






the decision-maker in firm i in period −1, the parameter μ ≥ 0 in objective (98) is the marginal
cost of information flow, and the operator I in constraint (102) is defined by equation (87). We
assume that Ei,−1 is the unconditional expectation operator. Finally, Fi0 in equation (100) denotes
the information set of the decision-maker in firm i in period zero. To abstract from transitional

dynamics in conditional second moments, we assume that in period zero (i.e. after the decision-

maker has chosen the precision of the signals in period −1), the decision-maker receives information
such that the conditional variance-covariance matrix of x∗t given information in period t is constant

for all t ≥ 0.
We solve the problem (98)-(102) for an individual firm, assuming that the aggregate variables

are given by the equilibrium of the benchmark economy presented in Section 7.3 and that all relative

wage rates are constant. In other words, we assume that the behavior of all other firms and all

households is given by the benchmark economy presented in Section 7.3. We then compare the

solution to problem (98)-(102) to the solution to problem (80)-(86). Consider Figure 7. The blue

lines with points show the impulse responses of the profit-maximizing price to the three fundamental

shocks. The green lines with circles show the impulse responses of the price set by the firm to the

three fundamental shocks when the firm solves problem (80)-(86). The red lines with crosses show

the impulse responses of the price set by the firm to the three fundamental shocks when the firm

solves problem (98)-(102). The green lines with circles and the red lines with crosses are identical.

Furthermore, the impulse responses of the price set by the firm to the noise terms in equation (84)

and to the noise terms in equation (101) also turn out to be identical. In summary, the decision

problem (80)-(86) and the decision problem (98)-(102) yield the same price setting behavior.28

The signal vector (101) captures the idea that paying attention to aggregate technology, paying

28We solve problem (98)-(102) numerically using Matlab and a standard nonlinear optimization program. We first

approximate each of the following four objects by an ARMA(p,q) process where p and q are finite: the component

of pt driven by aggregate technology shocks, the component of pt driven by monetary policy shocks, the component

of ct driven by aggregate technology shocks, and the component of ct driven by monetary policy shocks. Then, there

exists a state-space representation of the dynamics of the signal (101) with a finite-dimensional state vector. We use

the Kalman filter to evaluate objective (98) and constraint (102) for any given choice of the precision of the signals.

We employ the program kfilter.m, written by Lars Ljungqvist and Thomas J. Sargent, to solve for the conditional

variance-covariance matrix of the state vector. Solving the problem (98)-(102) takes about as much time as solving

the problem (80)-(86). See Footnote 15. Below we also present solutions of problem (98)-(102) with the signal vector

(103) instead of the signal vector (101). Solving that problem turned out to be much more time-consuming. Here

we had to evaluate objective (98) and constraint (102) on a grid. Standard nonlinear optimization programs proved

unhelpful because numerical inaccuracy in the solution for the conditional variance-covariance matrix of the state

vector led to spurious variation in the values of the objective and the constraint.
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attention to monetary policy, paying attention to firm-specific productivity and paying attention

to relative wage rates are independent activities. We now relax this assumption. We replace the

signal vector (101) by the following signal vector29

sit =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

pt

at + ait

ci,t−1

wt−1 + li,t−1

ŵ1t
...

ŵ(J−1)t

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
+

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

σ1νi1t

σ2νi2t

σ3νi3t

σ4νi4t

σ5ν
L
i1t
...

σ5ν
L
i(J−1)t

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
. (103)

By choosing σ1 to σ5, the decision-maker decides how much attention to devote to the price level,

the firm’s total factor productivity, the firm’s last period sales, the firm’s last period wage bill, and

the relative wage rates.30 The variables in the signal vector (103) are driven by multiple shocks and

it is therefore no longer the case that, say, paying attention to aggregate technology and paying

attention to monetary policy are independent activities. We find that solving the problem (98)-

(102) with the signal vector (103) instead of the signal vector (101) changes the firm’s price setting

behavior hardly at all.31 See Figure 8. The price set by the firm responds somewhat slower to

monetary policy shocks and somewhat faster to aggregate technology shocks. Overall the red lines

with crosses in Figure 8 are very similar to the red lines with crosses in Figure 7. We studied a large

number of variations of the signal vector (103) and obtained similar results. First, we added other

aggregate variables one by one to the signal vector. We found little or no effect on the price setting

behavior because the decision-maker of the firm decided to set the precision of the additional signal

to a small number or zero. Second, in the signal vector (103) we replaced last period sales and

last period wage bill by current period sales and current period wage bill in the signal vector. The
29We maintain the assumption that the noise terms in the signal follow unit-variance Gaussian white noise processes

that are: (i) independent of all other stochastic processes in the economy, (ii) firm-specific, and (iii) independent of

each other.
30We include last period sales and last period wage bill in the signal vector because we do not know how the firm

can attend to current period sales and current period wage bill before setting the price for its good. Below, when we

do assume that the firm can attend to current period sales and current period wage bill, we mean that the firm can

attend to the components of current period sales and current period wage bill that are independent of the own price,

that is, θpt + ct and wt + (1/α) (θpt + ct − at − ait), respectively.
31When we replace the signal vector (101) by the signal vector (103), we continue to solve the problem of an

individual firm, assuming that the aggregate variables are given by the equilibrium of the benchmark economy

presented in Section 7.3 and that all relative wage rates are constant.
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price set by the firm then responds somewhat faster to monetary policy shocks and to aggregate

technology shocks. Still, the price responds more slowly to monetary policy shocks than to aggregate

technology shocks. Third, we added firm-specific demand shocks to the model by modifying the

consumption aggregator (2). We kept constant the variance of the firm-specific component of the

profit-maximizing price. We split this variance equally between firm-specific productivity shocks

and firm-specific demand shocks. We assumed the same persistence in firm-specific productivity

and in firm-specific demand. We then solved again the decision problem (98)-(102) with the signal

vector (103). We found that adding firm-specific demand shocks had almost no effect on the impulse

responses of the price set by the firm to monetary policy shocks, to aggregate technology shocks,

and to firm-specific productivity shocks. We obtained impulse responses that were almost identical

to the red lines with crosses in Figure 8.32

8 Rational inattention by firms and households

So far we have assumed that households have perfect information. We now study the implications

of adding rational inattention by households. In Sections 8.1-8.2, we solve the model with rational

inattention by households assuming households set real wage rates. In Sections 8.3-8.4, we solve

the model with rational inattention by households assuming households set nominal wage rates.

We first solve the model assuming households set real wage rates and households have linear

disutility of labor because these two assumptions allow us to study in isolation the implications of

rational inattention by households for the intertemporal consumption decision. When households

have linear disutility of labor (ψ = 0), the intratemporal optimality condition stating that the real

wage rate should equal the marginal rate of substitution between consumption and leisure reduces

to w̃jt = γcjt. Thus, when households have linear disutility of labor and households set real wage

rates, households only need to know their own consumption decision to satisfy this intratemporal

optimality condition. Knowing the own consumption decision does not require any information flow.

Therefore, when ψ = 0 and households set real wage rates, households satisfy this intratemporal

optimality condition both under perfect information and under rational inattention.

32Hellwig and Venkateswaran (2009) also study a model in which firms set prices in period t based on signals

concerning sales and wage bills up to and including period t − 1. There are several differences. First, in their

benchmark model the price level and total factor productivity are not included in the signal vector. Second, in their

model the noise in the signal is exogenous, whereas in our model the noise in the signal (103) is chosen optimally subject

to the constraint on information flow (102). In other words, they report impulse responses for some exogenously given

precision of the signals, whereas we report impulse responses for the optimal precision of the signals.
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8.1 The households’ attention problem when ψ = 0 and households set real

wage rates

The attention problem of household j in period −1 reads:

max
κ,B1(L),B2(L),C1(L),C2(L),θ̃,ξ

⎧⎪⎪⎨⎪⎪⎩
∞X
t=0

βtEj,−1
£
1
2 (xt − x∗t )

0H0 (xt − x∗t ) + (xt − x∗t )
0H1

¡
xt+1 − x∗t+1

¢¤
− λ
1−βκ

⎫⎪⎪⎬⎪⎪⎭ ,

(104)

where

xt − x∗t =
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, (105)

subject to an equation linking an argument of the objective and two decision variables

b̃jt − b̃∗jt = −
tX

l=0

µ
1
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¶l 1

ωB

£¡
cj,t−l − c∗j,t−l

¢
+ η̃ωW

¡
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¢¤
, (106)

the equations characterizing the household’s optimal decisions under perfect information

c∗jt = A1 (L) ε
A
t| {z }

cA∗jt

+A2 (L) ε
R
t| {z }

cR∗jt

(107)

w̃∗jt = γc∗jt (108)

ĉ∗ijt = −θp̂it, (109)

the equations characterizing the household’s actual decisions

cjt = B1 (L) ε
A
t + C1 (L) ν

A
jt| {z }

cAjt

+B2 (L) ε
R
t + C2 (L) ν

R
jt| {z }
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(110)

w̃jt = γcjt (111)

ĉijt = −θ̃
µ
p̂it +

V ar (p̂it)

ξ
νIijt

¶
, (112)

and the constraint on information flow
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ª
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R
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≤ κ. (113)

Here A1 (L), A2 (L), B1 (L), B2 (L), C1 (L) and C2 (L) are infinite-order lag polynomials. The

noise terms νAjt, ν
R
jt and νIijt appearing in the actual decisions are assumed to follow unit-variance
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Gaussian white noise processes that are: (i) independent of all other stochastic processes in the

economy, (ii) household-specific, and (iii) independent of each other. The operator I measures the
amount of information that the household’s actual decisions contain about the household’s optimal

decisions under perfect information. The operator I is defined in equation (87).
Objective (104) states that the household chooses the level and the allocation of information

flow so as to maximize the expected discounted sum of period utility net of the cost of information

flow. See Proposition 2.33 The parameter λ ≥ 0 is the per-period marginal cost of information flow.
The variable κ ≥ 0 is the information flow devoted to the intertemporal consumption decision, the
intratemporal consumption decision and the wage setting decision.34

Equations (107)-(109) characterize the decisions that the same household would take if the

household had perfect information in every period t ≥ 0. After the log-quadratic approximation
to the expected discounted sum of period utility, the household’s optimal decisions under perfect

information are given by equations (57)-(60). See Proposition 2. We guess that c∗jt given by equation

(57) has the representation (107) at the equilibrium law of motion for rt and πt. The guess will be

verified. Equations (58) and (59) reduce to equations (108) and (109) after substituting in equation

(64) and ψ = 0.

We have assumed that the household chooses a consumption vector and a real wage rate. The

deviation of the household’s real bond holdings in period t from the real bond holdings the same

household would have under perfect information is then given by equation (106). Equation (106)

follows from equation (60) and b̃j,−1 = b̃∗j,−1. Equation (106) is needed because the deviation b̃jt−b̃∗jt
is an argument of objective (104).

Equations (110)-(112) characterize the household’s actual decisions. Consider first equation

(110). By choosing the lag polynomials B1 (L), C1 (L), B2 (L) and C2 (L), the household chooses

the stochastic process for composite consumption. For example, if the household chooses B1 (L) =

A1 (L), C1 (L) = 0, B2 (L) = A2 (L) and C2 (L) = 0, the household decides to take the optimal

33Proposition 2 states that, after the log-quadratic approximation to expected lifetime utility and for sequences

satisfying conditions (51)-(53), maximizing expected lifetime utility is equivalent to maximizing the expression on

the right-hand side of equation (54). When we solve the households’ attention problem (104)-(113), we consider

only stochastic processes for real bond holdings, the real wage rate and the consumption mix that satisfy conditions

(51)-(53). It is important to note that conditions (51)-(53) do not require that the processes for real bond holdings,

the real wage rate and the consumption mix are stationary. Conditions (51)-(53) do require that second moments

increase less than exponentially in t.
34We interpret the cost λ as an opportunity cost. In that interpretation, the household has to devote less attention

to some other activity in order to devote more attention to the questions of how much to consume, which goods to

consume, and which wage to set.
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composite consumption decision in every period. The basic trade-off is the following. Choosing

a consumption process that tracks more closely optimal composite consumption under perfect

information implies smaller utility losses due to suboptimal intertemporal consumption decisions

but requires a larger information flow. Equation (111) states that in every period t ≥ 0 the

household sets the real wage rate equal to the marginal rate of substitution between consumption

and leisure. The modeling idea behind equation (111) is that the information contained in the

household’s current and past consumption decisions is also used in the household’s current wage

setting decision. More precisely, in Appendix E we show analytically that if the household can

choose the stochastic process for the real wage rate {w̃jt}∞t=0 as a time-invariant linear one-sided
filter of the stochastic process

n
cAjt, c

R
jt

o∞
t=0
, then the optimal filter is equation (111) so long as the

household has linear disutility of labor (ψ = 0). Consider next equation (112). By choosing the

coefficients θ̃ and ξ, the household chooses the price elasticity of demand and the signal-to-noise ratio

in the consumption mix decision. The basic trade-off is the following. Choosing a process for the

consumption mix that tracks more closely the optimal consumption mix under perfect information

reduces the expected loss in utility due to a suboptimal consumption basket but requires a larger

information flow.35

The constraint (113) states that actual decisions containing more information about the optimal

decisions under perfect information require a larger information flow.

Finally, we have to specify the expectation operator Ej,−1 in objective (104). We assume

that all households have perfect information up to and including period −1 and that the particular
realization of shocks up to and including period−1 is that shocks are zero. We make this assumption
for two reasons. First, this assumption is consistent with the assumption that all households have

the same bond holdings in period −1. See Section 2. Second, this assumption implies that all the
discounted second moments in objective (104) are finite even when (xt − x∗t ) has a unit root. We

want to allow for the possibility that (xt − x∗t ) has a unit root.

When we solve the problem (104)-(113) numerically, we turn this infinite-dimensional prob-

lem into a finite-dimensional problem by parameterizing each infinite-order lag polynomial B1 (L),

C1 (L), B2 (L) and C2 (L) as a lag-polynomial of an ARMA(p,q) process where p and q are finite.

35We put more structure on the consumption mix decision than on the intertemporal consumption decision and

the wage setting decision. In particular, in equation (112) we express the consumption mix as a function of relative

prices rather than expressing the consumption mix as a function of fundamental shocks. We do this because from

equation (112) we derive the demand function for good i and a demand function specifies demand on and off the

equilibrium path. By expressing the consumption mix as a function of relative prices we specify household j’s relative

consumption of good i on and off the equilibrium path.

38



Furthermore, when we solve the problem (104)-(113) numerically, we evaluate the right-hand side

of equation (87) for a very large but finite T .

8.2 Benchmark parameter values and solution

We choose the same parameter values as in the benchmark economy in Section 7.3. We have to

choose values for five additional parameters: ωB, ωW , η̃, I and λ. The parameters ωB, ωW , η̃, I

and λ are: the ratio of real bond holdings to consumption in the non-stochastic steady state, the

ratio of real wage income to consumption in the non-stochastic steady state, the wage elasticity of

labor demand, the number of consumption goods, and the marginal cost of information flow for a

household, respectively. All five parameters appear in objective (104).36 In addition, the parameters

ωB, ωW and η̃ appear in equation (106) because they affect how a percentage deviation in composite

consumption and a percentage deviation in the real wage rate translate into a percentage deviation

in real bond holdings.

To set the parameters ωB and ωW , we consider data from the Survey of Consumer Finances

(SCF) 2007. We pursue the following strategy for choosing values for ωB and ωW . First, we want

to base our calibration of ωB and ωW on data for “typical” U.S. households. For this reason,

we compute median nominal net worth, median annual nominal wage income and median annual

nominal income for the households in the 40-60 income percentile of the SCF 2007. These three

statistics equal $88400, $41135 and $47305, respectively. We base our calibration of ωB and ωW

on all households in the middle income quintile rather than on a single household because we are

interested in three variables (net worth, wage income, and income) and the household that is the

median household according to one variable may be a very unusual household according to the

other two variables. Second, we calculate a proxy for consumption expenditure since consumption

appears in the denominator of ωB and ωW but the SCF has only limited data on consumption

expenditure.37 The assumption underlying the calculation is that consumption expenditure equals

after-tax nominal income minus nominal savings, where nominal savings are just large enough

to keep real wealth constant at an annual inflation rate of 2.5 percent. Specifically, we apply

the 2007 Federal Tax Rate Schedule Y-1 (“Married Filing Jointly”) to annual nominal income

given above and we deduct 2.5 percent of nominal net worth given above. This proxy for annual

36More precisely, the parameters ωB, ωW , η̃ and I appear in the matricesH0 andH1. See Proposition 2. Thus, these

parameters affect the loss in utility in the case of deviations from the optimal decisions under perfect information.
37The SCF only has information on the following consumption categories: food, vehicles, housing, and to a very

limited extent education and health care.
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consumption expenditure equals $38782. Third, we divide annual nominal wage income given above

by four to obtain quarterly nominal wage income, and we divide our proxy for annual consumption

expenditure by four to obtain quarterly consumption expenditure. Fourth, we set ωW equal to

the ratio of quarterly nominal wage income to our proxy for quarterly consumption expenditure:

ωW = (10283.75/9695.5) = 1.06, and we set ωB equal to the ratio of nominal net worth given above

to our proxy for quarterly consumption expenditure: ωB = (88400/9695.5) = 9.12.

We set the wage elasticity of labor demand to η̃ = 4. In the version of the model with rational

inattention by firms and households, decision-makers on the demand side of each market have

rational inattention. Therefore, the price elasticity of demand, θ̃, will typically differ from the

preference parameter θ and the wage elasticity of labor demand, η̃, will typically differ from the

technology parameter η. Throughout the rest of the paper, we set θ̃ = 4 and η̃ = 4 and we compute

the parameter θ that yields a price elasticity of demand of θ̃ = 4 and we compute the parameter η

that yields a wage elasticity of labor demand of η̃ = 4. Thus, we interpret the empirical evidence on

price elasticities of demand in the Industrial Organization literature as coming from data generated

by our model. For our parameter values, the households’ attention problem presented in Section

8.1 has the property that θ = 12 yields θ̃ = 4.38

We set the number of consumption goods to I = 100. The number of consumption goods does

not affect the responses of the household’s composite consumption to shocks. The parameter I

only affects the household’s choice of θ̃ and ξ. Put differently, the parameter I only affects the θ

that yields θ̃ = 4.

We set the marginal cost of information flow equal to the utility equivalent of 0.1 percent of

the household’s steady state consumption: λ = (0.001)Cj ∗ C−γj . This value will imply that, in

equilibrium, the expected per-period loss in utility due to deviations of composite consumption

and of the real wage rate from the optimal decisions under perfect information equals the utility

equivalent of 0.04 percent of the household’s steady state consumption.39

We first solve the attention problem (104)-(113) assuming that aggregate variables and relative

prices are given by the equilibrium of the benchmark economy presented in Section 7.3. In other

words, we study the optimal allocation of attention by an individual household when decision-

makers in firms have limited attention and all other households have perfect information. Figure 9

38A price elasticity of demand of four roughly matches estimates of the price elasticity of demand in the Industrial

Organization literature.
39To fully compensate the household for the expected loss in utility due to deviations of composite consumption

and of the real wage rate from the optimal decisions under perfect information, it is sufficient to give the household

1/2500 of the household’s steady state consumption in every period.
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shows the impulse responses of the household’s composite consumption to a monetary policy shock

(upper panel) and to an aggregate technology shock (lower panel). The purple lines with squares

are the impulse responses of the household’s composite consumption under rational inattention.

The green lines with circles show what the household would do if the household had perfect infor-

mation. For the benchmark parameter values, the solution to the attention problem (104)-(113) has

several remarkable features. First, the impulse responses of composite consumption under rational

inattention are very different from the impulse responses of composite consumption under perfect

information, even though the expected per-period loss in utility due to deviations of composite con-

sumption and of the real wage rate from the optimal decisions under perfect information equals the

utility equivalent of only 0.04 percent of the household’s steady state consumption.40 Second, the

impulse response of composite consumption to a monetary policy shock under rational inattention

is hump-shaped, whereas the impulse response under perfect information is monotonic. Third, after

a shock to fundamentals composite consumption under rational inattention differs from composite

consumption under perfect information, but in the long run the difference between the two impulse

responses goes to zero. Similarly, we find that after a shock to fundamentals real bond holdings

under rational inattention differ from real bond holdings under perfect information, but in the long

run the difference between the two impulse responses goes to zero.41

We investigated the role of all parameters of the problem (104)-(113). Here we report two results

that we found particularly interesting. First, consider increasing the inverse of the intertemporal

elasticity of substitution. As γ increases from 1 (our benchmark value) to 10, the attention devoted

to the intertemporal consumption decision increases by 50 percent. Furthermore, the ratio of the

actual response to the optimal response of composite consumption on impact of a monetary policy

shock increases from 12 percent for γ = 1 to 26 percent for γ = 10. In summary, as γ increases

from 1 to 10, the household devotes more attention to the intertemporal consumption decision and

composite consumption responds faster to a monetary policy shock. However, note that raising

γ from 1 to 10 increases the ratio of the actual response to the optimal response of composite

consumption on impact of a monetary policy shock only by a factor of about two. This is because

there are two effects working in opposite directions. On the one hand, raising γ increases the utility

loss in the case of a given deviation of composite consumption from optimal composite consumption.

40See Footnote 39.
41We also find that the impulse responses of consumption and real bond holdings under rational inattention to

the noise terms in equation (110) go to zero in the long run. In the version of the model where all households

solve the problem (104)-(113), this finding implies that neither the cross-sectional variance of consumption nor the

cross-sectional variance of real bond holdings diverges to infinity.
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This effect increases the attention devoted to the intertemporal consumption decision. On the other

hand, raising γ lowers the response of optimal composite consumption to the real interest rate. This

effect reduces the attention devoted to the intertemporal consumption decision. For γ between 1

and 10, the first effect dominates, but only slightly.

Second, consider varying ωB and ωW . We computed five pairs (ωB, ωW ) by following the same

calibration procedure described above for each of the five income quintiles of the SCF 2007. We

solved the problem (104)-(113) with the five different pairs (ωB, ωW ). We then computed a weighted

average of the five different impulse responses of composite consumption to a monetary policy

shock, where the weight given to each impulse response is the ratio of the proxy for consumption

expenditure for this income quintile to the sum of the proxies for consumption expenditure for all five

income quintiles. We found that: (i) households in the higher income quintiles have higher values

of ωB and ωW , (ii) according to the attention problem (104)-(113) households with higher values

of ωB and ωW pay more attention to the consumption-saving decision and thus their composite

consumption responds faster to a monetary policy shock, and (iii) the weighted average of the

five impulse responses of composite consumption to a monetary policy shock is very similar to the

impulse response of the benchmark household with (ωB, ωW ) = (9.12, 1.06). More precisely, the

ratio of the weighted average of the five impulse responses to the impulse response of the benchmark

household lies between 0.97 and 1.01 during the first 20 quarters.

For the benchmark parameter values γ = 1 and (ωB, ωW ) = (9.12, 1.06), we also solved for the

new fixed point when decision-makers in firms solve the problem (80)-(86) and all households solve

the problem (104)-(113). To save space, we report the main finding in words. The main difference

to the impulse responses reported in Figures 1 and 2 is that the impulse response of output to a

monetary policy shock becomes hump-shaped. Below we discuss in more detail the new fixed point

when firms and households have limited attention but households set nominal wage rates.

8.3 The households’ attention problem when ψ = 0 and households set nominal

wage rates

In this subsection, we state the households’ attention problem when households set nominal wage

rates instead of real wage rates. The attention problem of a household that sets the nominal

wage rate is identical to the problem (104)-(113) apart from the following changes: (i) we add the

following equation stating that the log deviation of the real wage rate from the optimal real wage

rate under perfect information equals the log deviation of the nominal wage rate from the optimal
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nominal wage rate under perfect information

w̃jt − w̃∗jt = wjt −w∗jt, (114)

(ii) we replace equations (107) and (108) by the following equations characterizing the household’s

optimal composite consumption and nominal wage rate decisions under perfect information

c∗jt =
1

γ

¡
w∗jt − pt

¢
(115)

w∗jt = A1 (L) ε
A
t| {z }

wA∗jt

+A2 (L) ε
R
t| {z }

wR∗jt

, (116)

(iii) we replace equations (110) and (111) by the following equations characterizing the household’s

actual composite consumption and nominal wage rate decisions

cjt = D1 (L)w
A
jt| {z }

cAjt

+D2 (L)w
R
jt| {z }

cRjt

(117)

wjt = B1 (L) ε
A
t + C1 (L) ν

A
jt| {z }

wAjt

+B2 (L) ε
R
t + C2 (L) ν

R
jt| {z }

wRjt

, (118)

and (iv) we add the infinite-order lag polynomials D1 (L) and D2 (L) to the set of objects that the

household can choose in period −1.
Equation (114) follows from the fact that w̃jt = wjt− pt. Equation (114) is needed because the

household now sets the nominal wage rate but objective (104) depends on the log deviation of the

real wage rate from the optimal real wage rate under perfect information.

Equations (115)-(116) are very similar to equations (107)-(108). Equation (115) is actually

identical to equation (108). There are two differences between equations (115)-(116) and equations

(107)-(108). First, equations (107)-(108) characterize the optimal composite consumption and real

wage rate under perfect information, while equations (115)-(116) characterize the optimal composite

consumption and nominal wage rate under perfect information. In addition, there is a small change

in notation. Rather than denoting the optimal response of composite consumption to shocks by

A1 (L) and A2 (L), we now denote the optimal response of the nominal wage rate to shocks by

A1 (L) and A2 (L).42

Equations (117)-(118) characterize the household’s actual composite consumption decision and

the household’s actual nominal wage rate decision. Consider first equation (118). By choosing the

42Since c∗jt = (1/γ) w̃
∗
jt, this change in notation can also be described as follows. Rather than denoting the optimal

response of (1/γ) times the real wage rate to shocks by A1 (L) and A2 (L), we now denote the optimal response of

the nominal wage rate to shocks by A1 (L) and A2 (L).
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lag polynomials B1 (L), C1 (L), B2 (L) and C2 (L), the household chooses the stochastic process

for the nominal wage rate. For example, if the household chooses B1 (L) = A1 (L), C1 (L) = 0,

B2 (L) = A2 (L) and C2 (L) = 0, the household decides to set the optimal nominal wage rate in every

period. The basic trade-off is again the following. Choosing a process for the nominal wage rate that

tracks more closely the optimal nominal wage rate under perfect information reduces utility losses

due to suboptimal wage setting but requires a larger information flow. Consider next equation

(117). Equation (117) and the fact that the household can choose the lag polynomials D1 (L)

and D2 (L) imply that the household can choose the stochastic process for composite consumption

{cjt}∞t=0 as a time-invariant linear one-sided filter of the stochastic process
n
wA
jt, w

R
jt

o∞
t=0
. The

modeling idea behind equation (117) is that the information contained in the household’s current

and past nominal wage rate decisions is also used in the household’s current composite consumption

decision.43

When we solve the attention problem (104)-(113) with the modifications (114)-(118) numeri-

cally, we turn this infinite-dimensional problem into a finite-dimensional problem by parameter-

izing each infinite-order lag polynomial B1 (L), C1 (L), D1 (L), B2 (L), C2 (L) and D2 (L) as a

lag-polynomial of an ARMA(p,q) process where p and q are finite. Furthermore, we evaluate the

right-hand side of equation (87) for a very large but finite T .

8.4 Benchmark parameter values and solution

We choose the same parameter values as in Section 8.2. For example, we set the marginal cost

of information flow equal to the utility equivalent of 0.1 percent of the household’s steady state

consumption. This value for the marginal cost of information flow now implies that, in equilibrium,

the expected per-period loss in utility due to deviations of composite consumption and of the

nominal wage rate from the optimal decisions under perfect information equals the utility equivalent

of 0.06 percent of the household’s steady state consumption.44

43We also solved the attention problem of a household that sets the nominal wage rate assuming that the household

chooses a consumption process of the form cjt = B1 (L) ε
A
t + C1 (L) ν

A
jt +B2 (L) ε

R
t + C2 (L) ν

R
jt and a wage process

of the form wjt = D1 (L) c
A
jt+D2 (L) c

R
jt. We found that this alternative setup yields a lower value of objective (104)

than the setup (117)-(118). For this reason, we chose the setup (117)-(118). The idea is that if the household could

choose between the setup (117)-(118) and the alternative setup, the household would choose the setup (117)-(118).

When the household sets the real wage rate, the two setups yield the same solution.
44To fully compensate the household for the expected loss in utility due to deviations of composite consumption and

of the nominal wage rate from the optimal decisions under perfect information, it is sufficient to give the household

1/1650 of the household’s steady state consumption in every period.
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We first solve the attention problem of a household that sets the nominal wage rate assuming

that aggregate variables and relative goods prices are given by the equilibrium of the benchmark

economy presented in Section 7.3. Figure 10 shows the impulse responses of the household’s compos-

ite consumption to shocks. Figure 11 shows the impulse responses of the household’s nominal wage

rate to shocks. The purple lines with squares are the impulse responses under rational inattention.

The green lines with circles show what the household would do if the household had perfect infor-

mation. Comparing Figure 10 to Figure 9 shows that composite consumption of a household that

sets the nominal wage rate is closer to utility-maximizing composite consumption than composite

consumption of a household that sets the real wage rate. The reason is the following. A household

that sets the nominal wage rate instead of the real wage rate pays more attention to aggregate

conditions because being unaware of changes in aggregate conditions now causes both deviations

from the consumption Euler equation and deviations from the intratemporal optimality condition

stating that the real wage rate should equal the marginal rate of substitution between consumption

and leisure. Specifically, for our parameter values a household that sets the nominal wage rate

pays 2.5 times as much attention to aggregate conditions compared to a household that sets the

real wage rate. Nevertheless, Figure 10 is similar to Figure 9 in many respects: (i) the impulse

responses under rational inattention are very different from the impulse responses under perfect

information, even though the expected per-period loss in utility due to deviations of composite

consumption and of the nominal wage rate from the optimal decisions under perfect information

equals the utility equivalent of only 0.06 percent of the household’s steady state consumption, (ii)

the impulse response of composite consumption to a monetary policy shock under rational inatten-

tion is hump-shaped, and (iii) after a shock to fundamentals composite consumption under rational

inattention differs from composite consumption under perfect information, but in the long run the

difference between the two impulse responses goes to zero.45 Furthermore, Figure 11 shows that

rational inattention by households also implies that the impulse responses of the nominal wage rate

to shocks are dampened and delayed.

Finally, we compute the new fixed point when decision-makers in firms solve the attention

problem (80)-(86) and all households solve the attention problem (104)-(113) with the modifica-

45We also find that after a shock to fundamentals real bond holdings under rational inattention differ from real

bond holdings under perfect information, but in the long run the difference between the two impulse responses goes

to zero. Furthermore, we find that the impulse responses of composite consumption, the nominal wage rate and real

bond holdings to the noise terms in equation (118) go to zero in the long run. At the new fixed point presented

below where all households have limited attention, the last result will imply that neither the cross-sectional variance

of consumption nor the cross-sectional variance of real bond holdings diverges to infinity.
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tions (114)-(118). We use the following iterative procedure. First, we make a guess concerning

the stochastic process for the profit-maximizing price, p∗it, and a guess concerning the stochastic

process for the utility-maximizing composite consumption, c∗jt. Second, we solve the firms’ atten-

tion problem (80)-(86). Third, we aggregate the individual prices to obtain the aggregate price

level. Fourth, the guess concerning the stochastic process for the utility-maximizing composite

consumption, the law of motion for the aggregate price level and equation (115) yield a guess con-

cerning the stochastic process for the utility-maximizing nominal wage rate, w∗jt. Fifth, we solve the

households’ attention problem (104)-(113) with the modifications (114)-(118). Sixth, we aggregate

across households to obtain aggregate composite consumption, ct = 1
J

XJ

j=1
cjt, and the nominal

wage index, wt =
1
J

PJ
j=1wjt. Seventh, we compute the law of motion for the nominal interest rate

from the monetary policy rule (95) and equation (92); we compute the law of motion for the profit-

maximizing price from equation (96); and we compute the law of motion for the utility-maximizing

composite consumption from equation (57). If the law of motion for the profit-maximizing price

or the law of motion for the utility-maximizing composite consumption differs from our guess, we

update the guess until a fixed point is reached.46

Figures 12 to 14 show the new fixed point. At the new fixed point, the expected per-period

loss in profits of a firm due to deviations of the price from the profit-maximizing price equals 0.13

percent of the firm’s steady state revenue. The expected per-period loss in utility of a household due

to deviations of composite consumption and of the nominal wage rate from the optimal decisions

under perfect information equals the utility equivalent of 0.06 percent of the household’s steady state

consumption. Figure 12 shows impulse responses of the price level, inflation, aggregate composite

consumption, and the nominal interest rate to a monetary policy shock. Furthermore, the left

panels of Figure 14 show the impulse responses of the real wage index and the nominal wage index

to a monetary policy shock. The purple lines with asterisks are the impulse responses at the new

fixed point when decision-makers in firms and households have limited attention. For comparison,

the green lines with circles show the impulse responses at the old fixed point when only decision-

makers in firms have limited attention. See Section 7.3. The main implications of adding rational

inattention by households for the impulse responses to a monetary policy shock are the following.

The response of aggregate composite consumption to a monetary policy shock becomes hump-

shaped; the response of the price level to a monetary policy shock becomes even more dampened

and delayed; the response of inflation to a monetary policy shock becomes even more persistent; the

46One iteration on the way to a new fixed point takes about 7 minutes on the machine described in Footnote 15.

Note that, at each iteration, we now solve the firms’ attention problem and the households’ attention problem.
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response of the real wage index to a monetary policy shock becomes hump-shaped; and the response

of the nominal wage index to a monetary policy shock becomes dampened and delayed. Figure

13 shows impulse responses of the price level, inflation, aggregate composite consumption, and the

nominal interest rate to an aggregate technology shock. The right panels of Figure 14 show the

impulse responses of the real wage index and the nominal wage index to an aggregate technology

shock. The main implication of adding rational inattention by households for the impulse responses

to an aggregate technology shock is the following. The equilibrium response of aggregate output

to an aggregate technology shock becomes more dampened and delayed relative to the efficient

response of aggregate output to an aggregate technology shock. To see this, compare the purple

line with asterisks in the lower-left panel of Figure 13 to the blue line with points in the lower-left

panel of Figure 2.47

9 Conclusion

We develop and solve a DSGE model in which households and decision-makers in firms have limited

attention and decide how to allocate attention. We find that impulse responses to aggregate shocks

display substantial inertia, despite the fact that profit losses and utility losses due to inattention to

aggregate conditions are small. This finding suggests that inertia usually modeled with Calvo price

setting, habit formation in consumption, and Calvo wage setting may have a different origin. At

the same time, our model stands in stark contrast to standard business cycle models when it comes

to the mix of slow and fast adjustment of prices to shocks, profit losses due to deviations of the

actual price from the profit-maximizing price, and the outcomes of experiments. All those findings

suggest that rational inattention may affect the way economists think about business cycles and

monetary policy.

Much work remains ahead. One drawback of the model laid out here is the absence of capital.

The next step will be to add capital and evaluate the model’s quantitative fit to macroeconomic

data.
47For the economy described in Section 2, it is straightforward to show that due to the subsidies (10)-(11) the

equilibrium production under perfect information equals the efficient production.
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A Non-stochastic steady state

In this appendix, we characterize the non-stochastic steady state of the economy described in

Section 2. We define a non-stochastic steady state as an equilibrium of the non-stochastic version

of the economy with the property that real quantities, relative prices, the nominal interest rate and

inflation are constant over time. In the following, variables without the subscript t denote values

in the non-stochastic steady state.

In this appendix, Pt denotes the following price index

Pt =

Ã
IX

i=1

P 1−θit

! 1
1−θ

, (119)

and Wt denotes the following wage index

Wt =

⎛⎝ JX
j=1

W 1−η
jt

⎞⎠ 1
1−η

. (120)

In the non-stochastic steady state, the households’ first-order conditions read

R

Π
=
1

β
, (121)

Cij

Cj
= P̂−θi , (122)

and

W̃j = ϕ
³
Ŵ−η

j L
´ψ

Cγ
j . (123)

The firms’ first-order conditions read

P̂i = W̃
1

α

³
P̂−θi C

´ 1
α
−1

, (124)

and

L̂ij = Ŵ−η
j . (125)

The firms’ price setting equation (124) implies that all firms set the same price in the non-

stochastic steady state. Households therefore consume the different consumption goods in equal

amounts, implying that all firms produce the same amount. Since in addition all firms have the

same technology in the non-stochastic steady state, all firms have the same composite labor input.

It follows from the definition of the price index (119), the consumption aggregator (2) and the

definition of aggregate composite labor input (14) that

P̂ 1−θi =

µ
Cij

Cj

¶ θ−1
θ

=
Li

L
=
1

I
. (126)
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Furthermore, in the non-stochastic version of the economy, all households face the same decision

problem, have the same information and their decision problem has a unique constant solution,

implying that all households choose the same consumption vector and set the same wage rate in

the non-stochastic steady state. Firms therefore hire the different types of labor in equal amounts.

It follows from the definition of aggregate composite consumption (13), the definition of the wage

index (120) and the labor aggregator (5) that

Cj

C
= Ŵ 1−η

j = L̂
η−1
η

ij =
1

J
. (127)

One can show that equations (121)-(127), Yi = Lα
i and Yi = P̂−θi C imply that all variables

appearing in equations (121)-(127) are uniquely determined apart from the nominal interest rate,

R, and inflation, Π. For ease of exposition, we select Π = 1. Equation (121) then implies R = (1/β).

Furthermore, the initial price level, P−1, is not determined. We assume that P−1 equals some value

P̄−1. For given initial real bond holdings
¡
Bj,−1/P̄−1

¢
, fiscal variables in the non-stochastic steady

state are uniquely determined by the requirement that real quantities are constant over time. The

reason is that real bond holdings are a real quantity and real bond holdings are constant over time

if and only if the government runs a balanced budget in real terms (i.e. real lump-sum taxes equal

the sum of real interest payments and real subsidy payments).

B Proof of Proposition 1

First, we introduce notation. Let xt denote the vector of all variables appearing in the real profit

function f that the firm can affect

x0t =
³
p̂it l̂i1t · · · l̂i(J−1)t

´
. (128)

Let zt denote the vector of all variables appearing in the real profit function f that the firm takes

as given

z0t =
³
at ait c1t · · · cJt w̃1t · · · w̃Jt

´
. (129)

Second, we compute a quadratic approximation to the expected discounted sum of profits (30) at

the non-stochastic steady state. Let f̃ denote the second-order Taylor approximation to f at the

non-stochastic steady state. We have

Ei,−1

" ∞X
t=0

βtf̃ (xt, zt)

#

= Ei,−1

" ∞X
t=0

βt
µ
f (0, 0) + h0xxt + h0zzt +

1

2
x0tHxxt + x0tHxzzt +

1

2
z0tHzzt

¶#
, (130)
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where hx is the vector of first derivatives of f with respect to xt evaluated at the non-stochastic

steady state, hz is the vector of first derivatives of f with respect to zt evaluated at the non-

stochastic steady state, Hx is the matrix of second derivatives of f with respect to xt evaluated

at the non-stochastic steady state, Hz is the matrix of second derivatives of f with respect to zt

evaluated at the non-stochastic steady state, and Hxz is the matrix of second derivatives of f with

respect to xt and zt evaluated at the non-stochastic steady state. Third, we rewrite equation (130)

using condition (35). Let vt denote the following vector

v0t =
³
x0t z0t 1

´
, (131)

and let vm,t denote the mth element of vt. Condition (35) implies that

∞X
t=0

βtEi,−1

¯̄̄̄
f (0, 0) + h0xxt + h0zzt +

1

2
x0tHxxt + x0tHxzzt +

1

2
z0tHzzt

¯̄̄̄
<∞. (132)

It follows that one can rewrite equation (130) as

Ei,−1

" ∞X
t=0

βtf̃ (xt, zt)

#

=
∞X
t=0

βtEi,−1

∙
f (0, 0) + h0xxt + h0zzt +

1

2
x0tHxxt + x0tHxzzt +

1

2
z0tHzzt

¸
. (133)

See Rao (1973), p. 111. Condition (35) also implies that the infinite sum on the right-hand side

of equation (133) converges to an element in R. Fourth, we define the vector x∗t . In each period

t ≥ 0, the vector x∗t is defined by

hx +Hxx
∗
t +Hxzzt = 0. (134)

We will show below that Hx is an invertible matrix. Therefore, one can write the last equation as

x∗t = −H−1
x hx −H−1

x Hxzzt. (135)

Hence, x∗t is uniquely determined and the vector vt with xt = x∗t satisfies condition (35). Fifth,

equation (133) implies that

Ei,−1

" ∞X
t=0

βtf̃ (xt, zt)

#
−Ei,−1

" ∞X
t=0

βtf̃ (x∗t , zt)

#

=
∞X
t=0

βtEi,−1

∙
h0x (xt − x∗t ) +

1

2
x0tHxxt −

1

2
x∗0t Hxx

∗
t + (xt − x∗t )

0Hxzzt

¸
. (136)
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Using equation (134) to substitute for Hxzzt in the last equation and rearranging yields

Ei,−1

" ∞X
t=0

βtf̃ (xt, zt)

#
−Ei,−1

" ∞X
t=0

βtf̃ (x∗t , zt)

#
=

∞X
t=0

βtEi,−1

∙
1

2
(xt − x∗t )

0Hx (xt − x∗t )

¸
. (137)

Sixth, we compute the vector of first derivatives and the matrices of second derivatives appearing

in equations (135) and (137). We obtain

hx = 0, (138)

Hx = −C−γj W̃Li

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

θ̃
α

³
1 + 1−α

α θ̃
´

0 · · · · · · 0

0 2
ηJ

1
ηJ · · · 1

ηJ
... 1

ηJ

. . . . . .
...

...
...

. . . . . . 1
ηJ

0 1
ηJ . . . 1

ηJ
2
ηJ

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
, (139)

and

Hxz = C−γj W̃Li

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

− θ̃
α
1
α − θ̃

α
1
α

θ̃
α
1−α
α

1
J · · · θ̃

α
1−α
α

1
J

θ̃
α
1
J · · · · · · θ̃

α
1
J

θ̃
α
1
J

0 0 0 · · · 0 − 1J 0 · · · 0 1
J

...
...

...
...

... 0
. . . . . .

...
...

...
...

...
...

...
...

. . . . . . 0
...

0 0 0 · · · 0 0 · · · 0 − 1J
1
J

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
, (140)

where we used equation (27) in equations (139)-(140). Seventh, substituting equations (138)-(140)

into equation (134) yields the following system of J equations:

p̂∗it =
1−α
α

1 + 1−α
α θ̃

⎛⎝ 1
J

JX
j=1

cjt

⎞⎠+ 1

1 + 1−α
α θ̃

⎛⎝ 1
J

JX
j=1

w̃jt

⎞⎠− 1
α

1 + 1−α
α θ̃

(at + ait) , (141)

and

∀j 6= J : l̂∗ijt +
J−1X
k=1

l̂∗ikt = −η (w̃jt − w̃Jt) . (142)

Finally, we rewrite equation (142). Summing equation (142) over all j 6= J yields

J−1X
j=1

l̂∗ijt = −η
1

J

JX
j=1

w̃jt + ηw̃Jt. (143)

Substituting the last equation back into equation (142) yields

∀j 6= J : l̂∗ijt = −η

⎛⎝w̃jt −
1

J

JX
j=1

w̃jt

⎞⎠ . (144)

Collecting equations (137), (139), (141) and (144), we arrive at Proposition 1.
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C Proof of Proposition 2

First, we introduce notation. In each period t ≥ 0, let xt denote the vector of all variables appearing
in the period utility function (46) that the household can affect in period t

x0t =
³
b̃jt w̃jt ĉ1jt · · · ĉI−1jt

´
, (145)

and, in each period t ≥ 0, let zt denote the vector of all variables appearing in the period utility
function (46) that the household takes as given

z0t =
³
rt−1 πt w̃t lt d̃t t̃t p̂1t · · · p̂It

´
. (146)

There is one variable appearing in the period utility function (46) that is neither an element of

xt nor an element of zt: the predetermined variable b̃jt−1. For ease of exposition, we define the

(1 + I)-dimensional column vector x−1 by

x0−1 =
³
b̃j,−1 0 · · · 0

´
, (147)

because then, in each period t ≥ 0, the predetermined variable b̃jt−1 is an element of xt−1. Let
g denote the functional that is obtained by multiplying the period utility function (46) by βt and

summing over all t from zero to infinity. Let g̃ denote the second-order Taylor approximation to g

at the non-stochastic steady state. Finally, let Ej,−1 denote the expectation operator conditioned

on information of household j in period −1. Second, we compute a log-quadratic approximation to
the expected discounted sum of period utility around the non-stochastic steady state. We obtain

Ej,−1 [g̃ (x−1, x0, z0, x1, z1, x2, z2, . . .)]

= Ej,−1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

g (0, 0, 0, 0, 0, 0, 0, . . .)

+
∞X
t=0

βt

⎛⎜⎜⎜⎜⎜⎝
h0xxt + h0zzt

+1
2x
0
tHx,−1xt−1 +

1
2x
0
tHx,0xt +

1
2x
0
tHx,1xt+1

+1
2x
0
tHxz,0zt +

1
2x
0
tHxz,1zt+1

+1
2z
0
tHz,0zt +

1
2z
0
tHzx,−1xt−1 +

1
2z
0
tHzx,0xt

⎞⎟⎟⎟⎟⎟⎠
+β−1

¡
h0−1x−1 +

1
2x
0
−1H−1x−1 +

1
2x
0
−1Hx,1x0 +

1
2x
0
−1Hxz,1z0

¢

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
, (148)

where
¡
βthx

¢
is the vector of first derivatives of g with respect to xt evaluated at the non-stochastic

steady state,
¡
βthz

¢
is the vector of first derivatives of g with respect to zt evaluated at the non-

stochastic steady state,
¡
βtHx,τ

¢
is the matrix of second derivatives of g with respect to xt and

xt+τ evaluated at the non-stochastic steady state,
¡
βtHz,τ

¢
is the matrix of second derivatives of

52



g with respect to zt and zt+τ evaluated at the non-stochastic steady state,
¡
βtHxz,τ

¢
is the matrix

of second derivatives of g with respect to xt and zt+τ evaluated at the non-stochastic steady state,

and
¡
βtHzx,τ

¢
is the matrix of second derivatives of g with respect to zt and xt+τ evaluated at

the non-stochastic steady state. Finally,
¡
β−1h−1

¢
is a (1 + I)-dimensional column vector whose

first element equals the first derivative of g with respect to b̃j,−1 evaluated at the non-stochastic

steady state and
¡
β−1H−1

¢
is a (1 + I)×(1 + I) matrix whose upper left element equals the second

derivative of g with respect to b̃j,−1 evaluated at the non-stochastic steady state. Note that only

certain quadratic terms appear on the right-hand side of equation (148) because: (i) for all t ≥ 0,
the vector of first derivatives of g with respect to xt depends only on elements of xt−1, xt, xt+1, zt

and zt+1, (ii) for all t ≥ 0, the vector of first derivatives of g with respect to zt depends only on

elements of zt, xt−1 and xt, and (iii) the first derivative of g with respect to b̃j,−1 depends only on

elements of x−1, x0 and z0. Furthermore, note that, when we write the vector of first derivatives

of g with respect to xt evaluated at the non-stochastic steady state as
¡
βthx

¢
, we exploit the fact

that this vector of first derivatives depends on t only through the multiplicative term βt. Third, we

rewrite equation (148) using conditions (51)-(53). For all t ≥ 0, let vt denote the following vector

v0t =
³
x0t z0t 1

´
. (149)

For t = −1, let vt denote a (8 + 2I)-dimensional column vector whose first element equals b̃j,−1 and
all other elements equal zero. Let vm,t denote the mth element of vt. Condition (53) implies that,

for all m and n and for τ = 0, 1,

∞X
t=0

βtEj,−1 |vm,tvn,t+τ | <∞. (150)

Condition (52) implies that condition (150) also holds for τ = −1. It follows that, for all m and n

and for τ = 0, 1,−1,

Ej,−1

" ∞X
t=0

βtvm,tvn,t+τ

#
=

∞X
t=0

βtEj,−1 [vm,tvn,t+τ ] . (151)

See Rao (1973), p. 111. Furthermore, conditions (52)-(53) imply that the infinite sum on the

right-hand side of equation (151) converges to an element in R. Thus, conditions (52)-(53) imply
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that one can rewrite equation (148) as

Ej,−1 [g̃ (x−1, x0, z0, x1, z1, x2, z2, . . .)]

= g (0, 0, 0, 0, 0, 0, 0, . . .) +
∞X
t=0

βtEj,−1
£
h0xxt

¤
+

∞X
t=0

βtEj,−1
£
h0zzt

¤
+

∞X
t=0

βtEj,−1

∙
1

2
x0tHx,−1xt−1

¸
+

∞X
t=0

βtEj,−1

∙
1

2
x0tHx,0xt

¸

+
∞X
t=0

βtEj,−1

∙
1

2
x0tHx,1xt+1

¸
+

∞X
t=0

βtEj,−1

∙
1

2
x0tHxz,0zt

¸
+

∞X
t=0

βtEj,−1

∙
1

2
x0tHxz,1zt+1

¸

+
∞X
t=0

βtEj,−1

∙
1

2
z0tHz,0zt

¸
+

∞X
t=0

βtEj,−1

∙
1

2
z0tHzx,−1xt−1

¸
+

∞X
t=0

βtEj,−1

∙
1

2
z0tHzx,0xt

¸
+β−1Ej,−1

∙
h0−1x−1 +

1

2
x0−1H−1x−1 +

1

2
x0−1Hx,1x0 +

1

2
x0−1Hxz,1z0

¸
, (152)

and that each infinite sum on the right-hand side of equation (152) converges to an element in R.

In addition, conditions (51)-(52) ensure that the term in the last line on the right-hand side of

equation (152) is finite. Finally, using Hxz,0 = H 0
zx,0, Hxz,1 = βH 0

zx,−1 and Hx,1 = βH 0
x,−1 one can

rewrite equation (152) as

Ej,−1 [g̃ (x−1, x0, z0, x1, z1, x2, z2, . . .)]

= g (0, 0, 0, 0, 0, 0, 0, . . .) +
∞X
t=0

βtEj,−1
£
h0xxt

¤
+

∞X
t=0

βtEj,−1
£
h0zzt

¤
+

∞X
t=0

βtEj,−1

∙
1

2
x0tHx,0xt

¸
+

∞X
t=0

βtEj,−1
£
x0tHx,1xt+1

¤
+

∞X
t=0

βtEj,−1
£
x0tHxz,0zt

¤
+

∞X
t=0

βtEj,−1
£
x0tHxz,1zt+1

¤
+

∞X
t=0

βtEj,−1

∙
1

2
z0tHz,0zt

¸
+β−1Ej,−1

∙
h0−1x−1 +

1

2
x0−1H−1x−1 + x0−1Hx,1x0 + x0−1Hxz,1z0

¸
. (153)

Fourth, we define the process {x∗t}∞t=−1. Let Et denote the expectation operator conditioned on

the entire history of the economy up to and including period t. The process {x∗t }∞t=−1 is defined by
the following three requirements: (i) x∗−1 is given by equation (147), (ii) in each period t ≥ 0, x∗t
satisfies

Et

£
hx +Hx,−1x

∗
t−1 +Hx,0x

∗
t +Hx,1x

∗
t+1 +Hxz,0zt +Hxz,1zt+1

¤
= 0, (154)

and (iii) the vector vt with xt = x∗t satisfies conditions (51)-(53). Fifth, we derive a result that

we will use below. Multiplying equation (154) by (xt − x∗t )
0 and using the fact that Et is the

expectation operator conditioned on the entire history of the economy up to and including period
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t yields

Et

£
(xt − x∗t )

0 ¡hx +Hx,−1x
∗
t−1 +Hx,0x

∗
t +Hx,1x

∗
t+1 +Hxz,0zt +Hxz,1zt+1

¢¤
= 0. (155)

Taking the expectation conditioned on information of household j in period t = −1 and using the
law of iterated expectations yields

Ej,−1
£
(xt − x∗t )

0 ¡hx +Hx,−1x
∗
t−1 +Hx,0x

∗
t +Hx,1x

∗
t+1 +Hxz,0zt +Hxz,1zt+1

¢¤
= 0. (156)

Rearranging the last equation yields

Ej,−1
£
(xt − x∗t )

0 (hx +Hxz,0zt +Hxz,1zt+1)
¤

= −Ej,−1
£
(xt − x∗t )

0 ¡Hx,−1x
∗
t−1 +Hx,0x

∗
t +Hx,1x

∗
t+1

¢¤
. (157)

Sixth, we derive another result that we will use below. By the Cauchy-Schwarz inequality, for each

period t ≥ 0, for τ = 0, 1,−1 and for all m and n,

¡
Ej,−1

£
xm,tx

∗
n,t+τ

¤¢2 ≤ Ej,−1
£
x2m,t

¤
Ej,−1

£
x∗2n,t+τ

¤
. (158)

Conditions (51) and (53) and the definition of the process {x∗t }∞t=−1 therefore imply that there exist
two constants δ < (1/β) and A ∈ R such that, for each period t ≥ 0, for τ = 0, 1,−1 and for all m
and n, ¯̄

Ej,−1
£
xm,tx

∗
n,t+τ

¤¯̄
< δtA. (159)

It follows that the sequence
½XT

t=0
βtEj,−1

£
xm,tx

∗
n,t+τ

¤¾∞
T=0

is a Cauchy sequence in R, implying

that
X∞

t=0
βtEj,−1

£
xm,tx

∗
n,t+τ

¤
converges to an element in R. Seventh, it follows from equation

(153) that

Ej,−1 [g̃ (x−1, x0, z0, x1, z1, x2, z2, . . .)]−Ej,−1
£
g̃
¡
x∗−1, x

∗
0, z0, x

∗
1, z1, x

∗
2, z2, . . .

¢¤
=

∞X
t=0

βtEj,−1

∙
1

2
x0tHx,0xt + x0tHx,1xt+1 −

1

2
x∗0t Hx,0x

∗
t − x∗0t Hx,1x

∗
t+1

¸

+
∞X
t=0

βtEj,−1
£
(xt − x∗t )

0 (hx +Hxz,0zt +Hxz,1zt+1)
¤

+β−1Ej,−1

∙
h0−1x−1 +

1

2
x0−1H−1x−1 + x0−1Hx,1x0 + x0−1Hxz,1z0

¸
−β−1Ej,−1

∙
h0−1x

∗
−1 +

1

2
x∗0−1H−1x

∗
−1 + x∗0−1Hx,1x

∗
0 + x∗0−1Hxz,1z0

¸
. (160)
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Substituting x∗−1 = x−1 and equation (157) into equation (160) yields

Ej,−1 [g̃ (x−1, x0, z0, x1, z1, x2, z2, . . .)]−Ej,−1
£
g̃
¡
x∗−1, x

∗
0, z0, x

∗
1, z1, x

∗
2, z2, . . .

¢¤
=

∞X
t=0

βtEj,−1

∙
1

2
x0tHx,0xt + x0tHx,1xt+1 −

1

2
x∗0t Hx,0x

∗
t − x∗0t Hx,1x

∗
t+1

¸

−
∞X
t=0

βtEj,−1
£
(xt − x∗t )

0 ¡Hx,−1x
∗
t−1 +Hx,0x

∗
t +Hx,1x

∗
t+1

¢¤
+β−1Ej,−1

£
x0−1Hx,1 (x0 − x∗0)

¤
.

Finally, rearranging the right-hand side of the last equation using that (i)
X∞

t=0
βtEj,−1

£
x0tHx,τx

∗
t+τ

¤
converges to an element in R for τ = 0, 1,−1, (ii) Hx,1 = βH 0

x,−1, and (iii) x
∗
−1 = x−1 yields

Ej,−1 [g̃ (x−1, x0, z0, x1, z1, x2, z2, . . .)]−Ej,−1
£
g̃
¡
x∗−1, x

∗
0, z0, x

∗
1, z1, x

∗
2, z2, . . .

¢¤
=

∞X
t=0

βtEj,−1

∙
1

2
(xt − x∗t )

0Hx,0 (xt − x∗t ) + (xt − x∗t )
0Hx,1

¡
xt+1 − x∗t+1

¢¸
. (161)

Eighth, we compute the vector of first derivatives and the matrices of second derivatives appearing

in equations (154) and (161). We obtain

h0x =
³
0 0 0 · · · 0

´
, (162)

Hx,0 = −C1−γj

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

γω2B

³
1 + 1

β

´
γωB η̃ωW 0 · · · 0

γωB η̃ωW η̃ωW (γη̃ωW + 1 + η̃ψ) 0 · · · 0

0 0 2
θI · · · 1

θI
...

...
...

. . .
...

0 0 1
θI · · · 2

θI

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
, (163)

Hx,1 = C1−γj

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

γω2B γωB η̃ωW 0 · · · 0

0 0 0 · · · 0

0 0 0 · · · 0
...

...
...
. . .

...

0 0 0 · · · 0

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
, (164)

Hx,−1 =
1

β
H 0
x,1, (165)
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Hxz,0 = C1−γj

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

γω2B
β −γω2B

β
γωB η̃

2ωW
η̃−1

γωB η̃ωW
η̃−1

γωB η̃ωW
β −γωB η̃ωW

β η̃2ωW

³
γη̃ωW
η̃−1 + ψ

´
η̃ωW

³
γη̃ωW
η̃−1 + ψ

´
0 0 0 0
...

...
...

...

0 0 0 0

γωBωD −γωBωT ωB(1−γ)
I · · · ωB(1−γ)

I
ωB(1−γ)

I

γη̃ωWωD −γη̃ωWωT
η̃ωW (1−γ)

I · · · η̃ωW (1−γ)
I

η̃ωW (1−γ)
I

0 0 −1I · · · 0 1
I

...
...

...
. . .

...
...

0 0 0 · · · −1I
1
I

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
, (166)

Hxz,1 = C1−γj

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

−γω2B
β + ωB

γω2B
β − ωB −γωB η̃

2ωW
η̃−1 −γωB η̃ωW

η̃−1

0 0 0 0

0 0 0 0
...

...
...

...

0 0 0 0

−γωBωD γωBωT −ωB(1−γ)
I · · · −ωB(1−γ)

I −ωB(1−γ)
I

0 0 0 · · · 0 0

0 0 0 · · · 0 0
...

...
...

...
...

...

0 0 0 · · · 0 0

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
. (167)

Ninth, substituting equations (162)-(167) into equation (154) yields the following system of 1 + I

equations:

c∗jt = Et

"
−1
γ

Ã
rt − πt+1 −

1

I

IX
i=1

(p̂it+1 − p̂it)

!
+ c∗jt+1

#
, (168)

w̃∗jt =
γ

1 + η̃ψ
c∗jt +

ψ

1 + η̃ψ
(η̃w̃t + lt) +

1

1 + η̃ψ

Ã
1

I

IX
i=1

p̂it

!
, (169)

and

∀i 6= I : ĉ∗ijt +
I−1X
k=1

ĉ∗kjt = −θ (p̂it − p̂It) , (170)
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where the variable c∗jt is defined by

c∗jt =
ωB
β

³
rt−1 − πt + b̃∗jt−1

´
−ωB b̃∗jt+

η̃

η̃ − 1ωW
£
(1− η̃) w̃∗jt + η̃w̃t + lt

¤
+ωDd̃t−ωT t̃t−

Ã
1

I

IX
i=1

p̂it

!
.

(171)

Finally, we rewrite equation (170). Summing equation (170) over all i 6= I yields

I−1X
i=1

ĉ∗ijt = −θ
Ã
1

I

IX
i=1

p̂it − p̂It

!
.

Substituting the last equation back into equation (170) yields

∀i 6= I : ĉ∗ijt = −θ
Ã
p̂it −

1

I

IX
i=1

p̂it

!
. (172)

Collecting equations (161), (163), (164), (168), (169), (171) and (172), we arrive at Proposition 2.

D Solution of the model under perfect information

First, the price setting equation (38) and equations (62), (64), (67) and (12) imply that

0 =
1− α

α
ct + w̃t −

1

α
at.

The wage setting equation (58) and equations (62), (64) and (67) imply that

w̃t = γct + ψlt.

The production function (70) and equations (61), (63), (64) and (12) imply that

yt = at + αlt.

The equation for aggregate output (61) and equations yit = cit, (68), (59), (62) and (64) imply that

yt = ct.

Solving the last four equations for the endogenous variables yt, ct, lt and w̃t yields equations (72)-

(74). Furthermore, the consumption Euler equation (57) and equations (62) and (64) imply that

ct = Et

∙
−1
γ
(rt − πt+1) + ct+1

¸
.

Substituting the solution for ct into the last equation and solving for the real interest rate yields

equation (75). Second, the equation for the optimal consumption mix (59) and equation (64) imply
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equation (76). Note that combining equations (76), (62) and (68) yields a demand function for good

i that has the form (19)-(21) with θ̃ = θ and ϑ = 1. The price setting equation (38) and equations

(62), (67), (72) and (74) and a price elasticity of demand of θ̃ = θ imply equation (77). Third,

the equation for the optimal factor mix (39) and equation (67) imply equation (78). Note that

combining equations (78), (63) and (69) yields a labor demand function that has the form (40)-(42)

with η̃ = η and ζ = 1. Finally, when all households have the same initial bond holdings and the

bond sequence for each household is non-explosive (i.e. lims→∞Et

h
βs+1

³
b̃j,t+s+1 − b̃j,t+s

´i
= 0),

equations (57)-(60) have a unique solution for consumption that is identical for all households. The

wage setting equation (58) then implies that all households set the same wage. It follows from

equation (67) that wt = wjt, implying ŵjt = 0.

E Equation (111)

Proposition 4 Consider the decision problem (104)-(113). Replace equation (111) by

w̃jt = D1 (L) c
A
jt +D2 (L) c

R
jt, (173)

where D1 (L) and D2 (L) are infinite-order lag polynomials, and add the two lag polynomials D1 (L)

and D2 (L) to the set of objects that the decision-maker can choose in period −1. If ψ = 0 then a
solution to this decision problem has to satisfy D1 (L) = D2 (L) = γ.

Proof. First, there are multiple consumption and real wage sequences that yield the same

bond sequence because the household can finance extra consumption by lowering the real wage and

working more. In particular, increasing consumption in period t from cjt to c0jt and lowering the

real wage in period t from w̃jt to w̃0jt = w̃jt− 1
η̃ωW

³
c0jt − cjt

´
leaves the bond sequence unchanged.

This follows from equation (106) and cjt+ η̃ωW w̃jt = c0jt+ η̃ωW w̃0jt. Second, for a given stochastic

process for bond holdings
n
b̃jt

o∞
t=0
, the only terms in the infinite sum in objective (104) that depend

on the random variable w̃jt are

Ej,−1

⎡⎢⎢⎢⎣
βt−1C1−γj γωB η̃ωW

³
b̃jt−1 − b̃∗jt−1

´³
w̃jt − w̃∗jt

´
−βtC1−γj γωB η̃ωW

³
b̃jt − b̃∗jt

´³
w̃jt − w̃∗jt

´
−βt 12C

1−γ
j η̃ωW (γη̃ωW + 1 + η̃ψ)

³
w̃jt − w̃∗jt

´2
⎤⎥⎥⎥⎦ , (174)

where we have used equations (55), (56) and (105). Setting the first derivative of the term inside

the expectation operator in expression (174) with respect to w̃jt equal to zero yields

γ
h
β−1ωB

³
b̃jt−1 − b̃∗jt−1

´
− ωB

³
b̃jt − b̃∗jt

´i
= (γη̃ωW + 1 + η̃ψ)

¡
w̃jt − w̃∗jt

¢
. (175)
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Using equation (106), equation (108) and ψ = 0, one can rewrite equation (175) as

w̃jt = γcjt. (176)

Furthermore, the second derivative of the term inside the expectation operator in expression (174)

with respect to w̃jt is negative. Thus, if ψ = 0 then the pair (cjt, w̃jt) that maximizes the term

inside the expectation operator in expression (174) for given bond holdings b̃jt−1 and b̃jt is the one

that satisfies equation (176). Third, take a process {cjt, w̃jt}∞t=0 that has a representation of the
form (110) and (173) and that does not have the property D1 (L) = D2 (L) = γ. Define a new

process
n
c0jt, w̃

0
jt

o∞
t=0

by the following two equations

c0jt = cjt +
η̃ωW

1 + γη̃ωW
(w̃jt − γcjt) , (177)

w̃0jt = w̃jt −
1

1 + γη̃ωW
(w̃jt − γcjt) . (178)

This new process has the following five properties: (i) the new process
n
c0jt, w̃

0
jt

o∞
t=0

has a repre-

sentation of the form (110) and (173), (ii) in each period t ≥ 0, c0jt + η̃ωW w̃0jt = cjt + η̃ωW w̃jt,

(iii) in each period t ≥ 0, w̃0jt = γc0jt, (iv) in each period t ≥ 0, cA0jt is a function only of current
and lagged values of cAjt, and (v) in each period t ≥ 0, cR0jt is a function only of current and lagged
values of cRjt. Property (i) implies that the new process

n
c0jt, w̃

0
jt

o∞
t=0

is a feasible choice. Properties

(ii)-(iii) imply that if ψ = 0 then the new process
n
c0jt, w̃

0
jt

o∞
t=0

yields a higher value of the infinite

sum in objective (104) than the original process {cjt, w̃jt}∞t=0. Properties (iv)-(v) imply that the
new process

n
c0jt, w̃

0
jt

o∞
t=0

does not yield a higher value of the left-hand side of the information flow

constraint (113) than the original process {cjt, w̃jt}∞t=0. It follows that if ψ = 0 then the original
process {cjt, w̃jt}∞t=0 cannot be a solution to the decision problem specified in Proposition 4.
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Figure 1: Impulse responses, benchmark economy
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Figure 2: Impulse responses, benchmark economy
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Figure 3: Impulse response of an individual price to a firm-specific productivity shock, benchmark economy
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Figure 4: Impulse responses, benchmark economy and Calvo model
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Figure 5: Impulse responses, benchmark economy and Calvo model
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Figure 6: Standard deviation of output gap vs. parameter φπ, benchmark economy and Calvo model
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Figure 7: Firms' attention problem with signals concerning pA*, pR*, and pI*  
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Figure 8: Firms' attention problem with signals concerning the price level, TFP, last period sales, and last period wage bill
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Figure 9: Impulse responses, households' problem
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Figure 10: Impulse responses, households' problem
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Figure 11: Impulse responses, households' problem
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Figure 12: Impulse responses, benchmark economy
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Figure 13: Impulse responses, benchmark economy
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Figure 14: Impulse responses, benchmark economy




