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Abstract

In this paper, I introduce lumpy micro-level capital adjustment into a sticky information general equi-

librium model. Lumpy adjustment arises because of inattentiveness in capital investment decisions instead

of the more common assumption of non-convex adjustment costs. The model features inattentiveness as

the only source of stickiness. I find that the model with lumpy investment yields business cycle dynamics

which differ substantially from those of an otherwise identical model with frictionless investment and are

much more consistent with the empirical evidence. These results therefore strengthen the case in favour

of the relevance of microeconomic investment lumpiness for the business cycle.
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1 Introduction

Figure 1 plots output and investment over the US business cycle. The figure shows that aggregate investment

is strongly procyclical, very persistent and much more volatile than output. Underlying such smooth aggregate

investment dynamics, however, are infrequent and large, or lumpy, capital adjustments at the microeconomic

level. Doms and Dunne (1998) show that about 50 % of an average plant’s cumulative investment in a 15-year

period is concentrated over a period of two to three (contiguous) years.

Figure 1: Output and investment over the US business cycle
Note. The figure displays detrended quarterly real GDP and real private domestic investment in the United States over the
period from 1950 to 2005. The trends have been computed using the Baxter-King bandpass filter. Red line: output. Blue line:
investment. Grey bars denote NBER recessions.

The volatility of investment is a prime contributor to aggregate fluctuations. According to Barro (1997,

Table 9.1), private investment accounts for about 93 % of the fluctuations in GDP, and thus “as a first

approximation, explaining recessions amounts to explaining the sharp contractions in the private investment

components.”1 Notwithstanding the importance of investment in explaining the business cycle (as well as,
1 Barro’s findings are derived from an analysis of the role of investment during five US recessions (namely, those ending in

1961Q1, 1970Q4, 1975Q1, 1982Q4 and 1991Q4).
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obviously, in determining long-term economic growth), capital accumulation has been somewhat ignored in

canonical versions of the New Keynesian model (see e.g. Gali, 2008). However, standard dynamic stochastic

general equilibrium (DSGE) models do now feature endogenous capital accumulation (see e.g. Levin et al.,

2005 and Smets and Wouters, 2007).

Nevertheless, the development of a sound micro-founded model which is able to explain aggregate investment

dynamics has been keeping economists busy for years. Standard DSGE models introduce convex investment

adjustment costs to reproduce smooth aggregate investment dynamics. In doing so, however, the lumpy

nature of plant-level investment is simply brushed away and the micro-foundations of these models for in-

vestment behaviour therefore seem rather weak. Some researchers (see e.g. Caballero, 1999) try to reconcile

this apparent inconsistency by suggesting that such smooth aggregate dynamics may result from the aggrega-

tion of asynchronous and lumpy micro-level capital adjustments, which can be easily generated by non-convex

(i.e. fixed) adjustment costs. In fact, recent micro-founded lumpy investment models (see e.g. Khan and

Thomas, 2008) provide a good description of aggregate investment.

An important debate running through recent general equilibrium literature is that on the question as to

whether micro-level lumpy capital adjustments have important implications for business cycle dynamics. The

origin of the debate concerning the (ir)relevance of lumpy investment for aggregate dynamics dates back to

Thomas (2002). Previously, partial equilibrium state-dependent lumpy investment models (Caballero et al.,

1995, Doms and Dunne, 1998, Caballero and Engel, 1999, Cooper et al., 1999 and Doyle and Whited, 2001)

had stressed important amplification and propagatory effects arising from infrequent plant-level investment

activities. Thomas (2002) reassessed the impact of lumpy micro-level investment in a general equilibrium

framework and concluded that firm-level investment lumpiness does not play an important role for aggregate

dynamics. In fact, her lumpy investment model generates business cycle dynamics that are similar to those

generated by an otherwise identical model characterised by frictionless investment. According to Thomas

(2002, page 508), the irrelevance result arises from the fact that “in general equilibrium, households’ preference

for relatively smooth consumption profiles offsets changes in aggregate investment demand implied by the

introduction of lumpy plant-level investment.” Subsequently Gourio and Kashyap (2007), among others,

contested Thomas’ findings, claiming that lumpy investment is relevant for aggregate fluctuations. In fact,
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they recalibrated Thomas’ model and found that the recalibrated model has properties that differ from those

of the standard real business cycle model. This result led them to conclude that the irrelevance result does not

stem solely from general equilibrium effects, but is also dependent on the calibration of the model. Currently,

there are a number of other studies that support either the relevance or the irrelevance result.2

Against this background, this paper evaluates the aggregate significance of lumpy investment in a sticky

information DSGE framework. In a related paper, Verona (2013), I demonstrate that time-dependent lumpy

capital adjustments arise naturally when a firm faces costs of gathering and processing information. I first

show that inattentiveness is the optimal response to such information costs: the firm chooses to update its

information and plans only sporadically on optimally chosen dates, and to be inattentive to new information in

between adjustment dates. In particular, the firm undertakes small maintenance investment (to compensate

for depreciation) when acting inattentively, whereas the stock of capital jumps to its optimal level when the

firm updates its information. It is therefore likely to observe large adjustments at those planning dates. I then

find that such a partial equilibrium model is successful in fitting quantitative facts on plant-level investment

rates.

In this paper, I embed that theoretical framework into the sticky information general equilibrium (SIGE)

model developed by Mankiw and Reis (2006, 2007). Specifically, I augment the SIGE model with a set of firms

that make capital investment decisions in an inattentive manner. In the capital-augmented version of the

SIGE model, inattentiveness is the only source of stickiness and it is pervasive to all decisions: consumption,

wages, prices and capital investment decisions are all based, to a certain degree, on outdated information.

This paper consequently provides two main contributions.

First, incorporating lumpy investment, which is consistently micro-founded on inattentiveness in capital

investment decisions, into the SIGE model reconciles general equilibrium modelling with recent developments

in the microeconomic theory of investment. Such a model allows a further contribution to be made to the

debate on the (ir)relevance of lumpy investment for macroeconomic dynamics.
2 Papers supporting the relevance result include Bayer (2006), Sveen and Weinke (2007), Iacoviello and Pavan (2007),

Bachmann et al. (2013) and Fiori (2011). Khan and Thomas (2003, 2008) and House (2008) in turn provide additional evidence
in favour of the irrelevance result. A similar irrelevance result has been obtained by Veracierto (2002), who analyses the role of
plant-level irreversibilities in investment for aggregate fluctuations.
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Second, enhancing the SIGE model by means of capital and investment overcomes one of its weaknesses, which

was pointed out by Reis (2009b). Such an improvement narrows the gap between the sticky information DSGE

approach and the workhorse sticky prices DSGE framework (e.g. Smets and Wouters, 2003 and Christiano

et al., 2005), which has included capital and investment from the beginning. I therefore provide a fully fledged

micro-founded DSGE model that relies on just one rigidity – inattentiveness – to mimic the inertia found in

macroeconomic data, rather than on a large set of nominal and real rigidities as put forth by the sticky prices

approach, e.g. staggered price and wage setting with partial indexation, habit persistence in consumption,

investment (or capital) adjustment costs and variable capital utilization. Using the model, it is therefore

possible to analyse how and to what extent inattentiveness alone shapes business cycle dynamics.3

The paper is organized as follows. Section 2 describes the capital-augmented sticky information general

equilibrium (SIGEK) model, and Section 3 presents the key log-linearised equations. Section 4 analyses

the business cycle implications of lumpy investment in general equilibrium and discusses the findings in the

context of the previous literature. Finally, Section 5 concludes.

2 The capital-augmented sticky information general equilibrium model

There are three sets of agents: firms, households and the government.

Within the firms sector, there are two types of firms, intermediate and final-goods firms, and there is a

continuum of each indexed by i and f , respectively, in the unit interval. Each of the monopolistic competitive

intermediate-goods firms has two departments: an attentive hiring department, which decides on how much

of each labour variety to hire, and an inattentive pricing department, which produces the intermediate good

and chooses a plan for current and future prices for its good. Perfectly competitive final-goods firms also

have two departments: the attentive purchasing department, which chooses how much of each variety of

intermediate goods to buy, and the inattentive producing department, which produces the final good by

combining its firm-specific capital with a Dixit-Stiglitz aggregator of varieties of intermediate goods. The

producing department chooses a plan for current and future capital adjustments.
3 Mackowiak and Wiederholt (2011) develop a DSGE model with rational inattention (by households and firms) à la Sims

(2003).
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Households are made up of consumers and workers and there is a continuum of each type of individual indexed

by j and k, respectively, in the unit interval. Consumers consume, save and borrow by trading bonds between

themselves. Each worker provides differentiated labour services to intermediate-goods firms. Both consumers

and workers are inattentive and make optimal decisions only sporadically. In particular, consumers choose a

plan for current and future consumption, and workers choose a plan for current and future wages.

Finally, monetary and fiscal policies follow exogenous rules and close the model.

Figure 2 sketches the structure of the model. In contrast to the original SIGE model, the SIGEK model

features a new agent, the sector comprising competitive final-goods firms.4 I will begin this section by

describing the market clearing conditions and policy processes and then define the agents’ problems.

Figure 2: Structure of the model

4 I separate final goods production from intermediate goods production for three main reasons. First, it is common to separate
them so as to have the Dixit-Stiglitz aggregation occurring in production rather than in consumption and it is irrelevant which
method is chosen. Second, the separation allows me to have an agent to be inattentive about the new decision, capital. Third,
and more important, if prices and capital decisions are made within the same agent, then one possible problem is that if one
obtains an estimate of the sticky information parameter related to those decisions, it will be hard to understand whether it is
the pricing or the capital decision that is driving the estimation result.
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2.1 Market clearing conditions and policy processes

The total output produced by final-goods firms, Y FINt , is divided into consumption, investment and govern-

ment goods. Market clearing in the final goods market requires that:

Y FINt = Gt (Ct + INVt) , (1)

where 1 − 1/Gt is the fraction of output consumed by the government, and Ct =
´ 1

0
Ct,jdj and INVt =

´ 1

0
INVt,fdf represent total consumption of consumers and total investment of final-goods firms, respectively.

Government consumption Gt is financed by lump-sum taxes to households that keep the budget balanced

at all times. The fraction Gt is stochastic, and shocks to it can be interpreted as aggregate demand shocks.

The central bank sets the nominal interest rate it according to:

it ≡ log [Et (Πt+1Pt+1/Pt)] = φπ log

(
Pt
Pt−1

)
− εt , (2)

where Pt denotes the price level, Πt+1 the real interest rate between t and t + 1, and εt a discretionary

monetary policy shock. The definition of the nominal interest rate follows the Fisher equation, whereas the

nominal interest rate is set according to a Taylor-type rule which responds to inflation.

There is an intermediate goods market for each variety i, in which all final-goods firms f are buyers and the

seller is the intermediate-goods firm which has the monopoly over its variety i . In equilibrium:

Y INTt,i =

ˆ 1

0

Y INTt,f (i) df , (3)

where Y INTt,i is the total production of intermediate good i at time t, and Y INTt,f (i) is the demand by final-

goods firm f of variety i at time t.

There is a labour market for each variety of labour k. Intermediate-goods firms i demand labour, which is

supplied by the household k, which has the monopoly over its labour services. Market clearing requires:

Lt,k =

ˆ 1

0

Nt,i (k) di , (4)
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where Lt,k is the total labour supply of variety k at time t, and Nt,i (k) is the labour demand by the

intermediate-goods firm i of variety k at time t. Total output and labour are defined by aggregating across

all varieties: Y FINt =
´ 1

0
Y FINt,f df and Lt =

´ 1

0
Lt,kdk.

Finally, nominal bonds are in zero net supply so the condition for the bond market to clear is
´ 1

0
Bt,jdj = 0.

2.2 Final-goods firms

2.2.1 Attentive purchasing departments5

The purchasing department of the f -th firm buys a continuum of varieties i of intermediate goods in the

amount Y INTt,f (i) at price Pt,i, and combines them into a final input Yt,f according to a Dixit-Stiglitz aggrega-

tor with time-varying stochastic elasticity of substitution v̂t. Each department solves the following problem,

with current prices and a total desired amount of inputs Yt,f being taken as given:

min
{Y INTt,f (i)}

i∈[0,1]

ˆ 1

0

Pt,iY
INT
t,f (i) di

subject to Yt,f =

[ˆ 1

0

Y INTt,f (i)
v̂t−1
v̂t di

] v̂t
v̂t−1

.

Optimal behaviour implies that the demand for each variety i by firm f is Y INTt,f (i) = Yt,f [Pt,i/Pt]
−v̂t , where

Pt =
[´ 1

0
Pt,i

1−v̂tdi
] 1

1−v̂t is the aggregate price index. Integrating over the continuum of departments f and

using the market clearing condition (3) gives the total demand for the intermediate-goods of variety i:

Y INTt,i =

(
Pt,i
Pt

)−v̂t
Yt , (5)

where Yt ≡
´ 1

0
Yt,fdf .

5 The problem solved by these agents is equivalent to the problem of final-goods firms in standard DSGE models (see e.g.
Smets and Wouters, 2003).
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2.2.2 Inattentive producing departments

The final good is the composite of two inputs, a homogeneous input Yt, resulting from a Dixit-Stiglitz

aggregator of varieties of intermediate goods, and the installed firm-specific capital, Kt−1,f . The producing

department of the f -th firm produces the final good Y FINt,f according to the following technology:

Y FINt,f = ZtY
1−α
t Kα

t−1,f , (6)

where α < 1 represents the share of capital in the firm’s production function and Zt an aggregate productivity

shock. The timing in (6) implies that capital becomes productive with a one-period delay. As in Verona

(2013), I assume that the firm can buy or sell capital instantly and without any adjustment costs, at a

constant price normalised to one. When the price of capital is constant, the Jorgensonian user cost of capital

(i.e. the opportunity cost of holding one unit of capital for a period) is simply the sum of the discount rate

of the firm and the depreciation rate.

Let me consider the problem faced by the producing department that last updated its information τ periods

ago. Following the SIGE tradition, I assume that, in each period, a fraction η of departments, randomly

drawn from the population, update their information, so there are η (1− η)
τ departments in this situation.6

Each of these departments chooses the stock of capital Kt,τ to maximise expected real profits:

max
Kt,τ

Et−τ
[
Y FINt,τ − (Πt + ρ)Kt−1,τ

]

subject to Y FINt,τ = ZtY
1−α
t Kα

t−1,τ ,

where ρ is the real depreciation rate and (Πt + ρ) represents the user cost of capital. The first-order condition

is

Et−τ
[
αZt+1Y

1−α
t+1 Kα−1

t,τ

]
= Et−τ (Πt+1 + ρ) .

If the firm observed all variables, this condition would state that the firm accumulates capital up to the point
6 Bernoulli’s method for modelling investment lumpiness was originally proposed by Kiyotaki and Moore (1997).
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where the marginal product of capital equals the user cost of capital. After some rearrangements, the desired

stock of capital becomes

Kt,τ =

[
Et−τ

(
Πt+1 + ρ

α

)]− 1
1−α [

Et−τ
(
Zt+1Y

1−α
t+1

)] 1
1−α . (7)

To attain the stock Kt,τ in period t+ 1, the firm demands the quantity INVt,τ of the final good in period t

given by

INVt,τ = Kt,τ − (1− ρ)Kt−1,τ . (8)

2.3 Intermediate-goods firms

2.3.1 Attentive hiring departments7

Each of the intermediate-goods firms has a department that hires a continuum of labour varieties in the

amount Nt,i (k) at price Wt,k. Labour services are combined into the labour input Nt,i according to a Dixit-

Stiglitz function with time-varying stochastic elasticity of substitution γ̂t. The hiring department of the i-th

firm solves the following problem, with current wages and a total desired amount of inputs Nt,i being taken

as given:

min
{Nt,i(k)}k∈[0,1]

ˆ 1

0

Wt,kNt,i (k) dk

subject to Nt,i =

[ˆ 1

0

Nt,i (k)
γ̂t−1
γ̂t dk

] γ̂t
γ̂t−1

.

The solution to this problem is Nt,i (k) = Nt,i (Wt,k/Wt)
−γ̂t , where Wt =

[´ 1

0
Wt,k

1−γ̂tdk
] 1

1−γ̂t is the ag-

gregate wage index. Summing over all firms i and using the market clearing condition (4) gives the total

demand for labour of variety k:

Lt,k =

(
Wt,k

Wt

)−γ̂t
Nt , (9)

where Nt ≡
´ 1

0
Nt,idi.

7 This agent is equivalent to the “employment agency” typically introduced in the DSGE literature (see e.g. Erceg et al.,
2000).
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2.3.2 Inattentive pricing departments

Let me now consider the problem faced by the pricing department of an intermediate-good firm that last

updated its information τ periods ago. In each period, a randomly drawn fraction of departments λ update

their information, so there are λ (1− λ)
τ departments in this situation. They choose a nominal price Pt,τ to

maximise expected real profits:

max
Pt,τ

Et−τ

[
Pt,τY

INT
t,τ

Pt
− WtNt,τ

Pt

]

subject to Y INTt,τ = AtN
β
t,τ (10)

Y INTt,τ =

(
Pt,τ
Pt

)−v̂t
Yt

Equation (10) is the production function, where β measures the degree of returns to scale and productivity

At is stochastic. The second constraint is the total demand for the firm’s product in (5). The first order

condition is:

Pt,τ =
Et−τ [v̂tWtNt,τ/Pt]

Et−τ
[
β (v̂t − 1)Y INTt,τ /Pt

] . (11)

If the firm observed all the variables on the right-hand side, this condition would state that the nominal price

charged is a mark-up, v̂t/ (v̂t − 1), over nominal marginal costs, which correspond to the cost of an extra unit

of labour, Wt, divided by its marginal product, βY INTt,τ /Nt,τ .

2.4 Households

Households live forever and discount future utility by a factor ξ ∈ (0, 1). They obtain utility in each period

from consumption and leisure according to:

U (Ct,j , Lt,k) = lnCt,j −
χL

1+1/ψ
t,k

1 + 1/ψ
,
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where Ct,j is consumption by consumer j at date t, Lt,k is the labour supplied by worker k on date t, ψ is

the Frisch elasticity of labour supply and χ captures relative preferences for consumption versus leisure.

On each date t, the household faces the following budget constraint:

At+1 = Πt+1

(
At − Ct,j +

Wt,kLt,k + Tt
Pt

)
,

where At denotes the real wealth at the beginning of period t and Tt are lump-sum transfers. These transfers

comprise the profits received from intermediate-goods firms, lump-sum taxes paid to the government and

payments for an insurance contract that households sign at the beginning of each period so that they begin

each period with the same wealth.

In the savings market, consumers face a probability δ of revising their plans every period, which means

that in each period there are δ (1− δ)τ of consumers in this situation. They choose a plan for current and

future consumption, {Ct+τ,τ}∞τ=0, where Ct,τ is the time-t expenditure of a consumer who last updated her

information τ periods ago. The optimality conditions for consumers are:8

1

Ct,0
= ξEt

[
Πt+1

1

Ct+1,0

]
(12)

and
1

Ct,τ
= Et−τ

[
1

Ct,0

]
.

The first equation is the Euler equation for an attentive consumer. It states that the marginal utility of

consuming today equals the expected discounted return on savings multiplied by the marginal utility of

consuming tomorrow. The second equation states that the marginal utility of consumption for inattentive

consumers is equal to the marginal utility they would expect if full information were available.

In the labour market, a randomly drawn fraction of workers ω update their plans each period, so that in each

period there are ω (1− ω)
τ of workers in this situation. They choose a plan for current and future wages,

{Wt+τ,τ}∞τ=0, where Wt,τ is the time-t wage set by a worker who last updated her information τ periods ago.

8 The dynamic problem solved by consumers and workers is more complicated than those solved by firms. I refer the reader
to Verona (2011, Appendix A) for details.
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The optimality conditions for workers are:

γ̂t
γ̂t − 1

PtL
1/ψ
t,0

Wt,0
= ξEt

[
Πt+1

γ̂t+1

γ̂t+1 − 1

Pt+1L
1/ψ
t+1,0

Wt+1,0

]
(13)

and

Wt,τ =
Et−τ

[
γ̂tL

1+1/ψ
t,τ

]
Et−τ

[
γ̂tLt,τL

1/ψ
t,0 /Wt,0

] .

The first equation is the intertemporal labour supply Euler equation for an attentive worker. If γ̂t were

constant, the equation would state that the marginal disutility of supplying labour today (L1/ψ
t,0 ) divided by

the real wage (Wt,0/Pt) is equal to the discounted real interest rate multiplied by the marginal disutility

of working tomorrow (L1/ψ
t+1,0) divided by the corresponding real wage (Wt+1,0/Pt+1). With a time-varying

γ̂t, the Euler equation takes into account the change in the mark-up charged by monopolistic workers. The

second condition states that inattentive workers set wages so that their expected disutility from working

equals the disutility from working expected by attentive workers.

3 The sticky information equilibrium

The detailed presentation of the model log-linearisation is presented in Verona (2011, Appendix A). In this

section I discuss the key reduced-form relations. I log-linearise the equilibrium conditions around the non-

stochastic steady state. Lower case variables denote the log-deviations of the respective upper case variable

from this steady state, with the exceptions of: vt and γt, which are the log-deviations of v̂t and γ̂t, respectively;

rt, which is the log-deviation of the short real interest rate Et [Πt+1]; and Rt, which is the log-deviation of the

long real interest rate defined as limT→∞Et
[
Π̄t,t+1+T

]
, where Π̄t+l,t+1+k =

∏t+k
z=t+l Πz+1 is the compound

return between two dates. Lower case letters with no subscript denote parameters or steady-state values.

The aggregate capital stock is:

kt = η

∞∑
τ=0

(1− η)
τ
Et−τ

[
1

1− α
yFINt+1 −

α

1− α
kt −

r

(r + ρ) (1− α)
rt

]
. (14)
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The three determinants of the stock of capital (kt) are split into the three terms on the right-hand side. First,

higher expected future output (yFINt+1 ) increases the current stock of capital. Second, the higher the current

level of capital stock, the lower the capital stock accumulated today because of decreasing return to scale in

production (α < 1). Third, the lower the real interest rate (rt), the lower the opportunity cost of holding

capital and, therefore, the higher the incentive to increase the stock of capital. If many firms are informed (η

is high), capital is instantly responsive to changes in these determinants, whereas, otherwise, capital adjusts

gradually over time.

Aggregate investment (invt) is:

invt =
1

ρ
kt −

1− ρ
ρ

kt−1 . (15)

The Phillips curve is:

pt = λ

∞∑
τ=0

(1− λ)
τ
Et−τ

[
pt +

β (wt − pt) + (1− β) yt − at
β + v (1− β)

− β

(v − 1) [β + v (1− β)]
vt

]
. (16)

This equation notes that the price level (pt) depends on past expectations of its current value, real marginal

costs and the desired mark-up. Real marginal costs are higher with (i) higher real wages paid to workers

(wt − pt), (ii) higher output (yt), because of decreasing returns to scale (β < 1), and (iii) lower productivity

(at). The desired mark-up increases whenever the elasticity of substitution across the goods varieties (vt)

decreases. The higher the value of λ, the greater the number of informed price-setting firms that respond

immediately to shocks.

The IS curve is:

ct = δ

∞∑
τ=0

(1− δ)τ Et−τ (cnt −Rt) , (17)

where cnt = limτ→∞Etct+τ is a measure of consumers’ wealth and Rt =
∑∞
τ=0 (it+τ −∆pt+1+τ ) is the long

real interest rate. Higher expected future wealth encourages current consumption, while higher expected

interest rates encourage savings and therefore postpone consumption. Unexpected shocks to any of these

variables only raise current consumption by δ because only this fraction of consumers is aware of the news.
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The wage curve is:

wt = ω

∞∑
τ=0

(1− ω)
τ
Et−τ

[
pt +

γ

γ + ψ
(wt − pt) +

lt
γ + ψ

+
ψ

γ + ψ
(cnt −Rt)−

ψ

(γ + ψ) (γ − 1)
γt

]
. (18)

Current wages (wt) are higher: (i) the higher the price level is, since workers care about real wages, (ii) the

higher real wages are in the economy as these push up the demand for a particular labour variety through

substitution, (iii) with higher employment (lt), because of an increasing marginal disutility of working, (iv)

with higher wealth, because of the income effect, (v) with lower interest rates, since the return on savings is

lower and the incentive to work in order to save is also lower, and (vi) the lower the elasticity of substitution

across labour varieties (γt) is, since the desired mark-up of workers is then higher. As ω increases, many

workers are informed, so wages become more responsive to changes in these determinants.

The aggregate resource constraint is

yFINt = αcct + αiinvt + gt , (19)

where αc = c/ (c+ inv) and αi = inv/ (c+ inv).

The policy rules are

rt = it − Et (∆pt+1) (20)

and

it = φπ∆pt − εt . (21)

Finally, intermediate output and labour are given by

yt =
yFINt − zt − αkt−1

1− α
(22)

and

lt =
yt − at
β

, (23)

respectively.
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Equations (14) to (23) characterise the equilibrium for yFINt (final output), ct (consumption), wt (wages), pt

(prices), invt (investment), kt (stock of capital), rt (real interest rate), it (nominal interest rate), yt (interme-

diate output) and lt (labour) given exogenous shocks to εt (monetary policy), ∆at (aggregate intermediate-

goods productivity growth), gt (aggregate demand), vt (intermediate-goods mark-up), γt (labour mark-up)

and zt (aggregate final-goods productivity). Each of these shocks follows an independent AR (1) process:

εt = ρεεt−1 + eεt , ∆at = ρ∆a∆at−1 + e∆a
t , gt = ρggt−1 + egt , vt = ρvvt−1 + evt , γt = ργγt−1 + eγt and

zt = ρzzt−1 + ezt , where the shocks est ∼ N
(
0 , σ2

s

)
are i.i.d. with E

[
este

s
t+k

]
= 0 for k 6= 0 and E

[
este

s
′

t

]
= 0

for s 6= s’.

For the purpose of this study, I calibrate the model assuming that the length of a period corresponds to

one quarter. The key parameter is that driving the degree of inattentiveness in capital decisions η, which is

set to 0.1. This value lies within the empirically plausible range for the lumpiness parameter indicated by

Sveen and Weinke (2007) and implies that final-goods firms are, on average, inattentive for ten quarters.9

The share of consumption in total output αc is assumed to be 0.85 and, accordingly, the share of investment

is αi = 1 − αc = 0.15. The steady-state real depreciation rate and real interest rate, ρ and r, are set to

0.035 and 0.01, respectively, which implies a user cost of capital of 18 % per year, which is in line with the

value used by Abel and Eberly (2005). The share of capital in the final-goods firm’s production function

α is assumed to be 0.33. The serial correlation and the standard deviation of the final-goods productivity

shock, ρz and σz, are set to 0.75 and 0.5, respectively. The values for the remaining parameters are taken

from Table 2 in Reis (2009b) and have been obtained from the estimation of the SIGE model on post-1986

US data. Table 3 summarises the baseline parameterisation for the SIGEK model.

4 Lumpy investment and the business cycle

Having presented the model’s key relations, I now study the impact of lumpy micro-level investment on the

business cycle. In this section, I analyse and contrast the dynamic behaviour of four models:

1. the SIGEK model with pervasive inattentiveness (also called the lumpy investment model);
9 After analysing the micro evidence reported by Doms and Dunne (1998), Sveen and Weinke (2007) suggest that η should

take values between 0.06 and 0.12.
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2. the SIGEK model with frictionless investment, which is obtained setting η to 1;

3. the SIGEK model when all agents are attentive, which is obtained by setting η = λ = ω = δ = 1 (also

called the classical model since there are no rigidities in this model economy);

4. the Mankiw and Reis SIGE model.

Before analysing the results, let me recall that Thomas’ irrelevance conclusion arises from the fact that, in

her model, business cycle dynamics (impulse responses and second moments) are virtually indistinguishable

between an economy with non-convex capital adjustment costs and one with frictionless investment. Ac-

cordingly, a comparison of the first two models allows me to gauge the role of lumpy investment consistently

micro-founded on inattentiveness in shaping the business cycle. Model 3 is used here as the simplest bench-

mark with which all models with some source of informational inertia could be compared. Finally, comparing

the results from model 1 with those from model 4 allows for assessing whether the inclusion of capital and

investment in the original SIGE model modifies the performance of the sticky information general equilibrium

approach.10,11

In what follows, I first analyse the impulse responses to the various structural shocks and then investigate

the models’ ability to match some second-order moments of US aggregate data.

4.1 Impulse response functions

Figures 5 to 10 plot the impulse response functions to one-standard-deviation impulses to the six shocks.

In all the figures presented, variables are reported as a percentage deviation from their steady-state values

and the horizontal axis represents time on a quarterly scale. Blue-circle and blue-diamond lines represent

the responses of models 1 and 2, respectively, while red-cross lines represent the responses of model 4. For

the sake of clarity, I do not report the impulse responses of the classical model, which are far too large and
10 All simulations were conducted with Dynare version 4 using the procedure described in Verona and Wolters (2013). The

results for the SIGE model were obtained by simulating the Reis (2009a) model using the calibration in Table 3. In order to
make the results comparable with those of other models, the simulation of the SIGE model was conducted by setting αy = 0 in
the monetary policy rule, i.e. by dropping the interest rate response to the output gap, so that the nominal interest rate only
responds to inflation.

11 I leave the task of comparing the SIGEK model with other DSGE models (e.g. Smets and Wouters, 2007, Khan and
Thomas, 2008 and Mackowiak and Wiederholt, 2011) for future research.
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essentially have no persistence. I first describe the dynamics of model 1 and then compare these with the

dynamics of the other models.

Figure 5 plots the effects of a positive (expansionary) monetary policy shock. The SIGEK model predicts

that, in the short run, output, consumption, investment, capital, hours worked, real wages and inflation all

increase in response to a monetary expansion, and then they converge rapidly to their steady-state levels.

The fast reaction of macroeconomic variables to monetary policy is due to the fact that the policy shock is

short-lived (ρε = 0.29).

Figure 6 shows the effects of a positive wage mark-up shock (which corresponds to a fall in the desired mark-

up). Real wages decrease and there is an expansion in output, hours worked, consumption and investment.

The fall in wages induces a drop in prices, with the result that inflation declines and the central bank cuts

the nominal interest rate to gradually push inflation back to its steady-state value. Noticeably, the responses

of most variables are hump-shaped and delayed. Figure 7 displays the effects of a positive intermediate-goods

mark-up. The shock makes the economy more competitive (the desired price mark-up decreases) and inflation

consequently falls, while output, consumption and investment increase on impact. As for the policy shock,

all variables respond quickly because the goods mark-up shock is also quite short-lived (ρν = 0.28).

Turning to the aggregate demand (government spending) shock, Figure 8 shows that a positive innovation to

aggregate demand increases inflation, output and hours worked. While increasing investment significantly,

this shock has a negative wealth effect that causes consumption to fall.

Figure 9 displays the responses to a positive intermediate-goods productivity shock. By construction, this

technology shock has a permanent impact on output, consumption, investment and real wages. Finally,

Figure 10 displays the responses to a positive final-goods productivity shock. Although the effect of this

shock is transitory, the dynamics are qualitatively similar to those of the intermediate-goods productivity

shock.

For the purpose of this study, it is worth noting that there are visible differences between the responses of the

model with frictionless investment and those of the model with lumpy investment. In particular, the main

quantitative difference is that the responses of some variables, especially those of capital and investment, are

much larger when attentive final-goods firms make their capital investment decisions every period, as they
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react instantly to the shocks. More specifically, and in contrast to Thomas’ findings, the impulse response

analysis indicates that lumpy investment may be relevant for business cycle dynamics.

Figures 5 to 9 also report the impulse responses of the SIGE model. Overall, the dynamics do not change

significantly when the SIGE model is augmented by a micro-founded lumpy investment model. The impulse

responses of the SIGE model are, in fact, qualitatively, and, in most cases, also quantitatively similar to those

of the SIGEK model with pervasive inattentiveness.

4.2 Second moments: models versus US aggregate data

I now examine whether the models yield empirically reasonable aggregate dynamics by comparing their

predictions with some second-order moments characterising the post-1986 US economy. In particular, I focus

on the volatility and autocorrelations of output, investment, consumption, hours, real wages and inflation,

as well as on the cross-correlation of output with the other variables.12,13

Panel A in Table 1 displays output and investment moments in the US data, as well as the predictions of

the models. The main features of the data are well known. Both output and investment are very persistent,

with a first order serial correlation above 0.9. Investment is procyclical, with no phase shift, and is about 5

times as volatile as output.

The classical model overestimates the volatility of output and investment and underestimates their persis-

tence. In addition, it does not perform well when it comes to fitting the lead-lag relation with output. The

model with frictionless investment (η = 1) does not perform much better than the classical model. Even

though investment is only slightly more volatile than in the data, its persistence is almost zero at all lags.

Furthermore, the contemporaneous correlation with output is close to that observed in the data, but all

cross-correlations at lags other than zero are low or close to zero. Pervasive inattentiveness, however, brings

the model more in line with observed data on output and investment. Output is less volatile and more per-

sistent than in the other models. Although the model predicts that investment is only about two-and-a-half

times as volatile as output, it improves promisingly as regards fitting investment autocorrelations (even at
12 All data were taken from the FRED database available through the Federal Reserve Bank of St. Louis. The cyclical

components of each series were obtained by applying the Baxter-King bandpass filter.
13 I do not report the moments of the SIGE model since they are similar to those of the SIGEK model with lumpy investment.
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high lags) and the overall shape of the cross-correlation curve. Overall, panel A clearly shows that the lumpy

investment model’s implied second moments of output and investment differ significantly from those of the

model with frictionless investment and are much more consistent with the empirical evidence.

Panel B in Table 1 allows for analysing whether the quantitative differences in the models’ output and in-

vestment moments extend to other macroeconomic variables. It reports the second moments of consumption,

hours, real wages and inflation. The results still exhibit interesting quantitative differences between the

lumpy and the frictionless investment models. Moreover, the model that overall best captures these moments

is the model with pervasive inattentiveness (even though some moments, especially the cross-correlations of

consumption and real wages with output, seem hard to replicate).

This analysis therefore confirms that the business cycle is clearly affected by investment lumpiness at the

micro-level, and that pervasive stickiness improves the model’s ability to replicate the overall dynamics of

macroeconomic variables.

How sensitive are the second-order moments of investment to changes in the degree of infor-

mation stickiness η?

The previous results were obtained by setting the degree of information stickiness η to 0.10 for final-goods

firms in line with the value suggested by Sveen and Weinke (2007). To check for robustness, Figures 3 and 4

contrast the SIGEK model’s investment moments for different values of the parameter η with their empirical

counterparts. Let me recall that the smaller the value of η, the smaller the fraction of updating firms and

the smaller the impact of the shocks on capital and investment. Therefore, as η decreases, investment should

become less volatile and more persistent.

Figure 3 confirms this conjecture: the standard deviation decreases and autocorrelations increase as η declines.

The figure further shows that the model has difficulties in simultaneously replicating the volatility and the

persistence of investment. On the one hand, the model matches the volatility of investment observed in the

data only when firms are often attentive, on average updating their information once every eight months

(η ' 0.4). On the other hand, a high degree of information stickiness (η < 0.1) is required to match the high

persistence of investment.
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Figure 3: Standard deviation and autocorrelation of investment at lags 1 and 2 (sensitivity analysis for
different values of η)

Figure 4: Cross-correlation of investment with output at lag K, K = {−2,−1, 0, 1, 2} (sensitivity analysis
for different values of η)
Note. US data: black line. SIGEK model (η = 0.1): black-asterisk line. SIGEK model (η = 0.2): blue-square line. SIGEK
model (η = 0.3): red-diamond line. SIGEK model (η = 0.4): green-plus line. SIGEK model (η = 0.5): cyan-circle line. Other
parameters than η: see Table 3.
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Figure 4 plots the cross-correlation of investment with output at different leads and lags. As η increases,

the model becomes better at matching the contemporaneous correlation with output, but performs worse

when it comes to matching cross-correlations at lags other than zero. Small values of η (i.e. high degrees

of inattentiveness) in turn improve the model’s ability to fit the overall lead-lag relation of investment with

output.

While it is true that the SIGEK model with pervasive inattentiveness is superior to the alternatives studied

here in terms of fitting the dynamic behaviour of investment, it suffers from a trade-off between fitting the

volatility and the persistence of investment. It seems difficult to solve this trade-off by just fine-tuning one

parameter, namely the degree of information stickiness η in the economy.

Aggregate investment rate: partial versus general equilibrium models with lumpy investment

In Verona (2013), I show that lumpy capital adjustments arise naturally when firms face costs of gathering

and processing information. I find that such a partial equilibrium model is successful in fitting quantitative

facts on plant-level investment rates. I then aggregate the behaviour of many inattentive firms in order to

derive some aggregate predictions and find that the performance at the aggregate level is not as successful

as at the plant-level. Columns 2 and 3 of Table 2 are taken from Verona (2013, Table 3) and show the serial

correlation and the standard deviation of the aggregate investment rate in the data (annual values), as well

as the respective moments implied by the partial equilibrium model with lumpy investment. In that model,

the aggregate investment rate is less persistent and far more volatile than in the data, meaning that the

model does not fit well the aggregate data.

Columns 4 and 5 report the moments in the data (quarterly values) and the respective moments implied by

the SIGEK model with pervasive inattentiveness. The general equilibrium model matches these moments

much better than the partial equilibrium lumpy investment model. In fact, the persistence of the aggregate

investment rate increases sharply (although it still remains lower than in the data) and its excessive volatility

is virtually eliminated when lumpy investment is included in general equilibrium.14 Intuitively, aggregation
14 In this paper, the distribution of inattentiveness is exponential, while in the partial equilibrium model, I consider the

uniform distribution (to keep the computational burden manageable). The results of the partial equilibrium model would be
qualitatively similar using the exponential distribution.
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helps to smoothen investment spikes, but not sufficiently, and general equilibrium effects move the model

further in the direction of fitting these moments of the aggregate investment rate.15

Table 2: Aggregate investment rate, models versus US data

annual data partial equilibrium quarterly data SIGEK
1984-2005a,b model b post-1986c model d

serial correlation 0.846 0.172 0.970 0.724
standard deviation 0.011 0.102 0.0014 0.0007

a Annual private fixed nonresidential investment-to-capital ratio. b See Verona (2013, Table 3). c Quarterly private fixed
investment-to-capital ratio. d For the baseline parameters, see Table 3.

4.3 Relation to capital adjustments with non-convex adjustment costs

There are some general equilibrium studies which analyse the relevance of lumpy investment for the business

cycle. All of them use models with non-convex adjustment costs, while the model presented in this paper is

the first to consider information costs as a source of investment lumpiness. Even though both models are

successful in replicating the observed lumpy behaviour at the micro-level, there is an important difference

between adjustment with non-convex adjustment costs and adjustment with information costs, which in turn

lead to distinct dynamics and predictions.

Whenever there are costs for collecting information and planning, but no direct costs for adjusting capital,

the optimal adjustment is time-dependent, as opposed to state-dependent. In the inattentiveness model, the

stock of capital at any point between planning dates is chosen regardless of the state of the world on that

date, and the date of the next adjustment does not depend on the state on that date. Information costs

therefore lead to time-dependent adjustments. Information collection is costless in models with non-convex

adjustment costs, so that the firm constantly observes the state of the economy and, accordingly, decides

whether to adjust or to stay inactive. Non-convex adjustment costs lead to state-dependent adjustments.
15 A similar result has been obtained by Khan and Thomas (2008). Their state-dependent lumpy investment general equilib-

rium model matches the data on aggregate investment rates much better than its partial equilibrium counterpart.
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Distinguishing between time and state-dependent adjustments has crucial implications for many economic

questions. For instance, in state-contingent adjustment models, a monetary policy shock may cause many

firms to adjust their capital stocks immediately, which therefore dampens (or offsets) the real impact of the

shock. Instead, monetary policy has long-lasting real effects if firms make investment decisions in a time-

dependent fashion since today’s news does not affect the fraction of firms that respond immediately to the

shock.

With state-contingent adjustment models, Thomas (2002) and Khan and Thomas (2008) argue that general

equilibrium effects – i.e. consumption smoothing motive – are responsible for the irrelevance result. By

contrast, Gourio and Kashyap (2007) and Bachmann et al. (2013) point out that the irrelevance result does

not only come from general equilibrium forces, but also depends on the model’s calibration, especially with

regard to the parameters of the capital adjustment cost function. That is, both general equilibrium forces

and the calibration of adjustment costs play a relevant role and can bias the results in one direction or the

other.

In this paper, it is likely that by changing some parameter values, the model will match business cycle moments

more closely, but further improvements would not change the conclusion that the frictionless and the lumpy

model yield different aggregate dynamics. Therefore, the model’s calibration is not driving the qualitative

results obtained here. At the same time, general equilibrium effects actually bring the model more in line

with observed aggregate fluctuations, as spikes in aggregate investment obtained in the partial equilibrium

model are levelled out by general equilibrium. Hence, since time-dependent adjustments represent the main

difference compared with the adjustment implied by non-convex adjustment costs, one may conclude that

time-dependent adjustments are actually the source of the relevance result obtained here. Since many firms

are inattentive and adjust their capital stocks infrequently, it is to be expected that the model with lumpy

investment would yield different dynamics than the same model with frictionless investment.
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5 Conclusion

This paper has analysed the (ir)relevance of micro-level lumpy investment for the business cycle.

I have embedded lumpy investment consistently micro-founded on inattentiveness into the Mankiw and Reis

(2006, 2007) SIGE model. Specifically, I have augmented the SIGE model with a set of firms that make

capital investment decisions inattentively. The resulting model features inattentiveness as the only source of

stickiness. I have found that the model with lumpy investment yields business cycle dynamics (both impulse

response functions and second moments) that are significantly different from those of its frictionless invest-

ment counterpart. This result strengthens the case in favour of the relevance of microeconomic investment

lumpiness for the business cycle.

The model has also allowed for addressing how far inattentiveness alone affects business cycle dynamics. I

have found that the model with pervasive inattentiveness is better at matching business cycle moments than

a classical model or an otherwise identical model with frictionless investment. These findings confirm the

claim of Mankiw and Reis (2006) that pervasive information stickiness is necessary to explain business cycle

dynamics in sticky information models.

Introducing lumpy investment, with a microeconomic foundation based on inattentiveness, in a sticky in-

formation general equilibrium model therefore seems to be a fruitful approach for further business cycle

and monetary policy analysis. However, before using the SIGEK model for normative policy analysis and

for policy advice, it would be worthwhile estimating the model since it has been calibrated using different

sources and the calibration has not been fully optimized. The main focuses of interest would be the measures

of information stickiness, in particular the one regarding the capital investment decision since few (if any)

estimates are available in the literature. After estimating the model, it would be interesting to investigate

how different these measures are from those obtained by Reis (2009a,b), and to disentangle the role played

by each informational friction in shaping business cycle dynamics. The estimated model would also allow

an in-depth comparison to be undertaken with workhorse sticky prices DSGE models and with the DSGE

model with rational inattention developed by Mackowiak and Wiederholt (2011), as well as with empirical

VAR evidence. I leave these tasks for future research.
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Figure 5: Impulse response functions to a monetary policy shock
Note. Values expressed as percentage deviation from their steady-state values. SIGEK model with pervasive inattentiveness:
blue-circle line. SIGEK model with frictionless investment (η = 1): blue-diamond line. SIGE model: red-cross line. Steady
state: black dashed-dotted line. Baseline parameters: see Table 3.
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Figure 6: Impulse response functions to a wage mark-up shock
Note. Values expressed as percentage deviation from their steady-state values. SIGEK model with pervasive inattentiveness:
blue-circle line. SIGEK model with frictionless investment (η = 1): blue-diamond line. SIGE model: red-cross line. Steady
state: black dashed-dotted line. Baseline parameters: see Table 3.
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Figure 7: Impulse response functions to an intermediate-goods mark-up shock
Note. Values expressed as percentage deviation from their steady-state values. SIGEK model with pervasive inattentiveness:
blue-circle line. SIGEK model with frictionless investment (η = 1): blue-diamond line. SIGE model: red-cross line. Steady
state: black dashed-dotted line. Baseline parameters: see Table 3.
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Figure 8: Impulse response functions to a demand shock
Note. Values expressed as percentage deviation from their steady-state values. SIGEK model with pervasive inattentiveness:
blue-circle line. SIGEK model with frictionless investment (η = 1): blue-diamond line. SIGE model: red-cross line. Steady
state: black dashed-dotted line. Baseline parameters: see Table 3.
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Figure 9: Impulse response functions to an intermediate-goods productivity shock
Note. Values expressed as percentage deviation from their steady-state values. SIGEK model with pervasive inattentiveness:
blue-circle line. SIGEK model with frictionless investment (η = 1): blue-diamond line. SIGE model: red-cross line. Steady
state: black dashed-dotted line. Baseline parameters: see Table 3.
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Figure 10: Impulse response functions to a final-goods productivity shock
Note. Values expressed as percentage deviation from their steady-state values. SIGEK model with pervasive inattentiveness:
blue-circle line. SIGEK model with frictionless investment (η = 1): blue-diamond line. Steady state: black dashed-dotted line.
Baseline parameters: see Table 3.

34



References

Abel, A. B. and J. C. Eberly: 2005, ‘Investment, valuation, and growth options’. mimeo.

Bachmann, R., R. J. Caballero, and E. M. R. A. Engel: 2013, ‘Aggregate implications of lumpy investment:

new evidence and a DSGE model’. American Economic Journal: Macroeconomics. forthcoming.

Barro, R. J.: 1997, Macroeconomics, 5th Edition. The MIT Press.

Bayer, C.: 2006, ‘Fixed Costs of Capital Adjustment in a Two Country Real Business Cycle Model’. mimeo.

Caballero, R. J.: 1999, ‘Aggregate investment’. In: J. B. Taylor and M. Woodford (eds.): Handbook of

Macroeconomics, Vol. 1. Chapt. 12, pp. 813–862.

Caballero, R. J. and E. M. R. A. Engel: 1999, ‘Explaining Investment Dynamics in U.S. Manufacturing: A

Generalized (S,s) Approach’. Econometrica 67(4), 783–826.

Caballero, R. J., E. M. R. A. Engel, and J. C. Haltiwanger: 1995, ‘Plant-Level Adjustment and Aggregate

Investment Dynamics’. Brookings Papers on Economic Activity 1995(2), 1–54.

Christiano, L. J., M. Eichenbaum, and C. L. Evans: 2005, ‘Nominal Rigidities and the Dynamic Effects of a

Shock to Monetary Policy’. Journal of Political Economy 113(1), 1–45.

Cooper, R., J. C. Haltiwanger, and L. Power: 1999, ‘Machine Replacement and the Business Cycle: Lumps

and Bumps’. American Economic Review 89(4), 921–946.

Doms, M. E. and T. Dunne: 1998, ‘Capital Adjustment Patterns in Manufacturing Plants’. Review of

Economic Dynamics 1(2), 409–429.

35



Doyle, J. M. and T. M. Whited: 2001, ‘Fixed Costs Of Adjustment, Coordination, And Industry Investment’.

Review of Economics and Statistics 83(4), 628–637.

Erceg, C. J., D. W. Henderson, and A. T. Levin: 2000, ‘Optimal Monetary Policy with Staggered Wage and

Price Contracts’. Journal of Monetary Economics 46(2), 281–313.

Fiori, G.: 2011, ‘Lumpiness, capital adjustment costs and investment dynamics’. mimeo.

Gali, J.: 2008, Monetary Policy, Inflation and the Business Cycle: An Introduction to the New Keynesian

Framework. Princeton University Press.

Gourio, F. and A. K. Kashyap: 2007, ‘Investment spikes: New facts and a general equilibrium exploration’.

Journal of Monetary Economics 54(Supplement 1), 1–22.

House, C. L.: 2008, ‘Fixed Costs and Long-Lived Investments’. NBER Working Papers 14402, National

Bureau of Economic Research.

Iacoviello, M. and M. Pavan: 2007, ‘An Equilibrium Model of Lumpy Housing Investment’. Rivista di Politica

Economica 97(2), 15–44.

Khan, A. and J. K. Thomas: 2003, ‘Nonconvex factor adjustments in equilibrium business cycle models: do

nonlinearities matter?’. Journal of Monetary Economics 50(2), 331–360.

Khan, A. and J. K. Thomas: 2008, ‘Idiosyncratic Shocks and the Role of Nonconvexities in Plant and

Aggregate Investment Dynamics’. Econometrica 76(2), 395–436.

Kiyotaki, N. and J. Moore: 1997, ‘Credit Cycles’. Journal of Political Economy 105(2), 211–248.

Levin, A. T., A. Onatski, J. C. Williams, and N. Williams: 2005, ‘Monetary Policy Under Uncertainty in

Micro-Founded Macroeconometric Models’. NBER Working Papers 11523, National Bureau of Economic

Research.

Mackowiak, B. and M. Wiederholt: 2011, ‘Business cycle dynamics under rational inattention’. Working

Paper Series 1331, European Central Bank.

Mankiw, N. G. and R. Reis: 2006, ‘Pervasive Stickiness’. American Economic Review 96(2), 164–169.

36



Mankiw, N. G. and R. Reis: 2007, ‘Sticky Information in General Equilibrium’. Journal of the European

Economic Association 5(2-3), 603–613.

Reis, R.: 2009a, ‘Optimal Monetary Policy Rules in an Estimated Sticky-Information Model’. American

Economic Journal: Macroeconomics 1(2), 1–28.

Reis, R.: 2009b, ‘A Sticky-Information General-Equilibrium Model for Policy Analysis’. In: K. Schmidt-

Heubel and C. Walsh (eds.): Monetary Policy under Uncertainty and Learning. Central Bank of Chile:

Santiago.

Sims, C. A.: 2003, ‘Implications of Rational Inattention’. Journal of Monetary Economics 50(3), 665–690.

Smets, F. and R. Wouters: 2003, ‘An Estimated Stochastic Dynamic General Equilibrium Model of the Euro

Area’. The Journal of the European Economic Association 1(5), 1123–1175.

Smets, F. and R. Wouters: 2007, ‘Shocks and Frictions in US Business Cycles: A Bayesian DSGE Approach’.

American Economic Review 97(3), 586–606.

Sveen, T. and L. Weinke: 2007, ‘Lumpy investment, sticky prices, and the monetary transmission mechanism’.

Journal of Monetary Economics 54(Supplement 1), 23–36.

Thomas, J. K.: 2002, ‘Is Lumpy Investment Relevant for the Business Cycle?’. Journal of Political Economy

110(3), 508–534.

Veracierto, M. L.: 2002, ‘Plant-Level Irreversible Investment and Equilibrium Business Cycles’. American

Economic Review 92(1), 181–197.

Verona, F.: 2011, ‘Lumpy Investment in Sticky Information General Equilibrium’. CEF.UP Working Papers

2011-02, Universidade do Porto, Faculdade de Economia do Porto.

Verona, F.: 2013, ‘Investment dynamics with information costs’. mimeo.

Verona, F. and M. H. Wolters: 2013, ‘Sticky information models in Dynare’. Computational economics.

forthcoming.

37



 
 

BANK OF FINLAND RESEARCH DISCUSSION PAPERS 
 
ISSN 1456-6184, online 
 
1/2013 Tuomas Takalo Rationales and instruments for public innovation policies. 

2013. 29 p. ISBN 978-952-462-000-0, online. 
 
2/2013 Tuomas Takalo – Tanja Tanayama – Otto Toivanen Market failures and the 

additionality effects of public support to private R&D: Theory and 
empirical implications. 2013. 40 p. ISBN 978-952-462-001-7, online. 

 
3/2013 Martin Ellison – Andreas Tischbirek Unconventional government debt 

purchases as a supplement to conventional monetary policy. 2013. 26 p. 
ISBN 978-952-462-002-4, online. 

 
4/2013 Fabio Verona – Manuel M. F. Martins – Inês Drumond (Un)anticipated 

monetary policy in a DSGE model with a shadow banking system. 2013. 40 
p. ISBN 978-952-6699-04-2, online. 

 
5/2013 Fabio Verona – Maik H. Wolters Sticky information models in Dynare. 2013. 

17 p. ISBN 978-952-6699-08-0, online. 
 
6/2013 Sami Oinonen – Maritta Paloviita – Lauri Vilmi How have inflation dynamics 

changed over time? Evidence from the euro area and USA. 2013. 36 p. 
ISBN 978-952-6699-09-7, online. 

 
7/2013 Iftekhar Hasan – Matej Marinč Should competition policy in banking be 

amended during crises? Lessons from the EU. 2013. 35 p. ISBN 978-952-
6699-10-3, online. 

 
8/2013 Bill Francis – Iftekhar Hasan – Qiang Wu The benefits of conservative 

accounting to shareholders: Evidence from the financial crisis. 2013. 44 p. 
ISBN 978-952-6699-09-7, online. 

 
9/2013 Juha Kilponen – Jouko Vilmunen – Oskari Vähämaa Estimating 

intertemporal elasticity of substitution in a sticky price model. 2013. 27 p. 
ISBN 978-952-6699-12-7, online. 

 
10/2013 Owain ap Gwilym – Qingwei Wang – Iftekhar Hasan – Ru Xie In search of 

concepts: The effects of speculative demand on returns and volume. 2013. 
35 p. ISBN 978-952-6699-13-4, online. 

 
11/2013 Matti Viren Sensitivity of fiscal-policy effects to policy coordination and 

business cycle conditions. 2013. 21 p. ISBN 978-952-6699-20-2, online. 
 
12/2013 Seppo Honkapohja The euro crisis: a view from the North. 2013. 28 p. ISBN 

978-952-6699-23-3, online. 
 
13/2013 Stergios Leventis – Iftekhar Hasan – Emmanouil Dedoulis The cost of sin: The 

effect of social norms on audit pricing. 2013. 58 p. ISBN 978-952-6699-27-1, 
online. 
 

14/2013 Chrysovalantis Gaganis – Iftekhar Hasan – Fotios Pasiouras Efficiency and 
stock returns: Evidence from the insurance industry. 2013. 33 p. ISBN 978-
952-6699-28-8, online. 

 



15/2013 Chung-Hua Shen – Iftekhar Hasan – Chih-Yung Lin The government’s role in 
government-owned banks. 2013. 51 p. ISBN 978-952-6699-29-5, online. 

 
16/2013 Fabio Verona Lumpy investment in sticky information general equilibrium. 

2013. 37 p. ISBN 978-952-6699-30-1, online. 
 
 
 
 
 
 
 



 
 

 

http://www.suomenpankki.fi/en • email: Research@bof.fi 
ISBN 978-952-6699-30-1, ISSN 1456-6184, online 

 


	Lumpy investment in stickyinformation general equilibrium
	Abstract
	1 Introduction
	2 The capital-augmented sticky information general equilibrium model
	2.1 Market clearing conditions and policy processes
	2.2 Final-goods firms
	2.3 Intermediate-goods firms
	2.4 Households

	3 The sticky information equilibrium
	4 Lumpy investment and the business cycle
	4.1 Impulse response functions
	4.2 Second moments: models versus US aggregate data
	4.3 Relation to capital adjustments with non-convex adjustment costs

	5 Conclusion
	References
	Recent Bank of Finland Research Discussion Papers


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004b006900720073007400750075006e0020006a00610020007000610069006e006f00740061006c006f006900680069006e0020006d0065006e0065007600e4007400200074007900f60074002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


