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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



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 X£*) is used for consumer nondurable goods and services and residential
capital goods and the output of a faster growing sector (denoted X}?) 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—Iless closely tied to business cycle fluctuations



in the data—did explore the multi-sector structure underlying U.S. growth and fluctua-
tions.! 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 Ef™), consumer durable goods (denoted E¢?), residential investment (denoted EY),
and non-residential investment (denoted E}'").

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 fized 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-

!See for examples, Greenwood et. al [1997], Greenwood et. al [2000], Whelan [2003], and Fisher [2006].



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 X and fast-growing “capital” goods X[°.
“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, X/ (j)
for s = cbi, kb, distributed over the unit interval. Specifically, final goods production is

governed by the function

1 i 6T 1
Xp = / X3(5) O dj . s = cbi,kb. (1)
0

The term ©;° 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 6, = In©;"° — In ©"° denote the log-deviation of ©;"® from its steady-state value

of ©y°, we assume that
z,s __ 6.x,s
0" = ¢ (2)

where ef’x’s 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
{L;(i,j)}}1, with the sector’s specific utilized non-residential capital stock K;"""*(5). (Uti-
lized non-residential capital, K,"""*(j), is equal to the product of physical non-residential
capital, K;"°(j), and the utilization rate, U;""*(j)). A Dixit-Stiglitz aggregator character-
izes the way in which differentiated labor inputs are combined to yield a composite bundle
of labor, denoted L{(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 M F P} in the sector s—the intermediate good X/(j). The production

of intermediate good j is governed by the function:
o

1 o1 ol
X[ ) = (K G) (2 2 L (3)' where L (j) = ( [ rea @ di) s = cbi, kb
(3)



and where we assume ZfbZ =

1. The parameter « in equation (3) is the elasticity of output
with respect to capital while ©} denotes the stochastic elasticity of substitution between
the differentiated labor inputs. Letting (91{ =In @é — In©! denote the log-deviation of @ff

from its steady-state value of O, we assume that
6! = ef o (4)

where ef’l is an i.i.d. shock process.

The level of productivity in the capital goods producing sector has two components.
The Z{" component represents an economy-wide productivity shock, while the Ztkb 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, Z;"*, since we assume Ztcbi = 1. The exogenous productivity terms contain a
unit root, that is, they exhibit permanent movements in their levels. We assume that the

stochastic process Z; evolves according to
InZ; —InZ; , =Inly® =In(I'2° -exply;’]) = InT7° + 4%, s = kb,m, (5)

where I'Y" and 7, are the steady-state and stochastic components of I';"”. The stochastic

2,8 .
component ;" is assumed to evolve according to

2,80 %8

W= e (6)

S represents the persistence of v;"* to a shock.

2.8 ..
where €;”” is an i.i.d shock process, and p*
In line with historical experience, we assume a more rapid rate of technological progress in

capital goods production by calibrating R > 1.

2.2 Capital Stock Evolution

As already noted, there are three types of physical capital stocks in our model economy:
non-residential capital, K*", residential capital, K}, and consumer durables capital, de.

Purchases of the economy’s fast-growing “capital” good can be transformed into either
non-residential capital, K|, which can be used to produce output in either sector of
the economy, or into the economy’s consumer-durable capital stock, Kf_ﬁl, 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 A7, for s = nr, cd, and r—in the capital accumulation



process. These shocks are uncorrelated with each other and exhibit only transitory move-
ments from their steady-state unit mean.? Letting af = In A; denote the log-deviation of

A7 from its steady-state value of unity, we assume that:
aj = p®ai_i + €, 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:

Kl (k)= (1=0"") K{" (k) + A" B (k)

- 2
00 (B B (BTN
2 K b

2
100 - x4 B{A(k)— B (k)T
Kyt (k)= (1= K (k) + A7 By (k) - —> (t” 0L

cd
5 K K{*, and (9)

T T\ 1T r T 100 - x" ET(k)_ - (k)rx76bi r
Ky (k)= (1=0")K{ (k) + A7 E] (k) - — ( e R (10)
t

The parameter §° 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 E}"" = Eﬂ"lff’kbbu‘c rise to above zero (at an
increasing rate that depends on x™") as these values diverge. The relative values of Ef? and
Efflff’kb have similar implications for the adjustment costs entailed in the accumulation of
consumer durables capital, as do the relative values of E] and E]_ T} Y for the accumula-
tion of residential capital. The parameters Y and y” have the same interpretation as x™".
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, E{" (i), the flow of services from consumer-durable capital, K£4(i), the
flow of services from residential capital K (i), and its leisure time, which is equal to what
remains of its time endowment after L% (i)+ L5 (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.



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 A" multiplied by its consumption last period Ef"} (7). 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:

E0d B <IN 1) R B () +< S5 n (K )~ R (1)
t=0

T.cbi(; LEb (i 1+Y
L (KT () b KT (i) ') (”Lty (©) } (11)

The parameter (3 is the household’s discount factor, v denotes its inverse labor supply
elasticity, while ¢, ¢ ¢" and ¢! are scale parameter that tie down the ratios between
the household’s consumption components. The stationary, unit-mean, stochastic variables
zZemn =Z9d =7 and E! represent aggregate shocks to the household’s utility of its consumption
components and its disutility of labor.® Letting & = In=F — In =% denote the log-deviation

of Z¥ from its steady-state value of =7, we assume that
& = 57l L+ &7, x = cnn,cd, . (12)

The variable €;”" is an i.i.d. shock process, and p&® represents the persistence of =Y 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.



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:

0T

o -1

1 oP®-1
{X§I11nl / PF(7)X;(j)dj subject to (/0 (X2(5) °F dj) t > X/, for s = cbi, kb.

(13)

3.2 Consumption and Capital Intermediate Goods Producers

Each intermediate-good producing firm j € [0, 1] and s = ¢, 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:

1 el-1 el—1
min /Wt i)L; (i, 7)di subject to (/ (Li(i,5)) © di) tz Li(j), for s = cbi, kb,
{Li (D)} 0 0

(14)
and
i WELEG) + REYG)
{L: ()K" () }
subject to (ZMZFL5(5))' ™ (K" (§))* > X£(4), for s = cbi, kb, where Z&¥ =1.  (15)



The profit-maximization problem faces by the firm is given by:

Acnn
max &o t PS( N—MCS(5)X5(45
o Zﬂ e LPEG)XIG) - M )X )

100'Xp ( Pts(j) DTTP,S 2
- ——nPIL — (1 =PI | PP X}
2 Pts—l(j) t—1 ( ) * t <M

Ps ; e7°
subject to X3(j)= < P(S )> X2, for 7 =0,1,...,00, and s = cbi, kb. (16)

The variable M C}(j) represents the marginal cost of producing a unit of X;(j). The
profits function incorporates price setting adjustment costs (the size which depend on the
parameter x? 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, K/';, or the
consumer-durable capital stock, K}, and in equation (10) for transforming the economy’s
slow-growing “consumption” good into the economy’s residential capital stock K.

The non-residential capital owner solves:

max
{EpT (k) K27y (k) K (k) K0 (), U (k) UFP (k) Y52

nn m“ cbiyrebi nr,chi nr,kb nr,kb nr
8 Zﬁt Pcbz { U " (k)Kt (k)+Rt Utkb(k)Kt (k)_PtkbEt (k)

cbi 4+y _q , kb +y _q
K ((Ut (k)) ) PtkaZW’dn K <(Ut (k)) ) Ptkaer,kb}

1+ 1+
subject to
2
100 - x" [ E™(k)—E™ | (k)T¥*
(k) = (L= 8V (K) + AT B (k) T X ( W= BT ) e
K () 4 Kk (k) = K (k), for 7 = 0,1, ..., 0. (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 K,"""* = UfK;""".)

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 x = R?"/P*’ which



implies that in the steady-state equilibrium utilization is unity. The consumer durables

capital owner solves:

max &) B RAK(E) — PFPEC(K) ¢ subject to
(B2 (k) K5 (k)5 ) ; be’{ ' P }

K2 (k) = (1= 6°) K2 (k) + AZ BE 1) —

T

2
100 - x4 [ B(k) B, (DT g
2 K T

for 7 =0,..., 00, (18)

while the residential capital owner solves:

max & pt—=L
(B (). KTy (R))22 O}OZ

{RTKT(k) - PthiE{(k)} subject to

r T T x,cbi
K7y (k) = (1 — 6" KT (k)+ AT BT () — 220X (ET(k) E;_(k)T7 )

2 K
forr=0,1,..., 0. (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
(B (i), K £ (0) K7 (0) AW (.15 (0) smeti o Bes1 () } o5

SOZ/Bt{ cnn~cnn ln<Ecnn< ) hcnnEtCEn( ))_i_gcdHCd ln(ch( ) thKtCill(i))

t=0
chi : Lk:b ) 1+v
+§TE§ln(KZ(i)fh’”K[_l(i))—glEi( t (Z)Lty () } subject to
R:'Bri1(d) ) + Z W2 (i) L2 (i) + Capital and Profits Income, (i) — PSVES™ (i)
s=cbi,kb
100 - XY [ WE(j) 2
_Rchcd_RrKr_ T WITWS (1 — pW) IV WSLS
T T T T Z 9 ( 1(]) -1 7—1 ( n ) * TT
s=cbi,kb
: o \ 2
B 100,Xl bLin _ ‘W;_:bz' Lkb Wfb chz (Z) B chz B (1 _nl) Libz Lic_b |
2 Li Z—I—L* chz+Lkb Lkb( ) Lkb Ll:b Lf_bl
4 cbi [ \\ —OF kb —©%
Libl(i):<WI;/Cb(Z)) L and LF(i)— (W&k(;)) I, for r=0,1,.,00.  (20)
T T

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

which depend on the parameter x* 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

i [ 1 100 - XP /0 kb b DA
X = / B (i) di + / E; (k)dk + — (va —PTIP Y — (1 =P TIEe ) pebixcbi
0 0

Ut )+ -1
1+

100-x* ; ; N2
+ X (Héu,cbz_ an;U_,clbz_ (1 _nw)l—[*w,dn) WthngbZ_ P <

5 ) Ptcbi Kfr70bi

(21)

and

100 - x?

2
kb kb i
S (T =T — (1)) P x

1 1
Xk = / E¢(k)dk + / E (k)dk. +
0 0
Utkb(k,)ler -1

1+

100-x" 2
n X <H;u,kb7 an:uilibi (1— nw)mku,kb) WH Lk <

5 )Pt’“bK{‘T K (22)

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

manded in sector s are given by

1 1 1
L; (i) :/OLf(i,j)dj amd/0 U(k);K;"*(k)dk :/OKZL’"T’S(j)dj Vi € [0,1] and for s = cbi, kb.
(23)

The market clearing conditions for consumer durables and residential capital are

1 1 1 1
Cd _ Cd - - T _ T/, .
/OKt (k)dk —/OKt (i)di aund/0 K (k)dk —/OKt (1)di. (24)

3.6 Identities

The model also consists of the following identities:

WE®G) = L2 ()WE (i) and W =TL""W7 , Vi€ [0,1] and for s = cbi, kb, and (25)
PrG)=1°(j)PL,(j) and PP =T10°P7, V je€[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:

i \ P \ PEREY i g\ PERET PR PR RE bR

gdp Xt Xt Ft i Xt

Ht — chi Xkb T . (27)
t—1 t—1 Xt,1

To a first-order approximation, this definition of GDP growth is equivalent to how it is
defined in the U.S. NIPA. The variable )?ff in equation (27) represents stationary un-
modelled output (that is, GDP other that E&™, B¢, E7 and EPT). Stationary un-modeled

output is exogenous and is assumed to follow the process:
1n)?ff —In X9/ = p97 (ln)?ff - ln)?ff) + €297,

The inflation rate of the GDP deflator, represented by II?9%  is defined implicitly by:

d d . . .
H?deHit]dp _ Ptg pth P _ Pth’LXthZ + Ptkafb 4 PthZXff . (28)
RERXIR RN, + X + PR,

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 Ry to its target level Ry
Ry = (Ry—1)” (Rt)lﬂZ> exp [ef] (29)

where the parameter ¢" reflects the degree of interest rate smoothing, while €] represents a
monetary policy shock. The central bank’s target nominal interest rate R; is given by:

h,gdp

R.. (30)

_ p,gdp p,gdp ¢7f,gdp pogdp ¢A7r,gdp gdp gdp ¢ ¢Ah,gdp
Ry = (Ht: JTIE ) (AH{ ) (Ht JHS ) )

(amp®

where R, denotes the economy’s steady-state nominal interest rate (which is equal to
(1/5)H§’6Fi’m(Fi’kb)a(Fi’Cbi)“a) and ¢™9%  pA™IAP  Hh9dP and ¢AM9P 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 Q}"(k), the price of installed consumer durables

capital Q¢%(k), and the price of installed residential capital Q} (k). These variables are the
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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:

{9, X5 AX ()}, XX ) ABE (09) g {7 (0) Hmo, {5 o,
LB (5) e, {AT () o (AG () Heg AAT™ () o, (A ()}, (A ()},
(L) g (L2 G ) oo Ho A8 G) s LU, )P U7 ) H ATE ()
LR () g, LR () s T (0) Hgs LT 06) o, KT () Ho,

UK (o (KT ()P A (B oo AKE (D} o)

0

and a sequence of values
.gd ,cbi i kb kb, ,cbi i kb kb
{Hf g p’ Hf : Z’ {Hi) ¢ l(])}]l':()v Hf ) {Hf (J)}]l:07 H;iw § z’ {H;iw ‘ z(Z)}jl:07 H;tw ’ {H;U (2)}]1':07

Ptkb Ptkb ( ]) 1 Wtcbi Wtcbi ( Z) 1 Wtkb Wtkb ( Z) 1 R?’ZCM R?T»kb R?r
Ptcbi ’ Ptcbi =0 Ptcbz Ptcbi _0’ Ptcbi ’ Ptcbi ; O, Ptcbi ’ Ptcbi ’ Ptcbi ’
1

T C col (4 o 1 nr T C >
Rt' th' { Ctb'(J)} {Mcfb'(J)} { t (k)}l {Qt(k) }1 { td(l?)} R,
Ptcbz F)tdn jt)tcbz =0 Ptcbz =0 Ptcbz 0 Ptcbz J0 Ptcbz f0 o

that satisfy the following conditions:

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

and kb;
e All intermediate-good producers j € [0, 1] solve (14), (15), and (16) for s = ¢bi and kb;
e All capital owners k € [0, 1] solve (17), (18), and (19);
e All households i € [0, 1] solve (20);
e The two final goods markets clear as in (21) and (22);
e All intermediate goods markets clear (by construction);
e The labor and non-residential capital markets clear as in (23);
e The consumer durable and residential capital rental markets clear as in (24);
e The identities given in (25) hold, but are modified slightly to
W) _ I () Wi, () we IR Wiy
o R, ME WP

for all ¢ € [0,1] and for s = cbi, kb;

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

P(5)  II°(5) Pea(d) pf Hf’ 1 tk 1
P TR P an P I Ptc 1 or all j € [0,1] and for s = cbi,

e 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 Kj", K, Kgd, and R_1,
and the sequence of exogenous variables
z2,kb nz,;m Ax,ebi qx kb AL gnr g7 ped menn —ed =r =i gf o
{Ft ’Ft ’Gt ’@t ’@b t t»At’“t v“t"—'t?ut’Et =0
implied by the sequence of shocks

z,kb zm Ox.cbi 0,xkb 601 amnmr a;r acd Ecenn Eed Er &l gf r o0
{et Y€ €T € Y€ € € S € € €L € € €L, € o

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.

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

Nominal residential investment expenditure.

AT

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.?

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
(PE CNNECNN ) 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 (PX“P EC D) is nominal personal
consumption expenditures on durable goods (Table 1.1).

Nominal expenditures on residential investment (P*®ER) is nominal gross private
domestic residential investment (Table 1.1).

Nominal expenditures on non-residential investment (PENFENR) 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 (PX¢BIX(CBI) is the sum of nominal expenditures on consumer non-durable goods
and non-housing services (PF¢NN EC N N) and nominal expenditures on residential invest-
ment (PFPRER).

Nominal production in the fast-growing part of the business sector (PXXZ2X K B)
is the sum of nominal expenditures on consumer durable goods (PF“P EC'D) and nominal
expenditures on non-residential investment (P*NRENR).

In summary,

PXCBI xcB] = PECNN EONN + PPR ER, and, (31)
PXEB xKkB = PECP EpCcD 4+ PPNE 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.’

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

XCBI ECNN ER
pXCBI p j2

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

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

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

measurements, notably PX¢B1 £ pEONN £ pER anq pXKB o pECD o pENE,
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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

PXCBIxCBT PERER
ECNN _ pECNN ECNN
pECD [PXKBXKB] _ pECDpop 4 pECD {PENRENR]
PECD - PECD ,
- pXCBIxCOBI . PERER
dj __ dj __
and let XCBIQJ—W, ERaJ_PECW’ and
. PXKBXKRB . PENRENR
dj __ dj __
XKB‘”—ipECD , ENR* = pECD
Equations (31) and (32) can then be written as:
PECNN xopred — pEONN pONN + PEONN pRedi - and (33)
pFCP XKBW = PPCP ECD + PPYP ENR, (34)

The above renormalization of the data implies that the series for real expenditures on res-
idential investment (FR*¥) and for expenditures on non-residential investment (EN RY)
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.
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We add measurement errors processes, denoted 7, 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.®

6.2 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.” Nonetheless, habit-persistence and investment adjustment costs
are important in generating “hump-shaped” responses of these series to monetary policy
shocks.® 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

5The 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].

"These 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 howurs 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 (2§, 294, =7 and Z!), four capital efficiency shocks (AP, A%, and A}), the
autonomous spending shock (H®97/), mark-up shocks (6} bt and @f’d’i), technology shocks
(T&™ and TF"™), and monetary policy shock (¢").

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 2" and Z°¢, 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, 4" (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, v** (shown in the second panel of figure 18) as well as a extended sequence of
favorable labor supply shocks, = (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, Z“*"—
and a unfavorable shock to business investment spending, A™ (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, A™, 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:
(g, X, XE, B, By B A7 AR A AR AL,
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that satisfy the symmetric versions of the first order conditions implied by:
e The intermediate-good producers’ second cost-minimization problem (described in 15)
and profit-maximization problem (described in 16);
e The capital owners’ profit-maximization problems (described in 17, 18, and 19); and
e The households’ utility maximization problems (described in 20);
and the symmetric versions of the model’s other equilibrium conditions, specifically:
e The model’s market clearing conditions of which only the following need to be explic-

itly included:
Xtcbi _ Etcnn‘i‘E{, thb _ Eth‘f‘EZW, Ktu,nr,cbz _ UthiKtnT’CbZ, and K;L,m",kb _ UtkaZzT,kb'
e The identities between real wages, relative prices, and wage and price inflation rates:
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e Equations (29) and (30) that describe the behavior of monetary policy; and
e 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 K", K{, K ¢ and R_q,

and the sequence of exogenous variables
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{Ft 7Ft a®t a@t a®b t > t’At7‘—‘t "—‘tv‘ﬂtw—‘tvEt =0

implied by the sequence of shocks

z,kb zm Oy,cbi Oykb 01 anr a,r a,cd Eenn Eed Er &l gf r o
{et’ B N e o N N A Y S PR A A ) o
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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:

MCs
Li=(1-a) X} — for s = cbi, bk (35)
Wt
M S
K" =a- X[ - RT% for s = cbi, kb. (36)
t
XP = (2P ZEL3) > (K% for s = cbi, kb (with Z& = 1). (37)

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

problems (equation 16) are the price Phillips curves
OF* MC;X] = (07 — 1) P X}
100 3P (I < PII, — (L)) I X
AfTR/Pit
) S 5 S
o ﬂgt Acnn/Pcbz - 100- X (Hf-‘rl np]:[? _(1_77p)1_‘[£ S) Hf+1Pt8+1XtS+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:

nr Agiyll/ P, tcle nr nr nr
= p& Ao pebi (R + (1 —0")Q) (39)
t t
g = B for s = cbi, kb (4
C =1 or s = cbi, (40)
t
1 nrs N 3
U = </{ . %kb ) for s = cbi, kb (41)
t
Enr _ pnr I‘\%kb
Ptkb — A?T‘ o 100 . an( t Ki.;,l t )
t
Ag /Py R i vy
+ ’88 {Acnn/Pcbz t+1 -100- an Ft-i—l K?ll (42)
2
100 - Enr Enr Fﬂi ,kb
Kty = (1=0" )K"+ A" B — X | K" (43)
2 K
Ktnr,cbi + Kzzr,kb:Ktnr (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:

y AT/ PELy y

= 58S S peir (R + (1= 0Qit, ) (45)
t t
Bl pgd Tk
Ptk‘b — gd Afd — 100 - XCd ( Kde t
t
Ag Pfﬁﬁ d kb Et+1 ECdthJrklb
+ B& {W Qf1-100- T Ko, (46)
100 - x* [ Egd—Egd et

Ky = (1= 0K+ A7 By — 5 < [(}d KCd (47)

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

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

r g—?—?/Ptc-ilzll r r r

Qt = B& Acnn/pcbz (Rt+1 + (1 -4 )Qt+1) (48)
' Er_FEr Fm,cbz’
Ptcln — Q;’ A: — 100 - Xr ( t It{—: t )]
t
Acnn/Pcbz ) Er Erra: ,cbi
P t+1 t+1 T .100- r‘rx,cbz t+1 t+1 49
+ 0 t{Acnn/Pcbz Qi1 X Ly X le (49)
100 - Xr Er—Er Fx ,cbi

Kip = (1-0)K} + AT B~ ( e K (50)

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

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

Acnn ACTm
tcbi = ﬁ Rtgt tc—gzl (51)
By P
Agnn Afd
Ptcbi = Rgd <52)
Agn AT
Ptcbi = F{ (53)
AT — cenn Egnn ﬂ cnng hcnn:g-?-rll (54)
t Efnn _ hcn”Effn Efﬁ’rlz hcnnEtcnn
d d :‘gd d thEgil
PV L SR— FC¥ A G —n 95
L R e, O\ K — e )
AT _r E; ﬁ 7"5 hr:§+l (56)
S T VIR U
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The key equations from the households’ labor-supply decision are the wage Phillips curves

l,cbi
At

cnmn
At

~ (61~ 1) WL
Lev . kb Lebi pcbi chi
L ! * b * kb t 1 =1 i L
_@t- 100X (thcl+mwt ) Lk.b -0 Lfbl_(].—’r/)LI:b
4100 - X (Hw ,cbi wHuhcbi _ (1 _nw)l—[w,cbi> s CbZchchbz
t—1 *

s, {Afi’f/Pfi’i

l cbi cbz

Agnn/Ptcbi
100- w Hw,Cbi_ wHUJ,Cb’i_ 1— w Hw,cbi ’LUCb’LwcbZ cbi 57
X X t+1 1y (1—n")I; I Lith (57)
Al,kb )
l t bi 1 kb
Ol fh - PL

l kb 1 kb
- (@t - 1) WE Lk
chz kb J,cbi Jcbi I,cbi
l l bi * kb t [ ~t—1 l *
+6; 100~ x (chz T L W+ Lebi | Lebi Wi ) (Lé@b N 7 — (=) Lk
+100 - Xw (Hémkb_nwl—[;u_,lib_ (1—’]7w)H:f)’kb> H;MkatkbLfb

Acnn Pcbz
e § ST
At / P t

X100 (T = TP — (1= I T AWt i (58)
where
. . v
Ai,cbz _ Ai,kb — = (L%:bz i Lfb) (59)
B Equilibrium in the Symmetric and Stationary Model
The symmetric equilibrium is an allocation:
{mp® X7, X0 By By B B Ky R R g g,

cbi 7kb 7rebi unr cbi pru,nrkb -nr.cbi ~nr,kb o0
L, L U, U, Ry Rt Ry, Ky Ry, R K )~

and a sequence of values
p,9dp yp,cbi vp,kb yw,cbi w,kb Dkb Trcbi T1/kb
{Ht IV TPRD el kb phb pebi fkb

Hnr,chi ~nr,kb ——cbi ——kb ~ ~ =~ oo
Ry RyPR RPT Ry RSN MOy MCy QYL QF, Q5 Ry .
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that satisfy the stationary versions of the equations given in the preceding section, taking as
given the initial values of K", Kj, Kgd, and R_1, and the sequence of exogenous variables
d —enn —=ed =r =l
AP AT Acd menn med = =l ng}t B

z,kb rsm y,cbt ~y,kb Al
{ryk rim ep eyt o o =6

implied by the sequence of shocks
O,y,kb 0,l amr a,r acd {,cnn écd Er &l gf r
L€ €€ € t_o.

zkb &M chbl
€ € € 1€ L€ € €y

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:
M S
Li=1-a) -X;- NCt for s = cbi, bk (60)
W§

Ku,nr,s . MCS

t$ ¢ Xf ) ~n7‘z for s = cbi, kb. (61)
I R

for s = cbi, kb (with Z& = 1). (62)

Xs (ZstLs)l @ (Ku T, s)
The stationary price Phillips curves that are implied by the intermediate-goods pro-

ducing firms’ profit maximization problems (equation 16) are

®x cszCt chz (@tz,cbi . ) chz
+ 100 - Xp <Hf’6bi— anf,_dl)i o (1 _np)H;ia,cbz> Hf cbthC[n

A cnn . . .
—ﬁ&{ CEL 100 (T P L — (1) 12 Hffi”Xfia} (63)

Acnn,
At

—— kb ~ ~ g o~

®tz7kbMCt Xk:b: (®f7kb _ 1) Ptkafb
100 X (TPH— g TIPA — (1= TI2H? ) TP P

)HM’)) I Py X F +1} (64)

Agn kb kb
D, DTTP>
1037 Ht ( t+1

: ﬁgt{ T 10007 (T2 -
t

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

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

R+ (1 5"7">Qt+1)} (65)

~ Agm 1
nr
—ge = (R
' A?m th+k1b
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R = iF for s = cbi, kb (66)
t
1
1 Enr,s P
U = (E . ﬁtkb ) for s = cbi, kb (67)
t
B G | 4 — 100 X(g F)]
Kpr
Acnn Enr _Enr
= ﬂst{ L Q- 100-x”’“(7t}§m t -Ffff’)} (68)
t+1
~ 2 ~
~ Knr ~ 100 - x™ B — EnT w\ K[
KZZ—CI ( 5nr)r 3 +AmnEZLT* 5 ( tKnTt 1 ]:‘f: F;pt,kb (69)
t t t
f{—;zr,cbi + f{-;w,kb:f{—tnr (70)

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

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

K?i’f 1 d
= B& ~enm .z kb (Rt+1 + ( — ¢ )Qt+1> (71)
At Ft—i—l
o Ef—E o
Ptk’b — gd A?d — 100 - Xcd ( I?Cdt X th’
Agm o LB o
+ 0 t{Amn Q51,100 x° T e | (72)
t+1
~ ~ ~ 2 ~
- K cd 100 - ¢4 Fed _ ped Ked
Ktcil ( 5Cd) ACdECd 002 X ( t ~Cdt—1 i Fitv,k‘b xtkb ) (73)
1115 K;i Iy

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

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

~ Agm 1 A
Qf =08 2o (Bia + (1= 6100 ) (74)
t t+1
~ Er—Er :
1=Qf |A}f —100- X" <t~“ - Ff"”“)]
Ki
AC'rm E’ —F .
ﬁé’t{ El Q1 -100-x" 7 (%}1 t -Wﬁ”)} (75)
t t+1
o~ =~ i 2 =
_ Kl 100-x" [ Ef—Ei_ 1 _zebi | K
Z—H = (1 o (V) I—\tz ,cbi +ATET 2 ( I?tT ' Ft Ff’dji ' (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:

~ ~ 1
A" = BRE, - {A?m ' W} (77)
t+1+ t+1
Aenn _ ped
- -1
Kem =By (79)
t
. =cnn henn FJE»Cbi =cnn
Agnn _ gcm’b .= t — _ ﬁgcnngt _ ( / t+1 ) b?+1~ (80)
By — (henn /T35 By B — (hewn /T2%0) By
A =g od (hed/T7™) =,
kb % T od TR Toed BEN = od TRy Toed (81)
Ft Kt - (h /Ft—l) Kt—l Kt+1 - (h /Ft ) Kt
~ - cbiy —
b =< T (TR fer S ot IR b 5 ot
¢ §— (h/I5) Ky 1 — (P /T77) Ky

The key equations from the households’ labor-supply decision are the wage Phillips curves
L,ebi
. At - .
K%’,‘?’Ln
_ (@i _ 1) Wtcbi L
chi . Lk:b . chi chi cbi
_@i 100 . Xl (# X Wtdn 4 7* . Wtkb> L_nl t—1 _(1_77l) *
Libz + Libz Libl + Libz Lfb Léﬁgl L{fb

4100 - Xw (H?’Cbi _an;u_,clbi _ (1 _nw)l—ﬂ:),cbi> H;U’CbthCbiLgbi

chi

l
®t t

Kcnn . X . e~ . .
—BE; {7;; -100- X" (H;”ﬁbl_nwnf’cm— (1—771”)1'[’;”’01”) HfﬁbZWﬁ%Lﬁﬁl} (83)
t
ALRD
o 2Ll
A;}TL?’I

(o 1) e

chi . Lkb __ chi chi chi
0L100 W[ —=x bt Tx kb N Gl WA TN A
+0; X <L$bz —f—Lin ¢ T Lib’ —I—Libl t Lfb n Lfﬁl ( ﬁ)L;:b

+100 - x¥ (H}f”kb _an;u_,lib 1 _nw)szu,kb> H;ﬂ,katIsbLfb

KCTL?’L o
3, {xiﬁi 100" (I =" I — (1= It H;i”ibwfﬁlLfL} (84)
t

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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e The model’s market clearing conditions become:
tcbi _ Etcnn_i_E;‘7 XZcb _ Eth‘i‘EtnT, K;L,nr,cbz _ UtcbiK-tnr,cbz7 and Kzt,nr,k:b _ Utkatnr7kb~

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

become:
kb x,kb p,ch w,s
~ Hp> 1" 5 — — H ) — o H ) 1 __ )
t t t t t

e Equations (29) and (30) that describe the behavior of monetary policy are already
described in terms of stationary variables;

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

given by:
1
cbi Y cbi kb v kb cbi v 9f ——— — —
p th’d’i. X—tcbi PXS I‘f’kb- vab PRXS th,cbi_ )Z'ff PPXIT\ pebixcbiy phbXEby pebixf
Hg P— —= —_—— —_—
t bed X, x4,
— — t_
(85)
and L _
. . chz + Pkak:b + X9
Hf,gdetgdp _ Hg,cbzl—\?cbz . t t t t (86)

Xebi 4 PR X 4 X9
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,
roke —  p2mpakb and (87)
Pt = TEm(rEk)e. (33)

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

state nominal interest rate is given by:

1 . 1
R* — B . Ff,ebznz,cbz — B . Fi:,kbl—[l: (89)
while the real interest rates relevant to consumers, capital owners, and producers respec-
tively are:
R, 1 x,cbi
e B T and (90)
*
) bi
B 1w U e IET o)
H]:,k‘b /6 * 6 * H]:’kb
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The steady-state values of the relative prices of fast-growing goods (]Stkb), installed non-
residential capital goods (Q7") and installed consumer durables (Q¢%) is equal to the steady-
state relative mark-ups in the two sectors. Since we assume that @f’d’i = @f’kb, these
relative prices are all unity in the steady-state. The relative price of installed residential

capital goods (QF) is also unity. Specifically,

x,kb x,cbi
O 0,7 —1
x,kb x,cbi
0, —1 O

PR — Qt = Q" = —1and Q" = 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

i —k O 1 L ePM
MC’* :MC* :szp* : @f’kb ) (92)
finr,s _ ﬁnr _ ﬁkb <l CTEkb (1 . 5nr)> _]Skb ( R, . (1 . 6717“)) and (93)
L 3 * Tk prkb ’
z,kb T—a 1-a
~ A | -
We=W,=(1-a) @7% PP —— (94)
or rEF 5 — (1 - o)

From our calibration of x, the parameter in the non-residential capital owners utilization
function, we know from equation (67) that U®" = UK = 1. Tt is useful to note from the

above equations that:

—~ 11—«
W 1 &, enk_q
(ﬁnis) = Emﬂ,s ’ Pf ’ Gm,kb (1 - a)l_a (a)a

Snr,s \ ¢ " z,kb
From equations (71) and (74) note also that:
Sed _ kb (L kb od Skb (L od
Rel =PI (51 —(1—5 ) _p Hpkb—(1—5 ) , and (95)

R (G- o) - (H];;i ~-a) (96)

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

H{:,kzb _ H]i7cbi(ric,cbi/l—wi:,kb) :Hi),cbi(l/l—\i,k:b)l—a’ and (97)
MY = MY = 2TV = IV 2™ (T2 for s = cbi, kb, (98)

where the steady-state inflation rate of consumption prices 12 s set by the preferences
of the central bank.
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The steady-state ratios L /Y, bi KM xebi  [Fb/ykb and KPR/ XF which are

*

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

[A(’vnr,cbi 1 o 11—« WS l1-a o @z,kb 1
* _ * _ X *
Xeri Tyt 1= a> A o
LY [1—a

« &nr,s\ ¢ xz,kb _ _ snr x,kb ﬁ
(Ri>_<1“* /B—(1—5")  OF ) 0o

) a TeTR
ok 1 o \17o [ T l1-a o oukb _ 1
)i(kb | kb ) <~ : ) = - , and (101)

*

oM /g — (1 -6y  @nk
« ~:w",s & Fi:,kb (1 — >ak:,lcb &
(RT> _ ( /B )._® . (102)

a Uk 1

We can write these as

I’%nr,cbi 1 zcbi N I}nr,kb 1 Ekb .
i - '—kb:A’ —* 4:(A)_m, i ._:A7 and i :(A)_m,
ngz Ff’ ngz be l_‘ff’kb be

(103)
where
o @i:,kb 1

A= T4 g— (1—omr) @b
To solve for L, I?:bi, L* and K kb by themselves we need to solve first for )?,fbi and
)fob. This takes a few steps, the first of which is to derive the ratio of )N(fb/f(f” 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 B, K¢,
and K. We know from equations (78) to (82) that

f{'cd gcd 1— ﬁhcd/rx,kb 1— hcnn/rx,cbi
E‘c’rm - cenn ' 1— ﬁhcnn/rm,ebi ’ 1— hcd/l":p,kb

]:?: <’ 1— /Bhr/l'\r,cbi 1— hcnn/rz,cbi 1

Ef’m - cenn ' 1— ﬁhcnn/f‘%cbi ’ 1— hr/rx,cbi ) Rr

=, and
R

We have expressions for R and R’ in equations (95) and (96) and we know from the

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

med z,kb _ _ scd or x,cbi o YA
() Ly B () g

de Fi,kb KZ;: i’,cbz
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These equations imply that the ratios of expenditures implied by the optimizing agents of

the model are

E:d gcd 1— 6hcd/1‘\x,kb 1— hcnn/rx,cbi nykb _ (1 _ 5cd) 1 ﬂ

Einn cenn _Ighcnn/rr,cbi 1— hcd/rm,kb Ff’kb ﬁfb Ff’kb—ﬁ(l _5cd)
(105)

NEI _ <’ . 1_Bhr/rx,cbi Ny 1_hcnn/rx,céi . Fi,cbi_ (1'_5r) . | ﬁ R (106)

Efnn cenn ] _ﬂhcnn/rz,cbz 1— hr/rz,cbz Fi?,cbz Ff’dn —ﬁ(l _51")

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

equilibrium conditions listed in appendix A that
ES + EL=X"" and E{+ E!" =X,

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 X

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

X = E 4 ET implies

Ecnn Er Ecnn Er Ecnn Ecnn Er Ecnn
==+ = X+ 2= . X = ZF [1+= = = (14+R)
X:bz bez bez Egnn bel bez E)(k:nn X:bz
This then allows us to write:
Ecnn Ecnn 1 1 Er Ecnn 1 R
o S S S—— and =F =1- 2 =1 =_""_ (107
Xfln Ef””—I—E: 1+E:/E§nn 1+R Xfln bez 1+R 1+R

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:
Xk —ped 4 g,

and make similar tranformations as before. A useful relationship for these transformations
is from equations (69) and (70), that is,

~ I e LA PO — (1= 0")\ (i | =
E:Lr — < ( )) K:}T — ( ( ) (Krr,cbz + Krr,kb) )

x,kb x,kb
I I

The fast growing sector’s market clearing condition can also be manipulated; specifically,
)Z'fb = Eﬁd + E‘fr implies
- E:d E:}T _ E;:d ' Egnn ' X:bz N Ff’kb—(l—énr) I?;W’Cbi . X:bz Iz':“”ykb
be be Egnn ngi be be'i be X!fb

xz,kb
I
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—nr,kb

. Eed Ecnn KnT,Cbi K . . . .
We have expressions for == = — L — and =% . Substituting in these expressions
b b )
E:nn X:bz X:,bz )(icb

yields

1 )Z*sz Ff’kb _ (1 _ 5m“) kb jisz

which can be re-arranged to

Thb D+ (1+R) (rfﬁ’fb (- 57"”")) A
T = = B. (108)
X (14R)—(1+R) (ri””“b (- 5m~)) A

This then allows us to write:

Enr (rfﬂ’“b—u—am)) (f{j}“l’i Xcbi f(}}“’“b> B (r‘;’f”“"—u—énr))A 1+ B

Xk R Xcbi )}fb+ Xkb pZkb B’
(109)
so that _ B
LI R ) A D (110)
Xkb Xkb x,kb ’
X X s B

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

Ki,cbi — Ki,kb — §l(Libi + Ll:b)u and
. gcnn 1— ﬁhcnn/rmvcbi
cnn __ . *

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:
gl 1— hcnn/Fbei

cbi kbyv  penn

[e]3

1
x,kb o l—a l1-a
=(1-a) Lkbl pfb = @
oy ™ /8 — (1 —6mr)

(Libz + Ll:b)l/-i-l ' Ei:nn ' gl ‘ 1— hcnn/r;lfvcb’ﬁ
L Do T R o ] ghem /i
XC 7 X XC 7

[e]3

1
x,kb o 11—« " 1—a
@i:,c 7 Ff’ /ﬂ _ (1 _ 5nr)

(Libz + Lfb)l/—l—l 1 . Eff#bi §l 1— hcnn/rx,ebi
(A)—a/(l—a)(l + B) 1+R X:bz cenn ] — 5hcnn/rx,cbi

@

1
:E,kb _ jyet . 11—«
o7 rE 5 (1 om)
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Letting LS + L* = L, implies that:

1
z,kb _ 11—« . 1—a
L.= (1—0() (e*xcbi 1) be( x,kb = >
or TG~ (1 o)

e

R
14+ 8 cenn ] — ﬁhcnn/rz,cbz 1
X (A)a/(lfa) ' (1 + R) ’ I ’ 1— hcnn/rm,kb

_y (111)

Since the right-hand sides of equations (100) and (102) are identical, Lebi ) X cbi — Tkb / Xk,
As a result, X /X% = BB implies that Lk /L% = B, which means then that:

. 1 B
ib’:—1+8~£ and LM =

T 1+B

Solving for L& and L** allows us to find the steady-state solutions for all of the other

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

L% and L%/ Xcbi (defined in equation 100) imply Xcbi
L* and L¥/ Xk (defined in equation 102) imply X*;
X and K"/ X (defined in equation 99) imply K™ and (since U® = 1)

ku,nr,cbi
*

Xk and KI"* /XK (defined in equation 101) imply K" and (since UM = 1)
ku,nr,kb_

Kbt gk and the non-residential capital market clearing condition imply K™
X and Eenn / X and ET /X% (both defined in equation 107) imply E¢™™ and ET;
XM and E¢/X* and E™ /XK (defined in equations 109 and 110) imply E¢ and
En?";

E< and ET, and E< / K¢ and ET / KT (both defined in equation 104) imply K¢ and
IN(I ; and,

Ki”n, Kﬁd, and KZ; are then implied by the steady-state versions of equations (80) to
(82), while ALY and AL are implied by the steady-state versions of equation (59).

Finally we have

bi gebi, pebi kb kb

pebi xcbiy pebi xgf PPOXE

9 — <F$7cbz) pebiebiy pkb kb pebix97F (Py,kb) Ppebixebiy pkb kb pebi x9S
* * *

1 . .
p,cbix,chi
 TIPebipTchi,

p,gdp _
H* - Hgdp *
*

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

h¢" = Habit-persistence parameter for the consumption of non-durable goods and non-

housing services.

h¢é = Habit-persistence parameter for the consumption of durable goods.

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

a = The elasticity of output with respect to capital.

0 = The household’s discount factor.

§¢¢ = The quarterly depreciation rate of consumer durables.

0™ = The quarterly depreciation rate of non-residential capital.

6" = The quarterly depreciation rate of residential capital.

n°® = Parameter reflecting the relative importance of lagged investment spending in the
consumer durables adjustment cost function.

n
non-residential capital adjustment cost function.

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

1" = Parameter reflecting the relative importance of lagged investment spending in the
residential capital adjustment cost function.

n* = Parameter reflecting the relative importance of the lagged sectoral mix of non-
residential capital in the non-residential capital sectoral adjustment cost function.

n' = Parameter reflecting the relative importance of the lagged sectoral mix of labor in the
labor sectoral adjustment cost function.

n? = Parameter reflecting the relative importance of lagged price inflation in the adjustment
cost function for prices.

n* = Parameter reflecting the relative importance of lagged wage inflation in the adjustment
cost function for wages.

k = Variable capacity utilization scaling parameter.

v = Inverse labor supply elasticity.

p»™" = Persistence parameter in the AR(1) process describing the evolution of A}".

P

p»" = Persistence parameter in the AR(1) process describing the evolution of Aj.

p>* = Persistence parameter in the AR(1) process describing the evolution of '} kb,

@cd — Persistence parameter in the AR(1) process describing the evolution of A§?.

p*™ = Persistence parameter in the AR(1) process describing the evolution of I';"™.

p?© = Persistence parameter in the AR(1) process describing the evolution of @f’d’i.
p?®kb — Persistence parameter in the AR(1) process describing the evolution of Gf’kb.
p?! = Persistence parameter in the AR(1) process describing the evolution of ©.

p&" = Persistence parameter in the AR(1) process describing the evolution of Zf"".
p&°? = Persistence parameter in the AR(1) process describing the evolution of Z{.

p%" = Persistence parameter in the AR(1) process describing the evolution of ZJ.
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p&! = Persistence parameter in the AR(1) process describing the evolution of Z!.

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

S
of the utility function.

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

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

¢! = Co-efficient on the labor supply components of the utility function.

9% = Co-efficient on GDP growth in the monetary policy reaction function.

$AM99 — Co-efficient on change in GDP growth in the monetary policy reaction function.
¢™99% = Co-efficient on GDP price inflation in the monetary policy reaction function.
$A™9% = Co-efficient on the change in GDP price inflation in the monetary policy reaction
function.

¢" = Co-eflicient on lagged nominal interest rates in the monetary policy reaction function.
@ = Investment adjustment costs in the consumer durables evolution equation.

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

x" = Investment adjustment costs in the residential capital evolution equation.

x! = Parameter reflecting the size of adjustment costs in the labor sectoral adjustment cost
function.

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

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

1) = Elasticity of utilization costs.

E List of Endogenous and Exogenous Model Variables

AP" = Non-residential investment efficiency shock.

A} = Residential investment efficiency shock.

A$4 = Consumer durables investment efficiency shock.

EP" = Expenditures on goods in the fast-growing “capital” goods sector for use in non-
residential investment.

E{ = Expenditures on goods in the slow-growing “consumption” goods sector for use in
residential investment.

E¢? = Expenditures on goods in the fast-growing “capital” goods sector for use in consumer
durables investment.

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

non-durable goods and non-housing services.

Etgf bt Exogenous expendiutre (by the government and foreign sector).
HY% — Growth rate of real (chain-weighted) GDP.
K} ekl — The amount of utilized non-residential capital used in the slow-growing “con-

sumption” goods sector.
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K} kb — The amount of utilized non-residential capital used in the fast-growing “capital”
goods sector.
K} bl — The physical amount of non-residential capital used in the slow-growing “con-
sumption” goods sector.
K} "R — The physical amount of non-residential capital used in the fast-growing “capital”
goods sector.
K" = The aggregate non-residential capital stock.
K = The residential capital stock.
K% = The consumer durables capital stock.
L$% = Labor used in the slow-growing “consumption” goods sector.
LF’ = Labor used in the fast-growing “capital” goods sector.
MC$* = Marginal cost in the slow-growing “consumption” goods sector.
MCPFP = Marginal cost in the fast-growing “capital” goods sector.
PP = Price level in the slow-growing “consumption” goods sector.
PP = Price level in the fast-growing “capital” goods sector.
7" = Price of installed non-residential capital.
Q} = Price of installed residential capital.
,?d = Price of installed consumer durables capital.
R; = Nominal interest rate.
R?T’Cbi = The nominal rental rate on non-residential capital used in the slow-growing “con-
sumption” goods sector.
R} "M — The nominal rental rate on non-residential capital used in the fast-growing “capi-
tal” goods sector.
R}" = The aggregate nominal rental rate on non-residential capital.
R} = The nominal rental rate on residential capital.
R¢? = The nominal rental rate on consumer durables capital.
UfY = The utilization rate of non-residential capital used in the slow-growing “consump-
tion” goods sector.
U}’ = The utilization rate of non-residential capital used in the fast-growing “capital” goods
sector.
WP = The nominal wage in the slow-growing “consumption” goods sector.
W/} = The nominal wage in the fast-growing “capital” goods sector.
X% = Production in the slow-growing “consumption” goods sector.
X[ = Production in the fast-growing “capital” goods sector.
(ZF0)1= = Level of capital-specific MFP.
(Z")1=« = Level of economy-wide MFP.
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ry b — Growth rate of output in the consumption (slow growth) sector consistent with the
growth rate of technology. (Note Ff’Cbi is not in general equal to In(X /X% ). Rather it
is equal to I‘f’m(Ff’kb)o‘.)

Ff’kb = Growth rate of output in the consumption (slow growth) sector consistent with the
growth rate of technology. (Note Ff’kb is not in general equal to In(X}*/X}*,). Rather it
is equal to D7"'TZ*))

(1—a)ly R — The growth rate of the level of capital-specific MFP.

(1 — a)T;™ = The growth rate of the level of economy-wide MFP.

Ol = The elasticity of subsitution between the differentiated labor inputs into production.
@f’Cbi = The elasticity of subsitution between the differentiated intermediate inputs in the
slow-growing “consumption” goods sector.

@f’kb = The elasticity of subsitution between the differentiated intermediate inputs in the
fast-growing “capital” goods sector.

A} = The marginal utility of residential capital.

A$? = The marginal utility of durable goods.

A{" = The marginal utility of non-durable goods and non-housing services consumption.

Ai’dﬂ = The marginal dis-utility of supplying labor in the slow-growing “consumption”
goods sector.

Ai’kb = The marginal dis-utility of supplying labor in the fast-growing “capital” goods
sector.

=" = Consumer non-durable goods and non-housing services consumption preference
shock.

Z¢¢ = Consumer durable capital stock preference shock.

=r

=} = Residential capital stock preference shock.

Eff = Labor supply preference shock.

II79% — The inflation rate of the GDP deflator.

I bt — The inflation rate for prices in the slow-growing “consumption” goods sector.

j1Es k0 — The inflation rate for prices in the fast-growing “capital” goods sector.

H;”’Cbi = The inflation rate of nominal wages in the slow-growing “consumption” goods
sector.

H;”’kb = 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:

yebi XthZ A
L@
kb
sk X
gy
The model’s expenditure variables in stationary form are:
- EnT
B = o
2
By = -
Lz (zt) e
ed Eth
Et - kb
AR A
renn Efc

t Ztm(Zécb)a<Ztcbi)1—o<

The model’s marginal utility variables in stationary form are:
Ap = Ap 2 (2 (g
Rgt = agtzp zf
Kfnn — AgnnZ{tm(Zfb)a( tcbi)l—a

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

u,nr,cbi
‘f(u,m",cbi o Kt
t AAL
t t
u,nr,kb
I}u,nr,kb o Kt
t - zm 7kb
t t
nr,cbi
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t ~ omzkb
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! zmzkb
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t+1 =™ Zm kb
Zt Zt
r
I?T _ Kt
t+1 — kb bi\1—
Zi(Zp7) (27 ) e
cd
kcd Kt

t+1 — Zm Ztkb
The model’s relative (KB) output price variable in stationary form is:

17
o B (20)"
Ptcbz Ztcbz
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The model’s real wage variables are:

Tchi _ Wtcbi . 1 |
13 Ptcbi Zgn(chb)a(Ztcbz)l—a
Wk — Wb 1

- Ptcbz' ) Zzn(chb)a(Ztcbi)lfa

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

E?r,cbi _ R]Zi z:ibl
t
R < B
t
nr
R’ = ﬁct:bz
t
T
fif - ]ﬁn
t cd kb -
Ew?d - ﬁﬁbz <§ibz)
t t

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

MC;bl _ Mc;fcbz

Ptc 7
——w MO [ gk I-a
MC, = %( fzbz)

Pt Zt

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

nr kb 1—
Anr %t (Zt )
t 7 pcbi cbi

Pt Zt

~ @
Q: = Ptcbi

cd kb 1—@
~ed t Zt
t Ptcbi Ztcbi
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Table 1: Average Growth and Relative Price Changes (1984ql to 2004q4).

Average Real
Growth Rate

Average Nominal
Growth Rate

Average

Price Change*

Consumer non-durable goods

and non-housing services | 3 i percent 6 i percent n.a.
Consumer housing services 2 % percent 6% percent % percent
Consumer durable goods 6% percent 6% percent —3 percent
Res. investment goods 3% percent 7% percent % percent
Non-res. investment goods 6% percent 6% percent —2% 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 034031044 | 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

B o oy ot g er er® el rTim M prd |
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.
hemm B 0.500 | 0.122 0.766 0.048 0.707 0.770 0.828
hed B 0.500 | 0.122 0.571 0.196 0.372 0.600 0.919
h" B 0.500 | 0.122 0.500 0.128 0.328 0.490 0.665
v G 2.000 | 1.000 1.287 0.735 0.805 1.554 2.600
xP G 2.000 | 1.000 2.331 0.808 2.294 3.193 4.338
nP B 0.500 | 0.224 0.257 0.124 0.163 0.313 0.481
x? G 2.000 | 1.000 1.555 1.478 1.268 2.750 4.944
nv B 0.500 | 0.224 0.296 0.147 0.138 0.328 0.529
x™ G 2.000 | 1.000 0.831 0.397 0.676 1.053 1.665
X G 2.000 | 1.000 0.145 0.082 0.055 0.181 0.275
x" G 6.000 | 1.000 10.198 2.590 8.085 10.852 14.793
X! G 2.000 | 1.000 0.766 1.703 0.412 1.366 3.615
n B 0.500 | 0.224 0.779 0.202 0.377 0.702 0.910
r7 N 2.000 | 1.000 3.532 0.515 2.947 3.561 4.251
rom N 0.500 | 0.400 -0.041 0.080 -0.137 -0.040 0.070
rhgdp N 0.500 | 0.400 0.210 0.026 0.183 0.216 0.250
rAhogdp || N 0.500 | 0.400 -0.084 0.025 -0.124 -0.092 -0.059
o 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.
pomr B 0.750 | 0.112 0.894 0.032 0.839 0.884 0.920
pcd B 0.750 | 0.112 0.842 0.115 0.619 0.802 0.908
por B 0.500 | 0.150 0.527 0.103 0.379 0.519 0.648
pEenn B 0.750 | 0.112 0.795 0.079 0.660 0.778 0.867
peed B 0.750 | 0.112 0.899 0.080 0.733 0.859 0.931
P& B 0.750 | 0.112 0.793 0.113 0.615 0.787 0.907
P& B 0.750 | 0.112 0.940 0.030 0.884 0.930 0.962

2EE B 0.500 | 0.150 0.305 0.079 0.211 0.315 0.418
pYkb B 0.750 | 0.112 0.927 0.051 0.823 0.903 0.949
p®9f B 0.750 | 0.112 0.982 0.014 0.957 0.978 0.990
Canr 1 4.000 | 2.000 6.631 2.056 5.986 8.032 11.069
Oacd I 2.000 | 2.000 1.795 0.839 1.385 2.367 3.465
Oa,r I 4.000 | 2.000 8.168 2.505 6.181 8.724 12.737
O¢ cnn I 3.000 | 2.000 1.555 0.319 1.344 1.634 2.089
O¢.cd I 3.000 | 2.000 3.304 1.995 2.192 3.670 6.967
Ocr 1 3.000 | 2.000 2.453 4.550 2.094 3.976 11.102
o¢ll I 3.000 | 2.000 2.175 0.877 2.049 2.973 4.273
oy 1 0.200 | 2.000 0.112 0.011 0.101 0.114 0.130
Oym I 0.500 | 2.000 0.766 0.067 0.688 0.769 0.859
O kb 1 0.500 | 2.000 0.294 0.105 0.269 0.357 0.529
Ozgf I 1.000 | 2.000 1.507 0.154 1.363 1.533 1.744
00,z,cbi | 1 0.500 | 2.000 0.526 0.200 0.496 0.703 0.995
00.2.,kb I 0.500 | 2.000 0.394 0.164 0.326 0.485 0.752
0w I 0.500 | 2.000 0.667 0.088 0.563 0.667 0.786

45




Table 6: Variance Decomposition of Main Aggregates (1, 5, 10, and 40 quarter horizon)

| Shocks | H9d I1P-99p R |

eSenn 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)

esred 1 (0.01,0.03,0.04)  (0.00,0.00,0.01) (0.01,0.02,0.03)
(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)

€S 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)

Sl 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)

€" 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)

e® 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)

e&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 | H9d I1P-99p R |

ef@e 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)

vk 1 (0.00,0.00,0.00)  (0.01,0.02,0.03)  (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)

40  (0.00,0.00,0.00)  (0.00,0.00,0.00) (0.00,0.00,0.00)

el 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)

e 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)

e 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)

I 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)

e®9f 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 | Eenn E" Eed BT |
&em 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)
eSed |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)
& 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)
€6l 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)
¢ 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)
ek 11 (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)
e 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 | Eenn E Eed BT |
7e [ 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)
ek |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)
Ol 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)
ear 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)
eved |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)
et |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)
9/ |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 I 1P TPk ‘
esonn 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)
esed 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)
e 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)
sl 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)
€" 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)
e>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)
e&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 I 1P TPk ‘
efrze 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)
elmok 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)
el 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)
exr 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)
gacd 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)
€N 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)
ewaf 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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Notes:

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)
Owners Central Bank

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.
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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)
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Figure 14: Impulse Responses: Wage Markup Shock

Output: Cons. Serv. & Non-Dur. Residential Inv. Hours (C)
0.4
06 06 06 03
0.4 0.4 0.4 0.2
0.2 0.2 0.2 0.1
0 0 0 0
Output: Inv. Durables Non-Residential Inv. Hours (1)
0.8 0.8 0.8 1
0.6 0.6 0.6
0.5
0.4 0.4 0.4
0.2 0.2 0.2 0
0 0 0
-0.5
Inflation (C) Inflation (1) Inflation (GDP) Nom. Int.
0.02 0.02 0.02 0.01
0 0 0 0
-0.02 -0.02 -0.02
-0.04 -0.04 -0.04 001
-0.06 -0.06 -0.06 ~0.02
0 10 20 30 0 10 20 30 0 10 20 30 10 20 30

Figure 15: Impulse Responses: Autonomous Spending Shock
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Figure 16: Observable series: realized paths and one-step ahead forecasts.

Nom. GDP Gr. Nom. ECNN Gr. Nom. ENR Gr.
10— A

-10
1985 1990 1995 2000 1985 1990 1995 2000 1985 1990 1995 2000
Nom ECD Gr. Nom ER Gr. Wage Inflation

1985 1990 1995 2000 1985 1990 1995 2000 1985 1990 1995 2000
Hours XGDP P Inf. XCBI P Inf.
05} - SRR
-05t - LA
1985 1990 1995 2000 1985 1990 1995 2000
XKB P Inf. RFF
1 —— Data
1A% = DSGE
_1985 1990 1995 2000 1985 1990 1995 2000

60



Figure 17: Smoothed Paths of Key Persistent Shocks
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Figure 18: Smoothed Paths of Key Persistent Shocks
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