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Abstract

This paper provides documentation for the large-scale estimated DSGE model of the

U.S. economy used in Edge, Kiley, and Laforte (2007). The model represents part

of an ongoing research project (the Federal Reserve Board’s Estimated, Dynamic,

Optimization-based – FRB/EDO – model project) in the Macroeconomic and Quanti-

tative Studies section of the Federal Reserve Board aimed at developing a DSGE model

that can be used to address practical policy questions and the model documented here

is the version that was current at the end of 2006. The paper discusses the model’s

specification, estimated parameters, and key properties.
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This paper contains documentation for the large-scale estimated DSGE model of the

U.S. economy that was employed in Edge, Kiley, and Laforte (2007) to discuss the use of

DSGE models in a policy oriented environment. The model represents part of an ongoing

research project in the Macroeconomic and Quantitative Studies section of the Federal

Reserve Board aimed at developing a DSGE model that can be used to address practical

policy questions. The outline of the paper is as follows. Section 1 provides a brief qualitative

description of the model. Section 2 outlines the model’s production, capital evolution, and

preference technologies. Section 3 describes the economy’s decentralization, and section 3

defines equilibrium in the model. Section 4 lists the data that is used in estimating the

model. Section 5 reports the model’s key estimation results, which include the estimated

parameter values, variance decompositions, impulse response functions, and implied paths

of model variables. The precise equations that characterize equilibrium in this model are

contained in the appendix. Appendix A presents the equations of the symmetric model,

appendix B reports the equations of the symmetric and stationary model, and appendix C

gives the solution to the model’s steady-state. Finally, since the model contains a large

number of parameter and variable names a key is given in appendices D, E, and F.

Before moving to our presentation of the model, we note that we anticipate that the

DSGE model developed in this paper (and subsequent versions of it) will serve as a com-

plement to the analyses that are currently performed using existing large-scale econometric

models, such as FRB/US model, as well as smaller, ad hoc models that we have found

useful for more specific questions. Our model, while quite a bit more detailed and disag-

gregated than most existing DSGE models, is nonetheless incapable of addressing many of

the questions addressed in a very large model like FRB/US and cannot therefore serve as

the sole model for policy purposes. We suspect that model-based analyses are enhanced

by consideration of multiple models (and, indeed, our experience suggests that often we

learn as much when models disagree than when they agree). The use of multiple models

will allow us to examine the robustness of policy strategies across models with quite dif-

ferent foundations, which we view as important given the significant divergences of opinion

regarding the plausibility of various types of models.

1 Model Overview and Motivation

Figure 1 provides a graphical overview of the economy described by our model. The model

possesses two final goods: slow-growing “CBI” goods—so called because most of these

goods are used for consumption (C) and because they are produced by the business and

institutions (BI) sector—and fast-growing “KB” goods—so called because these goods are

used for capital (K) accumulation and are produced by the business (B) sector. The goods

are produced in two stages by intermediate- and then final-goods producing firms (shown in
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the center of the figure). On the model’s demand-side, there are four components of spend-

ing (each shown in a box surrounding the producers in the figure): consumer nondurable

goods and services (sold to households), consumer durable goods, residential capital goods,

and non-residential capital goods. Consumer nondurable goods and services and residential

capital goods are purchased (by households and residential capital goods owners, respec-

tively) from the first of economy’s two final goods producing sectors (good CBI producers),

while consumer durable goods and non-residential capital goods are purchased (by con-

sumer durable and residential capital goods owners, respectively) from the second sector

(good KB producers). We “decentralize” the economy by assuming that residential cap-

ital and consumer durables capital are rented to households while non-residential capital

is rented to firms. In addition to consuming the nondurable goods and services that they

purchase, households also supply labor to the intermediate goods-producing firms in both

sectors of the economy.

Our assumption of a two-sector production structure is motivated by the trends in

certain relative prices and categories of real expenditure apparent in the data. As reported

in Table 1, expenditures on consumer non-durable goods and non-housing services and

residential investment have grown at roughly similar real rates of around 3-1/2 percent

per year over the last 20 years, while real spending on consumer durable goods and on

nonresidential investment have grown at around 6-1/2 percent per year. The relative price

of residential investment to consumer non-durable goods and non-housing services has been

fairly stable over the last twenty years (increasing only 1/2 percent per year on average,

with about half of this average increase accounted for by a large swing in relative prices over

2003 and 2004). In contrast, the prices of both consumer durable goods and non-residential

investment relative to those of consumer non-durable goods and non-housing services have

decreased, on average, about 3 percent per year. A one-sector model is unable to deliver

long-term growth and relative price movements that are consistent with these stylized facts.

As a result, we adopt a two-sector structure, with differential rates of technical progress

across sectors. These different rates of technological progress induce secular relative price

differentials, which in turn lead to different trend rates of growth across the economy’s

expenditure and production aggregates. We assume that the output of the slower growing

sector (denoted Xcbi
t ) is used for consumer nondurable goods and services and residential

capital goods and the output of a faster growing sector (denoted Xkb
t ) is used for consumer

durable goods and non-residential capital goods, roughly capturing the long-run properties

of the data summarized in Table 1.

The DSGE models of Christiano et al. [2005] and Smets and Wouters [2004] did not

address differences in trend growth rates in spending aggregates and trending relative price

measures, although an earlier literature—less closely tied to business cycle fluctuations
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in the data—did explore the multi-sector structure underlying U.S. growth and fluctua-

tions.1 Subsequent models have adopted a multi-sector growth structure, including Altig

et al. [2004], Edge, Laubach, and Williams [2003], and DiCecio [2005]; our model shares

features with the latter two of these models.

The disaggregation of production (aggregate supply) leads naturally to some disaggrega-

tion of expenditures (aggregate demand). We move beyond a model with just two categories

of (private domestic) final spending and disaggregate along the four categories of private

expenditure mentioned earlier: consumer non-durable goods and non-housing services (de-

noted Ecnnt ), consumer durable goods (denoted Ecdt ), residential investment (denoted Ert ),

and non-residential investment (denoted Enrt ).

While differential trend growth rates are the primary motivation for our disaggregation

of production, our specification of expenditure decisions is related to the well-known fact

that the expenditure categories that we consider have different cyclical properties. As

shown in Table 2, consumer durables and residential investment tend to lead GDP, while

non-residential investment (and especially non-residential fixed investment, not shown) lags.

These patterns suggest some differences in the short-run response of each series to structural

shocks. One area where this is apparent is the response of each series to monetary-policy

innovations. As documented by Bernanke and Gertler [1995], residential investment is the

most responsive component of spending to monetary policy innovations, while outlays on

consumer durable goods are also very responsive. According to Bernanke and Gertler [1995],

non-residential investment is less sensitive to monetary policy shocks than other categories

of capital goods spending, although it is more responsive than consumer nondurable goods

and services spending.

Beyond the statistical motivation, our disaggregation of aggregate demand is motivated

by the concerns of policymakers. A recent example relates to the divergent movements

in household and business investment in the early stages of the U.S. expansion following

the 2001 recession, a topic discussed in Kohn [2003]. We believe that providing a model

that may explain the shifting pattern of spending through differential effects of monetary

policy, technology, and preference shocks is a potentially important operational role for our

disaggregated framework.

2 Production, Capital Evolution, and Preferences

In this section we present the production, capital evolution, and preference technologies for

our model. The long-run evolution of the economy is determined by differential rates of

stochastic growth in the production sectors of the economy; its short-run dynamics are in-

1See for examples, Greenwood et. al [1997], Greenwood et. al [2000], Whelan [2003], and Fisher [2006].
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fluenced by various forms of adjustment costs. Adjustment costs to real aggregate variables

are captured in the economy’s preference, production, and capital evolution technologies

presented in this section. Adjustment costs to real sectoral variables and nominal variables

are captured in the decentralization of the model presented in the following section.

2.1 The Production Technology

As noted in the previous section our model economy produces two final goods and services:

slow-growing “consumption” goods and services Xcbi
t and fast-growing “capital” goods Xkb

t .

“Capital” goods are produced by businesses; “consumption” goods and services are pro-

duced by businesses and institutions. These final goods are produced by aggregating (ac-

cording to a Dixit-Stiglitz technology) an infinite number of differentiated inputs, Xs
t (j)

for s = cbi, kb, distributed over the unit interval. Specifically, final goods production is

governed by the function

Xs
t =

(∫ 1

0
Xs
t (j)

Θ
x,s
t

−1

Θ
x,s
t dj

) Θ
x,s
t

Θ
x,s
t

−1

, s = cbi, kb. (1)

The term Θx,s
t is the stochastic elasticity of substitution between the differentiated inter-

mediate goods inputs used in the production of the consumption or capital goods sectors.

Letting θx,st ≡ lnΘx,s
t − lnΘx,s

∗ denote the log-deviation of Θx,s
t from its steady-state value

of Θx,s
∗ , we assume that

θx,st = ǫθ,x,st (2)

where ǫθ,x,st is an i.i.d. shock process.

The jth differentiated intermediate good in sector s (which is used as an input in equa-

tion 1) is produced by combining each variety of the economy’s differentiated labor inputs

{Lst (i, j)}
1
i=0 with the sector’s specific utilized non-residential capital stock Ku,nr,s

t (j). (Uti-

lized non-residential capital, Ku,nr,s
t (j), is equal to the product of physical non-residential

capital, Knr,s
t (j), and the utilization rate, Unr,st (j)). A Dixit-Stiglitz aggregator character-

izes the way in which differentiated labor inputs are combined to yield a composite bundle

of labor, denoted Lst (j). A Cobb-Douglas production function then characterizes how this

composite bundle of labor is used with capital to produce—given the current level of multi-

factor productivity MFP st in the sector s—the intermediate good Xs
t (j). The production

of intermediate good j is governed by the function:

Xm,s
t (j)=(Ku,nr,s

t (j))
α
(Zmt Z

s
tL

x,s
t (j))

1−α
where Lx,st (j) =

(∫ 1

0
Lx,st (i, j)

Θlt−1

Θl
t di

) Θlt

Θl
t
−1

s = cbi, kb

(3)
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and where we assume Zcbit ≡ 1. The parameter α in equation (3) is the elasticity of output

with respect to capital while Θl
t denotes the stochastic elasticity of substitution between

the differentiated labor inputs. Letting θlt ≡ lnΘl
t − lnΘl

∗ denote the log-deviation of Θl
t

from its steady-state value of Θl
∗, we assume that

θlt = ǫθ,lt (4)

where ǫθ,lt is an i.i.d. shock process.

The level of productivity in the capital goods producing sector has two components.

The Zmt component represents an economy-wide productivity shock, while the Zkbt term

represents a productivity shock that is specific to the capital goods sector. The level of

productivity in the consumption goods producing sector has only the one economy-wide

component, Zmt , since we assume Zcbit = 1. The exogenous productivity terms contain a

unit root, that is, they exhibit permanent movements in their levels. We assume that the

stochastic process Zst evolves according to

lnZst − lnZst−1 = lnΓz,st = ln (Γz,s∗ · exp[γz,st ]) = lnΓz,s∗ + γz,st , s = kb,m, (5)

where Γz,s∗ and γz,st are the steady-state and stochastic components of Γz,st . The stochastic

component γz,st is assumed to evolve according to

γz,st = ρz,sγz,st−1 + ǫz,st . (6)

where ǫz,st is an i.i.d shock process, and ρz,s represents the persistence of γz,st to a shock.

In line with historical experience, we assume a more rapid rate of technological progress in

capital goods production by calibrating Γz,k∗ ≥ 1.

2.2 Capital Stock Evolution

As already noted, there are three types of physical capital stocks in our model economy:

non-residential capital, Knr
t , residential capital, Kr

t , and consumer durables capital, Kcd
t .

Purchases of the economy’s fast-growing “capital” good can be transformed into either

non-residential capital, Knr
t+1, which can be used to produce output in either sector of

the economy, or into the economy’s consumer-durable capital stock, Kcd
t+1, from which

households derive utility. Purchases of the economy’s slow-growing “consumption” good

can be transformed into residential capital.

The evolution of the economy’s three capital stocks are given below in equations (8),

(9), and (10). We assume that there is some stochastic element affecting the efficiency of

investment—reflected in the term Ast , for s = nr, cd, and r—in the capital accumulation
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process. These shocks are uncorrelated with each other and exhibit only transitory move-

ments from their steady-state unit mean.2 Letting ast ≡ lnAst denote the log-deviation of

Ast from its steady-state value of unity, we assume that:

ast = ρa,sast−1 + ǫa,st , s = nr, cd, r. (7)

We also asssume that there are adjustment costs (captured by the final term in equations 8,

9, and 10) that are implied by capital installation. The evolution of capital is given by:

Knr
t+1(k)= (1−δnr)Knr

t (k)+Anrt E
nr
t (k)−

100 · χnr

2

(
Enrt (k)−Enrt−1(k)Γ

x,kb
t

Knr
t

)2

Knr
t , (8)

Kcd
t+1(k)= (1−δcd)Kcd

t (k)+Acdt E
cd
t (k)−

100 · χcd

2

(
Ecdt (k)−Ecdt−1(k)Γ

x,kb
t

Kcd
t

)2

Kcd
t , and (9)

Kr
t+1(k)= (1−δr)Kr

t (k)+A
r
tE

r
t (k)−

100 · χr

2

(
Ert (k)−E

r
t−1(k)Γ

x,cbi
t

Kr
t

)2

Kr
t . (10)

The parameter δs denotes the depreciation rate for either the non-residential (s = nr),

consumer durables (s = cd), or residential (s = r) capital stocks. Investment adjustment

costs are zero for non-residential capital when Enrt = Enrt−1Γ
x,kb
t but rise to above zero (at an

increasing rate that depends on χnr) as these values diverge. The relative values of Ecdt and

Enrt−1Γ
x,kb
t have similar implications for the adjustment costs entailed in the accumulation of

consumer durables capital, as do the relative values of Ert and Ert−1Γ
x,cbi
t for the accumula-

tion of residential capital. The parameters χcd and χr have the same interpretation as χnr.

Adjustment costs are quite important in models such as ours in ensuring gradual responses

of investment to shocks.

2.3 Preferences

The ith household derives utility from four sources: consumer non-durable goods and non-

housing services, Ecnnt (i), the flow of services from consumer-durable capital, Kcd
t (i), the

flow of services from residential capital Kr
t (i), and its leisure time, which is equal to what

remains of its time endowment after Lcbit (i)+Lkbt (i) hours are spent working. The preferences

of household i are separable over all of the arguments of its utility function. The utility that

the household derives from the three components of its goods and services consumption is

influenced by its habit stock for each of these consumption components, a feature that has

2In developing the model we experimented with the possibility of one common capital efficiency shock and

two specific efficiency shocks, (to the non-residential capital and consumer durables evolution equations).

The model with uncorrelated shocks, however, offered the better fit, likely due to the fact that expenditure

patterns on these different types of capital have been quite different, especially of late.
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been shown to be important for consumption dynamics in similar models. Household i’s

habit stock for its consumption of non-durable goods and non-housing services, is equal to a

factor hcnn multiplied by its consumption last period Ecnnt−1(i). The household’s habit stock

for its other components of consumption is defined similarly. In summary, the preferences

of household i are represented by the utility function:

E0

∞∑

t=0

βt
{
ςcnnΞcnnt ln(Ecnnt (i)−hcnnEcnnt−1(i))+ςcdΞcdt ln(Kcd

t (i)−hcdKcd
t−1(i))

+ςrΞrt ln(Kr
t (i)−h

rKr
t−1(i))−ς

lΞlt
(Lcbit (i)+Lkbt (i))1+ν

1 + ν

}
. (11)

The parameter β is the household’s discount factor, ν denotes its inverse labor supply

elasticity, while ςcnn, ςcd, ςr, and ς l are scale parameter that tie down the ratios between

the household’s consumption components. The stationary, unit-mean, stochastic variables

Ξcnnt , Ξcdt , Ξrt , and Ξlt represent aggregate shocks to the household’s utility of its consumption

components and its disutility of labor.3 Letting ξxt ≡ ln Ξxt − ln Ξx∗ denote the log-deviation

of Ξxt from its steady-state value of Ξx∗ , we assume that

ξxt = ρξ,xξxt−1 + ǫξ,xt , x = cnn, cd, r, l. (12)

The variable ǫξ,xt is an i.i.d. shock process, and ρξ,x represents the persistence of Ξxt away

from steady-state following a shock to equation (12).

3 The Decentralized Economy

The economy’s decentralization, which is also depicted in Figure 1, is as follows:

A representative firm in each of the economy’s two final-goods producing sectors

purchases intermediate inputs from the continuum of intermediate goods producers and

produces the sector’s final goods output.

Each firm in the economy’s two intermediate-goods producing sectors rents

non-residential capital from the capital owners and hires each type of differentiated la-

bor from households so as to to produce its differentiated output. Because each firm is a

monopolistically-competitive supplier of its own output, it is able to set the price at which

it sells this output.

Each household purchases output from final-goods producers in the slow-growing “con-

sumption” goods sector, which it then uses as non-durable goods and non-housing services,

3As with the capital evolution equations we did, in developing the model, experiment with having one

preference shock that was common to all goods-derived components of utility and two shocks that were

specific to the flow of services from consumer durables and from residential investment. This assumption

does not materially alter the overall fit of the model, since these types of preference shocks have so small a

role in accounting for aggregate fluctuations.
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and rents consumer durables capital and residential capital from the capital owners. Be-

cause each household is a monopolistically-competitive supplier of its own labor, it is able

to set the wage at which it supplies its labor services.

Each non-residential and consumer durables capital owner purchases output from

the fast-growing “capital” final-goods sector and transforms it into either non-residential or

consumer durables capital. Each residential capital owner purchases output from the

slow-growing “consumption” final-goods and transforms it into residential capital.

The monetary authority sets the nominal interest rate given an interest rate feedback

rule with smoothing of the policy response to endogenous variables.

The government and foreign economic agents demand a share of the economy’s

output.

We describe in this section the behaviour of agents listed above.

3.1 Consumption and Capital Final Goods Producers

The representative, perfectly competitive firm in the final consumption good sector owns

the production technology described in equation (1) for s = cbi, while the representative,

perfectly competitive firm in the final capital goods sector owns the same technology for

s = kb. The final-good producer in sector s solves the cost-minimization problem of:

min
{Xs

t (j)}
1

j=0

∫ 1

0
P st (j)Xs

t (j)dj subject to

(∫ 1

0
(Xs

t (j))
Θ
x,s
t

−1

Θ
x,s
t dj

) Θ
x,s
t

Θ
x,s
t

−1

≥ Xs
t , for s = cbi, kb.

(13)

3.2 Consumption and Capital Intermediate Goods Producers

Each intermediate-good producing firm j ∈ [0, 1] and s = c, k owns the production technol-

ogy described in equation (3). It is convenient to think of the intermediate good producing

firm as solving three problems: two factor-input cost-minimization problems and one price-

setting profit-maximization problem. The two cost-minimization problems faced by the

representative firm in sector s are:

min
{Lst (i,j)}

1
i=0

∫ 1

0
W s
t (i)Lst (i, j)di subject to

(∫ 1

0
(Lst (i, j))

Θlt−1

Θl
t di

) Θlt

Θl
t
−1

≥ Lst (j), for s = cbi, kb,

(14)

and

min
{Lst (j),K

u,nr,s
t (j)}

W s
t L

s
t (j) +Rnr,st Ku,nr,s

t (j)

subject to (Zmt Z
s
tL

s
t (j))

1−α (Ku,nr,s
t (j))

α
≥ Xs

t (j), for s = cbi, kb, where Zcbit ≡ 1. (15)
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The profit-maximization problem faces by the firm is given by:

max
{P st (j),Xs

t (j)}
∞

t=0

E0

∞∑

t=0

βt
Λcnnt

P cbit

{P st (j)Xs
t (j)−MCst (j)X

s
t (j)

−
100 · χp

2

(
P st (j)

P st−1(j)
−ηpΠp,s

t−1−(1−ηp)Πp,s
∗

)2

P st X
s
t

}

subject to Xs
τ (j)=

(
P sτ (j)

P sτ

)−Θx,sτ

Xs
τ , for τ = 0, 1, ...,∞, and s = cbi, kb. (16)

The variable MCst (j) represents the marginal cost of producing a unit of Xs
t (j). The

profits function incorporates price setting adjustment costs (the size which depend on the

parameter χp and the lagged and steady-state inflation rate). The constraint against which

the firm maximizes its profits is the demand curve it faces for its differentiated good; this

is derived from the final goods producing firm’s cost-minimization problem.

3.3 Capital Owners

Capital owners possess the technologies described in equations (8) and (9) for transforming

the economy’s fast-growing “capital” good into either non-residential capital, Knr
t+1, or the

consumer-durable capital stock, Knr
t+1, and in equation (10) for transforming the economy’s

slow-growing “consumption” good into the economy’s residential capital stock Knr
t+1.

The non-residential capital owner solves:

max
{Enrt (k),Knr

t+1(k),Knr,cbi
t (k),Knr,kb

t (k),Ucbit (k),Ukbt (k)}∞t=0

E0

∞∑

t=0

βt
Λcnnt

P cbit

{
Rnr,cbit U cbit (k)Knr,cbi

t (k)+Rnr,kbt Ukbt (k)Knr,kb
t (k)−P kbt Enrt (k)

−κ

(
(U cbit (k))1+ψ − 1

1 + ψ

)
P kbt Knr,cbi

t − κ

(
(Ukbt (k))1+ψ − 1

1 + ψ

)
P kbt Knr,kb

t

}

subject to

Knr
τ+1(k)=(1 − δnr)Knr

τ (k)+Anrτ E
nr
τ (k)−

100 · χnr

2

(
Enrτ (k)−Enrτ−1(k)Γ

y,kb
t

Knr
τ

)2

Knr
τ

Knr,cbi
τ (k)+Knr,kb

τ (k)=Knr
τ (k), for τ = 0, 1, ...,∞. (17)

We assume that the capital owner decides on both the amount of capital that it will rent

to firms and the rate of utilization at which this capital is used by firms. (Recall that

the firm’s choice variable in 15 is utilized capital Ku,nr,s
t = U stK

nr,s
t .) Raising the rate of

utilization will boost the capital owners rental income but will incur a cost reflected in the

last two terms in the capital owners profit function. We assume that κ = Rnr∗ /P
kb
∗ , which
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implies that in the steady-state equilibrium utilization is unity. The consumer durables

capital owner solves:

max
{Ecdt (k),Kcd

t+1(k)}∞t=0}
E0

∞∑

t=0

βt
Λcnnt

P cbit

{
Rcdt K

cd
t (k) − P kbt Ecdt (k)

}
subject to

Kcd
τ+1(k) = (1 − δcd)Kcd

τ (k)+Acdτ E
cd
τ (k)−

100 · χcd

2

(
Ecdτ (k)−Ecdτ−1(k)Γ

x,kb
τ

Kcd
τ

)2

Kcd
τ

for τ = 0, ...,∞, (18)

while the residential capital owner solves:

max
{Ert (k),K

r
t+1(k)}∞t=0}

E0

∞∑

t=0

βt
Λcnnt

P cbit

{
RrtK

r
t (k) − P cbit Ert (k)

}
subject to

Kr
τ+1(k) = (1 − δr)Kr

τ (k)+A
r
τE

r
τ (k)−

100 · χr

2

(
Erτ (k)−E

r
τ−1(k)Γ

x,cbi
τ

Kcd
τ

)2

Kcd
τ

for τ = 0, 1, ...,∞. (19)

3.4 Households

The household possesses the utility function—defined over three components of goods and

services consumption and leisure—described by equation (11).The representative household

solves the problem:

max
{Ecnnt (i),Kcd

t (i),Kr
t (i),{W

s
t (i),Lst (i)}s=cbi,kb,Bt+1(i)}

∞

t=0

E0

∞∑

t=0

βt
{
ςcnnΞcnnt ln(Ecnnt (i)−hcnnEcnnt−1(i))+ςcdΞcdt ln(Kcd

t (i)−hcdKcd
t−1(i))

+ςrΞrt ln(Kr
t (i)−h

rKr
t−1(i))−ς

lΞlt
(Lcbit (i)+Lkbt (i))1+ν

1 + ν

}
subject to

R−1
τ Bτ+1(i)=Bτ (i) +

∑

s=cbi,kb

W s
τ (i)L

s
τ (i) + Capital and Profits Incomeτ (i) − P cbiτ Ecnnτ (i)

−Rcdτ K
cd
τ −RrτK

r
τ−

∑

s=cbi,kb

100 · χw

2

(
W s
τ (j)

W s
τ−1(j)

−ηwΠw,s
τ−1−(1−ηw)Πw

∗

)2

W s
τL

s
τ

−
100·χl

2

(
Lcbi∗

Lcbi∗ +Lkb∗
·W cbi

τ +
Lkb∗

Lcbi∗ +Lkb∗
·W kb

τ

)(
Lcbiτ (i)

Lkbτ (i)
−ηl

Lcbiτ−1

Lkbτ−1

−(1−ηl)
Lcbi∗

Lkb∗

)2
Lkbτ
Lcbiτ

,

Lcbiτ (i)=

(
W cbi
τ (i)

W cbi
τ

)−Θlτ

Lcbiτ , and Lkbτ (i)=

(
W kb
τ (i)

W kb
τ

)−Θlτ

Lkbτ , for τ = 0, 1, ...,∞. (20)

The household’s budget constraint incorporates wage setting adjustment costs (the size of

which depend on the parameter χw and the lagged and steady-state wage inflation rate)
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and costs in altering the composition of labor supply. The constraint against which the

household maximizes its utility is the demand curve it faces for its differentiated labor.

This demand curve derives from the first of the intermediate goods producing firm’s cost-

minimization problems.

3.5 Market Clearing

There are a number of market clearing conditions that must be satisfied in our model.

Market clearing in the slow-growing “consumption” goods and fast-growing “capital” goods

sectors, given price- and wage-adjustment costs and variable utilization costs implies that

Xcbi
t =

∫ 1

0
Ecnnt (i)di+

∫ 1

0
Ert (k)dk +

100 · χp

2

(
Πp,kb
t −ηpΠp,cbi

t−1 −(1−ηp)Πp,cbi
∗

)2
P cbit Xcbi

t

+
100·χw

2

(
Πw,cbi
t −ηwΠw,cbi

t−1 −(1−ηw)Πw,cbi
∗

)2
W cbi
t Lcbit −κ

(
U cbit (k)1+ψ−1

1 + ψ

)
P cbit Knr,cbi

t

(21)

and

Xkb
t =

∫ 1

0
Ecdt (k)dk +

∫ 1

0
Enrt (k)dk.+

100 · χp

2

(
Πp,kb
t −ηpΠp,kb

t−1 −(1−ηp)Πp,kb
∗

)2
P kbt Xkb

t

+
100·χw

2

(
Πw,kb
t −ηwΠw,kb

t−1 −(1−ηw)Πw,kb
∗

)2
W kb
t L

kb
t −κ

(
Ukbt (k)1+ψ−1

1 + ψ

)
P kbt Knr,kb

t . (22)

The market clearing conditions for the labor and non-residential capital supplied and de-

manded in sector s are given by

Lst (i) =

∫ 1

0
Lst (i, j)dj and

∫ 1

0
U(k)stK

nr,s
t (k)dk =

∫ 1

0
Ku,nr,s
t (j)dj ∀ i ∈ [0, 1] and for s = cbi, kb.

(23)

The market clearing conditions for consumer durables and residential capital are

∫ 1

0
Kcd
t (k)dk =

∫ 1

0
Kcd
t (i)di and

∫ 1

0
Kr
t (k)dk =

∫ 1

0
Kr
t (i)di. (24)

3.6 Identities

The model also consists of the following identities:

W s
t (i) = Πw,s

t (i)W s
t−1(i) and W s

t = Πw,s
t W s

t−1 ∀ i ∈ [0, 1] and for s = cbi, kb, and (25)

P st (j) = Πp,s
t (j)P st−1(j) and P st = Πp,s

t P st−1 ∀ j ∈ [0, 1] and for s = cbi, kb. (26)
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3.7 Real GDP Growth and GDP Price Inflation

Real GDP growth and the inflation rate of the GDP deflator are two variables of interest

to policy-makers that do not automatically appear in our model. Real GDP growth is

constructed as the divisia (share-weighted) aggregate of output in the economy, that is:

Hgdp
t =



(
Xcbi
t

Xcbi
t−1

)P cbi
∗

eXcbi
∗

(
Xkb
t

Xkb
t−1

)Pkb
∗

eXkb
∗

(
Γx,cbit · X̃gf

t

X̃gf
t−1

)P cbi
∗

eXgf
∗




1

Pcbi
∗

eXcbi
∗

+Pkb
∗

eXkb
∗

+Pcbi
∗

eX
gf
∗

. (27)

To a first-order approximation, this definition of GDP growth is equivalent to how it is

defined in the U.S. NIPA. The variable X̃gf
t in equation (27) represents stationary un-

modelled output (that is, GDP other that Ecnnt , Ecdt , Ert , and Enrt ). Stationary un-modeled

output is exogenous and is assumed to follow the process:

ln X̃gf
t − ln X̃gf

∗ = ρx,gf
(
ln X̃gf

t − ln X̃gf
∗

)
+ ǫx,gf .

The inflation rate of the GDP deflator, represented by Πp,gdp
t , is defined implicitly by:

Πp,gdp
t Hgdp

t =
P gdpt Xgdp

t

P gdpt−1X
gdp
t−1

=
P cbit Xcbi

t + P kbt Xkb
t + P cbit Xgf

t

P cbit−1X
cbi
t−1 + P kbt−1X

kb
t−1 + P cbit−1X

gf
t−1

. (28)

3.8 Monetary Authority

The central bank sets monetary policy in accordance with a Taylor-type interest-rate feed-

back rule. Policymakers smoothly adjust the actual interest rate Rt to its target level R̄t

Rt = (Rt−1)
φr (R̄t

)1−φr
exp [ǫrt ] , (29)

where the parameter φr reflects the degree of interest rate smoothing, while ǫrt represents a

monetary policy shock. The central bank’s target nominal interest rate R̄t is given by:

R̄t =
(
Πp,gdp
t /Πp,gdp

∗

)φπ,gdp (
∆Πp,gdp

t

)φ∆π,gdp (
Hgdp
t /Hgdp

∗

)φh,gdp (
∆Hgdp

t

)φ∆h,gdp

R∗. (30)

where R∗ denotes the economy’s steady-state nominal interest rate (which is equal to

(1/β)Πp,c
∗ Γz,m∗ (Γz,kb∗ )α(Γz,cbi∗ )1−α) and φπ,gdp, φ∆π,gdp, φh,gdp, and φ∆h,gdp denote the weights

in the feedback rule.

4 Equilibrium

Before characterizing equilibrium in this model, we define three additional variables, the

price of installed non-residential capital Qnrt (k), the price of installed consumer durables

capital Qcdt (k), and the price of installed residential capital Qrt (k). These variables are the

12



lagrange multiplier on the capital evolution equations that would be implied by the kth

capital owner’s profit-maximization problems (described in equations 17, 18, and 19).

Equilibrium in our model is an allocation:

{
Hgdp
t , Xcbi

t , {X
cbi
t (j)}1

j=0, X
kb
t , {X

kb
t (j)}1

j=0, {E
nr
t (k)}1

k=0, {E
r
t (k)}

1
k=0, {E

cd
t (k)}1

k=0,

{Ecnnt (i)}1
i=0, {Λ

r
t (i)}

1
i=0, {Λ

cd
t (i)}1

i=0, {Λ
cnn
t (i)}1

i=0, {Λ
l,cbi
t (i)}1

i=0, {Λ
l,kb
t (i)}1

i=0,

{Lcbit (i)}1
i=0, {{L

cbi
t (i, j)}1

i=0}
1
j=0, {L

kb
t (i)}1

i=0, {{L
kb
t (i, j)}1

i=0}
1
j=0, {U

cbi
t (j)}1

j=0, {U
kb
t (j)}1

j=0,

{Ku,nr,cbi
t (j)}1

j=0, {K
u,nr,kb
t (j)}1

j=0, {K
nr,cbi
t (k)}1

k=0, {K
nr,kb
t (k)}1

k=0, {K
nr
t+1(k)}

1
k=0,

{Kr
t+1(k)}

1
k=0, {K

r
t+1(i)}

1
i=0, {K

cd
t+1(k)}

1
k=0, {K

cd
t+1(i)}

1
i=0

}∞

t=0

and a sequence of values

{
Πp,gdp
t ,Πp,cbi

t , {Πp,cbi
t (j)}1

j=0,Π
p,kb
t , {Πp,kb

t (j)}1
j=0,Π

w,cbi
t , {Πw,cbi

t (i)}1
j=0,Π

w,kb
t , {Πw,kb

t (i)}1
j=0,

P kbt
P cbit

,

{
P kbt (j)

P cbit

}1

j=0

,
W cbi
t

P cbit

,

{
W cbi
t (i)

P cbit

}1

i=0

,
W kb
t

P cbit

,

{
W kb
t (i)

P cbit

}1

i=0

,
Rnr,cbit

P cbit

,
Rnr,kbt

P cbit

,
Rnrt
P cbit

,

Rrt
P cbit

,
Rcdt
P cbit

,

{
MCcbit (j)

P cbit

}1

j=0

,

{
MCkbt (j)

P cbit

}1

j=0

,

{
Qnrt (k)

P cbit

}1

k=0

,

{
Qrt (k)

P cbit

}1

k=0

,

{
Qcdt (k)

P cbit

}1

k=0

, Rt

}∞

t=0

that satisfy the following conditions:

• The model’s two representative final-good producing firms solve (13) for s = cbi

and kb;

• All intermediate-good producers j ∈ [0, 1] solve (14), (15), and (16) for s = cbi and kb;

• All capital owners k ∈ [0, 1] solve (17), (18), and (19);

• All households i ∈ [0, 1] solve (20);

• The two final goods markets clear as in (21) and (22);

• All intermediate goods markets clear (by construction);

• The labor and non-residential capital markets clear as in (23);

• The consumer durable and residential capital rental markets clear as in (24);

• The identities given in (25) hold, but are modified slightly to

W s
t (i)

P ct
=

Πw,s
t (i)

Πp,c
t

·
W s
t−1(i)

P ct−1

and
W s
t

P ct
=

Πw,s
t

Πp,c
t

·
W s
t−1

P ct−1

for all i ∈ [0, 1] and for s = cbi, kb;

• The identities given in (26) hold, although are modified slightly to

P st (j)

P ct
=

Πp,s
t (j)

Πp,c
t

·
P st−1(j)

P ct−1

and
P kt
P ct

=
Πp,k
t

Πp,c
t

·
P kt−1

P ct−1

for all j ∈ [0, 1] and for s = cbi, kb;

• The monetary authority follows (29) and (30), where the growth rate of GDP and

aggregate prices are defined by equations (27) and (28).
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In solving these problems agents take as given the initial values of Knr
0 , Kr

0 , Kcd
0 , and R−1,

and the sequence of exogenous variables
{

Γz,kbt ,Γz,mt ,Θx,cbi
t ,Θx,kb

t ,Θl
t, A

nr
t , A

r
t , A

cd
t ,Ξ

cnn
t ,Ξcdt ,Ξ

r
t ,Ξ

l
t, E

gf
t

}∞

t=0

implied by the sequence of shocks
{
ǫz,kbt , ǫz,mt , ǫθ,x,cbit , ǫθ,x,kbt , ǫθ,lt , ǫ

a,nr
t , ǫa,rt , ǫ

a,cd
t , ǫξ,cnnt , ǫξ,cdt , ǫξ,rt , ǫ

ξ,l
t , ǫ

gf
t , ǫ

r
t

}∞

t=0
.

We estimate the log-linearized, symmetric and stationary version of the model described

above. Equilibrium in the symmetric and non-stationary version of the model is defined in

appendix A of the paper, and equilibrium in the symmetric and stationary version of the

model is defined in appendix B. The log-linearization of our model equations is performed

symbolically by the software that we use to parse the model into its estimable form; we

therefore do not included the log-linearized equations in this documentation. The steady-

state solution to the symmetric and stationary version of the model is, however, an input

into the model’s estimation and so is presented in appendix C.

5 Data

The model is estimated using 11 data series listed below. Except where noted, the series

are from the U.S. National Income and Product Accounts (U.S. NIPA) published by the

Bureau of Economic Analysis.

1. Nominal gross domestic product.

2. Nominal consumption expenditures on non-durables and non-housing services.

3. Nominal consumption expenditure on durables.

4. Nominal residential investment expenditure.

5. Nominal business investment expenditure (which equals nominal gross private do-

mestic investment minus nominal residential investment and thus includes inventory

investment).

6. The rate of GDP price inflation.

7. The rate of inflation for prices of consumer non-durables and non-housing services

(which represents inflation in the slow-growing “consumption” goods sector).

8. The rate of inflation for prices of consumer durables (which represents inflation in the

fast-growing “capital” goods sector).

9. Hours, which equals hours of all persons in the non-farm business sector (from the

Bureau of Labor Statistics) scaled up by the ratio of nominal production in our model

to nominal non-farm business sector output.4

4This transformation provides us with a scaling of hours that is more consistent with the output of our

model economy.
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10. Wage inflation, which equals compensation per hour in the non-farm business sector

(from the Bureau of Labor Statistics).

11. The federal funds rate (from the Federal Reserve Board).

Some of the series are not those used in previous research with the Federal Reserve’s

FRB/US model. However, price and nominal quantity indices for each of the model’s expen-

diture and output variables can be retrieved easily from the U.S. NIPA. The construction

of these series are as follows:

Nominal expenditures on consumer non-durable goods and non-housing services

(PECNNECNN) is the sum of nominal personal consumption expenditures on non-durable

goods and nominal personal consumption expenditures on services (Table 1.1 of the NIPA)

with owner-occupied nonfarm dwellings and tenant-occupied nonfarm dwellings (Table 2.4)

subtracted.

Nominal expenditures on consumer durable goods (PECDECD) is nominal personal

consumption expenditures on durable goods (Table 1.1).

Nominal expenditures on residential investment (PERER) is nominal gross private

domestic residential investment (Table 1.1).

Nominal expenditures on non-residential investment (PENRENR) is the sum of

nominal gross private domestic non-residential investment and the change in nominal private

inventories (Table 1.1).

Nominal production in the slow-growing part of the business and institutions

sector (PXCBIXCBI) is the sum of nominal expenditures on consumer non-durable goods

and non-housing services (PECNNECNN) and nominal expenditures on residential invest-

ment (PERER).

Nominal production in the fast-growing part of the business sector (PXKBXKB)

is the sum of nominal expenditures on consumer durable goods (PECDECD) and nominal

expenditures on non-residential investment (PENRENR).

In summary,

PXCBI XCBI = PECNN ECNN + PER ER, and, (31)

PXKB XKB = PECD ECD + PENR ENR. (32)

In the NIPA, there is a different price index for every expenditure and output variable.

Our theoretical model has only one price per output good.5

To bring our data in line with our model the series must be modified slightly. Although

the three price indices PXCBI , PECNN , and PER are not identical they do not display any

dramatic relative price swings. Similarly, the indicies PXKB, PECD, and PENR, while not

5This model therefore implies a number of equalities that are not consistent with U.S. NIPA prices

measurements, notably P
XCBI 6= P

ECNN 6= P
ER and P

XKB 6= P
ECD 6= P

ENR.
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identical, do not exhibit any large swings. Consequently, we make the following modification

to the data. We re-write equations (31) and (32) as

PECNN
[
PXCBIXCBI

PECNN

]
= PECNNECNN + PECNN

[
PERER

PECNN

]
, and

PECD
[
PXKBXKB

PECD

]
= PECDECD + PECD

[
PENRENR

PECD

]
,

and let XCBIadj =
PXCBIXCBI

PECNN
, ERadj =

PERER

PECNN
, and

XKBadj =
PXKBXKB

PECD
, ENRadj =

PENRENR

PECD
.

Equations (31) and (32) can then be written as:

PECNN XCBIadj = PECNN ECNN + PECNN ERadj , and (33)

PECD XKBadj = PECD ECD + PECD ENRadj . (34)

The above renormalization of the data implies that the series for real expenditures on res-

idential investment (ERadj) and for expenditures on non-residential investment (ENRadj)

are no longer the series published in the NIPA. The qualitative patterns in the data are un-

altered by these normalizations, although the precise values of the series do change thereby

resulting in a slight bias in the adjusted series. This divergence can be handled, if and

when a focus on the behavior of these real series is desired, by the standard assumption

that the data that we are using for residential investment and for nonresidential investment

is measured with error.

Our decision for choosing the price index of consumer non-durables and non-housing ser-

vices as our price index for the slow-growing sector and the price index of consumer durables

as our price index for the fast-growing sector is that the PCE price deflator is ultimately

the price index that we are most interested in from a policy perspective. Consequently, it

is the components of this index that we wish to model.

6 The Empirical Model

6.1 Estimation

We take a log-linear approximation to our model, cast this resulting dynamical system in

its state space representation for the set of (in our case 11) observable variables, use the

Kalman filter to evaluate the likelihood of the observed variables, and form the posterior

distribution of the parameters of interest by combining the likelihood function with a joint

density characterizing some prior beliefs. Since we do not have a closed-form solution of

the posterior, we rely on Markov-Chain Monte Carlo (MCMC) methods.

16



We add measurement errors processes, denoted ηt, for all of the observed series used in

estimation except the nominal interest rate and the aggregate hours series. The measure-

ment errors explain less than 5 percent of the observed series.6

6.2 Model Parameters

The model’ calibrated parameters are presented in Table 3, while the estimated parameters

are presented in Tables 4 and 5. We based out decision on which parameters to calibrate

and which to estimate on how informative the data were likely to be on the parameter, as

well as identification and overparameterization issues. The first three columns of Table 4

and 5 outline our assumptions about the prior distributions of the estimated parameters, the

remaining columns describe the parameters’ posterior distributions, which we now proceed

to discuss.

We consider first the parameters related to household-spending decisions. The parame-

ters related to habit-persistence are uniformly large. For nondurables and services excluding

housing, the habit parameter is about 0.8, close to the value in found by Fuhrer [2000]. For

consumer durables capital the habit parameter is somewhat smaller, while for residential

capital it is smaller still. Since most DSGE models do not consider utility functions with

this level of disaggregation, there is little consensus on these values. In addition, simula-

tions indicate that habit and adjustment cost parameters—both present in our model—are

closely related, further complicating any comparison. Indeed, we estimate investment ad-

justment costs to be very significant for residential investment but of modest importance

for consumer durables.7 Nonetheless, habit-persistence and investment adjustment costs

are important in generating “hump-shaped” responses of these series to monetary policy

shocks.8 The estimated value of the remaining preference parameter, the inverse of the

labor supply elasticity, is, at a bit over one, a little higher than suggested by the balance of

microeconomic evidence (see Abowd and Card [1989]).

With regard to adjustment cost parameters for non-residential investment, we estimate

significant costs to the change in investment flows, which imply an elasticity of investment

to marginal q of about 1/3. We also find an important role for the sectoral adjustment

costs to labor: In our multisector setup, shocks to productivity or preferences in one sector

6The exception to this, however, is non-durable goods and non-housing services consumption growth.

Issues associated with the ability of DSGE models to explain consumption are also observed in Smets and

Wouters [2004].

7These adjustment costs parameters imply an elasticity of investment with respect to the capital-stock

specific measure of marginal q of about one for consumer durables and about 1/7 for residential investment.

8We note some skepticism regarding the structural interpretation of the habit parameters given that

microeconomic evidence (Dynan [2000]), and some macroeconomic evidence (Kiley [2005]) suggest that the

support for habit persistence is quite weak.
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of the economy result in strong shifts of labor towards that sector, which conflicts with the

high degree of sectoral co-movement in the data. The adjustment costs to the sectoral mix

of labor input ameliorate this potential problem, as in Boldrin et al. [2001].

Finally, adjustment costs to prices and wages are both estimated to be important, al-

though prices appear “stickier” than wages. Our quadratic costs of price and wage adjust-

ment can be translated into frequencies of adjustment consistent with the Calvo model;

these are about six quarters for prices and about one quarter for wages. However, these es-

timates are very sensitive to the specifics of our model and would be altered by reasonable

assumptions regarding “real rigidities” such as firm-specific factors or “kinked” demand

curves. We find only a modest role for lagged inflation in our adjustment cost specification

(around 1/3), equivalent to modest indexation to lagged inflation in other sticky-price spec-

ifications. This differs from some other estimates, perhaps because of the focus on a more

recent post-1983 sample (similar to results in Kiley [2007] and Laforte [2007]).

6.3 Variance Decompositions

Tables 6 to 11 present forecast error variance decompositions at various (quarterly) horizons

at the posterior mode of the parameter estimates for key variables and shocks. We run

through the key results here.

Volatility in aggregate GDP growth is, in the near horizon, accounted for predom-

inantly by economy-wide technology shocks, non-residential investment efficiency shocks,

and exogenous spending shocks. In the far horizon, volatility is accounted for primarily by

capital-specific and economy-wide technology shocks.

Volatility in GDP price inflation is, in the near horizon, accounted for by mark-up

shocks in the slow-growing (CBI) sector and economy-wide and capital-specific technology

shocks. In the far horizon, its volatility is accounted for by economy-wide and capital-

specific technology shocks.

Volatility in the nominal interest rate is, in the near horizon, accounted for primarily

by shocks in the policy rule, non-residential investment efficiency shocks, exogenous spend-

ing shocks, and mark-up shocks in the slow-growing (CBI) sector. In the far horizon, its

volatility is accounted for by non-residential investment efficiency shocks and to a much

lesser extent consumption preference shocks.

Volatility in expenditures on consumer non-durables and non-housing services

is, in the near horizon, accounted for predominantly by economy-wide technology shocks

and to a lesser extent its own preference shock. In the far horizon, volatility is accounted

for primarily by capital-specific and economy-wide technology shocks, and non-residential

investment efficiency shocks.

Volatility in expenditures on consumer durables is, in the near horizon, accounted
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for predominantly by non-residential investment efficiency shocks, and its own preference

and investment efficiency shocks. In the far horizon, its volatility is accounted for primarily

by capital-specific and non-residential investment efficiency shocks.

Volatility in expenditures on residential investment is, in the near horizon, accounted

for predominantly by its own investment efficiency shocks. In the far horizon, its volatility

is accounted for primarily by non-residential investment efficiency shocks and to a lesser

extend economy-wide and capital-specific technology shocks.

Volatility in expenditures on non-residential investment is, in both the near and far

horizon, accounted for almost exclusively by non-residential investment efficiency shocks.

Volatility in hours is, in the near horizon, accounted for primarily by economy-wide

technology shocks and non-residential investment efficiency shocks. In the far horizon, its

volatility is accounted for by labor supply shocks.

Volatility in wage inflation is, in the near horizon, accounted for primarily by mark-

up shocks in the labor market and labor supply shocks. In the far horizon, its volatility is

accounted for by non-residential investment efficiency shocks and economy-wide and capital

specific technology shocks.

Volatility in price inflation in the slow-growing part of the business and institu-

tions sector is, in the near horizon, accounted for primarily by mark-up shocks in its sector

and to a lesser extent economy-wide technology shocks. In the far horizon, its volatility is

accounted for by economy-wide and non-residential investment efficiency shocks.

Volatility in price inflation in the fast-growing part of the business sector is,

in the near horizon, accounted for primarily by mark-up shocks in its sector and captial

specific technology shocks. In the far horizon, its volatility is accounted for by economy-wide

technology shocks and non-residential investment efficiency shocks.

Overall, technology shocks and non-residential investment efficiency shocks seem to be

the most important in accounting for the volatility of the data. Notably, economy-wide

technology shocks account for a significant portion of the variability of nondurable and non-

housing services consumption (as well as aggregate GDP), while non-residential investment

efficiency shocks account for a sizeable share of the variability of both durables consumption

and non-residential investment (as well as aggregate GDP). As a result our estimated model

is able to deliver co-movement between expenditure expenditure categories and production

aggregates despite the present of a large number of expenditure specific expenditure-specific

household preference shocks and capital-specific efficiency shocks, which by themselves typ-

ically create problems for the model in matching the co-movement properties of the data.
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6.4 Impulse Responses

Figures 2 to 15 present the impulse responses of key variables to the models four prefer-

ence shocks (Ξcnnt , Ξcdt , Ξrt , and Ξlt), four capital efficiency shocks (Anrt , Acdt , and Art ), the

autonomous spending shock (Hx,gf ), mark-up shocks (Θx,cbi
t and Θx,cbi

t ), technology shocks

(Γx,mt and Γkb,mt ), and monetary policy shock (ǫr).

The impulse responses to a monetary policy innovation (shown in figure 2) captures the

conventional wisdom regarding the effects of such shocks. In particular, both household

and business expenditures on durables (consumer durables, residential investment, and

nonresidential investment) respond strongly (and with a hump-shape) to a contractionary

policy shock, with more muted responses by nondurables and services consumption; each

measure of inflation responds gradually, albeit probably more quickly than in some analyses

based on vector autoregressions.

The impulse responses to a non-residential investment efficiency shock (shown in figure 3)

boosts non-residential investment, initially at the expense of other investment expenditures.

Consumption spending does not decline initially, but rather remains flat, reflecting house-

hold’s expectation of higher levels of future output and consumption smoothing. After

non-residential investment spending has been put in place and the economy’s capital stock

has expanded all components of spending rise above their steady-state level. The initial

counter movements in investment spending is a result that is typically associated with ex-

penditure specific shocks. The fact that non-residential investment adds to the economy’s

productive capactiy is the only reason that these opposing movements do not remain in

the longer term. For example, the economy’s other investment specific efficiency shocks for

consumer durables and residential (shown in figures 4 and 5) lead to opposing movements

in expenditure over the full duration of the effects of the shock; this is also the case for

the economy’s consumer non-durables and non-housing services and residential preference

shocks (shown in figures 6 and 8). The consumer durables preference shock (shown in fig-

ures 7) displays some immediate co-movement although later the opposing movements in

expenditures re-emerge. Naturally, the labor supply preference shock leads to co-movement

between expenditure categories (see figure 9), although ultimately, as was evident from the

variance decomposition results, this shock accounts for relatively little variation in these

data.

The impulse responses to an economy-wide technology shock (shown in figure 10), reflect

the typical non-residential capital deepending effects associated with such a shock. Hours

in the fast-growing (KB) sector falls in the near term in response to the shock, since the

increase in labor productivity exceeds the sluggish increase in demand for goods in this

sector. Hours fall in the slow-growing (CBI) sector in response to the slow increase in

consumption demand.
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The impulse responses to a capital-specific technology shock (shown in figure 11), also

reflects non-residential capital deepending, although this takes place with some delay. The

delay reflects the very persistent nature of capital-specific technology shocks, which leads

firms to expect an extended period of strong capital-specific technology shocks and therefore

expect future price declines. This raises the real interest rate relevant to non-residential

investment, which slows the initial response despite the decline in the relative price of

non-residential investment goods.

6.5 Implied Paths

Figure 16 compares the one-step ahead DSGE model forecast to the actual observations for

the data. These indicate that that the model has reasonable success in tracking fluctuations

in most series.

Figures 17 and 18 reports on the model’s structural shocks implied by estimation; show-

ing the median and the 95 percent credible set of the smoothed paths of these shocks. The

paths of these shocks over the model’s estimation period provides us with an structural

interpretation of the factors underlying recent macroeconomic phenomena. For example,

the estimated paths of Ξcnn and Ξcd, the stochastic variables that multiply the utility de-

rived from non-durable goods and non-housing services consumption and durable goods

consumption (shown in the top two panels of figure 17) dropped sharply in late 1990 and

early 1991. That is, at this time, for a given level of wealth, income, and habits, households

desired to consume less. One explanation for this seemingly exogenous desire to consume

less is a decline in consumer confidence, which is one of the widely accepted accounts for

the 1990-91 recession. Note also that economy-wide technology growth, γz,m (shown in the

top panel of figure 18) also dropped sharply in late 1990, consistent with a more traditional

RBC interpretation of the recession.

The model attributes the U.S. economy’s exceptional performance in the second half

of the 1990s to a sustained episode of well-above average investment-specific technology

growth, γz,k (shown in the second panel of figure 18) as well as a extended sequence of

favorable labor supply shocks, Ξl (shown in the second to last panel of figure 17). The

rapid advances made in the 1990s in the production of high-tech investment and consumer

durable goods is well documented and is accepted as one of the reasons why the U.S.

economy was able to grow at so fast a rate over this period while generating relatively little

inflation. The explanation for the 1990s phenomena based on a long sequence of favorable

labor supply shocks is somewhat less appealing since it ultimately just reflects the fact that

over this period it was possible to induce households to supply more labor without their

demanding the higher rates of compensation that they typically would. Clearly, it would

be more interesting to understand why this was the case.
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Finally, the model attributes the 2001 recession to an adverse consumer confidence

shock—albeit mostly in non-durable goods and non-housing services consumption, Ξcnn—

and a unfavorable shock to business investment spending, Anr (shown in the middle panel

of figure 18), which made business capital accumulation appear less attractive that would

typically be the case given underlying fundamentals. Again, the DSGE model’s view of

the 2001 recession does not seem inconsistent with alternatively derived interpretations.

Note also, that the unfavorable shock to business investment expenditures, Anr, persists

beyond the 2001 recession, possibly reflecting the effects of geo-political risks and corporate

scandals that continued to restrain spending through the early years of the recovery.

7 Summing up

This paper has presented documentation for the large-scale estimated DSGE model of the

U.S. economy used in Edge, Kiley, and Laforte (2007), which is being developed as part

of an ongoing research project in the Macroeconomic and Quantitative Studies section of

the Federal Reserve Board aimed at developing a DSGE model that can be used to address

practical policy questions. Since our work on this model is ongoing, refinements to the

model presented in this paper will very likely take place at future dates; at such time,

revised documentation will be made available to interested readers.
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A The Symmetric Equilibrium

The symmetric equilibrium is an allocation:

{
Hgdp
t , Xcbi

t , Xkb
t , E

nr
t , Ert , E

cd
t , E

cnn
t ,Λrt ,Λ

cd
t ,Λ

cnn
t ,Λl,cbit ,Λl,kbt ,

Lcbit , Lkbt , U
cbi
t , Ukbt ,K

u,nr,cbi
t ,Ku,nr,kb

t ,Knr,cbi
t ,Knr,kb

t ,Knr
t+1,K

r
t+1,K

cd
t+1

}∞

t=0

and a sequence of values

{
Πp,gdp
t ,Πp,cbi

t ,Πp,kb
t ,Πw,cbi

t ,Πw,kb
t ,

P kbt
P cbit

,
W cbi
t

P cbit

,
W kb
t

P cbit

,

Rnr,cbit

P cbit

,
Rnr,kbt

P cbit

,
Rnrt
P cbit

,
Rrt
P cbit

,
Rcdt
P cbit

,
MCcbit
P cbit

,
MCkbt
P cbit

,
Qnrt
P cbit

,
Qrt
P cbit

,
Qcdt
P cbit

, Rt

}∞

t=0

that satisfy the symmetric versions of the first order conditions implied by:

• The intermediate-good producers’ second cost-minimization problem (described in 15)

and profit-maximization problem (described in 16);

• The capital owners’ profit-maximization problems (described in 17, 18, and 19); and

• The households’ utility maximization problems (described in 20);

and the symmetric versions of the model’s other equilibrium conditions, specifically:

• The model’s market clearing conditions of which only the following need to be explic-

itly included:

Xcbi
t = Ecnnt +Ert , X

kb
t = Ecdt +Enrt , Ku,nr,cbi

t = U cbit Knr,cbi
t , andKu,nr,kb

t = Ukbt K
nr,kb
t .

• The identities between real wages, relative prices, and wage and price inflation rates:

P kbt
P cbit

=
Πp,kb
t

Πp,cbi
t

·
P kbt−1

P cbit−1

,
P cht
P cbit

=
Πp,ch
t

Πp,cbi
t

·
P cht−1

P cbit−1

, and
W s
t

P cbit

=
Πw,s
t

Πp,cbi
t

·
W s
t−1

P cbit−1

for s = cbi, kb

• Equations (29) and (30) that describe the behavior of monetary policy; and

• Equations (27), and (28) that define the growth rate of the GDP aggregate and price

index.

In solving these problems agents take as given the initial values of Knr
0 , Kr

0 , Kcd
0 , and R−1,

and the sequence of exogenous variables

{
Γz,kbt ,Γz,mt ,Θy,cbi

t ,Θy,kb
t ,Θl

t, A
nr
t , A

r
t , A

cd
t ,Ξ

cnn
t ,Ξcdt ,Ξ

r
t ,Ξ

l
t, E

gf
t

}∞

t=0

implied by the sequence of shocks

{
ǫz,kbt , ǫz,mt , ǫθ,y,cbit , ǫθ,y,kbt , ǫθ,lt , ǫ

a,nr
t , ǫa,rt , ǫ

a,cd
t , ǫξ,cnnt , ǫξ,cdt , ǫξ,rt , ǫ

ξ,l
t , ǫ

gf
t ǫ

r
t

}∞

t=0
.
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Note that the first-order conditions implied by the final good producing firms’ cost

minimization problem (described in 13) and the first step of the intermediate-good

producers cost-minimization problem (described in 14) hold but are redundant in the

symmetric equilibrium.

The symmetric first-order conditions implied by the second step of the intermediate-

goods producing firms’ cost minimization problems (equation 15) are:

Lst = (1 − α) ·Xs
t ·

MCst
W s
t

for s = cbi, bk (35)

Ku,nr,s
t = α ·Xs

t ·
MCst
Rnr,st

for s = cbi, kb. (36)

Xs
t = (Zmt Z

s
tL

s
t )

1−α (Ku,nr,s
t )

α
for s = cbi, kb (with Zcbit ≡ 1). (37)

The key equation from the intermediate-goods producing firms’ profit maximization

problems (equation 16) are the price Phillips curves

Θx,s
t MCstX

s
t = (Θx,s

t − 1)P st X
s
t

+ 100 · χp
(
Πp,s
t −ηpΠp,s

t−1−(1−ηp)Πp,s
∗

)
Πp,s
t P st X

s
t

− βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

· 100·χp
(
Πp,s
t+1−η

pΠp,s
t −(1−ηp)Πp,s

∗

)
Πp,s
t+1P

s
t+1X

s
t+1

}

for s = cbi, kb. (38)

The symmetric first-order conditions implied by the non-residential part of the capital

owners’ profit-maximization problem (equation 17) are:

Qnrt = βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

(
Rnrt+1 + (1 − δnr)Qnrt+1

)
}

(39)

Rnr,st =
Rnrt
U st

for s = cbi, kb (40)

U st =

(
1

κ
·
Rnr,st

P kbt

) 1

ψ

for s = cbi, kb (41)

P kbt = Qnrt

[
Anrt − 100 · χnr

(
Enrt −Enrt−1Γ

x,kb
t

Knr
t

)]

+ βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

·Qnrt+1 ·100·χnr ·Γx,kbt+1

(
Enrt+1−E

nr
t Γx,kbt+1

Knr
t+1

)}
(42)

Knr
t+1 = (1−δnr)Knr

t +Anrt E
nr
t −

100 · χnr

2

(
Enrt −Enrt−1Γ

x,kb
t

Knr
t

)2

Knr
t (43)

Knr,cbi
t + Knr,kb

t =Knr
t (44)
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The symmetric first-order conditions implied by the consumer durables part of the

capital owners’ profit-maximization problem (equation 18) are:

Qcdt = βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

(
Rcdt+1 + (1 − δcd)Qcdt+1

)}
(45)

P kbt = Qcdt

[
Acdt − 100 · χcd

(
Ecdt −Ecdt−1Γ

x,kb
t

Kcd
t

)]

+ βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

·Qcdt+1 ·100·χcd ·Γx,kbt+1

(
Ecdt+1−E

cd
t Γx,kbt+1

Kcd
t+1

)}
(46)

Kcd
t+1 = (1 − δcd)Kcd

t +Acdt E
cd
t −

100 · χcd

2

(
Ecdt −Ecdt−1Γ

x,kb
t

Kcd
t

)2

Kcd
t (47)

The symmetric first-order conditions implied by the residential part of the capital

owners’ profit-maximization problem (equation 19) are:

Qrt = βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

(
Rrt+1 + (1 − δr)Qrt+1

)
}

(48)

P cbit = Qrt

[
Art − 100 · χr

(
Ert −E

r
t−1Γ

x,cbi
t

Kr
t

)]

+ βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

·Qrt+1 ·100·χr ·Γx,cbit+1 ×

(
Ert+1−E

r
t Γ

x,cbi
t+1

Kr
t+1

)}
(49)

Kr
t+1 = (1−δr)Kr

t +ArtE
r
t−

100 · χr

2

(
Ert−E

r
t−1Γ

x,cbi
t

Kr
t

)2

Kr
t (50)

The symmetric (expenditure-related) first-order conditions implied by the households’

utility-maximization problem are: (equation 20) are:

Λcnnt

P cbit

= βRtEt

{
Λcnnt+1

P cbit+1

}
(51)

Λcnnt

P cbit

=
Λcdt
Rcdt

(52)

Λcnnt

P cbit

=
Λrt
Rrt

(53)

Λcnnt = ςcnn ·
Ξcnnt

Ecnnt − hcnnEcnnt−1

− βςcnnEt

{
hcnnΞcnnt+1

Ecnnt+1 − hcnnEcnnt

}
(54)

Λcdt = ςcd ·
Ξcdt

Kcd
t − hcdKcd

t−1

− βςcdEt

{
hcdΞcdt+1

Kcd
t+1 − hcdKcd

t

}
(55)

Λrt = ςr ·
Ξrt

Kr
t − hrKr

t−1

− βςrEt

{
hrΞrt+1

Kr
t+1 − hrKr

t

}
. (56)
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The key equations from the households’ labor-supply decision are the wage Phillips curves

Θl
t ·

Λl,cbit

Λcnnt

· P cbit Lcbit

=
(
Θl
t − 1

)
W cbi
t Lcbit

−Θl
t· 100 · χl

(
Lcbi∗

Lcbi∗ + Lcbi∗

·W cbi
t +

Lkb∗
Lcbi∗ + Lcbi∗

·W kb
t

)(
Lcbit
Lkbt

−ηl
Lcbit−1

Lkbt−1

−(1−ηl)
Lcbi∗

Lkb∗

)

+100 · χw
(
Πw,cbi
t −ηwΠw,cbi

t−1 −(1−ηw)Πw,cbi
∗

)
Πw,cbi
t W cbi

t Lcbit

−βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

×100·χw
(
Πw,cbi
t+1 −ηwΠw,cbi

t −(1−ηw)Πw,cbi
∗

)
Πw,cbi
t+1 W cbi

t+1L
cbi
t+1

}
(57)

Θl
t ·

Λl,kbt

Λcnnt

· P cbit Lkbt

=
(
Θl
t − 1

)
W kb
t L

kb
t

+Θl
t· 100 · χl

(
Lcbi∗

Lcbi∗ + Lcbi∗

·W cbi
t +

Lkb∗
Lcbi∗ + Lcbi∗

·W kb
t

)(
Lcbit
Lkbt

−ηl
Lcbit−1

Lkbt−1

−(1−ηl)
Lcbi∗

Lkb∗

)

+100 · χw
(
Πw,kb
t −ηwΠw,kb

t−1 −(1−ηw)Πw,kb
∗

)
Πw,kb
t W kb

t L
kb
t

−βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

×100·χw
(
Πw,kb
t+1 −ηwΠw,kb

t −(1−ηw)Πw,kb
∗

)
Πw,kb
t+1 W

kb
t+1L

kb
t+1

}
(58)

where

Λl,cbit = Λl,kbt = ς lΞlt

(
Lcbit + Lkbt

)ν
(59)

B Equilibrium in the Symmetric and Stationary Model

The symmetric equilibrium is an allocation:

{
Hgdp
t , X̃cbi

t , X̃kb
t , Ẽ

nr
t , Ẽrt , Ẽ

cd
t , Ẽ

cnn
t , Λ̃rt , Λ̃

cd
t , Λ̃

cnn
t ,Λl,cbit ,Λl,kbt ,

Lcbit , Lkbt , U
cbi
t , Ukbt , K̃

u,nr,cbi
t , K̃u,nr,kb

t , K̃nr,cbi
t , K̃nr,kb

t , K̃nr
t+1, K̃

r
t+1, K̃

cd
t+1

}∞

t=0

and a sequence of values

{
Πp,gdp
t ,Πp,cbi

t ,Πp,kb
t ,Πw,cbi

t ,Πw,kb
t , P̃ kbt , W̃

cbi
t , W̃ kb

t ,

R̃nr,cbit , R̃nr,kbt , R̃nrt , R̃
r
t , R̃

cd
t , M̃C

cbi

t , M̃C
kb

t , Q̃
nr
t , Q̃

r
t , Q̃

cd
t , Rt

}∞

t=0
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that satisfy the stationary versions of the equations given in the preceding section, taking as

given the initial values of Knr
0 , Kr

0 , Kcd
0 , and R−1, and the sequence of exogenous variables

{
Γz,kbt ,Γz,mt ,Θy,cbi

t ,Θy,kb
t ,Θl

t, A
nr
t , A

r
t , A

cd
t ,Ξ

cnn
t ,Ξcdt ,Ξ

r
t ,Ξ

l
t, E

gf
t

}∞

t=0

implied by the sequence of shocks

{
ǫz,kbt , ǫz,mt , ǫθ,y,cbit , ǫθ,y,kbt , ǫθ,lt , ǫ

a,nr
t , ǫa,rt , ǫ

a,cd
t , ǫξ,cnnt , ǫξ,cdt , ǫξ,rt , ǫ

ξ,l
t , ǫ

gf
t ǫ

r
t

}∞

t=0
.

The stationary versions of the equations reported in appendix A are presented in this

section. Note also that definitions for all of the model’s stationary variables can be found

in appendix F.

The symmetric and stationary first-order conditions implied by the second step of the

intermediate-goods producing firms’ cost minimization problems (equation 15)

are:

Lst = (1 − α) · X̃s
t ·

M̃C
s

t

W̃ s
t

for s = cbi, bk (60)

K̃u,nr,s
t

Γx,kbt

= α · X̃s
t ·

M̃C
s

t

R̃nr,st

for s = cbi, kb. (61)

X̃s
t = (Zmt Z

s
tL

s
t )

1−α
(
K̃u,nr,s
t

)α
for s = cbi, kb (with Zcbit ≡ 1). (62)

The stationary price Phillips curves that are implied by the intermediate-goods pro-

ducing firms’ profit maximization problems (equation 16) are

Θx,cbi
t M̃C

cbi

t X̃cbi
t =

(
Θx,cbi
t − 1

)
X̃cbi
t

+ 100 · χp
(
Πp,cbi
t −ηpΠp,cbi

t−1 −(1−ηp)Πp,cbi
∗

)
Πp,cbi
t X̃cbi

t

− βEt

{
Λ̃cnnt+1

Λ̃cnnt

· 100·χp
(
Πp,cbi
t+1 −ηpΠp,cbi

t −(1−ηp)Πp,cbi
∗

)
Πp,cbi
t+1 X̃

cbi
t+1

}
(63)

Θx,kb
t M̃C

kb

t X̃
kb
t =

(
Θx,kb
t − 1

)
P̃ kbt X̃

kb
t

+ 100 · χp
(
Πp,kb
t −ηpΠp,kb

t−1 −(1−ηp)Πp,kb
∗

)
Πp,kb
t P̃ kbt X̃

kb
t

− βEt

{
Λ̃cnnt+1

Λ̃cnnt

· 100·χp
(
Πp,kb
t+1 −η

pΠp,kb
t −(1−ηp)Πp,kb

∗

)
Πp,kb
t+1 P̃

kb
t+1X̃

kb
t+1

}
(64)

The symmetric and stationary first-order conditions implied by the non-residential part

of the capital owners’ profit-maximization problem (equation 17) are:

Q̃nrt = βEt

{
Λ̃cnnt+1

Λ̃cnnt

·
1

Γx,kbt+1

(
R̃nrt+1 + (1 − δnr)Q̃nrt+1

)}
(65)
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R̃nr,st =
R̃nrt
U st

for s = cbi, kb (66)

U st =

(
1

κ
·
R̃nr,st

P̃ kbt

) 1

ψ

for s = cbi, kb (67)

P̃ kbt = Q̃nrt

[
Anrt − 100 · χnr

(
Ẽnrt −Ẽnrt−1

K̃nr
t

· Γx,kbt

)]

+ βEt

{
Λ̃cnnt+1

Λ̃cnnt

· Q̃nrt+1 ·100·χnr

(
Ẽnrt+1−Ẽ

nr
t

K̃nr
t+1

· Γx,kbt+1

)}
(68)

K̃nr
t+1 = (1−δnr)

K̃nr
t

Γx,kbt

+Anrt Ẽ
nr
t −

100 · χnr

2

(
Ẽnrt −Ẽnrt−1

K̃nr
t

· Γx,kbt

)2
K̃nr
t

Γx,kbt

(69)

K̃nr,cbi
t + K̃nr,kb

t =K̃nr
t (70)

The symmetric and stationary first-order conditions implied by the consumer durables

part of the capital owners’profit-maximization problem (equation 18) are:

Q̃cdt = βEt

{
Λ̃cnnt+1

Λ̃cnnt

·
1

Γx,kbt+1

(
R̃cdt+1 + (1 − δcd)Q̃cdt+1

)}
(71)

P̃ kbt = Q̃cdt

[
Acdt − 100 · χcd

(
Ẽcdt −Ẽcdt−1

K̃cd
t

· Γx,kbt

)]

+ βEt

{
Λ̃cnnt+1

Λ̃cnnt

· Q̃cdt+1 ·100·χcd

(
Ẽcdt+1−Ẽ

cd
t

K̃cd
t+1

· Γx,kbt+1

)}
(72)

K̃cd
t+1 = (1 − δcd)

K̃cd
t

Γx,kbt

+Acdt Ẽ
cd
t −

100 · χcd

2

(
Ẽcdt −Ẽcdt−1

K̃cd
t

· Γx,kbt

)2
K̃cd
t

Γx,kbt

. (73)

The symmetric and stationary first-order conditions implied by the residential part of

the capital owners’ profit-maximization problem (equation 19) are:

Q̃rt = βEt

{
Λ̃cnnt+1

Λ̃cnnt

·
1

Γx,cbit+1

(
R̃rt+1 + (1 − δr)Q̃rt+1

)}
(74)

1 = Q̃rt

[
Art − 100 · χr

(
Ẽrt −Ẽ

r
t−1

K̃r
t

· Γx,cbit

)]

+ βEt

{
Λ̃cnnt+1

Λ̃cnnt

· Q̃rt+1 ·100·χr ·ηr

(
Ẽrt+1−Ẽ

r
t

K̃r
t+1

· Γx,cbit+1

)}
(75)

K̃r
t+1 = (1 − δr)

K̃r
t

Γx,cbit

+Art Ẽ
r
t −

100 · χr

2

(
Ẽrt −Ẽ

r
t−1

K̃r
t

· Γx,cbit

)2
K̃r
t

Γx,cbit

. (76)

The symmetric and stationary (expenditure-related) first-order conditions implied by the
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households’ utility-maximization problem are: (equation 20) are:

Λ̃cnnt = βRtEt ·

{
Λ̃cnnt ·

1

Πcbi
t+1Γ

x,cbi
t+1

}
(77)

Λ̃cnnt = Λ̃cdt ·
1

R̃cdt
(78)

Λ̃cnnt = Λ̃rt ·
1

R̃rt
(79)

Λ̃cnnt = ςcnn ·
Ξcnnt

Ẽcnnt − (hcnn/Γx,cbit ) Ẽcnnt−1

− βςcnnEt

{
(hcnn/Γx,cbit+1 ) Ξcnnt+1

Ẽcnnt+1 − (hcnn/Γx,cbit+1 ) Ẽcnnt

}
(80)

Λ̃cdt

Γx,kbt

= ςcd ·
Ξcdt

K̃cd
t − (hcd/Γx,kbt−1 ) K̃cd

t−1

− βςcdEt

{
(hcd/Γx,kbt ) Ξcdt+1

K̃cd
t+1 − (hcd/Γx,kbt ) K̃cd

t

}
(81)

Λ̃rt

Γx,cbit

= ςr ·
Ξrt

K̃r
t − (hr/Γx,cbit−1 ) K̃r

t−1

− βςrEt

{
(hr/Γx,cbit ) Ξrt+1

K̃r
t+1 − (hr/Γx,cbit ) K̃r

t

}
(82)

The key equations from the households’ labor-supply decision are the wage Phillips curves

Θl
t ·

Λl,cbit

Λ̃cnnt

· Lcbit

=
(
Θl
t − 1

)
W̃ cbi
t Lcbit

−Θl
t· 100 · χl

(
Lcbi∗

Lcbi∗ + Lcbi∗

· W̃ cbi
t +

Lkb∗
Lcbi∗ + Lcbi∗

· W̃ kb
t

)(
Lcbit
Lkbt

−ηl
Lcbit−1

Lkbt−1

−(1−ηl)
Lcbi∗

Lkb∗

)

+100 · χw
(
Πw,cbi
t −ηwΠw,cbi

t−1 −(1−ηw)Πw,cbi
∗

)
Πw,cbi
t W̃ cbi

t Lcbit

−βEt

{
Λ̃cnnt+1

Λ̃cnnt

· 100·χw
(
Πw,cbi
t+1 −ηwΠw,cbi

t −(1−ηw)Πw,cbi
∗

)
Πw,cbi
t+1 W̃ cbi

t+1L
cbi
t+1

}
(83)

Θl
t ·

Λl,kbt

Λ̃cnnt

· Lkbt

=
(
Θl
t − 1

)
W̃ kb
t L

kb
t

+Θl
t· 100 · χl

(
Lcbi∗

Lcbi∗ + Lcbi∗

· W̃ cbi
t +

Lkb∗
Lcbi∗ + Lcbi∗

· W̃ kb
t

)(
Lcbit
Lkbt

−ηl
Lcbit−1

Lkbt−1

−(1−ηl)
Lcbi∗

Lkb∗

)

+100 · χw
(
Πw,kb
t −ηwΠw,kb

t−1 −(1−ηw)Πw,kb
∗

)
Πw,kb
t W̃ kb

t L
kb
t

−βEt

{
Λ̃cnnt+1

Λ̃cnnt

· 100·χw
(
Πw,kb
t+1 −ηwΠw,kb

t −(1−ηw)Πw,kb
∗

)
Πw,kb
t+1 W̃

kb
t+1L

kb
t+1

}
(84)

The model’s other conditions for equilibrium, listed in appendix A for the non-stationary

model, are transformed as follows in the stationary model:
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• The model’s market clearing conditions become:

X̃cbi
t = Ẽcnnt +Ẽrt , X̃

kb
t = Ẽcdt +Ẽnrt , K̃u,nr,cbi

t = U cbit K̃nr,cbi
t , and K̃u,nr,kb

t = Ukbt K̃
nr,kb
t .

• The identities between real wages, relative prices, and wage and price inflation rates

become:

P̃ kbt =
Πp,kb
t

Πp,cbi
t

·
Γx,kbt

Γx,cbit

·P̃ kbt−1, P̃
ch
t =

Πp,ch
t

Πp,cbi
t

·P̃ kbt−1 and W̃ s
t =

Πw,s
t

Πp,cbi
t

·
1

Γx,cbit

·W̃ s
t−1 for s = cbi, kb

• Equations (29) and (30) that describe the behavior of monetary policy are already

described in terms of stationary variables;

• The equations that define the growth rates of GDP growth and price inflation are

given by:

Hgdp
t =



(

Γx,cbit · X̃cbi
t

X̃cbi
t−1

)P cbi
∗

eXcbi
∗

(
Γx,kbt · X̃kb

t

X̃kb
t−1

)Pkb
∗

eXkb
∗

(
Γx,cbit · X̃gf

t

X̃gf
t−1

)P cbi
∗

eXgf
∗




1

Pcbi
∗

eXcbi
∗

+Pkb
∗

eXkb
∗

+Pcbi
∗

eX
gf
∗

(85)

and

Πp,gdp
t Hgdp

t = Πp,cbi
t Γx,cbit ·

X̃cbi
t + P̃ kbt X̃kb

t + X̃gf
t

X̃cbi
t−1 + P̃ kbt−1X̃

kb
t−1 + X̃gf

t−1

. (86)

C The Steady-state Solution to the Symmetric and Station-

ary Model

The steady-state growth rates in the fast- and slow-growing sectors of the economy are,

respectively,

Γx,kb∗ = Γz,m∗ Γz,kb∗ and (87)

Γx,cbi∗ = Γz,m∗ (Γz,kb∗ )α. (88)

From the steady-state version of the Euler equation (equation 77), we know that the steady-

state nominal interest rate is given by:

R∗ =
1

β
· Γx,cbi∗ Πp,cbi

∗ =
1

β
· Γx,kb∗ Πk

∗ (89)

while the real interest rates relevant to consumers, capital owners, and producers respec-

tively are:

R∗

Πp,cbi
∗

=
1

β
· Γx,cbi∗ and (90)

R∗

Πp,kb
∗

=
1

β
· Γx,kb∗ =

1

β
· Γx,cbi∗ ·

Πp,cbi
∗

Πp,kb
∗

. (91)
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The steady-state values of the relative prices of fast-growing goods (P̃ kbt ), installed non-

residential capital goods (Q̃nrt ) and installed consumer durables (Q̃cdt ) is equal to the steady-

state relative mark-ups in the two sectors. Since we assume that Θx,cbi
∗ = Θx,kb

∗ , these

relative prices are all unity in the steady-state. The relative price of installed residential

capital goods (Q̃rt ) is also unity. Specifically,

P̃ kb∗ = Q̃cd∗ = Q̃nr∗ =
Θx,kb

∗

Θx,kb
∗ − 1

·
Θx,cbi

∗ − 1

Θx,cbi
∗

= 1 and Q̃r∗ = 1.

The steady-state values of real marginal cost, the real rental rate, and the real wage can be

calculated from the steady-state versions of equations (60), (61), (62), (63), (64), and (65).

These are

M̃C
cbi

∗ = M̃C
kb

∗ =
Θx,cbi

∗ − 1

Θx,cbi
∗

,= P̃ kb∗ ·
Θx,kb

∗ − 1

Θx,kb
∗

, (92)

R̃nr,s∗ = R̃nr∗ = P̃ kb∗

(
1

β
· Γx,kb∗ − (1 − δnr)

)
= P̃ kb∗

(
R∗

Πp,kb
∗

− (1 − δnr)

)
, and (93)

W̃ s
∗ = W̃∗ = (1 − α)

(
Θx,kb

∗ − 1

Θx,kb
∗

) 1

1−α

P̃ kb∗

(
α

Γx,kb∗ /β − (1 − δnr)

) α
1−α

(94)

From our calibration of κ, the parameter in the non-residential capital owners utilization

function, we know from equation (67) that U cbi∗ = Ukb∗ = 1. It is useful to note from the

above equations that:

(
W̃ s

∗

R̃nr,s∗

)1−α

=
1

R̃nr,s∗

· P̃ k∗ ·
Θx,kb

∗ − 1

Θx,kb
∗

(1 − α)1−α (α)α

(
R̃nr,s∗

W̃ s
∗

)α
=

1

W̃ s
∗

· P̃ kb∗ ·
Θx,kb

∗ − 1

Θx,kb
∗

(1 − α)1−α (α)α

From equations (71) and (74) note also that:

R̃cd∗ = P̃ kb∗

(
1

β
· Γx,kb∗ −

(
1 − δcd

))
= P̃ kb∗

(
R∗

Πp,kb
∗

−
(
1 − δcd

))
, and (95)

R̃r∗ =

(
1

β
· Γx,cbi∗ − (1 − δr)

)
=

(
R∗

Πp,cbi
∗

− (1 − δr)

)
(96)

The steady-state inflation rates of capital prices and of nominal wages are given by:

Πp,kb
∗ = Πp,cbi

∗ (Γx,cbi∗ /Γx,kb∗ )=Πp,cbi
∗ (1/Γz,kb∗ )1−α, and (97)

Πw,s
∗ = Πw

∗ = Πp,cbi
∗ Γy,cbi∗ = Πp,cbi

∗ Γz,m∗ (Γz,kb∗ )α, for s = cbi, kb, (98)

where the steady-state inflation rate of consumption prices Πp,cbi
∗ is set by the preferences

of the central bank.
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The steady-state ratios Lcbi∗ /Ỹ cbi
∗ , K̃nr,cbi

∗ /X̃cbi
∗ , Lkb∗ /Ỹ

kb
∗ , and K̃nr,kb

∗ /X̃kb
∗ , which are

calculated from the factor demand schedules (equations 60 and 61), are

K̃nr,cbi
∗

X̃cbi
∗

·
1

Γx,kb∗

=

(
α

1 − α

)1−α
(
W̃ s

∗

R̃nr,s∗

)1−α

=
α

Γx,kb∗ /β − (1 − δnr)
·
Θx,kb

∗ − 1

Θx,kb
∗

, (99)

Lcbi∗

X̃cbi
∗

=

(
1 − α

α

)α(R̃nr,s∗

W̃ s
∗

)α
=

(
Γx,kb∗ /β − (1 − δnr)

α
·

Θx,kb
∗

Θx,kb
∗ − 1

) α
1−α

, (100)

K̃nr,kb
∗

X̃kb
∗

·
1

Γx,kb∗

=

(
α

1 − α

)1−α
(
W̃ s

∗

R̃nr,s∗

)1−α

=
α

Γx,kb∗ /β − (1 − δnr)
·
Θx,kb

∗ − 1

Θx,kb
∗

, and (101)

Lkb∗

X̃kb
∗

=

(
1 − α

α

)α(R̃nr,s∗

W̃ s
∗

)α
=

(
Γx,kb∗ /β − (1 − δnr)

α
·

Θx,kb
∗

Θx,kb
∗ − 1

) α
1−α

. (102)

We can write these as

K̃nr,cbi
∗

X̃cbi
∗

·
1

Γx,kb∗

= A,
L̃cbi∗

X̃cbi
∗

= (A)−
α

1−α ,
K̃nr,kb

∗

X̃kb
∗

·
1

Γx,kb∗

= A, and
L̃kb∗

X̃kb
∗

= (A)−
α

1−α ,

(103)

where

A =
α

Γy,kb∗ /β − (1 − δnr)
·
Θx,kb

∗ − 1

Θx,kb
∗

To solve for Lcbi∗ , K̃cbi
∗ , Lkb∗ , and K̃kb

∗ by themselves we need to solve first for X̃cbi
∗ and

X̃kb
∗ . This takes a few steps, the first of which is to derive the ratio of X̃kb

∗ /X̃
cbi
∗ . As

part of this excerise we must turn to considering the expenditure side of the model, and in

particular the model’s expenditure ratios.

To calculate the model’s expenditure ratios, we start with what we know about the

ratios between the inputs to the optimizing household’s utility function, that is Ecnn∗ , Kcd
∗ ,

and Kr
∗ . We know from equations (78) to (82) that

K̃cd
∗

Ẽcnn∗

=
ςcd

ςcnn
·

1 − βhcd/Γx,kb

1 − βhcnn/Γx,cbi
·
1 − hcnn/Γx,cbi

1 − hcd/Γx,kb
·

1

R̃cd∗
, and

K̃r
∗

Ẽcnn∗

=
ςr

ςcnn
·

1 − βhr/Γx,cbi

1 − βhcnn/Γx,cbi
·
1 − hcnn/Γx,cbi

1 − hr/Γx,cbi
·

1

R̃r∗

We have expressions for R̃cd∗ and R̃r∗ in equations (95) and (96) and we know from the

steady-state versions of equations (73) and (76) that

Ẽcd∗

K̃cd
∗

=

(
Γx,kb∗ − (1 − δcd)

Γx,kb∗

)
and

Ẽr∗

K̃r
∗

=

(
Γx,cbi∗ − (1 − δr)

Γx,cbi∗

)
. (104)

33



These equations imply that the ratios of expenditures implied by the optimizing agents of

the model are

Ẽcd∗

Ẽcnn∗

=
ςcd

ςcnn
·

1−βhcd/Γx,kb

1−βhcnn/Γx,cbi
·
1−hcnn/Γx,cbi

1− hcd/Γx,kb
·
Γx,kb∗ −(1−δcd)

Γx,kb∗

·
1

P̃ kb∗
·

β

Γx,kb∗ −β(1−δcd)
=D

(105)

Ẽr∗

Ẽcnn∗

=
ςr

ςcnn
·

1−βhr/Γx,cbi

1−βhcnn/Γx,cbi
·
1−hcnn/Γx,cbi

1−hr/Γx,cbi
·
Γx,cbi∗ −(1−δr)

Γx,cbi∗

·
β

Γx,cbi∗ −β(1−δr)
=R (106)

We can now consider expenditures as shares of their sector’s outputs. Recall from the

equilibrium conditions listed in appendix A that

Ecnn∗ + Er∗ =Xcbi
∗ and Ecd∗ + Enr∗ =Xkb

∗ ,

Consider first the market clearing condition for the slow growing sector. Since all aggregates

in this equation grow at the same rate we can re-write the steady-state expression for Xcbi
t

as shown below (as well as in appendix B) and with some manipulations

X̃cbi
∗ = Ẽcnn∗ + Ẽr∗ implies

1 =
Ẽcnn∗

X̃cbi
∗

+
Ẽr∗

X̃cbi
∗

=
Ẽcnn∗

X̃cbi
∗

+
Ẽr∗

Ẽcnn∗

·
Ẽcnn∗

X̃cbi
∗

=
Ẽcnn∗

X̃cbi
∗

(
1 +

Ẽr∗

Ẽcnn∗

)
=

Ẽcnn∗

X̃cbi
∗

(1 + R) .

This then allows us to write:

Ẽcnn∗

X̃cbi
∗

=
Ẽcnn∗

Ẽcnn∗ +Ẽr∗
=

1

1+Ẽr∗/Ẽ
cnn
∗

=
1

1+R
and

Ẽr∗

X̃cbi
∗

=1−
Ẽcnn∗

X̃cbi
∗

=1−
1

1+R
=

R

1+R
, (107)

where R was defined in equation (106). For the fast-growing sector, we can re-write the

market clearing condition (as in appendix B) as:

X̃kb
∗ = Ẽcd∗ + Ẽnr∗ .

and make similar tranformations as before. A useful relationship for these transformations

is from equations (69) and (70), that is,

Ẽnr∗ =

(
Γx,kb∗ − (1 − δnr)

Γx,kb∗

)
K̃nr

∗ =

(
Γx,kb∗ − (1 − δnr)

Γx,kb∗

)(
K̃nr,cbi

∗ + K̃nr,kb
∗

)
.

The fast growing sector’s market clearing condition can also be manipulated; specifically,

X̃kb
∗ = Ẽcd∗ + Ẽnr∗ implies

1 =
Ẽcd∗

X̃kb
∗

+
Ẽnr∗

X̃kb
∗

=
Ẽcd∗

Ẽcnn∗

·
Ẽcnn∗

X̃cbi
∗

·
X̃cbi

∗

X̃kb
∗

+

(
Γx,kb∗ −(1−δnr)

Γx,kb∗

)(
K̃nr,cbi

∗

X̃cbi
∗

·
X̃cbi

∗

X̃kb
∗

+
K̃nr,kb

∗

X̃kb
∗

)
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We have expressions for
eEcd
∗

eEcnn
∗

,
eEcnn
∗

eXcbi
∗

,
eKnr,cbi
∗

eXcbi
∗

, and
eKnr,kb
∗

eXkb
∗

. Substituting in these expressions

yields

1 = D

(
1

1 + R

)
·
X̃cbi

∗

X̃kb
∗

+

(
Γx,kb∗ − (1 − δnr)

Γx,kb∗

)
A · Γx,kb∗

(
X̃cbi

∗

X̃kb
∗

+ 1

)
,

which can be re-arranged to

X̃kb
∗

X̃cbi
∗

=
D + (1 + R)

(
Γx,kb∗ − (1 − δnr)

)
A

(1 + R) − (1 + R)
(
Γx,kb∗ − (1 − δnr)

)
A

= B. (108)

This then allows us to write:

Ẽnr∗

X̃kb
∗

=

(
Γx,kb∗ −(1−δnr)

Γx,kb∗

)(
K̃nr,cbi

∗

X̃cbi
∗

·
X̃cbi

∗

X̃kb
∗

+
K̃nr,kb

∗

X̃kb
∗

)
=

(
Γx,kb∗ −(1−δnr)

Γx,kb∗

)
A ·

1+B

B
,

(109)

so that
Ẽcd∗

X̃kb
∗

= 1 −
Ẽnr∗

X̃kb
∗

= 1 −

(
Γx,kb∗ −(1−δnr)

Γx,kb∗

)
A ·

1+B

B
. (110)

We now consider the household’s supply of labor. First note from equations (59) and

(80) that:

Λ̃l,cbi∗ = Λ̃l,kb∗ = ς l(Lcbi∗ + Lkb∗ )ν and

Λ̃cnn∗ =
ςcnn

Ẽcnn∗

·
1 − βhcnn/Γx,cbi∗

1 − hcnn/Γx,cbi∗

Combining these steady-state values with the model’s labor supply schedules (equations 83

and 84) and the expression for the steady-state real wage (equation 94), imply:

(Lcbi∗ + Lkb∗ )ν · Ẽcnn∗ ·
ς l

ςcnn
·

1 − hcnn/Γx,cbi∗

1 − βhcnn/Γx,cbi∗

= (1 − α)

(
Θx,kb

∗ − 1

Θx,kb
∗

) 1

1−α

P̃ kb∗

(
α

Γx,kb∗ /β − (1 − δnr)

) α
1−α

(Lcbi∗ + Lkb∗ )ν+1

Lcbi

eXcbi
+ Lkb

eXkb
·

eXkb

eXcbi

·
Ẽcnn∗

X̃cbi
·
ς l

ςcnn
·

1 − hcnn/Γx,cbi∗

1 − βhcnn/Γx,cbi∗

= (1 − α)

(
Θx,kb

∗ − 1

Θx,cbi
∗

) 1

1−α

P̃ kb∗

(
α

Γx,kb∗ /β − (1 − δnr)

) α
1−α

(Lcbi∗ + Lkb∗ )ν+1

(A)−α/(1−α)(1 + B)
·

(
1

1 + R

)(
1 −

Ẽgf,cbi∗

X̃cbi
∗

)
·
ς l

ςcnn
·

1 − hcnn/Γx,cbi

1 − βhcnn/Γx,cbi

= (1 − α)

(
Θx,kb

∗ − 1

Θx,cbi
∗

) 1

1−α

P̃ kb∗

(
α

Γx,kb∗ /β − (1 − δnr)

) α
1−α
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Letting Lcbi∗ + Lkb∗ = L∗ implies that:

L∗ =


(1 − α)

(
Θx,kb

∗ − 1

Θx,cbi
∗

) 1

1−α

P̃ kb∗

(
α

Γx,kb∗ /β − (1 − δnr)

) α
1−α

×
1 + B

(A)α/(1−α)
· (1 + R) ·

ςcnn

ς l
·
1 − βhcnn/Γx,cbi

1 − hcnn/Γx,kb

] 1

ν+1

= L (111)

Since the right-hand sides of equations (100) and (102) are identical, L̃cbi∗ /X̃cbi
∗ = L̃kb∗ /X̃

kb
∗ .

As a result, X̃kb
∗ /X̃

cbi
∗ = B implies that Lkb∗ /L

cbi
∗ = B, which means then that:

Lcbi∗ =
1

1 + B
· L and Lkb∗ =

B

1 + B
· L.

Solving for Lcbi∗ and Lkb∗ allows us to find the steady-state solutions for all of the other

production, factor, and expenditure variables of the model. Specifically:

• Lcbi∗ and Lcbi∗ /X̃cbi
∗ (defined in equation 100) imply X̃cbi

∗ ;

• Lkb∗ and Lkb∗ /X̃
kb
∗ (defined in equation 102) imply X̃kb

∗ ;

• X̃cbi
∗ and K̃nr,cbi

∗ /X̃cbi
∗ (defined in equation 99) imply K̃nr,cbi

∗ and (since U cbi∗ = 1)

K̃u,nr,cbi
∗ ;

• X̃kb
∗ and K̃nr,kb

∗ /X̃kb
∗ (defined in equation 101) imply K̃nr,kb

∗ and (since Ukb∗ = 1)

K̃u,nr,kb
∗ ;

• K̃nr,cbi
∗ , K̃nr,kb

∗ , and the non-residential capital market clearing condition imply K̃nr
∗ ;

• X̃cbi
∗ and Ẽcnn∗ /X̃cbi

∗ and Ẽr∗/X̃
cbi
∗ (both defined in equation 107) imply Ẽcnn∗ and Ẽr∗ ;

• X̃kb
∗ and Ẽcd∗ /X̃

kb
∗ and Ẽnr∗ /X̃kb

∗ (defined in equations 109 and 110) imply Ẽcd∗ and

Ẽnr∗ ;

• Ẽcd∗ and Ẽr∗ , and Ẽcd∗ /K̃
cd
∗ and Ẽr∗/K̃

r
∗ (both defined in equation 104) imply K̃cd

∗ and

K̃r
∗ ; and,

• Λ̃cnn∗ , Λ̃cd∗ , and Λ̃r∗ are then implied by the steady-state versions of equations (80) to

(82), while Λl,cbi∗ and Λl,kb∗ are implied by the steady-state versions of equation (59).

Finally we have

Hgdp
∗ =

(
Γx,cbi∗

) Pcbi
∗

eXcbi
∗

+Pcbi
∗

eX
gf
∗

Pcbi
∗

eXcbi
∗

+Pkb
∗

eXkb
∗

+Pcbi
∗

eX
gf
∗

(
Γy,kb∗

) Pkb
∗

eXkb
∗

Pcbi
∗

eXcbi
∗

+Pkb
∗

eXkb
∗

+Pcbi
∗

eX
gf
∗

Πp,gdp
∗ =

1

Hgdp
∗

· Πp,cbi
∗ Γx,cbi∗ ·

The reader can verify that we have in this section presented a steady-state value for all of

the model variables that defined equilibrium in appendix B.
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D List of Model Parameters

hcnn = Habit-persistence parameter for the consumption of non-durable goods and non-

housing services.

hcd = Habit-persistence parameter for the consumption of durable goods.

hr = Habit-persistence parameter for the consumption of housing services.

α = The elasticity of output with respect to capital.

β = The household’s discount factor.

δcd = The quarterly depreciation rate of consumer durables.

δnr = The quarterly depreciation rate of non-residential capital.

δr = The quarterly depreciation rate of residential capital.

ηcd = Parameter reflecting the relative importance of lagged investment spending in the

consumer durables adjustment cost function.

ηnr = Parameter reflecting the relative importance of lagged investment spending in the

non-residential capital adjustment cost function.

ηr = Parameter reflecting the relative importance of lagged investment spending in the

residential capital adjustment cost function.

ηk = Parameter reflecting the relative importance of the lagged sectoral mix of non-

residential capital in the non-residential capital sectoral adjustment cost function.

ηl = Parameter reflecting the relative importance of the lagged sectoral mix of labor in the

labor sectoral adjustment cost function.

ηp = Parameter reflecting the relative importance of lagged price inflation in the adjustment

cost function for prices.

ηw = Parameter reflecting the relative importance of lagged wage inflation in the adjustment

cost function for wages.

κ = Variable capacity utilization scaling parameter.

ν = Inverse labor supply elasticity.

ρa,nr = Persistence parameter in the AR(1) process describing the evolution of Anrt .

ρa,cd = Persistence parameter in the AR(1) process describing the evolution of Acdt .

ρa,r = Persistence parameter in the AR(1) process describing the evolution of Art .

ρz,kb = Persistence parameter in the AR(1) process describing the evolution of Γz,kbt .

ρz,m = Persistence parameter in the AR(1) process describing the evolution of Γz,mt .

ρθ,x,cbi = Persistence parameter in the AR(1) process describing the evolution of Θx,cbi
t .

ρθ,x,kb = Persistence parameter in the AR(1) process describing the evolution of Θx,kb
t .

ρθ,l = Persistence parameter in the AR(1) process describing the evolution of Θl
t.

ρξ,cnn = Persistence parameter in the AR(1) process describing the evolution of Ξcnnt .

ρξ,cd = Persistence parameter in the AR(1) process describing the evolution of Ξcdt .

ρξ,r = Persistence parameter in the AR(1) process describing the evolution of Ξrt .
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ρξ,l = Persistence parameter in the AR(1) process describing the evolution of Ξlt.

ςcnn = Co-efficient on the consumer non-durable goods and non-housing serives component

of the utility function.

ςcd = Co-efficient on the consumer durable goods component of the utility function.

ςr = Co-efficient on the consumer housing serives component of the utility function.

ς l = Co-efficient on the labor supply components of the utility function.

φh,gdp = Co-efficient on GDP growth in the monetary policy reaction function.

φ∆h,gdp = Co-efficient on change in GDP growth in the monetary policy reaction function.

φπ,gdp = Co-efficient on GDP price inflation in the monetary policy reaction function.

φ∆π,gdp = Co-efficient on the change in GDP price inflation in the monetary policy reaction

function.

φr = Co-efficient on lagged nominal interest rates in the monetary policy reaction function.

χcd = Investment adjustment costs in the consumer durables evolution equation.

χnr = Investment adjustment costs in the non-residential capital evolution equation.

χr = Investment adjustment costs in the residential capital evolution equation.

χl = Parameter reflecting the size of adjustment costs in the labor sectoral adjustment cost

function.

χp = Parameter reflecting the size of adjustment costs in re-setting prices.

χw = Parameter reflecting the size of adjustment costs in re-setting wages.

ψ = Elasticity of utilization costs.

E List of Endogenous and Exogenous Model Variables

Anrt = Non-residential investment efficiency shock.

Art = Residential investment efficiency shock.

Acdt = Consumer durables investment efficiency shock.

Enrt = Expenditures on goods in the fast-growing “capital” goods sector for use in non-

residential investment.

Ert = Expenditures on goods in the slow-growing “consumption” goods sector for use in

residential investment.

Ecdt = Expenditures on goods in the fast-growing “capital” goods sector for use in consumer

durables investment.

Ecnnt = Expenditures on goods in the fast-growing “capital” goods sector for use in consumer

non-durable goods and non-housing services.

Egf,cbit = Exogenous expendiutre (by the government and foreign sector).

Hgdp
t = Growth rate of real (chain-weighted) GDP.

Ku,nr,cbi
t = The amount of utilized non-residential capital used in the slow-growing “con-

sumption”goods sector.
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Ku,nr,kb
t = The amount of utilized non-residential capital used in the fast-growing “capital”

goods sector.

Knr,cbi
t = The physical amount of non-residential capital used in the slow-growing “con-

sumption” goods sector.

Knr,kb
t = The physical amount of non-residential capital used in the fast-growing “capital”

goods sector.

Knr
t = The aggregate non-residential capital stock.

Kr
t = The residential capital stock.

Kcd
t = The consumer durables capital stock.

Lcbit = Labor used in the slow-growing “consumption” goods sector.

Lkbt = Labor used in the fast-growing “capital” goods sector.

MCcbit = Marginal cost in the slow-growing “consumption” goods sector.

MCkbt = Marginal cost in the fast-growing “capital” goods sector.

P cbit = Price level in the slow-growing “consumption” goods sector.

P kbt = Price level in the fast-growing “capital” goods sector.

Qnrt = Price of installed non-residential capital.

Qrt = Price of installed residential capital.

Qcdt = Price of installed consumer durables capital.

Rt = Nominal interest rate.

Rnr,cbit = The nominal rental rate on non-residential capital used in the slow-growing “con-

sumption” goods sector.

Rnr,kbt = The nominal rental rate on non-residential capital used in the fast-growing “capi-

tal” goods sector.

Rnrt = The aggregate nominal rental rate on non-residential capital.

Rrt = The nominal rental rate on residential capital.

Rcdt = The nominal rental rate on consumer durables capital.

U cbit = The utilization rate of non-residential capital used in the slow-growing “consump-

tion” goods sector.

Ukbt = The utilization rate of non-residential capital used in the fast-growing “capital” goods

sector.

W cbi
t = The nominal wage in the slow-growing “consumption” goods sector.

W kb
t = The nominal wage in the fast-growing “capital” goods sector.

Xcbi
t = Production in the slow-growing “consumption” goods sector.

Xkb
t = Production in the fast-growing “capital” goods sector.

(Zkbt )1−α = Level of capital-specific MFP.

(Zmt )1−α = Level of economy-wide MFP.
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Γx,cbit = Growth rate of output in the consumption (slow growth) sector consistent with the

growth rate of technology. (Note Γx,cbit is not in general equal to ln(Xcbi
t /Xcbi

t−1). Rather it

is equal to Γz,mt (Γz,kbt )α.)

Γx,kbt = Growth rate of output in the consumption (slow growth) sector consistent with the

growth rate of technology. (Note Γx,kbt is not in general equal to ln(Xkb
t /X

kb
t−1). Rather it

is equal to Γz,mt Γz,kbt .)

(1 − α)Γz,kbt = The growth rate of the level of capital-specific MFP.

(1 − α)Γz,mt = The growth rate of the level of economy-wide MFP.

Θl
t = The elasticity of subsitution between the differentiated labor inputs into production.

Θx,cbi
t = The elasticity of subsitution between the differentiated intermediate inputs in the

slow-growing “consumption” goods sector.

Θx,kb
t = The elasticity of subsitution between the differentiated intermediate inputs in the

fast-growing “capital” goods sector.

Λrt = The marginal utility of residential capital.

Λcdt = The marginal utility of durable goods.

Λcnnt = The marginal utility of non-durable goods and non-housing services consumption.

Λl,cbit = The marginal dis-utility of supplying labor in the slow-growing “consumption”

goods sector.

Λl,kbt = The marginal dis-utility of supplying labor in the fast-growing “capital” goods

sector.

Ξcnnt = Consumer non-durable goods and non-housing services consumption preference

shock.

Ξcdt = Consumer durable capital stock preference shock.

Ξrt = Residential capital stock preference shock.

Ξlt = Labor supply preference shock.

Πp,gdp
t = The inflation rate of the GDP deflator.

Πp,cbi
t = The inflation rate for prices in the slow-growing “consumption” goods sector.

Πp,kb
t = The inflation rate for prices in the fast-growing “capital” goods sector.

Πw,cbi
t = The inflation rate of nominal wages in the slow-growing “consumption” goods

sector.

Πw,kb
t = The inflation rate of nominal wages in the fast-growing “capital” goods sector.

F Definitions of Stationary Model Variables

In this section we provide definitions for all of the variables of the model that must be

transformed in order to render them stationary. Note that in going through our list of

model variables we leave out those that are already stationary.
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The model’s output variables in stationary form are:

X̃cbi
t =

Xcbi
t

Zmt (Zkbt )α(Zcbit )1−α

X̃kb
t =

Xkb
t

Zmt Z
kb
t

The model’s expenditure variables in stationary form are:

Ẽnrt =
Enrt

Zmt Z
kb
t

Ẽrt =
Ert

Zmt (Zkbt )α(Zcbit )1−α

Ẽcdt =
Ecdt

Zmt Z
kb
t

Ẽcnnt =
Ecct

Zmt (Zkbt )α(Zcbit )1−α

The model’s marginal utility variables in stationary form are:

Λ̃rt = ΛrtZ
m
t (Zkbt )α(Zcbit )1−α

Λ̃cdt = Λcdt Z
m
t Z

kb
t

Λ̃cnnt = Λcnnt Zmt (Zkbt )α(Zcbit )1−α

The model’s capital stock variables in stationary form are:

K̃u,nr,cbi
t =

Ku,nr,cbi
t

Zmt Z
kb
t

K̃u,nr,kb
t =

Ku,nr,kb
t

Zmt Z
kb
t

K̃nr,cbi
t =

Knr,cbi
t

Zmt Z
kb
t

K̃nr,kb
t =

Knr,kb
t

Zmt Z
kb
t

K̃nr
t+1 =

Knr
t

Zmt Z
kb
t

K̃r
t+1 =

Kr
t

Zmt (Zkbt )α(Zcbit )1−α

K̃cd
t+1 =

Kcd
t

Zmt Z
kb
t

The model’s relative (KB) output price variable in stationary form is:

P̃ kbt =
P kbt
P cbit

(
Zkbt
Zcbit

)1−α
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The model’s real wage variables are:

W̃ cbi
t =

W cbi
t

P cbit

·
1

Zmt (Zkbt )α(Zcbit )1−α

W̃ kb
t =

W kb
t

P cbit

·
1

Zmt (Zkbt )α(Zcbit )1−α

The model’s real rental rate variables in stationary form are:

R̃nr,cbit =
Rnr,cbit

P cbit

R̃nr,kbt =
Rnr,kbt

P cbit

R̃nrt =
Rnrt
P cbit

R̃rt =
Rrt
P cbit

R̃cdt =
Rcdt
P cbit

(
Zkbt
Zcbit

)1−α

The model’s real marginal cost variables in stationary form are:

M̃C
cbi

t =
MCcbit
P cbit

M̃C
kb

t =
MCkbt
P cbit

(
Zkbt
Zcbit

)1−α

The model’s relative price of installed capital variables in stationary form are:

Q̃nrt =
Qnrt
P cbit

(
Zkbt
Zcbit

)1−α

Q̃rt =
Qrt
P cbit

Q̃cdt =
Qcdt
P cbit

(
Zkbt
Zcbit

)1−α
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Table 1: Average Growth and Relative Price Changes (1984q1 to 2004q4).

Average Real Average Nominal Average
Growth Rate Growth Rate Price Change*

Consumer non-durable goods
and non-housing services 3 1

4 percent 6 1
4 percent n.a.

Consumer housing services 2 1
2 percent 6 1

4 percent 3
4 percent

Consumer durable goods 6 3
4 percent 6 1

2 percent −3 percent
Res. investment goods 3 3

4 percent 7 1
2 percent 1

2 percent
Non-res. investment goods 6 1

4 percent 6 1
4 percent −2 3

4 percent

*Relative to cons. non-durable goods & non-housing services prices.

Table 2: Cross Correlations: GDP and Major Private Expenditure Components

-4 -3 -2 -1 0 +1 +2 +3 +4

Cons. non-dur. goods
& non-hous. services −0.03 0.08 0.23 0.28 0.43 0.37 0.28 0.28 0.18
Cons. dur. goods 0.10 0.06 0.14 0.25 0.32 0.06 0.06 0.08 0.07
Res. inv. goods 0.15 0.19 0.34 0.31 0.44 0.15 -0.08 -0.12 -0.15
Non-res. inv. goods 0.12 0.01 0.17 0.14 0.61 0.31 0.26 −0.09 −0.02

Table 3: Calibrated Parameters

β α ψ δnr δcd δr Θx,cbi
∗ Θx,kb

∗ Θl
∗

Γz,m
∗ Γz,kb

∗ Hx,gf
∗

0.990 0.260 5 0.030 0.055 0.004 7.000 7.000 7.000 1.003 1.004 0.250
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Table 4: Prior and Posterior Distributions of the Model’s Behavioral and Policy Parameters

Prior Prior Prior Posterior Posterior Posterior Posterior Posterior
Param. Type Mean S.D. Mode S.D. 10th perc. 50th perc. 90th perc.

hcnn B 0.500 0.122 0.766 0.048 0.707 0.770 0.828
hcd B 0.500 0.122 0.571 0.196 0.372 0.600 0.919
hr B 0.500 0.122 0.500 0.128 0.328 0.490 0.665
ν G 2.000 1.000 1.287 0.735 0.805 1.554 2.600
χp G 2.000 1.000 2.331 0.808 2.294 3.193 4.338
ηp B 0.500 0.224 0.257 0.124 0.163 0.313 0.481
χw G 2.000 1.000 1.555 1.478 1.268 2.750 4.944
ηw B 0.500 0.224 0.296 0.147 0.138 0.328 0.529
χnr G 2.000 1.000 0.831 0.397 0.676 1.053 1.665
χcd G 2.000 1.000 0.145 0.082 0.055 0.181 0.275
χr G 6.000 1.000 10.198 2.590 8.085 10.852 14.793
χl G 2.000 1.000 0.766 1.703 0.412 1.366 3.615
ηl B 0.500 0.224 0.779 0.202 0.377 0.702 0.910
rπ N 2.000 1.000 3.532 0.515 2.947 3.561 4.251
r△π N 0.500 0.400 -0.041 0.080 -0.137 -0.040 0.070
rh,gdp N 0.500 0.400 0.210 0.026 0.183 0.216 0.250
r△h,gdp N 0.500 0.400 -0.084 0.025 -0.124 -0.092 -0.059
ρr B 0.750 0.112 0.900 0.018 0.876 0.902 0.922
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Table 5: Prior and Posterior Distributions of the Model’s Shock Parameters

Prior Prior Prior Posterior Posterior Posterior Posterior Posterior
Param. Type Mean S.D. Mode S.D. 10th perc. 50th perc. 90th perc.

ρa,nr B 0.750 0.112 0.894 0.032 0.839 0.884 0.920
ρa,cd B 0.750 0.112 0.842 0.115 0.619 0.802 0.908
ρa,r B 0.500 0.150 0.527 0.103 0.379 0.519 0.648
ρξ,cnn B 0.750 0.112 0.795 0.079 0.660 0.778 0.867
ρξ,cd B 0.750 0.112 0.899 0.080 0.733 0.859 0.931
ρξ,r B 0.750 0.112 0.793 0.113 0.615 0.787 0.907
ρξ,l B 0.750 0.112 0.940 0.030 0.884 0.930 0.962
ργ,m B 0.500 0.150 0.305 0.079 0.211 0.315 0.418
ργ,kb B 0.750 0.112 0.927 0.051 0.823 0.903 0.949
ρx,gf B 0.750 0.112 0.982 0.014 0.957 0.978 0.990

σa,nr I 4.000 2.000 6.631 2.056 5.986 8.032 11.069
σa,cd I 2.000 2.000 1.795 0.839 1.385 2.367 3.465
σa,r I 4.000 2.000 8.168 2.505 6.181 8.724 12.737
σξ,cnn I 3.000 2.000 1.555 0.319 1.344 1.634 2.089
σξ,cd I 3.000 2.000 3.304 1.995 2.192 3.670 6.967
σξ,r I 3.000 2.000 2.453 4.550 2.094 3.976 11.102
σξ,l I 3.000 2.000 2.175 0.877 2.049 2.973 4.273
σr I 0.200 2.000 0.112 0.011 0.101 0.114 0.130
σγ,m I 0.500 2.000 0.766 0.067 0.688 0.769 0.859
σγ,kb I 0.500 2.000 0.294 0.105 0.269 0.357 0.529
σx,gf I 1.000 2.000 1.507 0.154 1.363 1.533 1.744
σθ,x,cbi I 0.500 2.000 0.526 0.200 0.496 0.703 0.995
σθ,x,kb I 0.500 2.000 0.394 0.164 0.326 0.485 0.752
σθ,w I 0.500 2.000 0.667 0.088 0.563 0.667 0.786
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Table 6: Variance Decomposition of Main Aggregates (1, 5, 10, and 40 quarter horizon)

Shocks Hgdp Πp.gdp R

ǫξ,cnn 1 (0.02,0.02,0.03) (0.00,0.00,0.01) (0.01,0.02,0.02)
5 (0.01,0.01,0.01) (0.01,0.01,0.02) (0.04,0.05,0.06)
10 (0.00,0.00,0.00) (0.01,0.01,0.02) (0.03,0.04,0.05)
40 (0.00,0.00,0.00) (0.01,0.01,0.01) (0.03,0.05,0.06)

ǫξ,cd 1 (0.01,0.03,0.04) (0.00,0.00,0.01) (0.01,0.02,0.03)
5 (0.00,0.01,0.01) (0.00,0.01,0.02) (0.02,0.04,0.07)
10 (0.00,0.00,0.00) (0.00,0.01,0.02) (0.01,0.03,0.06)
40 (0.00,0.00,0.00) (0.00,0.00,0.01) (0.01,0.02,0.03)

ǫξ,r 1 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)
5 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)
10 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)
40 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)

ǫξ,l 1 (0.01,0.01,0.01) (0.03,0.04,0.05) (0.00,0.00,0.00)
5 (0.03,0.04,0.05) (0.08,0.10,0.14) (0.00,0.00,0.01)
10 (0.04,0.05,0.07) (0.07,0.09,0.12) (0.00,0.00,0.00)
40 (0.00,0.00,0.01) (0.00,0.00,0.01) (0.00,0.00,0.00)

ǫr 1 (0.02,0.03,0.04) (0.02,0.02,0.03) (0.50,0.57,0.63)
5 (0.01,0.01,0.02) (0.05,0.07,0.09) (0.05,0.07,0.08)
10 (0.00,0.00,0.00) (0.06,0.08,0.10) (0.01,0.01,0.02)
40 (0.00,0.00,0.00) (0.04,0.06,0.08) (0.01,0.01,0.01)

ǫz,kb 1 (0.00,0.00,0.00) (0.03,0.04,0.06) (0.01,0.01,0.02)
5 (0.01,0.02,0.03) (0.12,0.15,0.19) (0.02,0.04,0.06)
10 (0.07,0.09,0.12) (0.19,0.24,0.29) (0.02,0.04,0.06)
40 (0.49,0.59,0.69) (0.43,0.54,0.65) (0.00,0.01,0.02)

ǫz,m 1 (0.32,0.36,0.40) (0.18,0.22,0.27) (0.01,0.03,0.05)
5 (0.29,0.35,0.41) (0.44,0.50,0.56) (0.01,0.02,0.03)
10 (0.31,0.38,0.44) (0.40,0.46,0.53) (0.00,0.01,0.01)
40 (0.28,0.37,0.47) (0.20,0.27,0.35) (0.02,0.03,0.05)
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Table 7: Variance Decomposition of Main Aggregates (1, 5, 10, and 40 quarter horizon)

Shocks Hgdp Πp.gdp R

ǫθ,x,c 1 (0.00,0.01,0.01) (0.51,0.58,0.66) (0.07,0.10,0.13)
5 (0.00,0.00,0.00) (0.02,0.03,0.04) (0.02,0.03,0.05)
10 (0.00,0.00,0.00) (0.00,0.00,0.01) (0.01,0.01,0.02)
40 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.01,0.01)

ǫθ,x,k 1 (0.00,0.00,0.00) (0.01,0.02,0.03) (0.00,0.00,0.00)
5 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)
10 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)
40 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)

ǫθ,l 1 (0.00,0.00,0.00) (0.02,0.03,0.04) (0.00,0.00,0.00)
5 (0.00,0.01,0.01) (0.02,0.03,0.04) (0.00,0.00,0.01)
10 (0.00,0.00,0.00) (0.00,0.01,0.01) (0.00,0.00,0.00)
40 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)

ǫa,r 1 (0.01,0.01,0.01) (0.00,0.00,0.00) (0.00,0.01,0.01)
5 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.01,0.01,0.01)
10 (0.00,0.00,0.00) (0.00,0.00,0.01) (0.01,0.01,0.01)
40 (0.00,0.00,0.00) (0.00,0.00,0.01) (0.01,0.01,0.02)

ǫa,r 1 (0.02,0.04,0.06) (0.00,0.00,0.01) (0.01,0.03,0.04)
5 (0.00,0.01,0.02) (0.00,0.01,0.02) (0.03,0.07,0.11)
10 (0.00,0.00,0.00) (0.00,0.01,0.02) (0.01,0.04,0.07)
40 (0.00,0.00,0.00) (0.00,0.00,0.01) (0.00,0.01,0.03)

ǫa,r 1 (0.21,0.25,0.29) (0.00,0.00,0.01) (0.09,0.11,0.14)
5 (0.43,0.50,0.56) (0.00,0.01,0.03) (0.54,0.59,0.65)
10 (0.35,0.43,0.51) (0.00,0.01,0.04) (0.73,0.77,0.81)
40 (0.00,0.01,0.02) (0.04,0.07,0.10) (0.75,0.80,0.84)

ǫx,gf 1 (0.21,0.23,0.26) (0.00,0.01,0.01) (0.06,0.08,0.10)
5 (0.03,0.03,0.04) (0.01,0.02,0.03) (0.03,0.03,0.04)
10 (0.02,0.03,0.03) (0.01,0.02,0.03) (0.01,0.01,0.02)
40 (0.00,0.01,0.01) (0.00,0.00,0.00) (0.01,0.02,0.03)
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Table 8: Variance Decomposition of Demand Aggregates (1, 5, 10, and 40 quarter horizon)

Shocks Ẽcnn Ẽr Ẽcd Ẽnr

ǫξ,cnn 1 (0.15,0.18,0.20) (0.01,0.01,0.02) (0.01,0.01,0.02) (0.00,0.00,0.00)
5 (0.22,0.26,0.31) (0.02,0.03,0.04) (0.01,0.02,0.02) (0.00,0.00,0.00)
10 (0.20,0.25,0.31) (0.03,0.04,0.08) (0.01,0.02,0.03) (0.00,0.00,0.00)
40 (0.02,0.02,0.04) (0.00,0.01,0.01) (0.01,0.01,0.02) (0.00,0.00,0.00)

ǫξ,cd 1 (0.00,0.00,0.00) (0.00,0.00,0.01) (0.13,0.26,0.44) (0.00,0.00,0.00)
5 (0.00,0.00,0.01) (0.00,0.01,0.01) (0.12,0.27,0.45) (0.00,0.00,0.00)
10 (0.00,0.00,0.01) (0.00,0.01,0.02) (0.11,0.31,0.49) (0.00,0.00,0.00)
40 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.06,0.16,0.31) (0.00,0.00,0.00)

ǫξ,r 1 (0.00,0.00,0.00) (0.00,0.00,0.02) (0.00,0.00,0.00) (0.00,0.00,0.00)
5 (0.00,0.00,0.00) (0.00,0.01,0.04) (0.00,0.00,0.00) (0.00,0.00,0.00)
10 (0.00,0.00,0.00) (0.00,0.01,0.06) (0.00,0.00,0.00) (0.00,0.00,0.00)
40 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)

ǫξ,l 1 (0.00,0.00,0.01) (0.01,0.01,0.01) (0.00,0.00,0.00) (0.00,0.00,0.00)
5 (0.01,0.02,0.03) (0.02,0.03,0.05) (0.00,0.00,0.01) (0.00,0.00,0.00)
10 (0.03,0.05,0.07) (0.07,0.10,0.13) (0.01,0.02,0.02) (0.00,0.01,0.01)
40 (0.04,0.06,0.09) (0.06,0.09,0.13) (0.06,0.09,0.13) (0.02,0.04,0.07)

ǫr 1 (0.00,0.00,0.01) (0.00,0.01,0.01) (0.02,0.02,0.03) (0.00,0.00,0.01)
5 (0.00,0.01,0.01) (0.01,0.01,0.01) (0.01,0.01,0.02) (0.00,0.00,0.00)
10 (0.00,0.01,0.01) (0.01,0.01,0.02) (0.01,0.01,0.01) (0.00,0.00,0.00)
40 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.01,0.01) (0.00,0.00,0.00)

ǫz,kb 1 (0.00,0.00,0.01) (0.00,0.01,0.01) (0.02,0.04,0.05) (0.01,0.02,0.03)
5 (0.01,0.02,0.04) (0.02,0.03,0.04) (0.03,0.04,0.06) (0.01,0.02,0.04)
10 (0.05,0.08,0.13) (0.07,0.09,0.13) (0.04,0.05,0.07) (0.01,0.02,0.04)
40 (0.27,0.35,0.43) (0.05,0.08,0.14) (0.13,0.21,0.30) (0.00,0.01,0.02)

ǫz,m 1 (0.73,0.76,0.80) (0.00,0.00,0.00) (0.01,0.02,0.03) (0.00,0.00,0.00)
5 (0.55,0.61,0.67) (0.00,0.00,0.00) (0.00,0.01,0.02) (0.00,0.00,0.00)
10 (0.47,0.55,0.62) (0.01,0.02,0.03) (0.00,0.00,0.01) (0.00,0.00,0.00)
40 (0.13,0.17,0.21) (0.09,0.12,0.16) (0.01,0.02,0.04) (0.01,0.02,0.03)
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Table 9: Variance Decomposition of Demand Aggregates (1, 5, 10, and 40 quarter horizon)

Shocks Ẽcnn Ẽr Ẽcd Ẽnr

ǫθ,x,c 1 (0.00,0.00,0.01) (0.00,0.00,0.01) (0.00,0.00,0.00) (0.00,0.00,0.00)
5 (0.00,0.01,0.01) (0.00,0.01,0.01) (0.00,0.00,0.00) (0.00,0.00,0.00)
10 (0.00,0.01,0.01) (0.01,0.01,0.01) (0.00,0.00,0.00) (0.00,0.00,0.00)
40 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)

ǫθ,x,k 1 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)
5 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)
10 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)
40 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)

ǫθ,l 1 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)
5 (0.00,0.00,0.00) (0.00,0.00,0.01) (0.00,0.00,0.00) (0.00,0.00,0.00)
10 (0.00,0.00,0.01) (0.00,0.01,0.01) (0.00,0.00,0.01) (0.00,0.00,0.00)
40 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.01) (0.00,0.00,0.00)

ǫa,r 1 (0.00,0.00,0.00) (0.85,0.88,0.91) (0.00,0.00,0.00) (0.00,0.00,0.00)
5 (0.00,0.00,0.00) (0.68,0.76,0.83) (0.00,0.00,0.00) (0.00,0.00,0.00)
10 (0.00,0.00,0.01) (0.46,0.58,0.67) (0.00,0.00,0.00) (0.00,0.00,0.00)
40 (0.00,0.00,0.00) (0.00,0.00,0.01) (0.00,0.00,0.00) (0.00,0.00,0.00)

ǫa,cd 1 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.19,0.34,0.50) (0.00,0.00,0.00)
5 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.10,0.23,0.40) (0.00,0.00,0.00)
10 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.05,0.15,0.33) (0.00,0.00,0.00)
40 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.01,0.02,0.06) (0.00,0.00,0.00)

ǫa,nr 1 (0.02,0.03,0.04) (0.03,0.05,0.07) (0.20,0.24,0.29) (0.95,0.97,0.98)
5 (0.02,0.04,0.06) (0.02,0.05,0.10) (0.27,0.33,0.40) (0.95,0.97,0.98)
10 (0.00,0.00,0.01) (0.00,0.01,0.03) (0.24,0.34,0.43) (0.94,0.96,0.98)
40 (0.25,0.34,0.43) (0.54,0.64,0.71) (0.24,0.34,0.46) (0.87,0.92,0.95)

ǫx,gf 1 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.01,0.01,0.01) (0.00,0.00,0.00)
5 (0.00,0.00,0.00) (0.00,0.00,0.01) (0.00,0.01,0.01) (0.00,0.00,0.00)
10 (0.00,0.00,0.00) (0.00,0.00,0.01) (0.00,0.00,0.01) (0.00,0.00,0.00)
40 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)
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Table 10: Variance Decomposition of Supply Aggregates (1, 5, 10, and 40 quarter horizon)

Shocks L Πw Πp,c Πp,k

ǫξ,cnn 1 (0.03,0.04,0.06) (0.00,0.00,0.00) (0.00,0.00,0.01) (0.00,0.00,0.00)
5 (0.03,0.04,0.05) (0.00,0.01,0.01) (0.01,0.01,0.02) (0.00,0.00,0.00)
10 (0.02,0.03,0.03) (0.01,0.01,0.01) (0.01,0.02,0.03) (0.00,0.00,0.00)
40 (0.01,0.02,0.03) (0.01,0.01,0.02) (0.01,0.02,0.03) (0.00,0.00,0.00)

ǫξ,cd 1 (0.02,0.05,0.08) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.01)
5 (0.02,0.04,0.06) (0.00,0.01,0.01) (0.00,0.01,0.02) (0.00,0.00,0.01)
10 (0.01,0.02,0.04) (0.00,0.01,0.01) (0.00,0.01,0.02) (0.00,0.00,0.01)
40 (0.00,0.01,0.01) (0.00,0.00,0.01) (0.00,0.01,0.01) (0.00,0.00,0.00)

ǫξ,r 1 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)
5 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)
10 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)
40 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)

ǫξ,l 1 (0.01,0.02,0.03) (0.05,0.09,0.14) (0.02,0.03,0.04) (0.02,0.02,0.03)
5 (0.05,0.07,0.10) (0.31,0.41,0.52) (0.09,0.12,0.15) (0.03,0.03,0.05)
10 (0.13,0.18,0.25) (0.14,0.21,0.30) (0.09,0.12,0.16) (0.02,0.02,0.03)
40 (0.47,0.60,0.71) (0.00,0.00,0.00) (0.00,0.01,0.01) (0.00,0.00,0.00)

ǫr 1 (0.05,0.06,0.07) (0.01,0.01,0.02) (0.01,0.02,0.02) (0.01,0.02,0.02)
5 (0.04,0.05,0.07) (0.08,0.10,0.13) (0.06,0.08,0.10) (0.02,0.03,0.04)
10 (0.03,0.04,0.05) (0.07,0.10,0.13) (0.08,0.10,0.12) (0.02,0.02,0.03)
40 (0.01,0.01,0.02) (0.05,0.07,0.12) (0.08,0.11,0.13) (0.01,0.01,0.01)

ǫz,k 1 (0.03,0.05,0.06) (0.00,0.00,0.00) (0.00,0.00,0.01) (0.30,0.38,0.47)
5 (0.04,0.05,0.07) (0.00,0.01,0.02) (0.01,0.02,0.03) (0.62,0.69,0.74)
10 (0.03,0.04,0.06) (0.00,0.00,0.01) (0.01,0.02,0.04) (0.76,0.81,0.85)
40 (0.00,0.00,0.01) (0.09,0.16,0.25) (0.05,0.11,0.20) (0.91,0.94,0.96)

ǫz,m 1 (0.24,0.28,0.32) (0.00,0.00,0.01) (0.13,0.17,0.22) (0.11,0.14,0.18)
5 (0.09,0.12,0.16) (0.00,0.00,0.02) (0.51,0.57,0.63) (0.13,0.17,0.22)
10 (0.02,0.04,0.06) (0.01,0.03,0.06) (0.53,0.59,0.65) (0.08,0.11,0.15)
40 (0.00,0.00,0.01) (0.16,0.22,0.29) (0.43,0.51,0.59) (0.03,0.04,0.06)
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Table 11: Variance Decomposition of Supply Aggregates (1, 5, 10, and 40 quarter horizon)

Shocks L Πw Πp,c Πp,k

ǫθ,x,c 1 (0.01,0.01,0.02) (0.00,0.00,0.00) (0.66,0.73,0.79) (0.00,0.00,0.00)
5 (0.01,0.01,0.01) (0.00,0.00,0.00) (0.04,0.06,0.08) (0.00,0.00,0.00)
10 (0.00,0.00,0.01) (0.00,0.00,0.00) (0.00,0.01,0.01) (0.00,0.00,0.00)
40 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)

ǫθ,x,k 1 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.25,0.35,0.45)
5 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.01,0.01,0.01)
10 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)
40 (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)

ǫθ,l 1 (0.00,0.01,0.01) (0.80,0.87,0.92) (0.01,0.02,0.03) (0.01,0.02,0.02)
5 (0.01,0.02,0.02) (0.07,0.12,0.21) (0.02,0.03,0.04) (0.01,0.01,0.01)
10 (0.01,0.02,0.03) (0.00,0.00,0.01) (0.00,0.01,0.01) (0.00,0.00,0.00)
40 (0.01,0.01,0.02) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)

ǫa,r 1 (0.01,0.01,0.02) (0.00,0.00,0.00) (0.00,0.00,0.00) (0.00,0.00,0.00)
5 (0.01,0.01,0.01) (0.00,0.00,0.00) (0.00,0.00,0.01) (0.00,0.00,0.00)
10 (0.00,0.00,0.01) (0.00,0.00,0.00) (0.00,0.01,0.01) (0.00,0.00,0.00)
40 (0.00,0.00,0.00) (0.00,0.00,0.01) (0.00,0.01,0.01) (0.00,0.00,0.00)

ǫa,cd 1 (0.04,0.08,0.11) (0.00,0.00,0.00) (0.00,0.00,0.01) (0.00,0.01,0.01)
5 (0.03,0.06,0.09) (0.01,0.01,0.03) (0.00,0.01,0.03) (0.00,0.00,0.01)
10 (0.01,0.02,0.05) (0.00,0.01,0.02) (0.00,0.01,0.03) (0.00,0.00,0.01)
40 (0.00,0.00,0.01) (0.00,0.00,0.01) (0.00,0.00,0.01) (0.00,0.00,0.00)

ǫa,nr 1 (0.29,0.34,0.39) (0.00,0.01,0.02) (0.00,0.00,0.01) (0.01,0.02,0.04)
5 (0.41,0.47,0.53) (0.12,0.20,0.32) (0.00,0.01,0.04) (0.00,0.01,0.03)
10 (0.47,0.53,0.60) (0.43,0.56,0.66) (0.00,0.02,0.06) (0.00,0.01,0.02)
40 (0.21,0.31,0.42) (0.34,0.46,0.58) (0.10,0.15,0.22) (0.00,0.00,0.01)

ǫx,gf 1 (0.02,0.03,0.03) (0.00,0.01,0.01) (0.00,0.01,0.01) (0.00,0.01,0.01)
5 (0.02,0.02,0.03) (0.02,0.03,0.05) (0.01,0.02,0.03) (0.00,0.01,0.01)
10 (0.01,0.02,0.02) (0.02,0.03,0.04) (0.01,0.02,0.03) (0.00,0.00,0.01)
40 (0.00,0.00,0.01) (0.00,0.00,0.01) (0.00,0.00,0.01) (0.00,0.00,0.00)
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Figure 1: Model Overview

Cons. Durable 

Residential Capital Rentals Capital Rentals

       Households 
Sales of CBI Final Goods 

Labor

Rentals

      Monop. Competitive Sales of CBI            Final CBI Sales of CBI      Residential 

      Intermed. CBI          Intermed.        Goods Producers Final               Capital 

     Goods Producers Goods                (Aggregators) Goods             Owners 

     Monop. Competitive. Sales of KB             Final KB              Sales of KB       Consumer

      Intermed. KB           Intermed.        Goods Producers Final         Dur. Capital 

Non-res.             Goods Producers Goods              (Aggregators) Goods             Owners 
(utilized) 

 Capital 

 Rentals

Sales of KB Final Goods

      Non-residential     Nominal Interest Rate 

           Capital           (set by central bank)
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Notes:

1. CBI represents the economy’s slow growing sector, so denoted because consumption [C] goods
and services account for most of its output and it is produced by the business and institutions
[BI] sector of the economy.

2. KB represents the economy’s fast growing sector, so denoted because its output is capital [K]

goods and it is produced by the business [B] sector of the economy.

52



Figure 2: Impulse Responses: Monetary Policy Shock
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Figure 3: Impulse Responses: Capital Efficiency Shock (Non-Res. Goods)
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Figure 4: Impulse Responses: Capital Efficiency Shock (Dur. Goods)
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Figure 5: Impulse Responses: Efficiency Shock (Res. Goods)
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Figure 6: Impulse Responses: Preference Shock (Non-Dur. Goods & Serv.)
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Figure 7: Impulse Responses: Preference Shock (Durable Goods)
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Figure 8: Impulse Responses: Preference Shock (Res. Goods)
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Figure 9: Impulse Responses: Preference Shock (Labor Supply)
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Figure 10: Impulse Responses: Permanent Economy-wide MFP Shock
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Figure 11: Impulse Responses: Permanent Capital-specific MFP Shock
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Figure 12: Impulse Responses: Price Markup Shock (CBI sector)
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Figure 13: Impulse Responses: Price Markup Shock (KB sector)

−0.2

0

0.2

Output: Cons.

−0.2

0

0.2

Serv. & Non−Dur.

−0.2

0

0.2

Residential Inv.

−0.05

0

0.05

0.1

0.15
Hours (C) 

−1

−0.5

0

Output: Inv.

−1

−0.5

0

Durables

−1

−0.5

0

Non−Residential Inv.

−1

−0.5

0

0.5
Hours (I) 

0 10 20 30

0

0.1

0.2

0.3

0.4

Inflation (C)

0 10 20 30

0

0.1

0.2

0.3

0.4

Inflation (I)

0 10 20 30

0

0.1

0.2

0.3

0.4

Inflation (GDP)

0 10 20 30
−0.02

−0.01

0

0.01

0.02
Nom. Int.

58



Figure 14: Impulse Responses: Wage Markup Shock
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Figure 15: Impulse Responses: Autonomous Spending Shock
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Figure 16: Observable series: realized paths and one-step ahead forecasts.
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Figure 17: Smoothed Paths of Key Persistent Shocks
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Figure 18: Smoothed Paths of Key Persistent Shocks
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