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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. The real effects of the policy
are the result of product price rigidities in the production sector. 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’s predictions.
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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. Differences in returns across stocks are explained by different degrees
of price rigidity across industries, and the responsiveness of the policy to inflation.! The policy is
conducted setting a short-term interest rate using a policy rule. This rule responds to the level
of inflation and a measure of output, and is affected by policy shocks. We show analitically that
stocks carry a risk premium associated to policy shocks in an economy with homogeneous price
rigidity across industries. The sensitivity of the risk premium increases with the degree of price
rigidity and the elasticitiy of intertemporal substitution of consumption and labor, and decreases
with the response to inflation in the policy rule. For an economy with heterogenous price rigidities
across industries, we show that industries with high price rigidities should earn 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 interest-rate policy rule.

We provide a consumption-based explanation for the policy-related differences in stock returns.
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 induce a
positive correlation between consumption and inflation in the model. As a result, a policy shock
that reduces inflation, decreases profits in the industry with more flexible prices by more than the
reduction in profits in the industry with more price rigidities. Simultaneously, the shock increases
marginal utility because aggregate consumption is low. Therefore, investors require an additional

compensation for holding stocks on industries with more flexible product prices.

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 categories. They report a
median duration of prices between 4 and 6 months and the standard deviation is 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.
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The dependence of profits on the degree of price rigidity can be understood as the result of
countercyclical markups induced by the rigidity. When prices are flexible, monopolistic competi-
tors choose a level of production and a price that ensure an optimal constant markup over the
marginal cost. When a producer can not change the product price, production depends on aggre-
gate 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 the 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 opti-
mal constant markup. It implies that claims on profits (stocks) earn lower expected returns that
claims on labor income. Claims on labor income are riskier than claims on profits since profits are
a higher fraction of total production during bad times. Monetary policy then affects asset returns
because it determines the distortions in markups generated 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 is conducted in such a way that inflation is volatile, markups will be

volatile and that is reflected in a high compensation for claims on profits.

When there are differences in prices rigidities across industries, markups for different industries
have different sensitivities to shocks in the economy. 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, during bad times markups of rigid-price industries expand
more than those of flexible-price industries. Investors effectively perceive stocks on rigid-price
firms as less risky than stocks on flexible-price firms. The fraction of production that is paid off
as profits in the rigid-price industry is higher than this fraction for the flexible-price industry,
when the marginal utility of investors is high. When monetary policy implies low 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 lowest price rigidity and shorts the portfolio with 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
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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.

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

and Section 5 conclude. The appendix contains all 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 impli-
cations for real activity. We model monetary policy as an interest-rate policy rule that reacts to

inflation and deviations of output from a target.

2.1 Households

Households have preferences on the consumption of a final good, C' and the supply of labor, N.

Their preferences are represented by the utility function

i ﬁt Otl—w B Nt1+w
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t=0

E

(1)

The final good is a basket of two goods produced in two industries. We will refer to these industries

by I = {H, L} where H and L are the industries with high and low price rigidities, respectively.



The consumption of each industry’s good is C; and the final good (basket) is defined as
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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
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where the elasticity of substitution across differentiated goods is the same as across industries.

goods, defined as

Households provide labor, Ny (i), for the production of differentiated goods in each industry,
such that the total labor supply is

1/(14+w)
N, = { / Ny (i)di + (1 — / N4 dez} .
The intertemporal budget constraint faced by households is
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where M&t > () is the nominal pricing kernel that discounts nominal cash flows at time ¢ to time 0,
P, is the price of the final good, wy() is the nominal wage earned from the production of good ¢
in industry / and Wy4(i) is the real profit for the producer of the differentiated good i in industry
12

The maximization of (1) subject to (4) implies
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2In the derivation of the budget constraint we use the fact that the minimum cost of the final good consumption
satisfies P,Cy = Py +Crt + Pr+CL ¢, where Py 4 is the price of the good produced in industry I, and the minimum
production cost of the industry good is P;;Cr+ = fol Pr+(i)Cr,+(4)di, where Pr (i) is the price of the good produced
by firm ¢ in industry I.



which is the intertemporal marginal rate of substitution of consumption in nominal terms, and

wl,t(i> —w A\ w
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which is the intratemporal marginal rate of substitution between labor and consumption. 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 differentiated good, the price
is set such that it maximizes the present value of expected profits over time. The maximization

problem is

max B | Y o My (Pro(i) Yy (i) — wray (i) Np(i))
et T=t

subject to a demand function® and the production function
V(1) = ANpr(i), (6)

where Y7 p(¢) is the level of output of firm 4 in industry I at time 7', when the last time that the
price was reset was at t. We assume constant labor productivity, A, to isolate the effects of price

rigidities from changes in productivity.

The solution to the firm’s problem implies that the price is set as an average of expected
marginal costs adjusted by a markup. Appendix A shows that this solution can be written in terms

of aggregate output, inflation and a relative price. Aggregate output, Y;, is the total production of

10
3This function is Py = Pr4(i) (Yg/‘;(:)> . See appendix A for details on its derivation.
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the final good. When prices are perfectly flexible, the assumption of constant productivity implies
a constant aggregate output, Y/. We denote deviations in aggregate output from the flexible-price
output, or “output gap”, by

z, =logY, —log Y.

Inflation in industry [ is m;; = log P11 —log Pr, and the relative price between the two industry
goods is

PRt = log PH,t — log PL,t-

The profit maximization problem implies a relation between inflation in each industry, the output

gap and the relative price given by

Trt = KiTy + /iICASOprR,t + B, [7TI,t+1]> <7>

where p_g = —(1 — ) and ¢_; = . The sensitivity of inflation in one industry to the output

gap is k; = —(17”@1(1*“’)( where ( = —{”jel

expectations of future inflation in that industry.

. In addition, inflation in one industry also depends on

We can write the two industry equations described by (7) in terms of aggregate inflation, the
output gap and the relative price. Inflation in the aggregate price index, m; = log P, — log P,

can be written in terms of industry inflations as
m=erg+ (1 — @),
As a result, by adding up the two equations (weighted by the industry weights) we obtain
Ty = Ry + bopry + BE[miq] . (8)

where .
p(1 — w)ﬁ.
4

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

R=¢kp+(1—p)k , E=ky—ky and b, = —

inflation 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 (7) from

the other one and obtain

brPRt — PRi-1 = KTt + BEi[DR.+1], 9)



where

bR=1+5+%[(1—90)/<H+90/‘6L]-

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. Equations (8) and (9) summarize the optimality

conditions for the production sector in the 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
Z.t =14 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, (1())

with e, ~ N(0,1). Policy shocks are the only source of uncertainty in the economy and, therefore,

financial assets reflect compensations only for this risk.

3 Equilibrium

We describe in this section the macroeconomic and asset pricing characteristics implied by the
equilibrium of the model. For comparison purposes, we analyze two particular cases of the model
before turning to the case with heterogeneous rigidities across industries. The particular cases
are an economy with flexible prices and one with the same level of price rigidity across the two

industries. In all cases we use the market clearing conditions Cr, = Y7, and C; = Y,.

3.1 Flexible-Price Economy

Production decisions are completely unlinked from inflation when prices are flexible. Aggregate
output is constant, given by
yi— [#—1A1+w} 1/(w+7)

9



where

0
a1

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

Y1
\I’{,t 7 Y7,
and the constant stock price is
Sf :SOIEt - a{tt \ij :SOI ﬁ Yf
1.t 0 T;ZO: N [ t4n 01— 6

It is clear that stock prices do not depend on policy shocks and do not involve any compensation

for risk. Stock returns are equal to the real risk-free rate rtf = —log (.

3.2 Homogeneous Price Rigidity Across Industries

The case of the same degree of price rigidity in the two industries (ay = «) 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, this case implies the same dynamics for
the two industries. In particular, the relative price between the two industries does not play a role

in equilibrium.

3.2.1 Macroeconomic dynamics

Inflation in the two industries is the same as inflation in the aggregate price index. It is given by
Ty = T+ Ty U,

where
K

K(tr = 0u) + 12(1 = B) + (1 = Bou)(1 = ¢u)’

Ty = —

(11)

and
K

T = =) =3 {logﬂ—l—i—i—

3 (200, 1) wte]



where kK = kK = kg = k. The output gap is

1 1
Ty = E(l - ﬁ)ﬂ + E(l - ﬁ¢u)ﬂ-uut~

The effect of policy shocks on inflation and output decreases when monetary policy responds more
aggressively to inflation and the output gap.

3.2.2 Market Price of risk

From the solutions above, we find endogenous characterization for the real pricing kernel, m; ;1 =

M; 441, given by

—my1 = —log B+ YAy = —log B+ yAyf + YAz
= - logﬁ - %(]— - ﬁqbu)(]- - ¢u)7ruut + %(1 - ngu)ﬂ-uo-ugu,t—‘rb

It follows that the conditional market price of risk is (1 — B¢, )mu0,. Its size decreases as the

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

The real one-period short-term rate, r;, also responds to policy shocks. It is given by

o= = log By [My] = —log  — 5 (21— Bowmen) = L(1 = 86,)(1 - b

3.2.3 Countercyclical Aggregate Markup and Stock Returns

Price rigidities in production generate time variation in the fraction of production that is dis-
tributed as labor income and profits. Appendix G.2 show that real aggregate labor income, LI,

can be written in terms of aggregate production as

1
LIy = —Y;,
Mt
where
e = pX; (12)

can be interpreted as the time-varying markup in production, as a result of distortions in pro-

duction caused by the policy shocks. The markup is more sensitive to the output gap as the

1

elasticities of intertemporal substitution of consumption and labor, v~ and w™!, decrease. That

10



is, households who prefer smoother consumption and labor over time, demand a higher fraction of
production paid as labor in good times (high output gap) and a lower fraction during bad times

(low output gap). It implies that markups are countercyclical as a result of price rigidities.

In order to understand the implications of the countercyclical markup on stock returns, we
can use the affine framework in appendix F to price claims on consumption, real labor income
and real profits (stocks). In particular, we can analyze “one-period” claims which only payoff at
some future time ¢ + n. Therefore, claims on all future aggregate consumption, labor income and

profits can be considered as portfolios of the one-period claims for all n.

Let rgf 2 41 be the one-period return of a claim on aggregate consumption at time ¢ +n. The

expected excess return of this claim over the risk-free rate r; is
1 -1 —1
Et |:ng+1 — Tti| = —évart <A5L’t+1 + d(gf +1)> — COV (mt7t+1, A$t+1 + dgl,t_,'_%) s

where dg‘i 41 is the price- consumption ratio associated to the claim with payoff at time n. It can

be shown that the covariance term is

—CoVy (mt,tJrly Az + dg:%) =7 [’V + (v — 1)¢271} vary (Azyyq) .

o . . . (n) (n)
A similar analysis for returns on one-period labor income and profits, 7y, and ry;,,, respec-

tively, imply
—COVy¢ (mmﬂ, AlitJrl + d%i;i)l) =7 [’}/ + (1 + CU)¢Z?1] varg <A$t+1) ,

and
—COVy (mt7t+1, A’l/}tJrl + dgﬁ;rli) =7 [’}/ + (1 +w — 9(&) + ’}/))szil] varg (A.rtJrl) .

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.
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3.3 Heterogenous Rigidities across Industries

In this section, we study the economy with two industries and different price rigidities. In order to
find allocations and prices for the economy, we need to solve a system of equations that summarizes
the relevant optimality conditions for households, firms and the monetary policy rule. These
equations are the no-arbitrage equation for the nominal risk-free rate, the two equations that
describes the optimality condition for the production sector and the policy rule for the central bank.
Noticing that consumption is equal to output in equilibrium, we can summarize the equilibrium

conditions as

e = E [exp(logﬂ — YAy + Azyyq) — 7Tt+1)} ) (13)
T = Kxy+ bepry + BE[miy1], (14)
brprt = KT+ Pri-1+ BEi[pR111], (15)
e = T+ 1T+ 1T U (16)
and U = QulUi—1 + Oyut.

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

the output gap given by

T = T+ TpPri-1 + Tuls, (17)
PRt = P+ PpPRt—1 T+ Pull (18)
and Ty = T+ TpPri-1 + Tyl (19)

where the coefficients for all processes are characterized in the appendix.

3.3.1 Pricing Kernel and Market Price of Risk

From the equilibrium process for the output gap in equation (19), the real pricing kernel my ;41

can be written in terms of the relative price and the policy shock as
M1 = 1og B — yxpApr + Y2u(l — du)ty — YTuOuEwt41-
The market price of risk is therefore given by

A= YT,0, .

12



Since monetary policy shock is the only source of risk in this economy, A reflects the risk premium
for the uncertainty on inflation. Figure 1 plots the market price of risk as a function of the response
of monetary policy to inflation, using the calibrated parameters in Table 1. It can been seen that

a weak response to inflation in monetary policy leads to a higher risk premium on inflation.

The real short-term rate is

1
ry = —log ff — 57253‘73 + 7$pApR,t - ’713u(1 - ¢u)ut

3.3.2 Industry Markups and the Cross-Section of Returns

We can gain some intuition about the differences in expected returns across industries by analyzing
(i) how industry markups are affected by the difference in price rigidities and (ii) the expected
excess returns for claims that pay only one period in the future. It turns out that differences in

the two industries can be explained in terms of the dynamics for the relative price.

Real labor income in industry I, LI, can be written in terms of the real value of production
of that industry, Y/, as

1
LI, — _Yreal
It (014 It

Y

where the time-varying industry markup is

—(1+6 _
fire = pye” 1TOe-IPRL

and g is the markup for aggregate production as in (12). It follows that the difference in markups

in the two industries is
HH _ 6(1+9w)pR,t
KLt

When pg+ > prs, the markup is higher in industry A than in industry L. Since the aggregate
output gap and the relative price are negatively autocorrelated, the markup in industry H expands
more than the markup in industry L during bad times. In good times, the markup in H compresses
more than the markup in L. In the more flexible industry, producers who can adjust the price
will set a price that is closer to the one with the optimal flexible-price markup p. Therefore, the

markup in industry L is less sensitive than the markup in H.

Let r(oly)l’t 41 be the one-period return of a claim on real consumption at time ¢ + 1 of the good

produced in industry I . The expected excess return of this claim on industry H over a claim on

13



industry L is (up to the Jensen’s inequality terms)

1 1
E[rS oy — Topast] = —(1—0)cov,(me . Aprist)

= (1 —0)zypyvar, (Aziy),

which is positive given the negative correlation between the output gap and the relative price. A
claim 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
Aliry = (1+w+7)Az +0(1 +w)p_1Apgs = Aliy + 0(1 + w)p_1Apry.

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) ~ : :
Et[TN,H,tJrl - rN,L,tJrl] ~ —covy(mypr, i — Alip )

= —0(1 4+ w)z,pyvary (Axgq) .

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, Ay, and changes in the relative price, as
A¢I7t = Ad)t + SO_](l — H)QWApRﬂg.

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
o [T‘(P,)H,Hl - TEII,)L,tJrl] ~ —covi(mypin, Ar — Ap i)

= —y(1 —0)0wcovi(Azii1, Apris1),
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which is negative, given the negative correlation between output gap and relative prices in equi-
librium. 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.

Notice that the changes in the relative price can also be written in terms of industry inflations

as

ApR,t =THt — TLt-

It follows that compensations for risk in one industry are higher than in the other one as long as
inflation in that industry covaries more with aggregate consumption than inflation in the other
industry. It can be shown using equation (7) that inflation in the industry with low price rigidity is
more sensitive to the aggregate output gap than inflation in the industry with high price rigidity.*
Intuitively, inflationary shocks have larger negative effects on the profits of the industry with low
price rigidities and, as a result, economic agents demand high compensations for claims on these

profits.

3.3.3 Numerical Exercise

We analyze the implications on expected excess returns for stocks in the two industries relying on a
numerical solution and comparative statics. The details of the numerical procedure are presented
in appendix E. The purpose of this exercise is to see whether the expected excess return implied
by the stock of the industry with a low price rigidity is higher than that implied by the stock in
the industry with high price rigidity. 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 inequa-
tions (17)-(19), we obtain stock prices and expected returnsfor both industries using a recursive

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

VI(pR,ta Ut) = \I’Lt(pR,n Ut) + E, [Mt,t+1vl(pR,t+1, ut+1)] ) (20>

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

The first two terms summarize the real profit of industry I and the last term is the continuation

4Appendix D shows the equilibrium process for inflation in the two industries.
5This value reflects the stock price plus the current period profits.
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value.

Expected real stock returns are

V; U
E[T\D,I,t-i—l] = E{log( I(PR,t+1 t41) )}

VI(pR,t, Ut) - \I/Lt (PRJ:, Ut)

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

Figure 2 plots the differences in expected returns between the low and high rigidity industries
for claims on consumption, labor income and profits, for different parameter values. The difference
in expected returns for claims on profits increase 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.

Figure 3 shows impulse responses to a positive policy shock. This shock represents bad news
for the economy since it induces a negative output gap. Simultaneously, it increases the relative
price, production in the industry with the more sticky price is negatively affected while production
in the one with more flexible price is positively affected. The value of claims on consumption and
labor decline, and the claims in industry H are more negatively affected. However, the values of
the claims in labor income in the two industries are less affected than the values of the respective
claims in consumption, reflecting expanded markups in the two industries. Since the expansion in
markups in industry H is larger than in L, profits in L are more negatively affected than profits
in H, resulting in higher expected returns on a stock in industry L over the expected return for

industry H.

3.3.4 A Different Source of Uncertainty: Supply Shocks

In this section we analyze the differences in expected returns between industries with high and low
price rigidities that result from the existence of supply shocks. We define supply shocks as a source
of uncertainty affecting firm decisions. They can be seen as a source of time-variation in firm taxes
or time-variation in markups. The time variation of markups can be the result of time-varying

elasticity of substitution across goods. Incorporating this shock to the model amounts to modify
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equations (14)-(16) to incorporate the supply shock, and obtain

T = Koy +bypry + BE[mi41] + €, (21)
brprr = KT+ Dpri—1 + BEPR41] + beey (22)
and it = T+ 1T+ 1,0, (23)
respectively, where b, = ﬁ and the supply shock, ¢, follows the process

€ = ¢e€t71 + Oc€et-

This shock generates equilibrium processes for inflation, the relative price and the output gap that
depend linearly on the shock. The derivation of the equilibrium is presented in appendix C. One
important difference between the effect of this shock in comparison to the policy shock is that,
while policy shocks generate an positive correlation between the output gap and inflation, supply

shocks generate a negative correlation.

Figure 4 shows the difference in expected returns between industries with low and high price
rigidities, for different parameter values. In general, the results are very similar to those obtained
with policy shocks. However, there is a notable difference related to the effect on the excess
return when the reaction to inflation in the policy rule increases. Supply shocks induce a negative
correlation between output gap and inflation, creating a trade-off between inflation stabilization
and output stabilization. For that reason, a higher reaction to inflation implies more distortions
in output and it increases the differences between expected returns of industries with low and
high rigidities. For policy shocks, a higher response to inflation reduces the expected excess return

given that stabilizing inflation also stabilizes output across industries.

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
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the frequencies of price changes for 31 industries, used as our proxy for price rigidity.® Table 2

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

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 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 3
and 4 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 3 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 4 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. And 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 strong 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.

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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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
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
profits 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.
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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 0.5
ar, Price rigidity in industry L 0.05
0 Elasticity of substitution of goods 1.2

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
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Table 2: 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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Figure 1: Market Price of Risk

The figure plots the market price of risk as a function of the response of monetary policy to inflation, using the

calibrated parameters in Table 1.
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Figure 3: Impulse Responses to a Positive Policy Shock

The figure plots impulse responses for different macroeconomic variables, the one period real interest rate and the
value of claims to real consumption, real labor income and real profits. “All”, “High” and “Low” refer to the

aggregate economy, the industry with high price rigidity and the industry with low price rigidity, respectively.
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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
{éIIlta(ZX)} PI,tCI,t —/0 P[7t(7;)017t(7;)d7;

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

of,t@))‘”"

Pry = Pr4(7) ( c
i

Since the production is competitive, profits are zero, meaning that

Py iCry = /0 P (1)Cra ()i = /0 lPt(z')C’t<P t(i))edz’.

P,

Solving for P4, it follows that

Py = { /0 1 PLt(i)ledi} o (25)

Similarly, the aggregate price index can be written in terms of the price index for the two sectors

as
_ _p71/(1-0)
P = [ePi + (1 —¢)PL’] :

the demand function for each differentiated good in sector S is given by

Crali) = (P—”) Cr,

and the demand function for each sector good is

0
Cri =1 (?t) Ct, (26)
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where oy = ¢ and ¢, = 1—p. Notice that these relations imply that consumption in both sectors

-0
% Py
Crx, = —— | = Cri.
Ht 1_80(]3“) Lt

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

is related by

the two sectors are proportional.

The profit maximization problem (6) 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.

max P,,t(z)ygt(@') — w4 (i)hy (i)

Pr¢(7)

subject to (24) and (6). The solution to this problem implies

Pr4(i) :
P p151,4(1)
where the markup p = % over the real marginal cost sy.(i) = %%W is the result of

monopolistic power. By using the production function (6) and the marginal rate of substitution

(5) we can write the real marginal production cost as

s1eli) = Ylj(i) (YIf&(i))Hw a (21)

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

the flexible-price economy can be written as

1
f —1oeV/ = ———— [(1+w)log A —1 . 28
y; = logY; ot [(1+w)log 0g /1] (28)

The flexible-price output provides us with a “point” to approximate the solution to the profit

maximization problem in the sticky price economy.
Denote MET = BT7'Ar, Sry = Pysp4. Consider the derivative

OU 714(i) 10
e (ASVAN Ve
op )~

[Pro(i) = prSery(i)]
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Therefore, the first order condition to the profit maximization problem (6) is

Z arB) T ArYy e (1) Pr Z arB)’ ATY},T|t(i)HSI,Tt(i)] : (29)

Since all producers who change prices optimally at ¢ face the same problem, Y; (i) = Y1y,
Py (i) = P}, and Sy (i) = Sy Applying the Taylor expansion a,b, = ab+ b(a, — a) + a(b, — b)
to both sides of the equation around a steady-state with P = ;.S, we have for the left hand side

of the equation

Z (arB)" " (ArYi gy — AY)

Z arB) T APy,
T=

and for the right hand side

Z Oéfﬁ ATYI,TtMTSI,Tu(i)] = ,M_Y Z(Oélﬁ +MS K, Z Oé[ﬁ ATYIT\t
T= T=t T=t

+ ILLW Et

Noting that the first and second terms in both sides of the equation are the same, equation (29)

becomes
i = B | s

—=P, = (arB)" ™" wSrre| -

(1 —a;) T—
Since Sty = s Pr, replacing equation (27) in the equation above and re-arranging terms, we
obtain

1  \ 1+06w - T— Wy, W - w
m (Pu) =E, Z(@Iﬁ) tup%w YT+’YA (1+ )] )
T=t
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Dividing by P't% the equation can be written in terms of the output gap z; = y; — y{ as

1 (Pj*,t>1+9w _ etz (E)Haw n a3 (Pf,f+1>1+6w] '
P

(1—aB) \ P P 1—af "
Letting p7, = log P%t and using the approximation e* ~ 1 4 x, we obtain
_ (1+ (14 0w)pj,) =1+ (w+ )z + (1 + 6w)p +LﬁE [1+ (1+6w)p} 0] (30)
(1 _ Ofﬁ) 1t t t 1 — Oé[ﬁ t 1,t+1
that simplifies to
* W+ OUB * *
DPry = T wat + e+ mEt [P[,t+1 - p[,t} . (31)

1

A first order Taylor approximation of Pr; = [(1 —ay) (PI"’t)l_‘9 +a IP]I;_OI] 7 results in

pre= (1 —ar)py, +apri1.

It implies

or 1 (%

* *
mre+pre and Py —Pry = T4l —
1— o i A

*
Pri = Tt

1—0&1

Replacing these equations in equation (30) we obtain

K
Try = K&y + ?I(pt —prt) + OBy 77 441],

where k; = wc and ¢ = ;j-:_@?u'
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B Equilibrium - Policy Shock

e = E|exp(logs — YAy + Azp) - Ter1)]
T = Rxy+ byprs + BE[m4],

brprt = KT+ Pri—1 + PEe[PR141],
iy = T+ 1,7 + 1.2 + Uy
and U = Gulp—1 + OuCuy
Where b, = —w(lg“’)@, E=wkyg+ (1 —p)kr, k=ky — Kk, and

bp=1+p+ 1[(1 — @)k + @k

¢
Equation (14) can be written as
1
Ty = % [7Tt - bnppR,t - 5Et[7Tt+1H (32)
and its first difference as
1
Az = = AT — b Apr i1 — B (B [migo] — Ey[mpa])] (33)
Replacing (32) in (15) we obtain
brPrt — Pri—1 = K[m — byopri — BEi[m41]] + BE PR 4] (34)

where K =

Guess solutions for inflation and the relative price of the form

RN (B

T =T+ TpPRi—1 + Tty  and  pry = P+ PpPRi—1 + Pulis,

respectively. Replacing this solution in equation (34) and matching coefficients we obtain the
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sub-system of equations

where

bepy = 1+Kn,, (36)
brpy = K(l - ﬁ(bu)ﬂ'u + BpuPu; (37>

by = b + b K + BKm, — Bp,.

To complete the system of equations, replace (33) and (16) in (13). The guessed solutions imply

log-normal distributions for all variables and therefore we obtain

—1 = VT — 1T — Up =

log = [(m, — bupy = 670, (0 + (pp = Dpracs + puw)
(1 - ¢U)(7ru <ppu ﬁﬂ-ppu ﬁﬂ-ugbu)ut]

T —7p(P + PpPRE—1 + Pulit) — TubulUs

1
évart <%(7Tu - gapu ﬁﬂ'ppu 57Tu¢u)ut+1 + 7Tuut+1> . (38>

Matching coefficients we obtain the sub-system

23
“lxTp — E[Wp -

Ty — %[(1 - ﬁgbu)ﬂ-u - (bso + ﬂﬁp)pu] -1 =

(b + Bmp)pl = logfB—7 — _%(Wp bopp — BTppp)p — Tpp
1
+ 5 <%( Ty sopu ﬁﬂppu ﬁﬂ—uﬁsu "’ 7Tu> 02_39
(bso + BTp)pp] = %(Wp bopp — B7ppp) (1 = pp) — Tppy, (40)
_%(771) bypp — BTpPp) Pu

+ L(1= 6u) (= bopu = Brapu — Bruch)
TP — Tt (41)

The complete system is given by equations (35)-(37) and (39)-(41). This system allows us to

obtain the equilibrium parameters {7, 7, 7y, p, pp, pu }. Notice that equations (36) and (40) only

depend on 7, and p,. Therefore, we can use these two equations to solve for these two parameters.
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After some algebra manipulations we obtain

1520, — B[R +~(1+ B+ br) + b )
+ [V(B 4 br + B(1 + br)) + Ebr + by + 1255 + 1.6(1 + br)] pi
— [+ 1r (Rbg + bpk + 15(br + 5)) + (1 + br + B)] pp + txk + 7 + 1, = 0.

The coefficient 7, can be obtained from

bopply(1 — pp) + 1]
['7(1 - pp) + %:](1 - Bpp) + R(lw - pp)'

7Tp:

Using equations (37) and (41) we find p, and m,. The sensitivity of inflation to the policy

shock solves

T = [P0u— ) = (011 = )+ 1)R(1 = 0u) + - —ﬁﬁq;

X (mp(y+ )+ (b + Bmp) (Y1 = pp — 6u) +12)) ] R

and the sensitivity of the relative price to policy shocks is

K

m(l = Bdu)Tu

Pu =

From equations (35) and (39) we find p and 7. The constants are

K
bw_ﬁ

1 2
x [Hlogmg(Z( T = bopu = BTppu — FTud) + ) oi}

T = [1 — Uy — %(1 — )+ (1-5) (%(Wp bopp — ﬁﬂppp) + 7+ (bsa + 67%)%)}

and
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C Equilibrium - Supply Shocks
The model with supply shocks is obtained replacing equations (14) and(16) with
T = Rxy + bopry + BE[T1] + €,

brprt = KTt + Dri—1 + BEpris1] + bees

and Iy = U+ 1T+ T,

<p1(ii) and the Phillips curve shock, ¢; follows the process

respectively, where b, =
€ = ¢E€t71 + Oc€et-

Equation (21) can be written as

1
Ty = % [7Tt - b<ppR,t - 5Et[7Tt+1] - Et] (42)

Guess solutions for inflation and the relative price of the form
T =T + Tppri—1 + T, and  pr; = p+ PpPRri—1 + Pes,

respectively. Replacing the output gap equation (42) in equation (22) and matching coefficients

we obtain the sub-system of equations

brpp = 1+Km, (44)
bwpe = K(l - ﬁgbe)ﬂ—e + ﬂpEng + be - K, (45)

To complete the system of equations, difference (42) and replace (23) in (13). The guessed solutions

imply log-normal distributions for all variables and therefore we obtain

_ Y _
—1— 1T — 1,7y = logf — E[(ﬂ-p — bppy — ﬁﬂ—ppp) (p+ (pp — 1)pri—1 + pe€y)

n %(1 — 6)[(1 — Boe)me — 1 — (by + Bry)pler

— T —Tp(p + PpPRi—1 + Pe€t) — TePe€y
1

+ §Vart (%/(7(6 - bgope - ﬁﬂ—ppe - 67r6¢6 - 1)6t+1 + ’/Teet+1> . (46>
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Matching coefficients we obtain the sub-system

=1 — 1T — ;[(1 — @) — (bgo + ﬁ@))ﬁ] = logf—7— _%(7719 bopp — 67Tppp) TpP
L 3 3 1 "ol
+ 5 <%( Te Lppe TpPe — 7Te¢e - ) + 775) @‘e 7)
U Tp — %[Wp — (by + Bmp)pp] = %(WP bopp — Bppp) (1 — pp) — Tppyp, (48)
— T — %[(1 — Boe)me — (bgo + ﬁﬂp)loe —1] = _%(Wp bopp — ﬁ”pﬂp)ﬂe
+ %(1 - (be)(ﬂ-e - (,ope ﬁﬂ-ppe /87T€¢6 - 1)
— TpPe — WE(ZSE' <49>

Notice that the set of equations (44)-(48) and (36)-(40) are the same, implying that p, and pi, for

the model with Phillips curve shocks are the same as in the model with policy shocks.

From equations (45) and (49) we find that

_ — B
me = [R(¢e — 1) = (Y1 = @) + 1) (1 — Boe) + mK
X (1 + R) + (by + By (v(1 — pp — ) + 1)) ]
< | o+ )+ b+ AL gy = 60 1) =2 (1= 6
and
1

Pe = b7r_—ﬂ¢e [K(l - ﬁgbe)ﬂ-e + be - K] .

From equations (43) and (47) we find that

_ Uz K
To= {1_ZW_;<1_5)+bw—ﬁ

. Ly Z
v+ 1Ogﬁ + 5 <%(7Te - bcppe - ﬂﬂ-ppe - ﬁﬂsgbe - 1) + ﬂ-e) O¢

-1
(1-5) (%(Wp bopp — Brppy) + mp + (b + ﬁﬁp)%)}

X

and
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D Inflation in Individual Industries
We can write the inflation within industry I as a function of the state variables:
Trt = M1 + T pPRt—1 + T uUst - (50)
We know that the first order Taylor expansion of the relative price relation is
Pt —Prt = $-IPR
and the inflation in sector I is
k1by
T14 = k1T + ——Drt + BE; [Tre44] -

¢

Combined with the equilibrium conditions in Section 3, we find the coefficients for industry infla-

tions as
= K1 - Y_1p ﬁpxp :|
T = r — + 3
1—ﬁ[ C(L—=PBpp)  1-DBpy
B kI g P=1Pp
” 1 - ﬁpp g C 7

Tru = Ry |:13u - P—_1Pu ﬁpuxp :| .
’ 1 — B¢, CL—=Bpp)  1=DBpp

E Numerical Solutions

We solve equation (20) for the two industries on a set of grid points of state variables (pr, ut)
using value function iteration. The unconditional distributions of relative price pr; and policy

shock u; are normal with

E(uw) = 0
var(uy) = . igﬁ
B = 12
var(prt) = Pull+ ppdu) var(uy) .

(1= p2)(1 = ppobu)
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172 3var(pps)'/? and choose Nu grid

We choose Np grid points in the range of [—3var(pgr:)
points in the range of [—3var(u;)*/?, 3var(u;)*/?]. Let’s name the grid points as {p;}i=1.. n, and
{p;}i=1,. ~u. We then 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, V}(p;, u;).

2. Given the equilibrium processes for the relative price and the policy shock, we know the
possible values of next period state variables (p’, ') with the corresponding probabilities.
Therefore, we can calculate the right hand side of equation (20) and update the value function

as follows:

oY ' exp(z(pi, u;))
¢+ (1 —p)expl(0 — 1)pi]

Vi (pi, uj) = +E (M, )V, ) ]
3. Calculate the difference between V) and V3 at every 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 V3 using V3}; 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 V}, at the same set of grid points. The

real value of the industry with low price rigidity as

oY exp(x(p;, u;))

wexp[(1 — 0)prs) + (1 — ) +E, [Mp, )V ()] .

Vi(pi, u;) =

F A General Affine Asset Pricing Framework

Affine asset pricing has been widely applied in the term structure literature. See for example Duffie
and Kan (1996) or Dai and Singleton (2000). The framework has also been used recently by Lettau
and Wachter (2007) for the valuation of stocks. This section describes the main features of the
affine framework. It will be used in this paper to price bonds, claims on aggregate consumption

and claims on labor income.

Consider the k-dimensional set of state variables s; following the autoregressive process
Ser1 =1 + Osy + B2, (51)
where {e;} ~ IIDN (0;x1, [;»;) is the [ X 1 vector of uncertainty, ® is a k x k matrix of autoregressive
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parameters and 1) is a k x 1 vector containing drift parameters. The k x [ matrix /2 implies the
k x k conditional covariance matrix for the state variables ¥ = X1/2 (X1/ 2)T .

Consider the zero-coupon instrument” that pays the contingent value 2., at time t 4+ n. The

no arbitrage price of this claim at time ¢ is given by

Q" = Ey[My4inZi ),

where M, ;4,, > 0 1is the pricing kernel that discount payoffs at time t+n for n periods. By defining

qu) = log Q); —log Z; and using the law of iterated expectations, we can write the normalized price

(n) ivel
q.; recursively as

(n) (n—1)
elzt — ]Et Mt’t+1€Azt+l+qz’t+1 :| 7

where Az, = log Z;1 — log Z,. We specifying processes for the pricing kernel and Az given by
—log Myzy1 = To+ s + AT8Y2e,,, (52)

and
Az =Too+T] s+ M 5%, (53)

The k£ x 1 vector A\ contains the prices of risk for the different sources of uncertainty. These

specifications, a guess for the solution with the form
(n) _ A BT
4zt = An + 5, 8¢

and boundary conditions Ay = 0 and By = 0, allow us to find recursive representations for A,

and B,, given by

1
Av = “To+Top+ Ay + B0+ 5 (A=A = Biot) B(A= A = Boy),
Bn = _Fl + Fz,l + q)Tanl-

Since any instrument can be written as a portfolio of zero coupon instruments, the affine framework

allows us to obtain prices for any instrument. Consider the instrument which pays Z;,, every

"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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period. The price of this instrument is

o
Q=) Q.
i=1
The one-period return of this instrument is

Z
rQt+1 = log <W) =log (1 + e®=*) + Azp1 — G, (54)
t

where

o0
gzt Qe )
et = = = E el=t
Zy

n=1

This framework will allow us to obtain prices and returns for real and nominal one-period

bonds, stocks, claims on consumption and claims on labor income as the following section shows.

G Affine Pricing for State Contingent Claims

A stock for industry [ is a claim to all future real profits in that industry, W;. Therefore, the price
of the stock is

[ oo
Sl,t = ]Et E Mt,t+s‘;[jl,t+s

| s=1

" oo P
It+s
- ]Et E Mt,t—l—s Cl,t—l-s
| s=1

_Et

Pt-I—s 0 Pt—i—s

> Lw s(7 o
ZMt,t—i-s/ L()Nl,tﬂ(l)dl] .

s=1

It implies that the stock price can be computed as the difference between the price of a claim to
all future consumption and the price of a claim to all future labor income. We price these claims

using the affine framework described in Section F in order to obtain stock returns.

Since we are interested in the analysis of the two industries, H and L, and the aggregate

economy, denote the aggregate economy by H + L and define

—(1—¢), if | =H,
Y1 = v, il =1L,
0 if [ =H+ L.
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G.1 Claims on Future Consumption

The price-consumption ratio for zero-coupon equity in sector I can be written recursively as

C P =0 p, N\
]\ﬂ,tﬂil (ﬂ> ( Lt) G(I,t-i-ll)

G(n) = —
ot ' C; Py P,

where consumption in the industry is replaced with aggregate consumption using the demand

equation (26). Using the approximation for the relative price

Pit — Pt = P—IPRt»

with oy = (1 — ) and ¢_1, = —, it follows that the process in equation (53) associated to this
claim is

Azppr = (1= 0)o_1Apriy1 + Axyys.

The result follows re-writing this process in terms of the state variables using equations (18) and
(19).

G.2 Claims on Future Labor Income

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

Using equation (27), real labor income can be written as

Y’y 1 }/It@) 1+w
LI, =— / (— > di.
BT At 0 ©or

Since flexible prices imply a real marginal cost given by s? = p~!, we find that the natural rate of

<Y;f)w+7 — M_1A1+w.

Substituting in the labor income equation and using the demand equation (26) we obtain
1 }/;1+w+'y P] . —0(14w) 1 PI t('l) —0(14w) ‘ o liwt 1 PI t('l) —0(14w) ‘
LIy =— g : : di=LI] X; ™7 — di.
7 <th> 2 o \ Pr o \ Pr
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where L[tf = iY}f is the labor income under flexible prices.

Decomposing the last term in the labor income equation we obtain

1 PI,t (Z) —0(14w) . P[*,t —0(14w) ‘ P[}tfl (7/) —0(14w) .
— di = — di + — di
o \ Pr ic(l—a) \Prt ica \ Pri

= (1= a)e Py 4 / o—0014+0) (P11 () =p1.) ;.

1€

A first order Taylor approximation results in

1 A —fH)
/ (P—“) i (1= )1 = 00+ )i~ el + [ 1= 00+ ) prea() = prolld

PI,t i€a

Replacing the approximations pr;—1 = f01 pre—1(i)di and pry = (1 — a)pj, + apr,—1 implies

L Pr) T .
| (5 di ~ 1= (1= a)0(1 +w)(ph, — pre) — (1 +w)(pres — pry)
0 Tt

= 1-0(1+4+war,+0(1l+war,=1

Therefore, a first order approximation to labor income is

14w+ —0(1+w)
Ll = lyt ( Yi ) ! (i) — e 10gl‘+ytf+(1+w+'Y)xt_9(1+W)4P71PR¢'
v,/ P,

This representation for labor income can be replaced in the equation for the price-labor income

ratio of a claim on the stream of future real labor incomes, given by

LIz

(n—1)
L-[I,t Dl,t-l-l

Dy = ZD’” E, [th
n=1

Comparing this equation to the affine pricing equation in section F, Az, corresponds to the

one-period changes in log labor income. Given the representation of labor income in terms of the

output gap and the relative price we find that

LI

=(14+w+v)Ar — 01 +w)Apr .
Ll

Az = log —>—

Writing Azyyq and Apg,+1 in terms of the state variables, the result follows.
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