price rigidities, respectively.

The consumption of each industry’s good is Cr,; and the production of the final good is given by

0

Co= [0, + (-0 |7 2)

2Aoki (2001) studies a particular case for this economy in which one of the industries has perfectly flexible
prices. His analysis focuses on the implications for optimal monetary policy in this economy. It does not explore
the asset pricing implications.



where ¢ is the weight of industry H in the basket, and € > 1 is the elasticity of substitution between

industry goods. Each industry good is a Dixit-Stiglitz aggregate of a continuum of differentiated

goods, defined as

2]
1 . 7—1
Cri= { / Cr.(j) 7 dj] : (3)
0

where, for simplicity, the elasticity of substitution across differentiated goods is the same as across

industries.

Households supply labor N;,(j) for the production of the differentiated good j in industry I.
The total labor supplied to industry I is aggregated as,

1 e
Niy = [/ Nl,t(j)lwdj} ,
0

for I € {H, L}, where w is the inverse of the elasticity of intertemporal substitution of labor.

Aggregate labor can be written as

—w w —w w]l/(1+w)
Ny = [0 “Ngt¥ + (1 — @) Nt :

The intertemporal budget constraint faced by households is

> Mg, PCy

t=0

E

<E iMéB,t Z (/01 wr(J)N1(5)dj + Py /01 ‘Ijl,t(j)dj> ; (4)

t=0 Ie{H,L}

where M&t > 0 is the nominal pricing kernel that discounts nominal cash flows at time ¢ to time
0, P, is the price of the final good, and w;,(j) and W;,(j) are the nominal wage and the firm’s
real profit related to the production of the differentiated good j in industry I, respectively.

The maximization of (1) subject to (4) provides us with the intertemporal marginal rates of
substitution of consumption for the economy. The intertemporal marginal rates of substitution of

consumption between period ¢ and period t + n in real and nominal terms are

Co\ 77
Myin = " (é—t) : (5)



and

Crn\ " ((Pen ™
My, =pB" - “) 6
t.t+n 6 ( Ot ]Dt ( )
respectively. From these two equations we can compute the real and nominal (continuously com-

pounded) one-period risk-free rates as

ry = —log (Et [Mt,t+1]) ) (7>

and

ir = log (E, [M},.1]) (8)

respectively. The real risk-free rate will be important to compute excess real returns on stocks.

The one-period nominal risk-free rate is the instrument of monetary policy.

The intratemporal marginal rate of substitution between labor and consumption is

Wrt (j> —w A\ w
—p = ¢ N G (9)
t
where oy = ¢ and ¢ = 1 — ¢. This equation provides us with real wages once we determine the

levels of labor and production from the production problem.

2.2 Firms

The production of differentiated goods is characterized by monopolistic competition and price
rigidities in two different industries. Producers have market power to set the price of their differ-
entiated goods within a Calvo (1983) staggered price setting. At each point of time, the producer
is unable to change the price with some positive probability. We allow for different probabilities

across industries to capture heterogeneous degrees of price rigidities.

The probability of not changing the price of a differentiated good at a particular time in
industry I is a;. When the producer is able to set a new price for the good, the price is set to

maximize the expected present value of all future profits, taking into account the probability of



not changing that price in the future. The maximization problem is

max [E;
{Pr:(5)}

>l M (Pra(G)Yeru(d) — wire(§) Nia(j ))] ’

T=t

subject to the demand function (see appendix A for its derivation)

| v AN\ —1/6
Pry(j) = Pry (Lt(j)) :

)

and the production function

Yiru(j) = AN (J),

(10)

(11)

where Y7 11,(7) is the level of output of firm j in industry I at time T, when the last time the price

was reset was at t. A similar definition applies to N7 (j) and wr (7). We assume constant

labor productivity, A, to isolate the effects of price rigidities from changes in productivity.

The output of industry I is Y7, and the aggregate output of the final good is ¥;. We denote

deviations in aggregate output from the flexible-price output, or “output gap”, by

z, =logY, —logY/,

where Y/ is the constant aggregate output when prices are perfectly flexible. Its equilibrium value

is presented in section 3.

Inflation in industry [ is

It = log PI,t+l — log Pl,n

and the relative price between the two industry goods is

PRt = log PH,t — log PL,t.

Appendix A shows that the solution to the firm’s maximization problem implies

Tre = KTy + KIC_lsO—IpR,t + OB (77 441],

(12)

where ¢_;, Kk, and ( are constants defined in the appendix. From the industry inflations we can



obtain the inflation in the aggregate price index, m; = log P;y1 — log P;, given by
Ty = Ry + bopry + BE[mi1], (13)

and the relative price equation

beprt = KTt + Pri—1 + BE:[DR+1], (14)

where R, by, and bp are constants defined in the appendix. Equations (13) and (14) summarize
the optimality conditions for the production sector of the economy. These equations allow us to
observe the link between real activity and inflation generated by price rigidities. The inflation level
in the economy depends on the output gap, the relative price between the two goods and expected
future inflation. In particular, it implies that the relative price affects production decisions in both
industries. This effect will be important to understand the cross-section of stock returns in this

economy.

2.3 Monetary Authority

We model a monetary authority that sets the level of a short-term nominal interest rate. Monetary

policy is described by the policy rule
it =1+ 1T + 1Ty + Ug,

where the one-period nominal interest rate, i;, is set responding to aggregate inflation, the output

gap, and a policy shock u;. The shock follows the process

Ui+1 = ¢uut + Ouut+1, (15)
with e, ~ N(0,1). Policy shocks are the only source of uncertainty in the economy and, therefore,
expected returns on financial assets only reflect compensations for this risk.

3 Equilibrium

We describe in this section the equilibrium of the model, and analyze its macroeconomic and
asset pricing implications. We analyze two simplified economies before turning to the analysis of

an economy with differentiated price rigidities across industries. The economies are an economy



with flexible prices and an economy with the same level of price rigidity across the two industries.
The economy with flexible prices provides us with a benchmark to understand the effects of
price rigidities. The economy with the same level of price rigidity across industries allows us to

understand the implications of price rigidities on the aggregate stock market.

In order to find allocations and prices for the economy, we need to solve the system of equations
with the relevant optimality conditions for households, firms and the exogenous monetary policy

rule obtained in section 2. We summarize the system as

—iy

€ = E;[exp(log 8 — yAz1 — i), (16)
T = Rxy+ bopre + BE[mi41], (17)
brprt = KT+ Pri-1+ BEipR1i1], (18)
iy = T+ 1,% + 1T + Uy, (19)
and U = QulUi—1 + Oy,

where (16) is the households’ optimality condition (8), equations (17) and (18) are results (13) and
(14) of profit maximization in the production sector, equation (19) describes the monetary policy
rule, and the last equation is the assumed process for the policy shocks. The market clearing

conditions, Cr; = Y7, and C; =Y, apply in equilibrium.

Appendix B shows that equilibrium implies processes for inflation, the relative price and the

output gap depending on the lagged relative price and the policy shock. The processes are

T = T+ TpPRt—1 + Ty Uy, (20)
Prt = P+ PpPRt—1 T Pult, (21)
and Ty = T+ TpPri—1+ Ty, (22)

where the coefficients {7, 7,, Ty, P, Pp, Pus T, Tp, T, } depend on preference, production and policy

parameters as described in the appendix.

Equation (5) and the equilibrium process for the output gap in equation (22) imply that the
log of the real pricing kernel, m; 1, can be written in terms of the relative price and the policy

shock as

mii+1 = log 3 — ’YprpR,t + ’fou(l - ¢u)ut — YTuOuCut+1-

It follows that policy shocks are a source of risk in the real pricing kernel. The compensation per

10
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Figure 1: Market price of risk (—vyz,0,) as a function of the response of monetary policy to
inflation and the output gap, using the parameters in table 1.

unit of this risk (market price of risk) is given by
A= YT,0, .

Since the sensitivity of the output gap to the policy shocks, x,, depends on the policy rule, the
compensation for risk in the economy is determined by the responses of the monetary authority
to inflation, 7,, and the output gap, u,. Figure 1 plots the market price of risk as a function
of the response of monetary policy to inflation, using the parameter values in table 1.3 Weak
responses to inflation and the output gap in monetary policy lead to a higher risk premium in the
economy. The reason is that less responsive policies imply a higher volatility for the output gap

in the presence of policy shocks.
We obtain the real short-term rate from equation (7) as

1
ry =—log B — 57296303 + Y2 Aprt — YTu(1 — du)us.

Price rigidities make this rate depend on monetary policy and the relative price.

We define industry stocks as financial claims on all future profits in the industry. The real

3The figure shows the negative of the market price of policy shocks, which can be interpreted as the market
price of risk for shocks to the output gap, since a positive policy shock has a negative effect on the output gap.
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stock price for industry I at time ¢, Sy, is given by

Sure =By |3 MyynVrinl (23)
n=1
with associated one-period real return
v + S
Fog sl = log ( I,t+15 \II,I,t+1) . (24>
W1t

We analyze the characteristics of the expected stock returns for industries H and L below.

3.1 Flexible-Price Economy

Production decisions are completely unlinked from policy shocks when prices are flexible (ay =

ar = 0). Aggregate output is constant, given by

14w 1V (w+y)
-
I
where
B 0
=91

is the constant markup resulting from monopolistic competition.

Profit maximization implies that labor income and profits are constant shares of production.
In particular, real profits in industry I are given by

Pr
\Ij{,t = 7Yf,

and the real stock price is
er P
S\}IC,,I’t - 7—1 — ﬂYf .

Real stock prices do not depend on policy shocks in the absence of price rigidities and, therefore,
no compensations for risk are required to hold stocks. It follows that real stock returns in all

industries are constant, equal to the real risk-free rate. That is,

.= =—logf,

12



for all I, and t.

3.2 Homogeneous Price Rigidity Across Industries

The analysis of an economy where the two industries have the same degree of price rigidity
(aeg = o) allows us to gain some insights into the effect of price rigidities on the equity premium.
Since the only difference between the two industries is the degree of price rigidity, the two industries
share the same dynamics in this economy. In particular, the relative price between the two
industries, pr,, does not play a role in equilibrium, and both inflation and output gap are linear
functions of policy shocks only. Inflation in the aggregate price index (and in the two industries)
is
Ty = T+ Ty Uy,

where

K 1

= [lo ﬂ+7+—<1(1—6¢)+1>2w2021
KL =) —1.(1 = B) & 2 \k “ e

and
K

’%(ZW - ¢u) + Zx(l - B) +'7(1 - ﬁ¢u)(1 - gbu)’

for Kk = k = kg = k1. The output gap is

Ty = —

Ty = %(1 — B)T + %(1 — Bdu) Tty

The effect of policy shocks on inflation and output decreases when monetary policy responds more

aggressively to inflation and the output gap.

From the equation for the real pricing kernel, m; ;41 = M; 41, we find the market price of risk

)\:

==

(1 - B¢u)77u0'u .

It becomes clear from the value of 7, in equation (25) that the magnitude of the market price of

risk decreases as the responses of monetary policy to inflation and the output gap increase.

The real one-period short-term rate only depends on the policy shock and is given by

Ly 2 9
Ty = _logﬁ - 5 (_(1 - ﬁ(bu)ﬂuau) - _<1 - 5%)(1 - Qbu)ﬂ-uuz&
K K
Strong responses to inflation and the output gap in the policy rule decrease the reaction of the

13



real risk-free rate to policy shocks.

In order to understand the implications of price rigidities and monetary policy on the equity
premium, it is convenient to analyze the aggregate markup in this economy. This markup is not
constant when prices are not perfectly flexible. Appendix D shows that real aggregate profits, ¥,

can be written in terms of aggregate production as

1
\Ilt: (1__> }/;57
Mt

e = pX, (26)

where

is the time-varying markup in production. Time variation in the markup is the result of distortions
in production caused by the policy shocks. The distortions in the markup depend on the elasticities

Land w™t

of intertemporal substitution of consumption and labor, v~ , respectively. When this
elasticities are low, the markup volatility is high. In addition, the markup is countercyclical with
respect to the output gap as a result of price rigidities. High markups are observed when the
output gap is low. This characteristic plays an important role in determining the properties of

stock returns in this economy.

We can use the affine framework in appendix E to analyze the expected returns of claims on
real profits analytically. In particular, we can analyze “zero-coupon” claims which only pay off at
some future time ¢ +n. Claims on all future real profits (stocks) can be considered as portfolios of
the “zero-coupon” claims for all n. Let 7’&7} 2 1 be the one-period real return of a claim on aggregate

profits at time ¢ + n. The expected excess return of this claim over the risk-free rate r; is
gl 1L (A J=DY _ A g
t |Tw 1 —Tt| = 2V3Tt Yrp1 +dy g covy (M1, A1 +dy 411 )

where Ay, = log ¥y, — log ¥y, and dgl’ )t 41 is the price-profit ratio associated to the claim with

payoff at time n. It can be shown that the covariance term above can be approximated by

—covy <mt7t+1, Athy 1 + dgfﬂ) = [’y +(1+w—~0(w+ ’y))qbzfl] vary (z441) -

This term is proportional to the variability of the output gap and depends on the elasticities of

substitution of consumption, labor, and across goods, and the persistence of the policy shock.

14



Policy rules that stabilize output reduce the equity premium since policy shocks generate less
distortions in the production sector and, as a result, investors require lower compensations for
risk to hold stocks. Low elasticities of intertemporal substitution of consumption and labor may
generate negative expected excess returns for holding some of these “zero-coupon” claims. This is
the result of countercyclical aggregate markups. A negative distortion in output caused by price
rigidities generates an increase in the markup. When the elasticities of intertemporal substitution
are low enough, the increase in the market increases aggregate profits when aggregate production
decreases. Since the output is low, the marginal rate of substitution of consumption is high.
Therefore, when consumption is valuable, these claims may have a high return. Effectively, these
claims can act as a hedge for consumption risk and investors are willing to hold them for expected
returns that are lower than the real risk-free rate. A similar reasoning will be applied to understand

the differences in the cross-section of returns implied by price rigidities.

3.3 Heterogenous Price Rigidity Across Industries

We analyze in this section the difference in expected stock returns of industries with high and low
price rigidities. Since analytical solutions for stock returns in this economy are not available, we
rely on numerical solutions to conduct the analysis. However, we provide first some intuition for
the results analyzing the differences in profits in the two industries, and the expected returns on

simplified claims on these profits.

From appendix D, real profits in industry I, ¥;,, can be written as
1
\Ijl — (1 _ > Yreal7
it (i1t It

where

Hig = Mte_(lww)so_[m’t

is the time-varying markup for the industry,

Y}Tfal _ PLtY}vt — (’OIYfel"t‘i‘(G_l)@flpR,t
’ Py

is the real output in industry 7, and g, is the markup for the aggregate production as in (26). It

follows that the difference in markups in the two industries is given by

12%; & _ e(l—&—@w)pR,t

, 27
KLt ( )
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and the difference in real output is

real
YH,t 4

—(0=1)pr,t (28)
e :
yigt 1-¢

From these two equations, differences in real profits in the two industries can be explained in
terms of the relative price. Suppose that the the sectors have the same size (¢ = 0.5). When
the product price in industry H is higher than the product price in industry L, the markup in
industry H is higher than the markup in industry L, and its real output is lower.* Real profits in
industry H are thus higher than real profits in industry L as long as the positive markup effect
dominates the negative output effect. Simultaneously, the product price in industry H is higher
than the product price in industry L (pg > 0), when there are negative distortions in output.
That is, when the marginal utility of consumption is high. It follows that markups in industry H
that are more countercyclical than markups in industry L can generate profits (and stock returns)
for industry L that are lower than those for industry H when the marginal utility of consumption
is high. It is in this case that investors require a higher expected return to hold stocks on industry
L than those required to hold stocks on industry H. This is exactly the result that we obtain

using numerical solutions.

The result can be further illustrated for “zero-coupon” claims on real profits that pay off one
period in the future, as shown in the appendix. Let r&,l’)l’t 41 be the one-period return of a claim
on real profits at time £ + 1 in industry I. The expected excess return of this claim on industry

H over a claim on industry L can be approximated by

1 1
By [r\(Ih)L,tJrl - TSIJ,)H,m] ~ —covi(myir, Ar i — Avg i)

= (1 = 0)0wcovy(Tii1, PRii+1);

which is always positive, given the negative correlation between the output gap and the relative
price. That is, for these “zero-coupon” claims, the markup effect always dominates the product
effect above, meaning that claims on profits of the industry with more rigid product prices are

less risky than those on profits of the industry with more flexible product prices. The numerical

4This is the result of differences in price rigidities. For instance, a positive policy shock increases the nominal
short-term interest rate. If prices are perfectly flexible, firms adjust their prices down and keep their markup and
real output unchanged. If there are price rigidities, prices are kept high, production and consumption decrease,
real wages decrease and markups expand. Since prices in industry H are more rigid than those in industry L, pgy
is higher than py, and pr, increases. Therefore, the aggregate output gap and the relative price are negatively
correlated.
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Table 1: Baseline parameter values.

Parameter Description Value
I} Subjective discount factor 0.974
0 Inverse of EIS of consumption 0.8
w Inverse of EIS of labor 0.4
oy Price rigidity in industry H 0.7
ar, Price rigidity in industry L 0.1

0 Elasticity of substitution of goods 3.2
Ou Autocorrelation of policy shock 0.5
Oy Conditional volatility of policy shock 0.05
1 Constant in the policy rule 0.029
- Response to inflation in the policy rule 1.1
- Response to output gap in the policy rule 0

solution shows that the result extends to claims on all future profits.

3.3.1 Numerical Solution of the Model

We analyze in this section the implications on expected excess returns for stocks in the two
industries using numerical solutions, and conduct a comparative statics analysis. The details of
the numerical procedure are presented in appendix F. The comparative statics allow us to see the

implications on the difference in expected returns of policies with different responses to inflation

and the output gap.

Given the equilibrium processes for inflation, the relative price, and the output gap in equa-

tions (20)-(22), we obtain stock prices and expected returns for both industries using a recursive

approach. The real value of industry I can be written recursively as®

Vilpre,w) = Vii(pre,we) +Ey [Myya ViPritr, wes1)]

where the state variables are the current period’s relative price and the policy shock (pg., u:).

Expected real stock returns are

E[’I"q;7[,t+1] = E |:10g (

VI(pR,t> Ut) - \Iff,t (pR,t, Ut)

5This value reflects the stock price plus the current period profits.
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Figure 2: Impulse responses to a positive policy shock for different macroeconomic variables for
the aggregate economy and the industries with high and low rigidities.

for I = {H, L}. Table 1 shows the parameter values used in the exercise.

Figure 2 shows impulse responses to a positive policy shock. This shock represents bad news
for the economy since it increases the real short-term rate and generates a negative (log) output
gap. The relative price increases and, as a result, the real value of production in the industry H is
more negatively affected than the real value of production in industry L. However, markups in the
two industries expand and increase profits. The markup expansion is larger in industry H than
in industry L, which is reflected in a larger decline in labor income in industry H. As a result,
profits in industry H increase by more than profits in industry L. This effect is observed in the
realized one-period returns for the two industries after the shock, as shown in Table 2. The stock
values for both industries decrease after the shock. However, while profits in industry H are high
enough to provide a positive return, profits in industry L are not. It happens even with higher

profits in industry L than in industry H. Therefore, a claim on profits of the industry with more
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Table 2: Realized Industry Stock Returns After a Positive Policy Shock

Industry Initial Stock Value Final Stock Value Dividend Return
H 4.5972 4.4642 0.1645 0.68%
L 5.2787 5.0956 0.1666 -0.31%

sticky prices provide a hedge for consumption with respect to a claim on profits of the industry
with more flexible prices, and investors require a higher expected return to hold stocks of this

industry.

A claim on real profits can be seen as a portfolio that is long a claim on real production (con-
sumption) and short a claim on real labor income. This decomposition is useful to understand
where the difference in riskiness of the two industry stocks is coming from. Figure 3 plots the
differences in expected returns between the low and high rigidity industries for claims on consump-
tion, labor income and profits, for different parameter values. Expected returns on claims for real
labor income in industry L are always lower than in industry H. Labor income is more risky in
industry H since markups are more countercyclical in this industry. The high risk of claims on
labor income in industry H translates into a reduced risk of claims on profits for this industry in
comparison to industry L. The difference in expected returns for claims on profits increases as the
elasticities of consumption and labor decrease, the price rigidity in industry H increases and the
persistence of the policy shock increases. More aggressive responses to inflation and the output

gap in the policy rule reduce the difference in expected returns.

4 Empirical Results

We test the predictions of the model using the data of publicly traded firms. The stock market
data is from the Center for Research in Security Prices (CRSP). The price rigidities for individual
industries are from Bils and Klenow (2004), which provides the monthly frequency of price changes
for 350 categories of consumer goods and services comprising around 70% of consumer expenditures
from 1995 to 1997. Using the 49-industry classification from Kenneth French’s web site, we obtain
the frequencies of price changes for 31 industries, used as our proxy for price rigidity.> Table 3

lists the summary statistics of the price rigidities for 31 industries.

6The frequency of price changes for a particular industry is the average of the frequencies of price changes of
consumer goods and services within this industry.
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We sort industries into 10 deciles according to their price rigidities in descending order. Firms
within the industries of the same decile are used to form both value-weighted and equal-weighted
portfolios. We then run a Carhart four-factor model for each of the 10 portfolios and the hedge
portfolio, defined as the price-rigidity portfolio, that longs the portfolio with the lowest price
rigidity (decile 10) and shorts the portfolio with the highest price rigidity (decile 1). Tables 4
and 5 present the regression results for two sample periods: 1970 — 1980 and 1980 — 2006. The
selection of the two periods was based on Clarida, Gali and Gertler (2000). They find that the
response of the short-term interest rate to inflation is significantly stronger after 1980 than for
the 1970 — 1980 period. The model predicts that profits of industries with low price rigidity earn
higher expected returns than industries with high price rigidities. This difference decreases with

the response of the interest rate to inflation.

Table 4 shows the regression results using the Carhart four-factor model and the data for the
first sample period. For value-weighted returns, portfolio 10 (firms with lowest price rigidity) earns
77 basis points more than portfolio 1 (firms with highest price rigidity) monthly, controlling for
market, size, book-to-market, and momentum factors. The difference increases to 117 basis points
for equal-weighted portfolios. The t-stats are 2.32 and 2.85, respectively. Therefore, industries
with low price rigidities earn significantly higher returns than industries with high price rigidities
from 1970 to 1980.

Table 5 shows the results for the second period. For value-weighted returns, portfolio 10
earns 3.9 basis points more than portfolio 1, controlling for market, size, book-to-market, and
momentum factors. The difference is 2.4 basis points for equal-weighted portfolios. The t-stats
are 0.12 and 0.07, respectively. Although industries with low price rigidities still earn higher
average returns, the difference is much smaller after 1980 compared to that during the 1970’s, and

is not statistically significant.

In summary, the empirical results provide support for the predictions of the model. A weak
response of the central bank to inflation increases expected excess returns and industries with high

price rigidities earn higher expected returns than industries with low price rigidities.

5 Conclusions

This paper provides a theoretical framework for the analysis of the effects of monetary policy on
stock returns. We use this framework to analyze the implications of monetary policy on the equity

premium and the cross-section of returns. Monetary policy has effects on stock returns because
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firms are not able to adjust their product prices every period. This nominal rigidity generates an
equity premium for inflation risk, which depends on the elasticities of substitution of consumption
and labor, the degree of price rigidity, and the reaction of the policy to inflation and output.
In the cross-section, expected returns are higher for industries with more flexible product prices.
Countercyclical markups for these industries are less sensitive to inflation risk and, as result, their
returns are more sensitive to this risk. Therefore, investors require an additional compensation

for holding stocks on these industries.

We find empirical evidence supporting the model predictions. The return difference between
low and high price rigidity industries is positive and significant for a period in the US monetary
policy characterized by a weak response to inflation. This difference in returns can not be explained
by market, value, size and momentum factors. The theoretical approach suggests a potential role
for relative prices across industries and/or industry-specific inflation to explain this difference. It
also presents a potential explanation for the empirical results on industry concentration and stock
returns in Hou and Robinson (2006).
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Table 3: Summary Statistics

This table reports the average frequencies of price changes and the standard deviation for products in each industry.

We divide firms into 49 industries according to the classification from Ken French’s web site.

Industry Number Industry Number of Products Avg. Freq. STD of Freq.
2 Food Product 81 34.27 11.97
3 Candy and Soda 9 27.39 8.92
4 Beer and Liquor 4 17.43 3.19
5 Tobacco Product 3 20.07 2.92
6 Recreation 12 23.15 8.34
7 Entertainment 6 11.12 6.03
8 Printing and Publishing 7 9.53 4.65
9 Consumer Goods 54 19.54 6.48
10 Apparel 43 32.72 11.17
11 Healthcare 5 6.76 2.71
12 Medical Equipment 3 8.10 2.94
13 Pharmaceutical Products 3 14.77 1.76
14 Chemicals 3 19.43 10.62
16 Textiles 1 17.00 N/A
17 Construction Materials 8 12.40 4.47
21 Machinery 4 26.25 10.61
22 Electrical Equipment 1 19.40 N/A
23 Automobiles and Trucks 6 26.18 11.13
30 Petroleum and Natural Gas 8 56.45 20.81
31 Utilities 4 30.30 28.45
32 Communication 4 12.60 5.53
33 Personal Services 47 8.64 5.46
34 Business Services 1 10.00 N/A
35 Computer Hardware 4 18.90 13.02
36 Computer Software 1 16.50 N/A
37 Electric Equipment 2 13.45 6.15
39 Business Supplies 2 9.25 3.04
41 Transportation 11 21.05 22.84
44 Restaurants, Hotels, Motels 8 11.63 10.77
45 Banking 3 12.77 13.80
46 Insurance 2 12.50 4.24
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Appendix

A Profit Maximization under Price Rigidities

Consider the Dixit-Stiglitz aggregate (3) as a production function, and a competitive “producer” of the

industry good facing the problem

1
{CI‘?.?(};)}PI’tOI’t_/O Pr(5)Cr4(j)dj

subject to (3). Solving the problem, we find the demand function

N\ —1/0
PI,t(j) = PI,t (CM) (3())

The zero-profit condition implies

Lo N Pri)\ ™"
PriCry = / Pri(j)Cre(j)dj = / PriCry fz dj.
0 0 It

Solving for Pr4, it follows that

1
1 =
Pri=| [ Pt a (31)
0
which can be written as the demand function for each differentiated good in sector I
o (PL)\ 7’
Cri(j) = L(j) Cre- (32)
Pry

Similarly, we can solve the profit maximization problem of the final good industry, which use goods from

industry H and L as inputs. The demand function for industry I good is

P 79
CLt = @I (It) Cy (33>

where P; is the final good price, defined as the aggregate price index. The zero profit condition of the

final goods production implies

_ _11/(1-6)
P = [oPl + (1 - 9)PL] .
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Notice that these relations imply that consumption in both sectors is related by

Therefore, when prices are flexible, prices of the sector goods are the same and consumptions in the two

sectors are proportional.

The profit maximization problem (10) is solved relying on a linear approximation around a “steady
state”. The steady state is defined as the solution of the profit maximization problem in an economy with
perfectly flexible prices. It is convenient to analyze this problem for the hypothetical flexible economy

first and then show the solution for the actual economy.

ax P ’Yf N AN .
(Preli)} 14(3) Y74 (3) — wre(F) N1 (5)

subject to (30) and (11). The solution to this problem implies

Pri(j) ,
2 = usr(4)

where the markup p = % over the real marginal cost sy+(j) = %%W is the result of monop-

olistic power. By using the production function (11) and the marginal rate of substitution (9) we can

write the real marginal production cost as

—w . 14w
s1ad) = 72 (Yf’f )> i (34)

Since prices are flexible and firms are identical, P,(j) = P, and Y;(j) = Y;. As a result, production in

the flexible-price economy can be written as

1
f — 100V = — [(1+w)log A —log ] . 35
y; gY; w+’y[( ) log g 1 (35)

Since the level of production is a constant, we drop the subscript ¢ in Y;f . The real wage in industry I is

the same for every firm
Wyt

P
The real profit of industry [ is then given by

1
uo= oyt (1—)
0

PI f
= =Y
0

+
— SOI—wA—wYIL:JtCtW — Av (Yf>w Y .
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The flexible-price output provides us with a “point” to approximate the solution to the profit maximiza-

tion problem in the sticky price economy.
Let MET = BT=tAp, and Sr+ = Pisrt. Consider the derivative

OV (i L 1-96 ; j
m = Yirwli) gy [Prald) = nS1y(3)] -

Therefore, the first order condition to the profit maximization problem (10) is

o

Z arB) T A Yy gy () S (i )] : (36)

Z arB)” ATYIT\t( ) Pr(9)
T— T—

Since all producers in industry I who can change prices at t face the same optimization problem,
Yire(d) = Yirw, P}it(j) = Py, and Srr1e(j) = Srrie- Applying the Taylor expansion aib; = ab +
b(a; — a) 4+ a(by — b) to both sides of the equation around a steady-state with P = pS, we have for the
left-hand side of the equation

Z arB) " (ArYy g — AY)
T—t

E¢ [Z (alﬁ)T_t ArYr 7 Pry

T=t

and for the right-hand side

E; [Z (B ArYy enSr e
T—t

=AY S ()" + S Ey [Z (arB)" ™" (ArYy gz — AY)
T=t

Noting that the first and second terms in both sides of the equation are the same, equation (36) becomes

1 o
A=ard) ﬁ) TZ arB)’ /LSI7T|t] .

Since Sp; = sy Pr, replacing equation (34) in the equation above and re-arranging terms, we obtain

1 1+9w

T—arg (Fiv)

Z alﬂ P%+9wY;+7A(1+w)] )
T=t
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Dividing by P the equation can be written in terms of the output gap x; = y; — yf as

1406 * 140
L (Pf*,t) o — elwty)ze <Pt> e + o <PI,H—1> * w]
= = 5 :

(1—a8) \ P P 1—aB "
P*
Letting pj , = log %t and using the approximation e® ~ 1 4+ x, we obtain

1 arf
— (1 1+6 ) =1 1+6 —FE; |1 1+6 *
= arp) (1+(1+ W)Pl,t) + (w+ )z + (14 0w)py + p—y 1+ @1+ w)pl,tH] (37)
that simplifies to
* w7y Oé[ﬂ * *
Pre = 150 + e+ 1= a3 oqﬂEt [PTiv1 — Pra) - (38)

Since there are infinitely many firms in each industry, at each period, a measure a; of firms will keep
the last period’s price and a measure 1—a; of firms will set a new price by solving the above maximization

problem. The aggregate price index for industry I is
1- =
J— _ 1—
Pry = [(1—051) (Pl*,t) +a1P},tf1 :

A first order Taylor approximation of the price index results in

pre= (1 —ar)pr, + arpri—1-

It implies
(675 1 ar

* *
Tre+pre, and  pry — Py = T T4l —
or 1—ay

* J—
Pri = 1—

T ¢
l—ar 7

Replacing these equations in equation (38), we obtain

K
?I(pt —pr+) + BEmr441],

Trt = K&t +

where k7 = WC and ¢ = l‘j_%. We can write

Pt —Prt = P—IPRt
where p_g = —(1 — ) and p_ = ¢.

Equation (12) can be written in terms of aggregate inflation, the output gap and the relative price.

Inflation in the aggregate price index, m = log P11 —log P;, can be written in terms of industry inflations
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as

T =rgr+ (1 — ).

As a result, by adding up the two equations (weighted by the industry weights) we obtain
Ty = Kxy + bppryt + BE[m41] -

where .
(1 — @)ﬁ_
¢

Therefore, if the degree of price rigidities in the two industries is the same (k = 0), aggregate inflation

R=pkg+(1—p)kr , E=kg—rKr and b, = —

does not depend on the relative price between the two industries. In order to obtain an expression for the

evolution of the relative price, we can subtract one of the equations (12) from the other one and obtain

brprt = kTt + Prt—1 + PEPR141],

where

@=1+ﬁ+§m—¢mg+wm.

This equation describes the evolution of the relative price in terms of the output gap, the one-period lag

and the expected future relative prices.

B Equilibrium

Finding the equilibrium of the economy involves solving the system of equations

et = K [eXp(logﬁ — Ay’ + Azyr) — i) |
m = Rxy+bypre + BE[m11],
brprt = KTt +pri-1+ BEpRri+1],
it = T4 1T 4 X + Uy,
and U = QulUi—1 + OuCupt-
Where b, = —w(lg_‘p)@, E=wkg+ (1 — @)k, k= kg — Kk and

bR:1+ﬁ+Qu—me+¢my
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Equation (17) can be written as

20 = = [ — by — BBilmisa] (39)
and its first difference as
Aryyy = % (AT 11— bpApr 41 — B (Bt [mete] — Eifmeia])] . (40)
Replacing (39) in (18) we obtain
brORt — PRit—1 = K (Mt — boprt — BE¢[mi11]) + BE[pR 141 (41)

where K =

=

We can guess solutions for inflation and the relative price of the form

T = T + TpPRt—1 + Ty, and pry = p+ PpPRi—1 + Pult,

respectively. Replacing this solution in equation (41) and matching coefficients we obtain the sub-system

of equations

b = K(1— )7+ Bp, (42)
brpp = 1+ Kmy, (43)
bTrpu = K(l - B(bu)ﬂ'u + 6Pu¢u; (44)

where
br = br + b, K + BKm, — Bpp.

To complete the system of equations, replace (40) and (19) in (16). The guessed solutions imply log-

normal distributions for all variables and, therefore, we obtain

—1— T — T — U = log B — %[(Wp - bgopp - /Bﬂppp)(/j + (pp - 1)pR,t71 + puut)
- (1 - (Z)u)(ﬂ'u - bcppu - ﬁﬂppu - /87ru¢u)ut]
- T — Wp(ﬁ + PpPRt—1 + puut) — Tu®ult

1
+ §Vart <%(7Tu - btppu - ﬂﬂ'ppu - Bﬂ'uﬁbu)uﬂrl + 7Tuut+1> . (45)
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Matching coefficients we obtain the sub-system

—1— 1T — E[(l - B)7 — (bap + ﬁﬂp)ﬁ] = logf—7m— %(ﬂ'p bypp — ﬁﬂpﬂ’p) Tpp

1 /v 2,
+ §<%(7Tu wpu /Bﬂppu ﬂﬂ'u¢u)+7"u) Uu7(46>

—tay = 2 lmy = (b4 Brp)ps] = (= bopy = Brppy) (L= py) = mypy, (47)
—tnmy = =[(1 = Béu)mu = (b + Brp)pu] =1 = = (my = bypy — Brppy)pu
+ (1= Gu)(mu = bypu — Brppu — Bud)
—  Tppu — Tubu. (48)

The complete system is given by equations (42)-(44) and (46)-(48). This system allows us to obtain
the equilibrium parameters {7, 7, 7y, p, pp, pu }- Notice that equations (43) and (47) only depend on m,
and p,. Therefore, we can use these two equations to solve for these two parameters. After some algebra

manipulations we obtain

18%py = B+ (1 + 8+ br) + f1a] o)
+ V(B +br + B(1 +br)) + Fbr + bpk + 1xRB + 128(1 + br)] o),
_[R+Zw (RbR+b¢ﬁ) +'L:r(bR+/8) +’7(1 +bR+B)]pp+lﬂR+7+Zx =0.

We choose the solution for this equation where 0 < p, < 1. The coefficient 7, can be obtained from

bcppph/(l - pp) + 1]
(Y(1 = pp) +1)(1 = Bpp) + F(tx — pp)'

7Tp:

Using equations (44) and (48) we find p, and m,. The sensitivity of inflation to the policy shock
solves

T = FLQ — ) — — 1. )R(1 — 1_ﬁ¢u
u = [ (Pu — 1) — (V(1 = Pu) + 1) R(1 — Bdu) + [3%

X (mp(y + R) + (by + Brp) (v(1 = pp — o) +zx>>]*1ff2

and the sensitivity of the relative price to policy shocks is

K

m(l — Bdu)Tu

Pu =
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From equations (42) and (46) we find p and 7. The constants are

K
bﬂ_ﬁ

1 2
[Z+ log 3 + 5 (%(ﬂ'u - bgapu - /Bﬂ'ppu - ﬁﬂ'u(pu) + 7"'u) 05:|

-1
o= [1—zﬁ—§<1—ﬁ>+ (1—ﬁ)(;(Wp—bsopp—ﬁﬂpppHﬁw(b¢+ﬁﬂp)2)]

X

and

The solution for the output gap is given by

Ty =T+ Tppr—1 + Ty,

where
P o= 10O~ b+ )il
1
Tp = 7 [mp — (b + Bp)py
Ly = % [7Tu - (btp + 57Tp)pu - ﬂ‘ﬁuﬂ'u] .

C Inflation in Individual Industries
We can write the inflation within industry I as a function of the state variables:
Trt =TI+ T pPRt—1 + T Ut - (49)
We know that the first order Taylor expansion of the relative price relation is
Pt —P1t = P—IPRt
and the inflation in sector [ is
-1

KT
1y = K&y + ——prye + B¢ (7741

¢
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Combined with the equilibrium conditions in Section 3, we find the coefficients for industry inflations as

_ K1 _ Y_1p By ]
T = T+ + P
1—5[ C(L=Bpp)  1—DBpp
L P mp]
Ty, = ;
b 1- ﬁpp [
@—IPu ﬁpuxp :|
TIu = + .
1—ﬁ¢u [ C(L=Bpp)  1—DBpp

D Real Labor Income and Real Profits

Denote by LI;; the real labor income at time ¢ in industry I, given by

1 .
w N 7-
L= [ 1O N ).
0 t

Using equation (9), (32), and (33), real labor income can be written as

I _ SOI}/tl-‘r’Y-HU PI,t —0(14w) /1 PI,t(j) —0(14w) i
It Al+w 2 0 Pry J -

Substitute the output under flexible price

(YJEJC)MJF7 —1A1+w

we obtain
Ly, - LY (m)‘“l*w) /1<Pz,t<j>>‘9(”w> G
’ w e \ P, o Py

. —0 w . —0 w
— szXtum(Pg(y)) ( )/1<P;¢(J)> o )dj.
Lt 0 It

where LItf = %Yf is the real labor income under flexible prices.

Decomposing the last term in the labor income equation we obtain

/1 <PI,t(j)>9(1+w) 4 = / <%)_6(1+m dj+/ <P” 1(J )> o dj
0 Pry je(—ar) \PrLt j€ar Pr

— (1 _ a1)6*9(1+w)(P},t*P1,t) 4+ a16_9(1+w)(p1,t—1_171,t)'
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A first order Taylor approximation results in
/1 (PI,t(ﬁ)g(Hw) dj
0 Pry

where the second equality comes from the approximation

Q

1= (1 —anf(l+w)(prs — pri) — sl + w)(pri—1 — pri)

= 1-0(1+w) [(1 —a)prs +armpri-1 —pl,t] =1

pre=(1—a)pr, +apri-1.

Therefore, a first order approximation to labor income is

Li;;=LIY (’}) (”) _ L1 (et t0(1+0)e pay
: Y, 2

Define the real output in section I as

Y74Pry P \'"?
Yreal — s ot Y; >
I 73& Prre j2)

where the second equality is implied by the demand function for section I. Using the first order Taylor

expansion, we get
y;:fal — @nyexﬂr(@*l)wm,x )

Therefore, the real profit in sector I at time t is given by

1
Uy = Y — LI, = (1 - ) vy,
HIt

where

Lt = Mte_(1+9W)W71pR,t

is the time-varying markup for sector I.

E Additional Insights Using an Affine Framework

The linear solutions for the (log) output gap, inflation and the relative price imply a representation
for the pricing kernel which allows us to apply affine asset pricing techniques to price securities. The
framework has been used recently by Lettau and Wachter (2007) for the valuation of stocks. We use
the affine framework to price claims on consumption, real labor income and real profits (stocks), and

obtain additional insights into the model implications for the cross-section of returns. In particular, we
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analyze “zero-coupon” claims which only payoff at some future time ¢t +n.” Therefore, claims on all future
aggregate consumption, labor income and profits can be considered as portfolios of the zero-coupon claims

for all n.

(n)

Consider first the case with homogenous price rigidities. Let r(? i1

claim on aggregate consumption at time ¢t 4+n. The expected excess return of this claim over the risk-free

be the one-period return of a

rate r; is

1 _ _
E; [T(c?,zﬂ — Tt} = —§Vart (Axt+1 + dglt_:%) — Ccovy (mt’t+1, Axyp1 + d(c?t+11)> ,

(n)

where dC,t 41 Is the price-consumption ratio associated to the claim with payoff at time n. It can be

shown that the covariance term is

—COV¢ (mt7t+1, Aﬂ?t.ﬂ,_l + dgl’;_‘_l%) =7 [’Y + (]. — ’7)(;5271] varg (AIt+1) .

o . . . (n) (n) :
A similar analysis for returns on one-period labor income and profits, r Nit+1 and Ty 415 respectively,

imply
—Covy (mt,t+17 Aligyr + d%ﬁi) =7 [v+ 1 +w)el ] var, (Azypq),

and
—Covy (mt7t+1, Atpyq + dgl;:)) =7[y+(14+w—-0w+ 7))@52_1] vary (Axy1)

It can be seen from these two equations that, for all maturities n, the expected return on labor income
claims is higher than the expected return on profits. The differences in the two expected returns increase
as the intertemporal elasticities of consumption and labor increase. This is the result of a countercyclical
markup. Stocks are less risky than claims on labor income since a higher fraction of production is paid
off as labor income during bad times. In addition, more persistent policy shocks imply higher differences

between the two claims.

Consider now the case when the price rigidities are different across industries. Let Tg)l 41 be the
one-period return of a claim on real consumption at time ¢ 4+ 1 of the good produced in industry I. The
expected excess return of this claim on industry H over a claim on industry L is (up to the Jensen’s

inequality terms)

&Q

By [T(C:'l,)H,tJrl - T(cl,)L,tH] —(1 = 0)covi(me i1, Aprt+1)

= (1 = 0)xypyvary (Axiyq),

which is positive given the negative correlation between the output gap and the relative price. A claim

"We follow Lettau and Wachter (2007) and define a zero-coupon instrument as the claim with payoffs at a
particular time ¢ + n and no payoffs before that.
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on consumption in industry H is more risky because during bad times, the high product price in H, in

comparison to the product price in L, hurts the demand of H in comparison to L.

The growth in real labor income for industry I can be written in terms of growth in aggregate labor

income, Ali;, and changes in the relative price, as
Alipy = (1+w+7)Az + (1 + w)p_1Apr: = Aliy + 0(1 + w)o_1App ;-

When the product price in industry H is higher than the product price in industry L, the value of labor
income in that industry declines. It can be shown that the difference in expected excess returns for claims

on one-period real labor income in the two industries is

(1) (1) ~ : :
Ery g — "Ll & —covi(meggr, Aliggpr — Alip i)

= —0(1 + w)xypyvary (Axiyq) .

This expected excess return is positive. Workers in industry H demand a higher return in their labor
income because, during bad times, markups are higher in this industry and the fraction of production

that they obtain is lower than the fraction obtained by workers in L.

Finally, growth in real profits in industry I can be written in terms of growth in aggregate profits,

Aty and changes in the relative price, as
AYre = Aty + @ 1(1 — 0)0wApRr.

When the relative price increases, the growth in real profits in the industry with more rigid product price
is larger than in the industry with the more flexible price. Expected excess returns between real profits

in the two industries are

1 1
Et[rfp,)H,tH - T\(IJ,)L,tH] . —covi(myp1, Ap 1 — Apigr)

= —(1 = 0)0wcovi(Azit1, ApRrt+1),

which is negative, given the negative correlation between output gap and relative prices in equilibrium.
The expected excess returns on real profits in L are higher than those in H because the markup in L is
lower than the markup in H during bad times, that is, profits in industry L tend to decline more than

profits in industry H during bad times.
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F  Numerical Solutions

We solve equation (29) for the two industries on a set of grid points of state variables (pr¢,us) using
value function iteration. The unconditional distributions of relative price pr; and policy shock u; are

normal with

E(ut) =0
o2
var(uy) = 1 _“d)%
p
E(prt) =
(pr.) 1 —pp
2
1 u
var(prt) = pull + pydu) var(ug) .

(1= p2)(1 — ppou)

We choose Np grid points in the range of [~3var(pr)'/?, 3var(pr+)/?| and choose Nu grid points in
the range of [—3var(ut)1/2, 3var(ut)1/2]. We denote the grid points by {p;}i=1.. np and {pj}j=1,. ~Nu-

We calculate the real values of high and low rigidity industries at these grid points as follows.

1. Make an initial guess for the value of high rigidity industry, VI(} (pi, uy).

2. Given the equilibrium processes for the relative price and the policy shock, we know the possible
values of next period state variables (p’,u’) with the corresponding probabilities. Therefore, we

can calculate the right hand side of equation (29) and update the value function as follows:

Y exp(z(p;, uj))

IENAN V4 S
77 (= p)expl(@— D] + o MW Vi) ]

Vé(pivuj) =

3. Calculate the difference between VI(} and Vé at each grid point. If the maximum of the differences
is larger than a pre-decided criterion, then go back to step 2 to get the next iterated value VEI using

Vfll; if not, we have just found the value for the high rigidity industry.

4. Repeat step 1-3 for the value of low rigidity industry V7 at the same set of grid points. The real

value of the industry with low price rigidity as

oY exp(z(pi, uj))
pexp[(1 = O)prs] + (1 —¢)

Vi (pi, uj) = + E; [M(p',u’)VLO(p’,u’)] .

40



