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This paper provides a detailed documentation dynamic stochastic general equilibrium

model currently being developed in the Division of Research and Statistics at the Federal

Reserve Board. Section 1 outlines the models production, capital evolution, and preference

technologies, section 2 describes the economy’s decentralization, and section 3 described

equilibrium in the model. (Appendix A presents the equations of the symmetric model

and appendix B reports the equations of the symmetric and stationary model.) Section 4

describes the data used in estimating the model and section 5 reports the model’s estimation

results. (A key for all of the model’s variable names and parameters is given in appendixes C

to E.)

1 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, while its short-run dynamics

are influenced by various forms of adjustment costs. Adjustment costs to real aggregate

variables are captured by the economy’s preference, production, and capital evolution tech-

nologies 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.

1.1 The Production Technology

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

• Government services, Xcg
t ;

• Housing services, Xch
t ;

• Slow-growing “consumption” goods and services Xcbi
t ; and,

• Fast-growing “capital” goods Xkb
t .

We consider first the production of the economy’s slow-growing “consumption”

goods and services and fast-growing “capital” goods. These final goods are produced

by aggregating—according to a Dixit-Stiglitz technology—an infinite number of differenti-

ated inputs. Specifically, final goods production is represented 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)
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where the variable Xs
t (j) denotes the quantity of the jth input (obtained from the interme-

diate goods sector) used to produce final output s = cbi or s = kb while Θx,s
t is the stochastic

elasticity of substitution between the differentiated intermediate 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 = ρθ,x,sθx,st−1 + ǫθ,x,st (2)

where ǫθ,x,st is an i.i.d. shock process, and ρθ,x,s represents the persistence of Θx,s
t away from

steady-state following a shock to equation (2).

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 represented by the function:

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

t (j))
α


Amt Zmt AstZst︸ ︷︷ ︸

MFP
s
t

Lx,st (j)




1−α

where Lx,st (j) =



∫ 1

0
Lx,st (i, j)

Θ
l,s
t −1

Θ
l,s
t di




Θ
l,s
t

Θ
l,s
t −1

s = cbi, kb.

(3)

The parameter α in equation (3) is the elasticity of output with respect to capital while

Θl,s
t denotes the stochastic elasticity of substitution between the differentiated labor inputs.

Letting θl,st ≡ lnΘl,s
t − ln Θl,s

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

Θl
∗, we assume that

θl,st = ρθ,l,sθl,st−1 + ǫθ,l,st (4)

where ǫθ,l,st is an i.i.d. shock process, and ρθ,l,s represents the persistence of Θl,s
t away from

steady-state following a shock to equation (4).

The level of technology in sector s has four components. The Amt and Zmt components

represent economy-wide technology shocks, while the Ast and Zst terms (for s = cbi, kb)
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represent technology shocks that are specific to either the consumption or capital goods

sectors. The At technology terms represent shocks that exhibit only transitory movements

away from their steady-state unit mean, while the Zt technology terms represent shocks

that exhibit permanent movements in their levels. Specifically, 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 = cbi, kb,m (5)

where ǫa,st is an i.i.d. shock process, and ρa,s represents the persistence of Ast away from

steady-state following a shock to equation (5). The stochastic process Zst evolves according

to

lnZst − lnZst−1 = lnΓz,st = ln (Γz,s∗ · exp[γz,st ]) = lnΓz,s∗ + γz,st , s = cbi, kb,m (6)

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 . (7)

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 the steady-state growth rate of the non-stationary

component of technology in the capital goods sector above that in the consumption goods

sector. That is, Γz,k∗ > Γz,c∗ (= 1), where an asterisk on a variable denotes its steady-state

value.

We assume, as do the BEA, that housing services, Xch
t , are produced from the econ-

omy’s stock of residential capital, Kr
t . The production function for consumer housing ser-

vices is given by

Xch
t =

Γx,cbi∗ − β(1 − δr)

β
·Kr

t ,

Finally, the growth rate of government services output, Hcg
t = Xcg

t /X
cg
t−1, follows an

exogenous auto-regressive process. Specifically, letting hcgt = lnHcg
t − lnHcg

∗ is assumed to

evolve according to

hcgt = ρh,cghcgt−1 + ǫh,cgt , (8)

where ǫh,cgt is an i.i.d shock process, and ρh,cg represents the persistence of hcgt to a shock.
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1.2 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, (that can then be used in the production of either the slow-

growing “consumption” good or the fast-growing “capital” good) 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 (from which households derive utility and for which the BEA in constructing the

NIPA assume is used for the production of housing services.)

The evolution of the economy’s three capital stocks are given below. We assume that

there is some stochastic element—reflected in the term Ast , for s = nr, cd, and r—in the

capital accumulation process. These shocks exhibit only transitory movements from their

steady-state unit mean. 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. (9)

We also asssume that not all investment expenditure results in productive capital, since

some fraction is absorbed by adjustment costs in the process of installation:

Knr
t+1(k)= (1 − δnr)Knr

t (k)+Anrt E
nr
t (k)

−
100 · χnr

2

(
Enrt (k)−ηnrEnrt−1(k)Γ

x,kb
t −(1 − ηnr)Ẽnr∗ Zmt Z

kb
t

Knr
t

)2

Knr
t (10)

Kcd
t+1(k)= (1 − δcd)Kcd

t (k)+Acdt E
cd
t (k)

−
100 · χcd

2

(
Ecdt (k)−ηcdEcdt−1(k)Γ

x,kb
t −(1 − ηcd)Ẽcd∗ Z

m
t Z

kb
t

Kcd
t

)2

Kcd
t (11)

Kr
t+1(k)= (1 − δr)Kr

t (k)+A
r
tE

r
t (k)

−
100 · χr

2

(
Ert (k)−η

rErt−1(k)Γ
x,cbi
t −(1 − ηr)Ẽr∗Z

m
t (Zkbt )α(Zcbit )1−α

Kr
t

)2

Kr
t . (12)

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

consumer durables (s = cd), or residential (s = r) capital stocks. The term Ẽs∗ denotes the
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value of steady-state non-residential (s = nr), consumer durables (s = cd), or residential

(s = r) investment spending normalized by the permanent component of technology so

as to be constant in the steady state. Note that investment adjustment costs are zero

for non-residential capital when
Enrt

Zmt Z
kb
t

=
Enrt−1

Zmt−1Z
kb
t−1

= Ẽnr∗ but rise to above zero, at an

increasing rate, as non-residential investment growth moves further away from this. The

costs for altering non-residential investment depend on both the level of (growth-adjusted)

investment spending from the preceding period as well as the steady-state level of investment

spending. The parameter χnr governs how quickly these costs increase away from the

steady-state. The relative values of
Ecdt

Zmt Z
kb
t

,
Ecdt−1

Zmt−1Z
kb
t−1

, and Ẽcd∗ have similar implications

for the adjustment costs entailed in the accumulation of consumer durables capital, as do

the relative values of
Ert

Zmt (Zkbt )α(Zcbit )1−α
,

Ert−1

Zmt−1(Z
kb
t−1)

α(Zcbit−1)
1−α , and Ẽr∗ for the accumulation of

residential capital. Similarly, the values of the parameter χcd and χr govern how quickly

these costs increase away from the steady-state.

1.3 Preferences

The ith household derives utility from four sources:

• Its purchases of the consumer non-durable goods and non-housing services, Ecnnt (i);

• The flow of services from its stock of consumer-durable capital, Kcd
t (i);

• The flow of services from its stock of 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 through 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.

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

}
. (13)
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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. 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. (14)

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 (14).

2 The Decentralized Economy

We assume the following decentralization of the economy:

• The representative, perfectly competitive firm that exists in each of the economy’s

two final-goods producing sectors purchases intermediate inputs from the continuum

of intermediate goods producers to produce the sector’s final goods output.

• Firms in the continuum of intermediate goods producers in both of the economy’s

intermediate-goods producing sectors rent non-residential capital at a set utilization

rate from the representative capital owner, and differentiated types of labor from

households. Because each intermediate goods producer is a monopolistically com-

petitive supplier of its own output, it is able to set the price at which it sells its

product.

• The representative, perfectly competitive capital owner purchases the the output

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

residential capital or consumer durables capital. The representative capital owner also

purchases the output from the slow-growing “consumption” final-goods and trans-

forms it into residential capital.

• Households in the continuum of consumers purchase the output of the slow-growing

“consumption” goods sector, and rent consumer durables capital and residential capi-

tal from the capital owner. Because each households is a monopolistically competitive

supplier of its own labor, it is able to set the wage at which it supplies its labor services.
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• The monetary authority sets the nominal interest rate given an interest rate feedback

rule with smoothing.

• The fiscal authority raises taxes in a lump-sum fashion to cover the subsidy outlays

that is makes to monopolistically competitive intermedite-goods producing firms and

households (in their capacity of labor suppliers) to induce them to supply (in the

absence of sticky-prices) at the pareto optimal level. Taxes are also raised to cover

the government’s purchases of goods and services from the business and institutions

sector.

• Foreigners, who are not modeled in any detail, pay lump-sum transfers to households

equal to the negative of net exports.

2.1 Consumption and Capital Final Goods Producers

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

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

competitive firm in the capital goods sector owns the same technology for s = kb.

The final-good producing firm in sector s takes as given the prices {P st (j)}1
j=0 set by each

intermediate good producing firm for its differentiated output, and choose {Xs
t (j)}

1
j=0 to

minimize its production costs subject to the aggregator function. Specifically, 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.

(15)

The cost-minimization problems solved by firms in the economy’s consumption and capital

goods producing sectors imply demand functions for each intermediate good that are given

by Xs
t (j) = (P st (j)/P st )−Θx,st Xs

t . The variable P st , which denotes the aggregate price level

in the final goods sector s, is defined by P st = (
∫ 1
0 (P st (j))1−Θx,st dj)

1

1−Θ
x,s
t .

2.2 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). In describing the intermediate good producing firm’s problem

it is convenient to split it into three separate stages.

7



In the first stage of the problem firm j in sector s, taking as given the wages {W s
t (i)}1

i=0

set by each household for its variety of labor supplied to sector s, chooses {Lst (i, j)}
1
i=0 to

minimize the cost of attaining the aggregate labor bundle Lst (j) that it will ultimately need

for production. Specifically, the intermediate firm j solves:

min
{Lst (i,j)}

1

i=0

∫ 1

0
W s
t (i)L

s
t (i, j)di subject to



∫ 1

0
(Lst (i, j))

Θ
l,s
t −1

Θ
l,s
t di




Θ
l,s
t

Θ
l,s
t −1

≥ Lst (j), for s = c, k.

(16)

This cost-minimization problem undertaken by each intermediate good producing firm im-

plies that the demand in sector s for type i labor is Lst (i) =
∫ 1
0 L

s
t (i, j)dj = (W s

t (i)/W
s
t )−Θl,st

×
∫ 1
0 L

s
t (j)dj where W s

t denotes the aggregate wage for labor supplied to sector s, defined

by W s
t = (

∫ 1
0 (W s

t (x))1−Θl,st dx)
1

1−Θ
l,s
t .

In the second stage of the problem firm j in sector s, taking as given the aggregate

sector s wage W s
t and the sector s rental rate on capital Rnr,st , chooses aggregate labor

Lst (j) and capital Ku,nr,s
t (j) to minimize the costs of attaining its desired level of output

Xs
t (j). Specifically, firm j in sector s solves:

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 (Amt Z
m
t A

s
tZ

s
tL

s
t (j))

1−α (Ku,nr,s
t (j))

α
≥ Xs

t (j), for s = cbi, kb. (17)

Since each intermediate goods firm produces its own differentiated variety of output

Xs
t (j), it is able to set its price P st (j). It does this taking into account the demand schedule

for its output that it faces from the final-goods sector s, Xs
t (j) = (P st (j)/P st )−Θx,st Xs

t , as

well as the adjustment costs that it faces in altering its price. These adjustment costs are

introduced to the model through the assumption that the act of altering prices absorbs some

of the firm’s profits. Specifically, we assume that the firms profits in period t are given by:

Profitsst (j) = (1 + σp,s)P st (j)Xs
t (j)−MCst (j)X

s
t (j)−Taxesst (j)

−
100 · χp,s

2

(
P st (j)

P st−1(j)
−ηp,sΠp,s

t−1−(1−ηp,s)Πp,s
∗

)2

P st X
s
t , for s = cbi, kb,(18)

where σp,s = (Θp,s
∗ −1)−1 is a subsidy to production that is set to ensure that the economy’s

level of steady-state output is Pareto optimal, MCst (j) represents the marginal cost of

producing a unit of Xs
t (j) and Taxesst (j) = σp,sP st X

s
t , which implies that the government

raises (in a lump-sum fashion) the revenue needed to payout the production subsidy. The
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parameter ηp,s reflects the importance of lagged inflation relative to steady-state inflation

in determining adjustment costs and Πp,s
∗ denotes the steady-state rate of sector s price

inflation. The parameter χp,s scales linearly the magnitude of the adjustment cost term; in

a flexible price model χp,s wouble be equal to zero. In what follows we consider the most

general case of the firm’s profit-maximization problem, that is, the one in which there are

positive price adjustment costs; the first-order conditions implied from a model with sticky

prices can be trivially converted to those of the model with flexible prices by simply setting

the price adjustment cost parameter equal to zero.

In the profit-maximizing part of its problem, the intermediate-good producing firm j,

taking as given the marginal cost MCst (j) for producing Xs
t (j), the aggregate sector s price

level P st , and final output Xs
t by sector s, chooses its price P st (j) to maximize the present

discounted value of its profits, described in equation (18), subject to the demand curve it

faces for its differentiated output. Since the intermediate firms are ultimately owned by

the economy’s households, intermediate producers act on their behalf when making their

profit-maximizing price-setting decisions. For this reason the intermediate firms value their

revenues and costs across time exactly as the household would value them. Consequently,

the discount factor that is relevant when comparing nominal revenues and costs in period t

with those in period t+ j is βj
Λcnnt+j /P

cbi
t+j

Λcnnt /P cbit
, where Λcnnt =

∫ 1
0 Λcnnt (i)di. The variable Λcnnt (i)

denotes the household i’s marginal utility of consumption in period t, which implies that

Λcnnt is the average marginal utility of consumption across households. Put formally, the

sector s intermediate-good producing firm’s profit-maximization problem is:

max
{P st (j),Xs

t (j),X
s
t (j)}

∞

t=0

E0

∞∑

t=0

βt
Λcnnt

P cbit

{(1 + σp,s)P st (j)Xs
t (j)−MCst (j)X

s
t (j)−σ

p,sP st X
s
t

−
100 · χp,s

2

(
P st (j)

P st−1(j)
−ηp,sΠp,s

t−1−(1−ηp,s)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. (19)

2.3 Capital Owners

Capital owners possess the technologies described in equations (10) and (11) for transform-

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

(that is then rented out to intermediate firms for use in the production process) or into the
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economy’s consumer-durable capital stock, Knr
t+1, (that is then rented out to households).

The also possess the technology described in equation (12) for transforming the economy’s

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

is also rented out to households).

We assume that capital owners face a cost in moving non-residential capital between

the two intermediate goods producing sectors of the economy (but do not encounter any

cost in moving capital between firms within the same sector). Specifically, the relationship

between the aggregate capital stock Knr
t (k) and the capital stocks used in the consumption

and capital intermediate goods producting sectors, that is Knr,cbi
t (k) and Knr,kb

t (k), is given

by:

Knr,cbi
t (k)+Knr,kb

t (k)

=Knr
t (k)−

100 · χk

2

(
Knr,cbi
t (k)

Knr,kb
t (k)

−ηk
Knr,cbi
t−1

Knr,kb
t−1

−(1 − ηk)
K̃nr,cbi

∗

K̃nr,kb
∗

)2
Knr,kb
t

Knr,cbi
t

·Knr
t . (20)

where the parameter ηk reflects the importance of lagged composition of capital supply

relative to the steady-state composition, K̃nr,cbi
∗ /K̃nr,kb

∗ , in determining adjustment costs.

The parameter χk scales linearly the magnitude of the adjustment cost term.

The investment decision for the economy’s three types of cpiatl stock do not interact

in any way and so we can think of the optimizing representative capital-owner as facing

separate problems for each type of investment good.

In considering its non-residential investment decision, the representative capital owner,

taking as given the rental rate on non-residential capital in the economy’s two sectors, Rnr,cbit

and Rnr,kbt , the price of “capital” goods P kbt , and the stochastic discount factor βj
Λcnnt+j /P

cbi
t+j

Λcnnt /P cbit
,

chooses non-residential investment, Enrt (k), the non-residential capital stock next period,

Knr
t+1(k), and the non-residential capital stocks that it supplies to the economy’s two sectors,

Knr,cbi
t (k) and Knr,kb

t (k), to maximize the present discounted value of profits subject to the

law of motion governing the evolution of capital (equation 10) and given the costs implied
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by moving capital between the sectors (equation 20).1 Specifically, the 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 K

nr,kb
t

}

subject to

Knr
τ+1(k)=(1 − δnr)Knr

τ (k)+Anrτ E
nr
τ (k)

−
100 · χnr

2

(
Enrτ (k)−ηnrEnrτ−1(k)Γ

y,kb
t −(1 − ηnr)Ẽnr∗ Zmτ Z

kb
τ

Knr
τ

)2

Knr
τ

Knr,cbi
τ (k)+Knr,kb

τ (k)=Knr
τ (k)

−
100 · χk

2

(
Knr,cbi
τ (k)

Knr,kb
τ (k)

−ηk
Knr,cbi
τ−1

Knr,kb
τ−1

−(1 − ηk)
K̃nr,cbi

∗

K̃nr,kb
∗

)2
Knr,kb
τ

Knr,cbi
τ

·Knr
τ .

for τ = 0, 1, ...,∞. (21)

In considering its consumer durable investment decision, the representative capital

owner, taking as given the rental rate on consumer durables Rcdt , the price of “capital”

goods P kbt , and the stochastic discount factor βj
Λcnnt+j /P

cbi
t+j

Λcnnt /P cbit
, chooses its investment in con-

sumer durables, Ecdt (k) and its consumer durable capital stock Kcd
t+1(k) to maximize the

present discounted value of its profits subject to the consumer durables evolution process.

Specifically, the 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 E

cd
t (k)

}

subject to Kcd
τ+1(k) = (1 − δcd)Kcd

τ (k)+Acdτ E
cd
τ (k)

−
100 · χcd

2

(
Ecdτ (k)−ηcdEcdτ−1(k)Γ

x,kb
τ −(1 − ηcd)Ẽcd∗ Z

m
τ Z

k
τ

Kcd
τ

)2

Kcd
τ

for τ = 0, 1, ...,∞. (22)

Finally, in its residential investment decision, the representative capital owner, taking

as given the rental rate on residential capital Rrt , the price of “consumption” goods P cbit ,

and the stochastic discount factor βj
Λcnnt+j /P

cbi
t+j

Λcnnt /P cbit
, chooses its level of residential investment,

1The economy’s capital stock is also ultimately owned by the households, so that the relevant discount

factor in comparing nominal earnings and expenditures in period t with those in period t+ j is βj
Λcnn

t+j /P
cbi
t+j

Λcnn
t /P cbi

t

.
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Ert (k) and its residential capital stock Kr
t+1(k) to maximize the present discounted value of

its profits subject to the residential evolution process. Specifically, the 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)−η

rErτ−1(k)Γ
x,cbi
τ −(1 − ηr)Ẽr∗Z

m
τ (Zkbτ )α(Zcbiτ )1−α

Kcd
τ

)2

Kcd
τ

for τ = 0, 1, ...,∞. (23)

2.4 Households

Household’s utility, which is defined over three components of goods and services consump-

tion as well as leisure, is described by equation (13). Since each household supplies its own

differentiated variety of labor to each sector, Lst (i), it is able to set its wage W s
t (i). It does

this taking into account the demand schedule for its labor that it faces from intermediate

goods sector s and the adjustment costs that it encounters in altering its wage and the com-

position of its labor. Analogous to to the constraint faced by intermediate goods producers,

wage-setting adjustment costs are introduced to the model through the assumption that

the act of altering wages absorbs some of the household’s income. The act of redircting

labor from one sector to the other also absorbs some of the household’s income. These

adjustment costs are reflected in the household’s budget constraint:

R−1
t Bt+1(i) = Bt(i) +

∑

s=cbi,kb

(1 + σw,s)W s
t (i)Lst (i) + Profitst(i) + Govt. Transferst(i)

+ Foreign Transferst(i) − P cbit Ecnnt (i) −Rcdt K
cd
t −RrtK

r
t

−
∑

s=cbi,kb

100 · χw,s

2

(
W s
t (j)

W s
t−1(j)

−ηw,sΠw,s
t−1−(1−ηw,s)Πw

∗

)2

W s
t L

s
t

−
100 · χl

2

(
Lcbi∗

Lcbi∗ + Lkb∗
·W cbi

t +
Lkb∗

Lcbi∗ + Lkb∗
·W kb

t

)

×

(
Lcbit (i)

Lkbt (i)
−ηl

Lcbit−1

Lkbt−1

−(1−ηl)
Lcbi∗

Lkb∗

)2
Lkbt
Lcbit

. (24)

The variable Bt(i) is the state-contingent value, in terms of the numeraire, of household i’s

asset holdings at the beginning of period t. We assume that there exists a riskfree one-period

12



bond, which pays one unit of the numeraire in each state, and denote its yield—that is, the

gross nominal interest rate between periods t and t + 1—by Rt ≡

(
β
Et{Λcnnt+1/P

cbi
t+1}

Λcnnt /P cbit

)−1

.

The parameter σw,s = (Θw,s
∗ − 1)−1 is a subsidy to labor that is set to ensure that the

economy’s level of steady-state labor (and consequently output) is Pareto optimal. The ith

household receives profits from three sources from (i) its part-ownership of the optimizing

capital-owner Profitskt (i), (ii) its part-ownership of firms in the consumption goods sector

Profitscbit (i), and (iii) its part-ownership of firms in the capital goods sector Profitskbt (i).

These profits—which are not household specific so that households treat as given and do

not optimize with respect to—are defined as follows

Profitskt (i) =Rcdt K
cd
t −P kbt E

cd
t +RrtK

r
t −P

cbi
t Ert +R

nr,cbi
t U cbit Knr,cbi

t +Rnr,kbt Ukbt K
nr,kb
t

−P kbt Enrt −κ

(
(U cbit )1+ψ − 1

1 + ψ

)
P kbt Knr,cbi

t −κ

(
(Ukbt )1+ψ − 1

1 + ψ

)
P kbt Knr,kb

t (25)

Profitscbit (i) =(1+σp,cbi)P cbit Xcbi
t −Rnr,cbit Ku,nr,cbi

t −W cbi
t Lcbit −σp,cbiP cbit Xf,cbi

t

−
100 · χp,cbi

2

(
Πp,cbi
t −ηp,cbiΠp,cbi

t−1 −(1−ηp,cbi)Πp,cbi
∗

)2
P cbit Xcbi

t (26)

Profitskbt (i) =(1+σp,kb)P kbt X
kb
t −Rnr,kbt Ku,nr,kb

t −W kb
t L

kb
t −σp,kbP kbt X

f,kb
t

−
100 · χp,kb

2

(
Πp,kb
t −ηp,kbΠp,kb

t−1 −(1−ηp,kb)Πp,kb
∗

)2
P kbt X

kb
t . (27)

Government transfers are set so as to raise enough revenue to pay the subsidy on labor and

for the governments purchases of business and institutions sector output, that is:

Govt. Transferst(i) = −
∑

s=cbi,kb

σw,sW s
t L

s
t −

∑

s=cbi,kb

P st G
s
t . (28)

Foreign transfers are given by

Foreign Transferst(i) = −
∑

s=cbi,kb

P st NX
s
t . (29)

Turning, finally, to the two adjustment cost terms, the parameter ηw,s reflects the impor-

tance of lagged wage inflation relative to steady-state inflation in determining adjustment

costs and Πw
∗ denotes the steady-state rate of wage inflation (which is equal across sectors).

The parameter χw,s scales linearly the magnitude of the adjustment cost term; in a flex-

ible price model χw,s wouble be equal to zero. The parameter ηl reflects the importance

of lagged composition of labor supply relative to the steady-state composition, Lcbi∗ /Lkb∗ ,

in determining adjustment costs. The parameter χl scales linearly the magnitude of the

adjustment cost term.
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The household, taking as given the expected path of the gross nominal interest rate, Rt,

the price of “consumption” goods, P cbit , the rental rates on the consumer durables capital

stock, Rcdt , and the residential capital stock, Rrt , the aggregate wage rate in each sector

W s
t , profits income, government and foreign transfers, and the initial bond stock B0(i),

chooses its expenditure on consumer non-durable goods and non-housing services, Ecnnt (i),

its stocks of consumer durable goods Kcd
t and residential capital Kr

t to rent, its wage in each

sector W s
t (i) and labor supply Lst (i) to maximize its utility subject to its budget constraint.

Specifically, the household solves:

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

(1 + σw,s)W s
τ (i)Lsτ (i) + Profitsτ (i) + Govt. Transfersτ (i)

+Foreign Transfersτ (i) − P cbiτ Ecnnτ (i) −Rcdτ K
cd
τ −RrτK

r
τ

−
∑

s=cbi,kb

100 · χw,s

2

(
W s
τ (j)

W s
τ−1(j)

−ηw,sΠw,s
τ−1−(1−ηp,s)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

)−Θl,cbiτ

Lcbiτ , and Lkbτ (i)=

(
W kb
τ (i)

W kb
τ

)−Θl,kbτ

Lkbτ , for τ = 0, 1, ...,∞. (30)

2.5 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 requires that:

Xcbi
t =

∫ 1

0
Ecnnt (i)di+

∫ 1

0
Ert (k)dk+G

cbi
t +NXcbi

t andXkb
t =

∫ 1

0
Ecdt (k)dk+

∫ 1

0
Enrt (k)dk+Gkbt +NXkb

t .

(31)

14



where Gcbit , NXcbi
t , Gkbt , and NXkb

t follow exogenous processes. The market clearing condi-

tions for the labor and non-residential capital supplied and demanded 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 for all i ∈ [0, 1] and for s = cbi, kb.

(32)

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. (33)

2.6 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 for all i ∈ [0, 1] and for s = cbi, kb, and (34)

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

t P st−1 for all j ∈ [0, 1] and for s = cbi, kb. (35)

2.7 Personal Consumption Expenditure and GDP

Four variables of considerable interest to policy-makers do not automatically appear in our

model. These are the real growth rate of personal consumption expenditure and the inflation

rate of its associated deflator, and real GDP growth and the inflation rate of its associated

deflator. These latter two variables are especially important in the current versions of the

model since they both appear in the monetary authority interest rate rule. At a latter date

we will likely consider including the rate of increase in the PCE deflator in the policy rule,

at which point our PCE aggregates will be of equal importance. At present, however, the

PCE aggregates constructed below lead nowhere in the model.

The real growth rate of PCE, is defined in the model in the same way that is it in

the NIPA, that is, as a chain-weighted aggregate of expenditure growth on consumer non-

durable goods and non-housing services (Ecnnt /Ecnnt−1), consumer durable goods (Ecdt /E
cd
t−1),

and consumer housing services (Echt /E
ch
t−1):

Hpce
t =

(
Ecnnt /Ecnnt−1

) 1

2
·

Pcbit Ecnnt
Pcbit Ecnnt +Pkbt Ecdt +Pcht Echt

+ 1

2
·

Pcbit−1E
cnn
t−1

Pcbit−1
Ecnnt−1

+Pkbt Ecdt−1
+Pcht−1

Echt−1

×
(
Ecdt /E

cd
t−1

) 1

2
·

Pkbt Ecdt
Pcbit Ecnnt +Pkbt Ecdt +Pcht Echt

+ 1

2
·

Pkbt−1E
cd
t−1

Pcbit−1
Ecnnt−1

+Pkbt Ecdt−1
+Pcht−1

Echt−1

×
(
Echt /E

ch
t−1

) 1

2
·

Pcht Echt
Pcbit Ecnnt +Pkbt Ecdt +Pcht Echt

+ 1

2
·

Pcht−1E
ch
t−1

Pcbit−1
Ecnnt−1

+Pkbt Ecdt−1
+Pcht−1

Echt−1 , (36)
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where Echt , which denotes the service flow from the residential capital stock, is defined by:

Echt = Xch
t =

Γx,cbi∗ − β(1 − δr)

β
·Kr

t (37)

The PCE inflation rate, Πp,pce
t , is defined by:

Πp,pce
t =

(
P cbit /P cbit−1

) 1

2
·

Pcbit Ecnnt
Pcbit Ecnnt +Pkbt Ecdt +Pcht Echt

+ 1

2
·

Pcbit−1E
cnn
t−1

Pcbit−1
Ecnnt−1

+Pkbt Ecdt−1
+Pcht−1

Echt−1

×
(
P kbt /P kbt−1

) 1

2
·

Pkbt Ecdt
Pcbit Ecnnt +Pkbt Ecdt +Pcht Echt

+ 1

2
·

Pkbt−1E
cd
t−1

Pcbit−1
Ecnnt−1

+Pkbt Ecdt−1
+Pcht−1

Echt−1

×
(
P cht /P cht−1

) 1

2
·

Pcht Echt
Pcht Ecnnt +Pkbt Ecdt +Pcht Echt

+ 1

2
·

Pcht−1E
ch
t−1

Pcbit−1
Ecnnt−1

+Pkbt Ecdt−1
+Pcht−1

Echt−1 . (38)

where P cht , which denotes the price of the service flow from the residential capital stock, is

defined by:

P cht =
β

Γx,cbi∗ − β(1 − δr)
·Rrt . (39)

Real GDP growth is also constructed in the model in the same way that it is in the NIPA,

that is, as a chain-weighted aggregate of output growth in the slow-growing “consumption”

goods sector (Xcbi
t /Xcbi

t−1), the fast-growing “capital” goods sector (Xkb
t /X

kb
t−1), household—

or housing services—sector (Xch
t /X

ch
t−1), and government—or government services—sector

(Xcg
t /X

cg
t−1). Specifically,

Hgdp
t =

(
Xcbi
t /Xcbi

t−1

) 1

2
·

Pcbit Xcbit
Pcbit Xcbit +Pkbt Xkbt +Pcht Xcht +P

cg
t X

cg
t

+ 1

2
·

Pcbit−1X
cbi
t−1

Pcbit−1
Xcbit−1

+Pkbt−1
Xkbt−1

+Pcht−1
Xcht−1

+P
cg
t−1

X
cg
t−1

×
(
Xkb
t /X

kb
t−1

) 1

2
·

Pkbt Xkbt
Pcbit Xcbit +Pkbt Xkbt +Pcht Xcht +P

cg
t X

cg
t

+ 1

2
·

Pkbt−1X
kb
t−1

Pcbit−1
Xcbit−1

+Pkbt−1
Xkbt−1

+Pcht−1
Xcht−1

+P
cg
t−1

X
cg
t−1

×
(
Xch
t /X

ch
t−1

) 1

2
·

Pcht Xcht
Pcbit Xcbit +Pkbt Xkbt +Pcht Xcht +P

cg
t X

cg
t

+ 1

2
·

Pcht−1X
ch
t−1

Pcbit−1
Xcbit−1

+Pkbt−1
Xkbt−1

+Pcht−1
Xcht−1

+P
cg
t−1

X
cg
t−1

×
(
Xcg
t /X

cg
t−1

) 1

2
·

P
cg
t X

cg
t

Pcbit Xcbit +Pkbt Xkbt +Pcht Xcht +P
cg
t X

cg
t

+ 1

2
·

P
cg
t−1

X
cg
t−1

Pcbit−1
Xcbit−1

+Pkbt−1
Xkbt−1

+Pcht−1
Xcht−1

+P
cg
t−1

X
cg
t−1 ,

(40)

where the growth rate of government services Hcg
t = Xcg

t /X
cg
t−1 output was defined in
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equation (8). The GDP inflation rate, Πp,gdp
t , is defined by:

Πp,gdp
t =

(
P cbit /P cbit−1

) 1

2
·

Pcbit Xcbit
Pcbit Xcbit +Pkbt Xkbt +Pcht Xcht +P

cg
t X

cg
t

+ 1

2
·

Pcbit−1X
cbi
t−1

Pcbit−1
Xcbit−1

+Pkbt−1
Xkbt−1

+Pcht−1
Xcht−1

+P
cg
t−1

X
cg
t−1

×
(
P kbt /P kbt−1

) 1

2
·

Pkbt Xkbt
Pcbit Xcbit +Pkbt Xkbt +Pcht Xcht +P

cg
t X

cg
t

+ 1

2
·

Pkbt−1X
kb
t−1

Pcbit−1
Xcbit−1

+Pkbt−1
Xkbt−1

+Pcht−1
Xcht−1

+P
cg
t−1

X
cg
t−1

×
(
P cht /P cht−1

) 1

2
·

Pcht Xcht
Pcbit Xcbit +Pkbt Xkbt +Pcht Xcht +P

cg
t X

cg
t

+ 1

2
·

Pcht−1X
ch
t−1

Pcbit−1
Xcbit−1

+Pkbt−1
Xkbt−1

+Pcht−1
Xcht−1

+P
cg
t−1

X
cg
t−1

×
(
P cgt /P

cg
t−1

) 1

2
·

P
cg
t X

cg
t

Pcbit Xcbit +Pkbt Xkbt +Pcht Xcht +P
cg
t X

cg
t

+ 1

2
·

P
cg
t−1

X
cg
t−1

Pcbit−1
Xcbit−1

+Pkbt−1
Xkbt−1

+Pcht−1
Xcht−1

+P
cg
t−1

X
cg
t−1 ,

(41)

The growth rate of the price of government services Πcg
t = P cgt /P

cg
t−1 is exogenous and

assumed to follow AR(1) process. Specifically, letting πcgt = ln Πcg
t − ln Πcg

∗ , we allow

πcgt = ρπ,cg · πcgt−1 + ǫπ,cgt .

2.8 Monetary Authority

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

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

Rt = (Rt−1)
φr (R̄t

)1−φr
exp [ǫrt ] , (42)

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 (
Hy,gdp
t /Hy,gdp

∗

)φh,gdp (
∆Hy,gdp

t

)φ∆h,gdp

R∗.

(43)

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.

2.9 Government and Foreign Sector

The government in our model:

• Pays production subsidies of σp,s
∫ 1
0 P

s
t (j)Xs

t (j)dj to intermediate-good producing

firms and labor subsidies of σw,s
∫ 1
0 W

s
t (i)Lst (i)di to households to ensure that pro-

duction and labor supply are at their Pareto optimal levels.
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• Makes expenditure outlays of Gcbit and Gkbt on the economy’s two-final goods.

• Levies lump-sum taxes on intermediate-good producing firms and households to bal-

ance its budget in every period.

The foreign sector in our model pays lump-sum transfers equal to −P cbit NXcbi
t −P kbt NXkb

t

to households.

Letting Egf,cbit = Gcbit +NXcbi
t and Egf,kbt = Gkbt +NXkb

t we can define the stationary

version of each variable as Ẽgf,cbit =
Egf,kbt

Zmt (Zkbt )α(Zcbit )1−α
and Ẽgf,kbt =

Egf,cbit

Zmt Z
kb
t

. Letting Ẽgf,cbi∗

and Ẽgf,kb∗ denote the steady-state values of the stationary variables we can define:

egf,cbit = ρgf,cbiegf,cbit−1 + ǫgf,cbi and egf,kbt = ρgf,kbegf,kbt−1 + ǫgf,kb.

where egf,cbit = ln Ẽgf,cbit − ln Ẽgf,cbi∗ and egf,kbt = ln Ẽgf,kbt − ln Ẽgf,kb∗ .

3 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

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

capital owner’s profit-maximization problems (described in equations 21, 22, and 23).

Equilibrium in our model is an allocation:

{
Hgdp
t , Hpce

t , Xcbi
t , {X

cbi
t (j)}1

j=0, X
kb
t , {X

kb
t (j)}1

j=0, X
ch
t , {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, E

ch
t , {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,pce

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
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that satisfy the following conditions:

• The model’s two representative final-good producing firms solve (15) for s = cbi

and kb;

• All intermediate-good producers j ∈ [0, 1] solve (16), (17), and (19) for s = cbi and kb;

• All capital owners k ∈ [0, 1] solves (21), (22), and (23);

• All households i ∈ [0, 1] solve (30);

• The two final goods markets clear as in (31);

• All intermediate goods markets clear (by construction);

• The labor and non-residential capital markets clear as in (32);

• The consumer durable and residential capital rental markets clear as in (33);

• The identities given in (34) 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 (35) 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 (42) and (43);

• The BEA constructs measures of the growth rate of PCE and GDP aggregates and

price defined by equations (36), (38), (40), and (41), where imputed consumption and

production of housing services and its price are defined by (37) and (39).

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
{
Acbit , A

kb
t , A

m
t ,Γ

z,cbi
t ,Γz,kbt ,Γz,mt ,Θy,cbi

t ,Θy,kb
t ,Θl,cbi

t ,Θl,kb
t ,

Anrt , A
r
t , A

cd
t ,Ξ

cnn
t ,Ξcdt ,Ξ

r
t ,Ξ

l
t, E

gf,cbi
t , Egf,kbt , Hcg

t ,Π
p,cg
t

}∞

t=0

implied by the sequence of shocks
{
ǫa,cbit , ǫa,kbt , ǫa,mt , ǫz,cbit , ǫz,kbt , ǫz,mt , ǫθ,y,cbit , ǫθ,y,kbt , ǫθ,l,cbit , ǫθ,l,kbt ,

ǫa,nrt , ǫa,rt , ǫ
a,cd
t , ǫξ,cnnt , ǫξ,cdt , ǫξ,rt , ǫ

ξ,l
t , ǫ

gf,cbi
t , ǫgf,kbt , ǫh,cgt , ǫπ,cgt , ǫrt

}∞

t=0
.

We estimating the log-linearized, symmetric and stationary version of the model de-

scribed 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.
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4 Data

The model is estimated using 11 data series. The series, each from the Bureau of Economic

Analysis’s National Income and Product Accounts except where noted, are:

1. Nominal gross domestic product.

2. Nominal consumption expenditure on nondurables and services excluding housing

services.

3. Nominal consumption expenditure on durables.

4. Nominal residential investment expenditure.

5. Nominal business investment expenditure, which equals nominal gross private domes-

tic investment minus nominal residential investment.

6. GDP price inflation.

7. Inflation for consumer nondurables and services (which represents inflation in the

fast-growing “capital” goods sector).

8. Inflation for consumer durables (which represents inflation in the slow-growing “con-

sumption” goods sector).

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

Bureau of Labor Statistics; we scale up this measure of hours by the ratio of nominal

spending in our model to nominal non-farm business sector output in order to model

a level of hours more appropriate for the total economy.

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.

Chain-weighted price and quantity indices for each of the model’s expenditure and out-

put variables can be retrieved from the US NIPA. The construction of these price and

quantitiy series are as follows:

Expenditures on consumer non-durable goods and non-housing services (ECNN )

is the chain-weighted sum of Personal consumption expenditures on non-durable goods

and Personal consumption expenditures on services (Table 1.1 of the NIPA) with Owner-

occupied nonfarm dwellings and Tenant-occupied nonfarm dwellings (Table 2.4) chain-

subtracted.
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Expenditures on consumer housing services (ECH ) is the chain-weighted sum of

housing services from Owner-occupied nonfarm dwellings and Tenant-occupied nonfarm

dwellings (Table 2.4).

Expenditures on consumer durable goods (ECD) is Personal consumption expendi-

tures on durable goods (Table 1.1).

Expenditures on residential investment (ER) is Gross private domestic residential

investment (Table 1.1).

Expenditures on non-residential investment (ENR) is the chain-weighted sum of

Gross private domestic nonresidential investment and the change in private inventories

(Table 1.1).

Government and foreign demand for the output produced by the slow-growing

business and institutions sector (EGFC ) can be thought of as the chain aggrega-

tion of the two demand components. Government demand is the chain-weighted sum of

Government consumption expenditures (Table 3.9) with the Value added of general gov-

ernment (Table 3.10) chain-subtracted. Foreign demand is Exports of goods and services

excluding Non-automotive capital goods, Automotive vehicles, engines, and parts, and Non-

automotive consumer durables goods (Table 4.2) with Imports of goods and services ex-

cluding Non-automotive capital goods, Automotive vehicles, engines, and parts, and Non-

automotive consumer durables goods (also Table 4.2) chain-subtracted out.

Government and foreign demand for the output produced by the fast-growing

business sector (EGFK ) can also be thought of as the chain aggregation of the two

demand components. Government demand is Government gross investment (Table 3.9).

Foreign demand is Exports of Non-automotive capital goods, Automotive vehicles, engines,

and parts, and Non-automotive consumer durables goods (Table 4.2) with Imports of Non-

automotive capital goods, Automotive vehicles, engines, and parts, and Non-automotive

consumer durables goods (also Table 4.2) chain-subtracted out.

Production in the slow-growing part of the business and institutions sector

(XCBI ) is the chain-weighted sum of Expenditures on consumer non-durable goods and

non-housing services (ECNN ), Expenditures on residential investment (ER), and Govern-

ment and foreign demand for the output produced by the slow-growing business and insti-

tutions sector (EGFC ).
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Production in the fast-growing part of the business sector (XKB) is the chain-

weighted sum of Expenditures on consumer durable goods (ECD), Expenditures on non-

residential investment (ENR), and Government and foreign demand for the output produced

by the fast-growing business sector (EGFK ).

Production in the slow-growing household sector (XCH ) is equal to Expenditures

on consumer housing services (ECH ).

Production in the very slow-growing government sector (XCG) is equal to the

Value added of general government (Table 3.10).

As noted above a price index can be constructed for every expenditure and output

variable. Our theoretical model can, however, have only one price per output good. In the

identities:

PXCBI XCBI = PECNN ECNN + PER ER + PEGFC EGFC, (44)

PXKB XKB = PECD ECD + PENR ENR + PEGFK EGFK, and (45)

PXCH XCH = PECH ECH, (46)

that hold between the model’s expenditure and output variables, only in the last equation

does PXCH = PECH (which is by definition, since XCH = ECH). In the first two

equations PXCBI 6= PECNN 6= PER 6= PEGFC and PXKB 6= PECD 6= PENR 6= PEGFK .

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

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

to the data. I re-write equations (44) and (45) as

PECNN
[
PXCBIXCBI

PECNN

]

= PECNNECNN + PECNN
[
PERER

PECNN

]
+ PECNN

[
PEGFCEGFC

PECNN

]
, and

PECD
[
PXKBXKB

PECD

]
= PECDECD + PECD

[
PENRENR

PECD

]
+ PECD

[
PEGFKEGFK

PECD

]
,

and let ˜XCBI =
PXCBIXCBI

PECNN
, ẼR =

PERER

PECNN
, ˜EGFC =

PEGFCEGFC

PECNN
,

X̃KB =
PXKBXKB

PECD
, ẼNR =

PENRENR

PECD
, and ˜EGFK =

PEGFKEGFK

PECD
.
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Equations (44), (45), and (46) can then be written as:

PECNN ˜XCBI = PECNN ECNN + PECNN ẼR + PECNN ˜EGFC, (47)

PECD X̃KB = PECD ECD + PECD ẼNR + PECD ˜EGFK, and (48)

PECH XCH = PECH ECH, (49)

The above renormalization of the data does mean that the series for real expenditures on

residential investment (ẼR) and for expenditures on non-residential investment (ẼNR) are

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

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.

Since the series for production in the slow-growing part of the business and institutions

sector (XCBI) and production in the fast-growing part of the business sector (XKB) are

also changed by the renormalization, the chain-aggregation of ˜XCBI, X̃KB, XCH, and

XCG—which we denote by ˜XGDP—is no longer equal to the NIPA series for true GDP

(XGDP ). In addition the GDP price deflator implied by the sectoral price indices is no

longer equal to the true GDP price deflator. Specifically the true GDP price deflator—

denoted PXGDP—is the chain-weighted aggregation of PXCBI , PXKB, PXCH , and PXCG,

the GDP price deflator implied by the sector price indices is the chain-weighted aggregation

of P̃XCBI(= PECNN ), P̃XBK(= PECD), PXCH , and PXCG, denoted by P̃XGDP . There are

differences between the true and alternative measures even though their qualitative features

are unchanged. Importantly, however, there is essentially no bias in these estimates. The

divergence between the estimates is more evident for the GDP price deflator, although

this partly reflects the fact that the magnitudes of our readings for GDP price inflation

are smaller than the readings for GDP growth. Note also, that GDP price inflation is of

secondary interest to PCE price inflation, which is not altered by the price normalizations

performed in equations (47), (48), and (49).
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5 The Empirical Model

5.1 Model Parameters

The model’ calibrated parameters are presented in Tables 1, while the estimated parameters

are presented in Table 2. 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 2 outlines our assumptions about the prior distributions

of the estimated parameters, the remaining columns describe the parameters’ posterior

distributions.

[To be completed]

5.2 Variance Decompositions

Table 3 presents forecast error variance decompositions at various (quarterly) horizons at

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

[To be completed]

5.3 Impulse Responses

Figures 1 to 13 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).

[To be completed]

5.4 Implied Paths

Figure 14 compares the one-step ahead DGE forecast to the actual observations for the data.

Figures 15 and 16 show the 95 percent confidence banks and the median of the smoothed

paths of the persistent structural shocks.

[To be completed]
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A The Symmetric Equilibrium

The symmetric equilibrium is an allocation:

{
Hgdp
t , Hpce

t , Xcbi
t , Xkb

t , X
ch
t , E

nr
t , Ert , E

cd
t , E

cnn
t , Echt ,Λ

r
t ,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,pce

t ,Πp,cbi
t ,Πp,kb

t ,Πp,ch
t ,Πw,cbi

t ,Πw,kb
t ,

P kbt
P cbit

,
P cht
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 17)

and profit-maximization problem (described in 19);

• The capital owners’ profit-maximization problems (described in 21, 22, and 23); and

• The households’ utility maximization problems (described in 30);

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 + Egf,cbit , Xkb

t = Ecdt + Enrt + Egf,kbt ,

Ku,nr,cbi
t = U cbit Knr,cbi

t , and Ku,nr,kb
t = Ukbt K

nr,kb
t .

• The identities between real wages, relative prices, and different 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 (42) and (43) that describe the behavior of monetary policy; and

• Equations (36), (37), (38), (39), (40), and (41) that define the growth rates of PCE

and GDP aggregates and prices as well as the imputed consumption/production and

price of housing services.
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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

{
Acbit , A

kb
t , A

m
t ,Γ

z,cbi
t ,Γz,kbt ,Γz,mt ,Θy,cbi

t ,Θy,kb
t ,Θl,cbi

t ,Θl,kb
t ,

Anrt , A
r
t , A

cd
t ,Ξ

cnn
t ,Ξcdt ,Ξ

r
t ,Ξ

l
t, E

gf,cbi
t , Egf,kbt , Hcg

t ,Π
p,cg
t

}∞

t=0

implied by the sequence of shocks

{
ǫa,cbit , ǫa,kbt , ǫa,mt , ǫz,cbit , ǫz,kbt , ǫz,mt , ǫθ,y,cbit , ǫθ,y,kbt , ǫθ,l,cbit , ǫθ,l,kbt ,

ǫa,nrt , ǫa,rt , ǫ
a,cd
t , ǫξ,cnnt , ǫξ,cdt , ǫξ,rt , ǫ

ξ,l
t , ǫ

gf,cbi
t , ǫgf,kbt , ǫh,cgt , ǫπ,cgt , ǫrt

}∞

t=0
.

Note that the first-order conditions implied by the final good producing firms’ cost

minimization problem (described in 15) and the first step of the intermediate-good

producers cost-minimization problem (described in 16) 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 17) are:

Lst = (1 − α) ·Xs
t ·

MCst
W s
t

for s = cbi, bk (50)

Ku,nr,s
t = α ·Xs

t ·
MCst
Rnr,st

for s = cbi, kb. (51)

Xs
t = (Amt Z

m
t A

s
tZ

s
tL

s
t )

1−α (Ku,nr,s
t )

α
for s = cbi, kb. (52)

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

problems (equation 19) are the price Phillips curves

Θx,s
t MCstX

s
t = (1 + σp,s) (Θx,s

t − 1)P st X
s
t

+ 100 · χp,s
(
Πp,s
t −ηp,sΠp,s

t−1−(1−ηp,s)Πp,s
∗

)
Πp,s
t P st X

s
t

− βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

· 100·χp,s
(
Πp,s
t+1−η

p,sΠp,s
t −(1−ηp,s)Πp,s

∗

)
Πp,s
t+1P

s
t+1X

s
t+1

}

for s = cbi, kb. (53)

26



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

owners’ profit-maximization problem (equation 21) are:

Qnrt = βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

(
Rnrt+1 + (1 − δnr)Qnrt+1

)
}

(54)

Rnr,cbit =
Rnrt
U cbit

[
1+100 · χk

(
Knr,cbi
t

Knr,kb
t

−ηk
Knr,cbi
t−1

Knr,kb
t−1

−(1 − ηk)
K̃nr,cbi

∗

K̃nr,kb
∗

)
Knr
t

Knr,cbi
t

]
(55)

Rnr,kbt =
Rnrt
Ukbt

[
1−100 · χk

(
Knr,cbi
t

Knr,kb
t

−ηk
Knr,cbi
t−1

Knr,kb
t−1

−(1 − ηk)
K̃nr,cbi

∗

K̃nr,kb
∗

)
Knr
t

Knr,kb
t

]
(56)

U st =

(
1

κ
·
Rnr,st

P kbt

) 1

ψ

s = cbi, kb (57)

P kbt = Qnrt

[
Anrt − 100 · χnr

(
Enrt −ηnrEnrt−1Γ

x,kb
t −(1 − ηnr)Ẽnr∗ Zmt Z

k
t

Knr
t

)]

+ βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

·Qnrt+1 ·100·χnr ·ηnr ·Γx,kbt+1

×

(
Enrt+1−η

nrEnrt Γx,kbt+1 −(1 − ηnr)Ẽnr∗ Zmt Z
k
t

Knr
t+1

)}
(58)

Knr
t+1 = (1−δnr)Knr

t +Anrt E
nr
t −

100 · χnr

2

(
Enrt −ηnrEnrt−1Γ

x,kb
t −(1−ηnr)Ẽnr∗ Zmt Z

k
t

Knr
t

)2

Knr
t

(59)

Knr,cbi
t +Knr,kb

t

=Knr
t −

100 · χk

2

(
Knr,cbi
t

Knr,kb
t

−ηk
Knr,cbi
t−1

Knr,kb
t−1

−(1 − ηk)
K̃nr,cbi

∗

K̃nr,kb
∗

)2
Knr,kb
t

Knr,cbi
t

·Knr
t . (60)
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The symmetric first-order conditions implied by the consumer durables part of the

capital owners’ profit-maximization problem (equation 22) are:

Qcdt = βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

(
Rcdt+1 + (1 − δcd)Qcdt+1

)}
(61)

P kbt = Qcdt

[
Acdt − 100 · χcd

(
Ecdt −ηcdEcdt−1Γ

x,kb
t −(1 − ηcd)Ẽcd∗ Z

m
t Z

k
t

Kcd
t

)]

+ βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

·Qcdt+1 ·100·χcd ·ηcd ·Γx,kbt+1

×

(
Ecdt+1−η

cdEcdt Γx,kbt+1 −(1−ηcd)Ẽcd∗ Z
m
t+1Z

k
t+1

Kcd
t+1

)}
(62)

Kcd
t+1 = (1 − δcd)Kcd

t +Acdt E
cd
t −

100 · χcd

2

(
Ecdt −ηcdEcdt−1Γ

x,kb
t −(1 − ηcd)Ẽcd∗ Z

m
t Z

k
t

Kcd
t

)2

Kcd
t

(63)

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

owners’ profit-maximization problem (equation 23) are:

Qrt = βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

(
Rrt+1 + (1 − δr)Qrt+1

)
}

(64)

P cbit = Qrt

[
Art − 100 · χr

(
Ert −η

rErt−1Γ
x,cbi
t −(1 − ηr)Ẽr∗Z

m
t (Zkt )

α(Zct )
1−α

Kr
t

)]

+ βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

·Qrt+1 ·100·χr ·ηr ·Γx,cbit+1

×

(
Ert+1−η

rErt Γ
x,cbi
t+1 −(1−ηr)Ẽr∗Z

m
t+1(Z

k
t+1)

α(Zct+1)
1−α

Kr
t+1

)}
(65)

Kr
t+1 = (1−δr)Kr

t +ArtE
r
t−

100 · χr

2

(
Ert−η

rErt−1Γ
x,cbi
t −(1−ηr)Ẽr∗Z

m
t (Zkt )

α(Zct )
1−α

Kr
t

)2

Kr
t

(66)
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The symmetric (expenditure-related) first-order conditions implied by the households’

utility-maximization problem are: (equation 30) are:

Λcnnt

P cbit

= βRtEt

{
Λcnnt+1

P cbit+1

}
(67)

Λcnnt

P cbit

=
Λcdt
Rcdt

(68)

Λcnnt

P cbit

=
Λrt
Rrt

(69)

Λcnnt = ςcnn ·
Ξcnnt

Ecnnt − hcnnEcnnt−1

− βςcnnEt

{
hcnnΞcnnt+1

Ecnnt+1 − hcnnEcnnt

}
(70)

Λcdt = ςcd ·
Ξcdt

Kcd
t − hcdKcd

t−1

− βςcdEt

{
hcdΞcdt+1

Kcd
t+1 − hcdKcd

t

}
(71)

Λrt = ςr ·
Ξrt

Kr
t − hrKr

t−1

− βςrEt

{
hrΞrt+1

Kr
t+1 − hrKr

t

}
. (72)

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

Θl,cbi
t ·

Λl,cbit

Λcnnt

· P cbit Lcbit

=
(
1 + σw,cbi

)(
Θl,cbi
t − 1

)
W cbi
t Lcbit

−Θl,cbi
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,cbi
(
Πw,cbi
t −ηw,cbiΠw,cbi

t−1 −(1−ηw,cbi)Πw,cbi
∗

)
Πw,cbi
t W cbi

t Lcbit

−βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

×100·χw,cbi
(
Πw,cbi
t+1 −ηw,cbiΠw,cbi

t −(1−ηw,cbi)Πw,cbi
∗

)
Πw,cbi
t+1 W cbi

t+1L
cbi
t+1

}
(73)

Θl,kb
t ·

Λl,kbt

Λcnnt

· P cbit Lkbt

=
(
1 + σw,kb

)(
Θl,kb
t − 1

)
W kb
t L

kb
t

+Θl,kb
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,kb
(
Πw,kb
t −ηw,kbΠw,kb

t−1 −(1−ηw,kb)Πw,kb
∗

)
Πw,kb
t W kb

t L
kb
t

−βEt

{
Λcnnt+1/P

cbi
t+1

Λcnnt /P cbit

×100·χw,kb
(
Πw,kb
t+1 −ηw,kbΠw,kb

t −(1−ηw,kb)Πw,kb
∗

)
Πw,kb
t+1 W

kb
t+1L

kb
t+1

}
(74)
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where

Λl,cbit = Λl,kbt = ς lΞlt

(
Lcbit + Lkbt

)ν
(75)

B Equilibrium in the Symmetric and Stationary Model

The symmetric equilibrium is an allocation:

{
Hgdp
t , Hpce

t , X̃cbi
t , X̃kb

t , X̃
ch
t , Ẽ

nr
t , Ẽrt , Ẽ

cd
t , Ẽ

cnn
t , Ẽcht , Λ̃

r
t , 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,pce

t ,Πp,cbi
t ,Πp,kb

t ,Πp,ch
t ,Πw,cbi

t ,Πw,kb
t , P̃ kbt , P̃ cht , 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

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

{
Acbit , A

kb
t , A

m
t ,Γ

z,cbi
t ,Γz,kbt ,Γz,mt ,Θy,cbi

t ,Θy,kb
t ,Θl,cbi

t ,Θl,kb
t ,

Anrt , A
r
t , A

cd
t ,Ξ

cnn
t ,Ξcdt ,Ξ

r
t ,Ξ

l
t, E

gf,cbi
t , Egf,kbt , Hcg

t ,Π
p,cg
t

}∞

t=0

implied by the sequence of shocks

{
ǫa,cbit , ǫa,kbt , ǫa,mt , ǫz,cbit , ǫz,kbt , ǫz,mt , ǫθ,y,cbit , ǫθ,y,kbt , ǫθ,l,cbit , ǫθ,l,kbt ,

ǫa,nrt , ǫa,rt , ǫ
a,cd
t , ǫξ,cnnt , ǫξ,cdt , ǫξ,rt , ǫ

ξ,l
t , ǫ

gf,cbi
t , ǫgf,kbt , ǫh,cgt , ǫπ,cgt , ǫrt

}∞

t=0
.

These equations are presented below.

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

intermediate-goods producing firms’ cost minimization problems (equation 17)

are:

Lst = (1 − α) · X̃s
t ·

M̃C
s

t

W̃ s
t

for s = cbi, bk (76)

K̃u,nr,s
t

Γx,kbt

= α · X̃s
t ·

M̃C
s

t

R̃nr,st

for s = cbi, kb. (77)

X̃s
t = (Amt Z

m
t A

s
tZ

s
tL

s
t )

1−α
(
K̃u,nr,s
t

)α
for s = cbi, kb. (78)
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The stationary price Phillips curves that are implied by the intermediate-goods pro-

ducing firms’ profit maximization problems (equation 19) are

Θx,cbi
t M̃C

cbi

t X̃cbi
t =

(
1 + σp,cbi

)(
Θx,cbi
t − 1

)
X̃cbi
t

+ 100 · χp,cbi
(
Πp,cbi
t −ηp,cbiΠp,cbi

t−1 −(1−ηp,cbi)Πp,cbi
∗

)
Πp,cbi
t X̃cbi

t

− βEt

{
Λ̃cnnt+1

Λ̃cnnt

· 100·χp,cbi
(
Πp,cbi
t+1 −ηp,cbiΠp,cbi

t −(1−ηp,cbi)Πp,cbi
∗

)
Πp,cbi
t+1 X̃

cbi
t+1

}

(79)

Θx,kb
t M̃C

kb

t X̃
kb
t =

(
1 + σp,kb

)(
Θx,kb
t − 1

)
P̃ kbt X̃kb

t

+ 100 · χp,kb
(
Πp,kb
t −ηp,kbΠp,kb

t−1 −(1−ηp,kb)Πp,kb
∗

)
Πp,kb
t P̃ kbt X̃

kb
t

− βEt

{
Λ̃cnnt+1

Λ̃cnnt

· 100·χp,kb
(
Πp,kb
t+1 −η

p,kbΠp,kb
t −(1−ηp,kb)Πp,kb

∗

)
Πp,kb
t+1 P̃

kb
t+1X̃

kb
t+1

}

(80)

The symmetric and stationary first-order conditions implied by the non-residential part
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of the capital owners’ profit-maximization problem (equation 21) are:

Q̃nrt = βEt

{
Λ̃cnnt+1

Λ̃cnnt

·
1

Γx,kbt+1

(
R̃nrt+1 + (1 − δnr)Q̃nrt+1

)}
(81)

R̃nr,cbit =
R̃nrt
U cbit

[
1+100 · χk

(
K̃nr,cbi
t

K̃nr,kb
t

−ηk
K̃nr,cbi
t−1

K̃nr,kb
t−1

−(1 − ηk)
K̃nr,cbi

∗

K̃nr,kb
∗

)
K̃nr
t

K̃nr,cbi
t

]
(82)

R̃nr,kbt =
R̃nrt
Ukbt

[
1−100 · χk

(
K̃nr,cbi
t

K̃nr,kb
t

−ηk
K̃nr,cbi
t−1

K̃nr,kb
t−1

−(1 − ηk)
K̃nr,cbi

∗

K̃nr,kb
∗

)
K̃nr
t

K̃nr,kb
t

]
(83)

U st =

(
1

κ
·
R̃nr,st

P̃ kbt

) 1

ψ

s = cbi, kb (84)

P̃ kbt = Q̃nrt

[
Anrt − 100 · χnr

(
Ẽnrt −ηnrẼnrt−1−(1 − ηnr)Ẽnr∗

K̃nr
t

· Γx,kbt

)]

+ βEt

{
Λ̃cnnt+1

Λ̃cnnt

· Q̃nrt+1 ·100·χnr ·ηnr

(
Ẽnrt+1−η

nrẼnrt −(1 − ηnr)Ẽnr∗

K̃nr
t+1

· Γx,kbt+1

)}
(85)

K̃nr
t+1 = (1−δnr)

K̃nr
t

Γx,kbt

+Anrt Ẽ
nr
t −

100 · χnr

2

(
Ẽnrt −ηnrẼnrt−1−(1−ηnr)Ẽnr∗

K̃nr
t

· Γx,kbt

)2
K̃nr
t

Γx,kbt

(86)

K̃nr,cbi
t + K̃nr,kb

t

= K̃nr
t −

100 · χk

2

(
K̃nr,cbi
t

K̃nr,kb
t

−ηk
K̃nr,cbi
t−1

K̃nr,kb
t−1

−(1−ηk)
K̃nr,cbi

∗

K̃nr,kb
∗

)2
K̃nr,kb
t

K̃nr,cbi
t

· K̃nr
t (87)

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

part of the capital owners’profit-maximization problem (equation 22) are:

Q̃cdt = βEt

{
Λ̃cnnt+1

Λ̃cnnt

·
1

Γx,kbt+1

(
R̃cdt+1 + (1 − δcd)Q̃cdt+1

)}
(88)

P̃ kbt = Q̃cdt

[
Acdt − 100 · χcd

(
Ẽcdt −ηcdẼcdt−1−(1 − ηcd)Ẽcd∗

K̃cd
t

· Γx,kbt

)]

+ βEt

{
Λ̃cnnt+1

Λ̃cnnt

· Q̃cdt+1 ·100·χcd ·ηcd

(
Ẽcdt+1−η

cdẼcdt −(1−ηcd)Ẽcd∗

K̃cd
t+1

· Γx,kbt+1

)}
(89)

K̃cd
t+1 = (1 − δcd)

K̃cd
t

Γx,kbt

+Acdt Ẽ
cd
t −

100 · χcd

2

(
Ẽcdt −ηcdẼcdt−1−(1 − ηcd)Ẽcd∗

K̃cd
t

· Γx,kbt

)2
K̃cd
t

Γx,kbt

.

(90)

The symmetric and stationary first-order conditions implied by the residential part of
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the capital owners’ profit-maximization problem (equation 23) are:

Q̃rt = βEt

{
Λ̃cnnt+1

Λ̃cnnt

·
1

Γx,cbit+1

(
R̃rt+1 + (1 − δr)Q̃rt+1

)}
(91)

1 = Q̃rt

[
Art − 100 · χr

(
Ẽrt −η

rẼrt−1−(1 − ηr)Ẽr∗

K̃r
t

· Γx,cbit

)]

+ βEt

{
Λ̃cnnt+1

Λ̃cnnt

· Q̃rt+1 ·100·χr ·ηr

(
Ẽrt+1−η

rẼrt −(1−ηr)Ẽr∗

K̃r
t+1

· Γx,cbit+1

)}
(92)

K̃r
t+1 = (1 − δr)

K̃r
t

Γx,cbit

+Art Ẽ
r
t −

100 · χr

2

(
Ẽrt −η

rẼrt−1−(1 − ηr)Ẽr∗

K̃r
t

· Γx,cbit

)2
K̃r
t

Γx,cbit

.

(93)

The symmetric and stationary (expenditure-related) first-order conditions implied by the

households’ utility-maximization problem are: (equation 30) are:

Λ̃cnnt = βRtEt ·

{
Λ̃cnnt ·

1

Πcbi
t+1Γ

x,cbi
t+1

}
(94)

Λ̃cnnt = Λ̃cdt ·
1

R̃cdt
(95)

Λ̃cnnt = Λ̃rt ·
1

R̃rt
(96)

Λ̃cnnt = ςcnn ·
Ξcnnt

Ẽcnnt − (hcnn/Γx,cbit ) Ẽcnnt−1

− βςcnnEt

{
(hcnn/Γx,cbit+1 ) Ξcnnt+1

Ẽcnnt+1 − (hcnn/Γx,cbit+1 ) Ẽcnnt

}
(97)

Λ̃cdt = ςcd ·
Ξcdt

K̃cd
t − (hcd/Γx,kbt+1 ) K̃cd

t−1

− βςcdEt

{
(hcd/Γx,kbt+1 ) Ξcdt+1

K̃cd
t+1 − (hcd/Γx,kbt+1 ) K̃cd

t

}
(98)

Λ̃rt = ςr ·
Ξrt

K̃r
t − (hr/Γx,cbit ) K̃r

t−1

− βςrEt

{
(hr/Γx,cbit+1 ) Ξrt+1

K̃r
t+1 − (hr/Γx,cbit+1 ) K̃r

t

}
(99)
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The key equations from the households’ labor-supply decision are the wage Phillips curves

Θl,cbi
t ·

Λl,cbit

Λ̃cnnt

· Lcbit

=
(
1 + σw,cbi

)(
Θl,cbi
t − 1

)
W̃ cbi
t Lcbit

−Θl,cbi
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,cbi
(
Πw,cbi
t −ηw,cbiΠw,cbi

t−1 −(1−ηw,cbi)Πw,cbi
∗

)
Πw,cbi
t W̃ cbi

t Lcbit

−βEt

{
Λ̃cnnt+1

Λ̃cnnt

· 100·χw,cbi
(
Πw,cbi
t+1 −ηw,cbiΠw,cbi

t −(1−ηw,cbi)Πw,cbi
∗

)
Πw,cbi
t+1 W̃ cbi

t+1L
cbi
t+1

}
(100)

Θl,kb
t ·

Λl,kbt

Λ̃cnnt

· Lkbt

=
(
1 + σw,kb

)(
Θl,kb
t − 1

)
W̃ kb
t L

kb
t

+Θl,kb
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,kb
(
Πw,kb
t −ηw,kbΠw,kb

t−1 −(1−ηw,kb)Πw,kb
∗

)
Πw,kb
t W̃ kb

t Lkbt

−βEt

{
Λ̃cnnt+1

Λ̃cnnt

· 100·χw,kb
(
Πw,kb
t+1 −ηw,kbΠw,kb

t −(1−ηw,kb)Πw,kb
∗

)
Πw,kb
t+1 W̃

kb
t+1L

kb
t+1

}
(101)

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

model, are transformed as follows in the stationary model:

• The model’s market clearing conditions become:

X̃cbi
t = Ẽcnnt + Ẽrt + Ẽgf,cbit , X̃kb

t = Ẽcdt + Ẽnrt + Ẽgf,kbt ,

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 different 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 (42) and (43) that describe the behavior of monetary policy are already

described in terms of stationary variables;

• The equations that define the growth rates of PCE and GDP prices are still given by

(38) and (41) in the stationary model. The equations that define the growth rate of
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aggregate PCE and GDP (previously 36 and 40) and the equations that describe the

imputed consumption/production and price of housing services (previously 37 and 39)

are now given by:

Hpce
t =

(
Γx,cbit · Ẽcnnt

Ẽcnnt−1

) 1

2
·

Pcbit Ecnnt
Pcbit Ecnnt +Pkbt Ecdt +Pcht Echt

+ 1

2
·

Pcbit−1E
cnn
t−1

Pcbit−1
Ecnnt−1

+Pkbt Ecdt−1
+Pcht−1

Echt−1

×

(
Γx,kbt · Ẽcdt

Ẽcdt−1

) 1

2
·

Pkbt Ecdt
Pcbit Ecnnt +Pkbt Ecdt +Pcht Echt

+ 1

2
·

Pkbt−1E
cd
t−1

Pcbit−1
Ecnnt−1

+Pkbt Ecdt−1
+Pcht−1

Echt−1

×

(
Γx,cbit · Ẽcht

Ẽcht−1

) 1

2
·

Pcht Echt
Pcbit Ecnnt +Pkbt Ecdt +Pcht Echt

+ 1

2
·

Pcht−1E
ch
t−1

Pcbit−1
Ecnnt−1

+Pkbt Ecdt−1
+Pcht−1

Echt−1

, (102)

Ẽcht =X̃ch
t =

Γx,cbi∗ − β(1 − δr)

β
· K̃r

t (103)

P̃ cht =
β

Γx,cbi∗ − β(1 − δr)
· R̃rt . (104)

Hgdp
t

=

(
Γx,cbit · X̃cbi

t

X̃cbi
t−1

) 1

2
·

Pcbit Xcbit
Pcbit Xcbit +Pkbt Xkbt +Pcht Xcht +P

cg
t X

cg
t

+ 1

2
·

Pcbit−1X
cbi
t−1

Pcbit−1
Xcbit−1

+Pkbt−1
Xkbt−1

+Pcht−1
Xcht−1

+P
cg
t−1

X
cg
t−1

×

(
Γx,kbt · X̃kb

t

X̃kb
t−1

) 1

2
·

Pkbt Xkbt
Pcbit Xcbit +Pkbt Xkbt +Pcht Xcht +P

cg
t X

cg
t

+ 1

2
·

Pkbt−1X
kb
t−1

Pcbit−1
Xcbit−1

+Pkbt−1
Xkbt−1

+Pcht−1
Xcht−1

+P
cg
t−1

X
cg
t−1

×

(
Γx,cbit · X̃ch

t

X̃ch
t−1

) 1

2
·

Pcht Xcht
Pcbit Xcbit +Pkbt Xkbt +Pcht Xcht +P

cg
t X

cg
t

+ 1

2
·

Pcht−1X
ch
t−1

Pcbit−1
Xcbit−1

+Pkbt−1
Xkbt−1

+Pcht−1
Xcht−1

+P
cg
t−1

X
cg
t−1

× (Hcg
t )

1

2

P
cg
t X

cg
t

Pcbit Xcbit +Pkbt Xkbt +Pcht Xcht +P
cg
t X

cg
t

+ 1

2
·

P
cg
t−1

X
cg
t−1

Pcbit−1
Xcbit−1

+Pkbt−1
Xkbt−1

+Pcht−1
Xcht−1

+P
cg
t−1

X
cg
t−1 , (105)

C 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.
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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,cbi = Parameter reflecting the relative importance of lagged price inflation in the adjust-

ment cost function for slow-growing “consumption” goods’ prices.

ηp,kb = Parameter reflecting the relative importance of lagged price inflation in the adjust-

ment cost function for fast-growing “capital” goods’ prices.

ηw,cbi = Parameter reflecting the relative importance of lagged wage inflation in the adjust-

ment cost function for wages in the slow-growing “consumption” goods sector.

ηw,kb = Parameter reflecting the relative importance of lagged wage inflation in the adjust-

ment cost function for wages in the fast-growing “capital” goods sector.

ν = Inverse labor supply elasticity.

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

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

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

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,cbi = Persistence parameter in the AR(1) process describing the evolution of Γz,cbit .

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

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

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

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.

σp,cbi = (Θp,cbi
∗ − 1)−1 A subsidy to production in the slow-growing “consumption” goods

sector set to ensure that the economy’s level of steady-state output is optimal.

σp,kb = (Θp,kb
∗ −1)−1 A subsidy to production in the fast-growing “capital” goods sector set

to ensure that the economy’s level of steady-state output is optimal.

σw,cbi = (Θw,cbi
∗ − 1)−1 A subsidy to labor supplied to the slow-growing “consumption”

goods sector set to ensure that the economy’s level of steady-state output is optimal.

σw,kb = (Θw,kb
∗ −1)−1 A subsidy to labor supplied to the fast-growing “capital” goods sector

set to ensure that the economy’s level of steady-state output is optimal.

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.

χk = Parameter reflecting the size of adjustment costs in the non-residential capital sectoral

adjustment cost function.

37



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

function.

χp,cbi = Parameter reflecting the size of adjustment costs in re-setting prices in the slow-

growing “consumption” goods sector.

χp,kb = Parameter reflecting the size of adjustment costs in re-setting prices in the fast-

growing “capital” goods sector.

χw,cbi = Parameter reflecting the size of adjustment costs in re-setting wages for labor

supplied to the slow-growing “consumption” goods sector.

χw,kb = Parameter reflecting the size of adjustment costs in re-setting wages for labor

supplied to the fast-growing “capital” goods sector.

ψ = Elasticity of utilization costs.

D List of Endogenous and Exogenous Model Variables

Acbit =

Akbt =

Amt =

Anrt =

Art =

Acdt =

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.

Echt = Expenditures on consumer housing services.

Egf,cbit = Exogenous expendiutre (by the government and foreign sector) on goods in the

slow-growing “consumption” goods sector.

Egf,kbt = Exogenous expendiutre (by the government and foreign sector) on goods in the
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fast-growing “capital” goods sector.

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

Hpce
t = Growth rate of real (chain-weighted) PCE.

Hcg
t = Growth rate of real government output.

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

sumption”goods sector.

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+1 = The residential capital stock.

Kcd
t+1 = 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.
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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.

Xch
t = Production in the housing serives sector.

Zcbit =

Zkbt =

Zmt =

Γx,cbit =

Γx,kbt =

Γz,cbit =

Γz,kbt =

Γz,mt =

Θl,cbi
t = The elasticity of subsitution between the differentiated labor inputs into the pro-

duction of the economy’s slow-growing “consumption” good.

Θl,kb
t = The elasticity of subsitution between the differentiated labor inputs into the pro-

duction of the economy’s fast-growing “capital” good.

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.

40



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,pce
t = The inflation rate of the PCE 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.

Πp,cg
t = The inflation rate for the price of government output (exogenous)

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.

E Definitions of Stationary Model Variables

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

Ẽcht =
Echt

Zmt (Zkbt )α(Zcbit )1−α

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
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K̃cd
t+1 =

Kcd
t

Zmt Z
kb
t

M̃C
cbi

t =
MCcbit
P cbit

M̃C
kb

t =
MCkbt
P cbit

(
Zkbt
Zcbit

)1−α

P̃ kbt =
Pkbt
P cbit

(
Zkbt
Zcbit

)1−α

Q̃nrt =
Qnrt
P cbit

(
Zkbt
Zcbit

)1−α

Q̃rt =
Qrt
P cbit

Q̃cdt =
Qcdt
P cbit

(
Zkbt
Zcbit

)1−α

R̃nr,cbit =
Rnr,cbit

P cbit

(
Zkbt
Zcbit

)1−α

R̃nr,kbt =
Rnr,kbt

P cbit

(
Zkbt
Zcbit

)1−α

R̃nrt =
Rnrt
P cbit

(
Zkbt
Zcbit

)1−α

R̃rt =
Rrt
P cbit

R̃cdt =
Rcdt
P cbit

(
Zkbt
Zcbit

)1−α

W̃ cbi
t =

W cbi
t

P cbit
· 1
Zmt (Zkbt )α(Zcbit )1−α

W̃ kb
t =

Wkb
t

P cbit
· 1
Zmt (Zkbt )α(Zcbit )1−α

X̃cbi
t =

Xcbi
t

Zmt (Zkbt )α(Zcbit )1−α

X̃kb
t =

Xkb
t

Zmt Z
kb
t

X̃ch
t =

Xch
t

Zmt (Zkbt )α(Zcbit )1−α

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
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Table 1: Calibrated Parameters

ψ Θcbi,p Θkb,p Θl,w ηnr ηcd ηr β δ δcd δch h∗,gf α
5 7 7 7 1 1 1 0.99 0.03 0.055 0.004 0.25 0.26
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Table 2: Prior and Posterior Distributions

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

h B 0.500 0.122 0.794 0.055 0.717 0.794 0.862
hcd B 0.500 0.122 0.811 0.147 0.388 0.568 0.777
hr B 0.500 0.122 0.502 0.120 0.348 0.510 0.663
ν G 2.000 1.000 2.443 0.915 2.124 3.168 4.537
rπ N 2.000 1.000 3.686 0.488 3.021 3.570 4.277
ry N 0.500 0.400 0.208 0.029 0.170 0.209 0.243
r△π N 0.500 0.400 -0.059 0.081 -0.163 -0.061 0.043
r△y N 0.500 0.400 -0.091 0.028 -0.128 -0.095 -0.058
χp G 2.000 1.000 2.217 0.673 2.191 2.951 3.878
χH G 2.000 1.000 0.790 1.204 0.615 1.777 3.760
χw G 2.000 1.000 0.696 0.691 0.634 1.271 2.384
χnr G 2.000 1.000 0.660 0.242 0.548 0.817 1.160
χcd G 2.000 1.000 0.191 0.159 0.296 0.521 0.708
χr G 6.000 1.000 8.967 2.565 7.408 10.165 13.988
ηH B 0.500 0.224 0.563 0.207 0.299 0.624 0.853
ηp B 0.500 0.224 0.332 0.136 0.198 0.378 0.551
ηw B 0.500 0.224 0.264 0.140 0.150 0.321 0.507
ρR B 0.750 0.112 0.901 0.017 0.877 0.900 0.919
ρξ,cnn B 0.750 0.112 0.766 0.094 0.651 0.792 0.882
ρa,nr B 0.750 0.112 0.887 0.031 0.853 0.893 0.929
ρa,cd B 0.750 0.112 0.827 0.096 0.564 0.691 0.808
ρξ,cd B 0.750 0.112 0.793 0.112 0.590 0.753 0.882
ρξ,r B 0.750 0.112 0.790 0.109 0.591 0.755 0.875
ρgf,y B 0.750 0.112 0.981 0.012 0.957 0.976 0.988
ρL B 0.750 0.112 0.944 0.030 0.887 0.934 0.965
ρz,k B 0.750 0.112 0.792 0.092 0.607 0.749 0.842
ρz,m B 0.500 0.150 0.308 0.074 0.199 0.295 0.390
ρa,r B 0.500 0.150 0.425 0.085 0.331 0.439 0.554
σξ,b I 3.000 2.000 1.755 0.404 1.441 1.849 2.470
σξ,cd I 3.000 2.000 2.457 2.658 2.095 3.704 7.699
σξ,r I 3.000 2.000 2.446 1.586 1.939 3.248 5.899
σgf,y I 1.000 2.000 1.585 0.154 1.428 1.613 1.826
σξ,l I 3.000 2.000 2.357 1.067 2.303 3.342 5.033
σR I 0.200 2.000 0.110 0.011 0.100 0.112 0.128
σz,k I 0.500 2.000 0.410 0.202 0.356 0.539 0.848
σz,m I 0.500 2.000 0.834 0.076 0.752 0.844 0.943
σθ,y,cbi I 0.500 2.000 0.522 0.155 0.492 0.668 0.899
σθ,y,kb I 0.500 2.000 0.416 0.157 0.317 0.486 0.716
σθ,l I 0.500 2.000 0.605 0.079 0.513 0.598 0.713
σa,r I 4.000 2.000 8.241 2.581 6.509 9.082 13.237
σa,cd I 2.000 2.000 1.855 1.746 2.487 4.740 7.050
σξ,i I 4.000 2.000 5.353 1.140 4.744 6.060 7.682
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Table 3: Variance Decomposition

Shocks Horizon △yt Xcbi
t Xkb

t LAgg
t Πc

t ΠGDP
t Rt

ǫξ,cnn
t 1 0.01 0.15 0.02 0.03 0.00 0.00 0.01

4 0.00 0.23 0.02 0.02 0.01 0.01 0.03
12 0.00 0.27 0.02 0.01 0.02 0.01 0.03

ǫξ,cd
t 1 0.00 0.00 0.01 0.01 0.00 0.00 0.00

4 0.00 0.00 0.01 0.01 0.00 0.00 0.01
12 0.00 0.00 0.00 0.00 0.00 0.00 0.01

ǫξ,r
t 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ǫh,gf
t 1 0.23 0.00 0.01 0.02 0.01 0.01 0.07

4 0.06 0.00 0.01 0.02 0.03 0.03 0.04
12 0.04 0.00 0.00 0.01 0.03 0.02 0.01

ǫξ,l
t 1 0.01 0.00 0.02 0.03 0.03 0.03 0.00

4 0.05 0.01 0.03 0.10 0.07 0.06 0.00
12 0.05 0.10 0.06 0.35 0.05 0.04 0.00

ǫRt 1 0.02 0.00 0.03 0.05 0.02 0.03 0.57
4 0.01 0.00 0.02 0.04 0.07 0.06 0.09
12 0.00 0.01 0.00 0.01 0.10 0.08 0.01

ǫz,kb
t 1 0.00 0.00 0.18 0.10 0.01 0.06 0.03

4 0.00 0.00 0.16 0.11 0.04 0.15 0.11
12 0.13 0.05 0.08 0.05 0.06 0.25 0.09

ǫz,m
t 1 0.46 0.72 0.02 0.23 0.26 0.32 0.02

4 0.51 0.52 0.01 0.11 0.65 0.59 0.01
12 0.56 0.35 0.00 0.00 0.69 0.54 0.00

ǫθ,y,cbi
t 1 0.00 0.00 0.00 0.01 0.64 0.48 0.11

4 0.00 0.01 0.00 0.01 0.06 0.03 0.06
12 0.00 0.01 0.00 0.00 0.00 0.00 0.01

ǫθ,y,kb
t 1 0.00 0.00 0.01 0.00 0.00 0.02 0.00

4 0.00 0.00 0.01 0.01 0.00 0.00 0.00
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ǫθ,l
t 1 0.00 0.00 0.00 0.01 0.02 0.02 0.00

4 0.01 0.00 0.00 0.02 0.02 0.02 0.00
12 0.00 0.01 0.00 0.02 0.00 0.00 0.00

ǫa,r
t 1 0.01 0.04 0.00 0.01 0.00 0.00 0.01

4 0.00 0.04 0.00 0.01 0.00 0.00 0.01
12 0.00 0.03 0.00 0.00 0.00 0.00 0.01

ǫa,cd
t 1 0.04 0.01 0.11 0.09 0.01 0.01 0.04

4 0.02 0.01 0.07 0.08 0.03 0.03 0.12
12 0.00 0.03 0.01 0.02 0.03 0.03 0.06

ǫa,nr
t 1 0.19 0.07 0.60 0.40 0.00 0.01 0.12

4 0.33 0.16 0.67 0.47 0.01 0.02 0.52
12 0.21 0.15 0.82 0.52 0.01 0.02 0.78
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Figure 1: Impulse Responses: Preference Shock (Serv. & Non-Dur. Goods)
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Figure 2: Impulse Responses: Preference Shock (Durable Goods)
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Figure 3: Impulse Responses: Preference Shock (Res. Goods)
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Figure 4: Impulse Responses: Labor Supply Shock
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Figure 5: Impulse Responses: Efficiency Shock (Non-Res. Goods)
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Figure 6: Impulse Responses: Efficiency Shock (Dur. Goods)
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Figure 7: Impulse Responses: Efficiency Shock (Res. Goods)
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Figure 8: Impulse Responses: Autonomous Spending Shock
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Figure 9: Impulse Responses: Price Markup Shock (CBI sector)
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Figure 10: Impulse Responses: Price Markup Shock (BK sector)
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Figure 11: Impulse Responses: Permanent Technology Shock: TFP
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Figure 12: Impulse Responses: Permanent Technology Shock: Inv-Spec.
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Figure 13: Impulse Responses: Monetary Policy Shock
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Figure 14: Observable series: realized paths and one-step ahead forecasts.
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Figure 15: Smoothed Paths of Key Persistent Shocks

1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

−20

0

20

Ξ
t
l

1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

−20

0

20

ε
t
a,nr

1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

−10

0

10

ε
t
a,cd

1986 1988 1990 1992 1994 1996 1998 2000 2002 2004
−40
−20

0
20

ε
t
a,r

Figure 16: Smoothed Paths of Key Persistent Shocks II
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