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This paper provides a detailed documentation dynamic stochastic general equilibrium
model currently being developed in the Division of Research and Statistics at the Federal
Reserve Board. Section 1 outlines the models production, capital evolution, and preference
technologies, section 2 describes the economy’s decentralization, and section 3 described
equilibrium in the model. (Appendix A presents the equations of the symmetric model
and appendix B reports the equations of the symmetric and stationary model.) Section 4
describes the data used in estimating the model and section 5 reports the model’s estimation
results. (A key for all of the model’s variable names and parameters is given in appendixes C

to E.)

1 Production, Capital Evolution, and Preferences

In this section we present the production, capital evolution, and preference technologies for
our model. The long-run evolution of the economy is determined by differential rates of
stochastic growth in the production sectors of the economy, while its short-run dynamics
are influenced by various forms of adjustment costs. Adjustment costs to real aggregate
variables are captured by the economy’s preference, production, and capital evolution tech-
nologies presented in this section. Adjustment costs to real sectoral variables and nominal

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

1.1 The Production Technology

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

e Government services, X,

e Housing services, XtCh;

e Slow-growing “consumption” goods and services X¢*; and,

e Fast-growing “capital” goods X}°.

We consider first the production of the economy’s slow-growing ‘“consumption”
goods and services and fast-growing “capital” goods. These final goods are produced
by aggregating—according to a Dixit-Stiglitz technology—an infinite number of differenti-

ated inputs. Specifically, final goods production is represented by the function
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where the variable X;(j) denotes the quantity of the jth input (obtained from the interme-
diate goods sector) used to produce final output s = cbi or s = kb while ©; is the stochastic
elasticity of substitution between the differentiated intermediate goods inputs used in the
production of the consumption or capital goods sectors. Letting 6;"° = In©;"® — In ©3"°

denote the log-deviation of ©;"* from its steady-state value of ©y"°, we assume that

z,s __ 0,x,8n%,S 0,x,s
0,7 =p""70,71 + € (2)
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0
where €,

is an i.i.d. shock process, and p represents the persistence of ©;"* away from
steady-state following a shock to equation (2).

The jth differentiated intermediate good in sector s (which is used as an input in equa-
tion 1) is produced by combining each variety of the economy’s differentiated labor inputs
{L;(i,j)}}_, with the sector’s specific utilized non-residential capital stock K;"""*(5). (Uti-

lized non-residential capital, KtU,nr,s(

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 Lj(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 FP¢ in the sector s—the intermediate good X;(j). The production

of intermediate good j is represented by the function:
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The parameter « in equation (3) is the elasticity of output with respect to capital while
@i’s denotes the stochastic elasticity of substitution between the differentiated labor inputs.
Letting 01° = In ©5° — In ©%* denote the log-deviation of ©-* from its steady-state value of
OL, we assume that
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0:Ls represents the persistence of 9?8 away from

where ef’l’s is an i.i.d. shock process, and p
steady-state following a shock to equation (4).
The level of technology in sector s has four components. The A" and Z{" components

represent economy-wide technology shocks, while the A7 and Z7 terms (for s = cbi, kb)



represent technology shocks that are specific to either the consumption or capital goods
sectors. The A; technology terms represent shocks that exhibit only transitory movements
away from their steady-state unit mean, while the Z; technology terms represent shocks
that exhibit permanent movements in their levels. Specifically, letting aj = In A7 denote

the log-deviation of Aj from its steady-state value of unity, we assume that

aj = p®®a;_y + €, s = cbi,kb,m (5)
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where €, is an i.i.d. shock process, and p®*

represents the persistence of Af away from
steady-state following a shock to equation (5). The stochastic process Z; evolves according
to

InZ; —InZ; | =InT;* =1In(TZ° - exp[y;”®]) = nT7° +~,°, s = cbi, kb,m (6)

where I';® and ~;° are the steady-state and stochastic components of I';**. The stochastic

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

V=P (7)

$ represents the persistence of ;" to a shock.

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 the steady-state growth rate of the non-stationary
component of technology in the capital goods sector above that in the consumption goods
sector. That is, TZ* > I'Z(= 1), where an asterisk on a variable denotes its steady-state
value.

We assume, as do the BEA, that housing services, th7 are produced from the econ-
omy’s stock of residential capital, K/. The production function for consumer housing ser-
vices is given by
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Finally, the growth rate of government services output, H;? = X;7/X/9,, follows an
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exogenous auto-regressive process. Specifically, letting hy? = In H;Y — In H, is assumed to
evolve according to

hP = oI 4, (5)
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where € is an i.i.d shock process, and p™ represents the persistence of hiY to a shock.



1.2 Capital Stock Evolution

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

e Non-residential capital, K}*";

e Residential capital, K]; and,

e Consumer durables capital K¢?.

Purchases of the economy’s fast-growing “capital” good can be transformed into either
non-residential capital, K;;, (that can then be used in the production of either the slow-
growing “consumption” good or the fast-growing “capital” good) or into the economy’s
consumer-durable capital stock, Kfﬁl, (from which households derive utility). Purchases
of the economy’s slow-growing “consumption” good can be transformed into residential
capital (from which households derive utility and for which the BEA in constructing the
NIPA assume is used for the production of housing services.)

The evolution of the economy’s three capital stocks are given below. We assume that
there is some stochastic element—reflected in the term A}, for s = nr, cd, and r—in the
capital accumulation process. These shocks exhibit only transitory movements from their
steady-state unit mean. Letting aj = In A7 denote the log-deviation of A from its steady-

state value of unity, we assume that:
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We also asssume that not all investment expenditure results in productive capital, since

some fraction is absorbed by adjustment costs in the process of installation:
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The parameter §° denotes the depreciation rate for either the non-residential (s = nr),

consumer durables (s = cd), or residential (s = r) capital stocks. The term E? denotes the



value of steady-state non-residential (s = nr), consumer durables (s = cd), or residential
(s = r) investment spending normalized by the permanent component of technology so

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

. . . ErT EPT = .
for non-residential capital when gk = th Zi,, = E7" but rise to above zero, at an
t t t—17t—1

increasing rate, as non-residential investment growth moves further away from this. The
costs for altering non-residential investment depend on both the level of (growth-adjusted)
investment spending from the preceding period as well as the steady-state level of investment
spending. The parameter " governs how quickly these costs increase away from the
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for the adjustment costs entailed in the accumulation of consumer durables capital, as do
By Ei
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residential capital. Similarly, the values of the parameter x°* and x" govern how quickly

and E¢? have similar implications

the relative values of and EI for the accumulation of

these costs increase away from the steady-state.

1.3 Preferences

The ith household derives utility from four sources:
e Its purchases of the consumer non-durable goods and non-housing services, E{™"(i);
e The flow of services from its stock of consumer-durable capital, de(i);
e The flow of services from its stock of residential capital K} (i); and
e Its leisure time, which is equal to what remains of its time endowment after L% (i) 4
LF (i) hours are spent through working.

The preferences of household ¢ are separable over all of the arguments of its utility function.
The utility that the household derives from the three components of its goods and services
consumption is influenced by its habit stock for each of these consumption components.
Household ¢’s habit stock for its consumption of non-durable goods and non-housing services,
is equal to a factor h“"™ multiplied by its consumption last period Ef"}(i)). The household’s
habit stock for its other components of consumption is defined similarly. In summary, the

preferences of household i are represented by the utility function:
[e.e]
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The parameter (§ 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
=2, Efd, =7, and Eé represent aggregate shocks to the household’s utility of its consumption
components and its disutility of labor. Letting £ = In =} — In =% denote the log-deviation

of =7 from its steady-state value of =, we assume that
& =58+ &7, x = cnn,cd,r,l. (14)

The variable € is an i.i.d. shock process, and p&% represents the persistence of =F away

from steady-state following a shock to equation (14).

2 The Decentralized Economy

We assume the following decentralization of the economy:

e The representative, perfectly competitive firm that exists in each of the economy’s
two final-goods producing sectors purchases intermediate inputs from the continuum
of intermediate goods producers to produce the sector’s final goods output.

e Firms in the continuum of intermediate goods producers in both of the economy’s
intermediate-goods producing sectors rent non-residential capital at a set utilization
rate from the representative capital owner, and differentiated types of labor from
households. Because each intermediate goods producer is a monopolistically com-
petitive supplier of its own output, it is able to set the price at which it sells its
product.

e The representative, perfectly competitive capital owner purchases the the output
from the fast-growing “capital” final-goods sector and transforms it into either non-
residential capital or consumer durables capital. The representative capital owner also
purchases the output from the slow-growing “consumption” final-goods and trans-
forms it into residential capital.

e Households in the continuum of consumers purchase the output of the slow-growing
“consumption” goods sector, and rent consumer durables capital and residential capi-
tal from the capital owner. Because each households is a monopolistically competitive

supplier of its own labor, it is able to set the wage at which it supplies its labor services.



e The monetary authority sets the nominal interest rate given an interest rate feedback
rule with smoothing.

e The fiscal authority raises taxes in a lump-sum fashion to cover the subsidy outlays
that is makes to monopolistically competitive intermedite-goods producing firms and
households (in their capacity of labor suppliers) to induce them to supply (in the
absence of sticky-prices) at the pareto optimal level. Taxes are also raised to cover
the government’s purchases of goods and services from the business and institutions
sector.

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

equal to the negative of net exports.

2.1 Consumption and Capital Final Goods Producers

The representative, perfectly competitive firm in the consumption good sector owns the pro-
duction technology described in equation (1) for s = cbi, while the representative, perfectly
competitive firm in the capital goods sector owns the same technology for s = kb.

The final-good producing firm in sector s takes as given the prices { P (j )}Jl-:O set by each
intermediate good producing firm for its differentiated output, and choose {X/(j) Jl-:O to
minimize its production costs subject to the aggregator function. Specifically, the final-good
producer in sector s solves the cost-minimization problem of:

T,s
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(15)
The cost-minimization problems solved by firms in the economy’s consumption and capital
goods producing sectors imply demand functions for each intermediate good that are given
by X7 (5) = (P7(5)/ Pts)f(afﬂs X;. The variable P, which denotes the aggregate price level

1

in the final goods sector s, is defined by P/ = (fol (PE(j) =% dj) o,

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

it is convenient to split it into three separate stages.



In the first stage of the problem firm j in sector s, taking as given the wages {W; (i)},
set by each household for its variety of labor supplied to sector s, chooses {L$(i, )}, to
minimize the cost of attaining the aggregate labor bundle L{(j) that it will ultimately need

for production. Specifically, the intermediate firm j solves:
ebs_1 ols 1

1 1
min U/Wf(i)Lf(i,j)di subject to / (L:(i,5)) ¢ di > Li(j), for s = ¢, k.
{L; (6:)}—o/0 0

(16)
This cost-minimization problem undertaken by each intermediate good producing firm im-
plies that the demand in sector s for type i labor is L{ (i) = fol Li(i,j)dj = (W} (i)/WtS)_@i’S
X fol L(j)dj where W7 denotes the aggregate wage for labor supplied to sector s, defined
by Wi = (fol(Wts(I))l_eltﬂsdx) 1_;?8-

In the second stage of the problem firm j in sector s, taking as given the aggregate
sector s wage W and the sector s rental rate on capital R,  chooses aggregate labor
L$(j) and capital K,"""*(j) to minimize the costs of attaining its desired level of output
X7 (7). Specifically, firm j in sector s solves:

min WELF(7) + Ry K"())
HOR O}

subject to (AMZMASZELE() ™ (K5 (5)" > X(j), for s = cbi, kb. (17)

Since each intermediate goods firm produces its own differentiated variety of output
X7 (), it is able to set its price Pf(j). It does this taking into account the demand schedule
for its output that it faces from the final-goods sector s, X;(j) = (Pf(j)/Pf)fo’s X7, as
well as the adjustment costs that it faces in altering its price. These adjustment costs are
introduced to the model through the assumption that the act of altering prices absorbs some

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

Profits; (j) = (1 + o™°) P (1) X{ (§) = M C; (5) X7 (7) — Tawes (5)
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r1(7)

where oP* = (©%° — 1)1 is a subsidy to production that is set to ensure that the economy’s
level of steady-state output is Pareto optimal, MC}(j) represents the marginal cost of
producing a unit of X;(j) and Tazes;(j) = oP*Pf X}, which implies that the government

raises (in a lump-sum fashion) the revenue needed to payout the production subsidy. The



parameter 1P reflects the importance of lagged inflation relative to steady-state inflation
in determining adjustment costs and IIY® denotes the steady-state rate of sector s price
inflation. The parameter x?° scales linearly the magnitude of the adjustment cost term; in
a flexible price model xP* wouble be equal to zero. In what follows we consider the most
general case of the firm’s profit-maximization problem, that is, the one in which there are
positive price adjustment costs; the first-order conditions implied from a model with sticky
prices can be trivially converted to those of the model with flexible prices by simply setting
the price adjustment cost parameter equal to zero.

In the profit-maximizing part of its problem, the intermediate-good producing firm j,
taking as given the marginal cost M C;(j) for producing X;(j), the aggregate sector s price
level Pf, and final output X/ by sector s, chooses its price P7(j) to maximize the present
discounted value of its profits, described in equation (18), subject to the demand curve it
faces for its differentiated output. Since the intermediate firms are ultimately owned by
the economy’s households, intermediate producers act on their behalf when making their
profit-maximizing price-setting decisions. For this reason the intermediate firms value their
revenues and costs across time exactly as the household would value them. Consequently,
the discount factor that is relevant when comparing nominal revenues and costs in period ¢

. Acnn / pcbi
with those in period ¢ + j is ﬁﬂﬁ where A" = fol A (3)di. The variable AS™ (i)
denotes the household i’s marginal utility of consumption in period ¢, which implies that
A{™ is the average marginal utility of consumption across households. Put formally, the

sector s intermediate-good producing firm’s profit-maximization problem is:
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for 7 =0,1,...,00, and s = cbi, kb. (19)

2.3 Capital Owners

Capital owners possess the technologies described in equations (10) and (11) for transform-
ing the economy’s fast-growing “capital” good into either non-residential capital, K,

(that is then rented out to intermediate firms for use in the production process) or into the



economy’s consumer-durable capital stock, K|, (that is then rented out to households).
The also possess the technology described in equation (12) for transforming the economy’s
slow-growing “consumption” good into the economy’s residential capital stock K7, (that
is also rented out to households).

We assume that capital owners face a cost in moving non-residential capital between
the two intermediate goods producing sectors of the economy (but do not encounter any
cost in moving capital between firms within the same sector). Specifically, the relationship
between the aggregate capital stock K} (k) and the capital stocks used in the consumption

and capital intermediate goods producting sectors, that is K" (k) and K""**(k), is given

by:

K?T’Cbi(k)—i-KtnT’kb(k)
cbi ,cbi ~ nr,chi \ 2 kb
gy 200X (KR K BN KT o)
2 Ktnr,kb (k) sz,_r,lkb Kfr’kb Ktm",cbz

where the parameter n* reflects the importance of lagged composition of capital supply

relative to the steady-state composition, K bt / K" kb

, in determining adjustment costs.
The parameter x* scales linearly the magnitude of the adjustment cost term.

The investment decision for the economy’s three types of cpiatl stock do not interact
in any way and so we can think of the optimizing representative capital-owner as facing
separate problems for each type of investment good.

In considering its non-residential investment decision, the representative capital owner,
taking as given the rental rate on non-residential capital in the economy’s two sectors, R?T’Cbi
and R?T’kb, the price of “capital” goods P}, and the stochastic discount factor 3/ %,
chooses non-residential investment, Ej"(k), the non-residential capital stock next period,

11 (k), and the non-residential capital stocks that it supplies to the economy’s two sectors,
K% (k) and K™ *(k), to maximize the present discounted value of profits subject to the

law of motion governing the evolution of capital (equation 10) and given the costs implied
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by moving capital between the sectors (equation 20).! Specifically, the capital owner solves:

max
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In considering its consumer durable investment decision, the representative capital

owner, taking as given the rental rate on consumer durables Rfd, the price of “capital”
cnn/Pcbz

goods PF’. and the stochastic discount factor /3 A’iijl 7 Ptfb{,

sumer durables, Ef?(k) and its consumer durable capital stock K¢ (k) to maximize the

chooses its investment in con-

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

Specifically, the capital owner solves:

B 2 o {0 — PR
subject to KTH(k) (1 — DK (k)+A“E“ (k)
100X <E$d(k)—nCdE$‘31(k)Ff’kb (1- >Ech"‘Zk> e
2 Ked
for 7 =0,1, ..., 00. (22)

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

as given the rental rate on residential capital R}, the price of “consumption” goods bei,
cnn cbi

and the stochastic discount factor (3’ Atjjni/;jg, chooses its level of residential investment,
t t

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

cbi
AT/ PTG

factor in comparing nominal earnings and expenditures in period ¢t with those in period ¢+ j is 57 Agr pebi -
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Ef (k) and its residential capital stock K7, (k) to maximize the present discounted value of

its profits subject to the residential evolution process. Specifically, the capital owner solves:

o§jﬂf;1?{Rva<m—-Hﬂﬁzuﬂ}

(B (k) t+1(k)}t o}
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for 7 =0,1,..., 00. (23)

2.4 Households

Household’s utility, which is defined over three components of goods and services consump-
tion as well as leisure, is described by equation (13). Since each household supplies its own
differentiated variety of labor to each sector, L (), it is able to set its wage W (). It does
this taking into account the demand schedule for its labor that it faces from intermediate
goods sector s and the adjustment costs that it encounters in altering its wage and the com-
position of its labor. Analogous to to the constraint faced by intermediate goods producers,
wage-setting adjustment costs are introduced to the model through the assumption that
the act of altering wages absorbs some of the household’s income. The act of redircting
labor from one sector to the other also absorbs some of the household’s income. These

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

R;7'Bii1(i) = By(i) + Z (1 4+ YW (i) Li (i) + Profits,(i) + Gout. Transfers,(i)
s=cbi,kb

+ Foreign Transfers,(i) — PEES™ (i) — ROKS — RTKT

100 - X [ W, ?
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3 -
s=cbi,kb Wt-1(])
_100-x (L e K
9 Libi _{_Ll:b t chz + Lkb t
N\ 2
Lgbz(-) Lgbzl . chz Llltﬂb

The variable By(7) is the state-contingent value, in terms of the numeraire, of household i’s

asset holdings at the beginning of period t. We assume that there exists a riskfree one-period
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bond, which pays one unit of the numeraire in each state, and denote its yield—that is, the

. —1
&{Afi’f/Pfiﬁ}>

gross nominal interest rate between periods ¢ and ¢t + 1—by R; = <ﬂ A /b
t t

The parameter o%+* = (0° — 1)~! is a subsidy to labor that is set to ensure that the
economy’s level of steady-state labor (and consequently output) is Pareto optimal. The ith
household receives profits from three sources from (i) its part-ownership of the optimizing
capital-owner Proﬁtsf (1), (ii) its part-ownership of firms in the consumption goods sector
Proﬁtsgbi(i), and (iii) its part-ownership of firms in the capital goods sector Pmﬁtsfb(i).
These profits—which are not household specific so that households treat as given and do

not optimize with respect to—are defined as follows

Profitsf (i) = RSVK — PR EC 4 RY KT — PEET  RPWO g eb ety R Rbb kb

chiyl+y _ q ) kby14+¢ _ q
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149 1+
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k) b . .
B 100 '2Xp - (Hf’dn _np,cbinf,_cin N (1 —np’Cbi)Hf:’Cbi) QPthngbi (26)
PT’OﬁtSfb(Z') — (1 —I-O'p’kb)Ptkafb _R?T,katu,nr,kb _WtkbLzlth _O_p,kbptkatf,kb
100 - yPokb 2
— g (W A — (LI ) PR X, (27)

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

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

Gout. Transfers,(i) = —Z o"SWELY — Z PGY. (28)
s=cbi, kb s=cbi,kb

Foreign transfers are given by

Foreign Transfers,(i) = — Z P’NX;. (29)
s=cbi,kb

Turning, finally, to the two adjustment cost terms, the parameter n"-*

reflects the impor-
tance of lagged wage inflation relative to steady-state inflation in determining adjustment
costs and II¥ denotes the steady-state rate of wage inflation (which is equal across sectors).

w,s

The parameter x“»* scales linearly the magnitude of the adjustment cost term; in a flex-

$ wouble be equal to zero. The parameter 1’ reflects the importance

ible price model %
of lagged composition of labor supply relative to the steady-state composition, L /LK,
in determining adjustment costs. The parameter X' scales linearly the magnitude of the

adjustment cost term.
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The household, taking as given the expected path of the gross nominal interest rate, Ry,
the price of “consumption” goods, bei, the rental rates on the consumer durables capital
stock, R¢?, and the residential capital stock, R}, the aggregate wage rate in each sector
W, profits income, government and foreign transfers, and the initial bond stock By(i),
chooses its expenditure on consumer non-durable goods and non-housing services, Ef"" (i),
its stocks of consumer durable goods K% and residential capital K7 to rent, its wage in each
sector W (i) and labor supply L; (i) to maximize its utility subject to its budget constraint.
Specifically, the household solves:

max

{Bemm (), kg (), K7 (1), AW (D), L5 (1) Yomebi ke Bes1 (D)},

5025t{ cnn'—cnn In (Etcnn( ) hcnnEcnn( )) _'_gcdr—cd IH(Kth(’L) _hchtcil(i))
t=0

cbi kb 14+v
ORI ) KT () —'=p O

subject to

R'B;1(i)=B.(i) + Z (1 + o YWZE(i)Li(i) + Profits, (i) + Gouvt. Transfers_(7)
s=cbi, kb
+ Foreign Transfers, (i) — P EC™ (i) — R4K — RTKT

1 . w,Ss S 2
B Z 00 - x VZT(])- —pSTIYS — (1—nP*)IY ) WELS
, 2 Wz ()

s=cbi,kb T

(100X (L L
2 Lﬁbi +Lfb T chz + Lkb T

chz : Lcbi chz Lkb
% ( T (1)_771 7—1_(1_77) ) .

Llﬁb(i) Lﬁb_1 Lkb chz
l,cbi l,kb
cht WCbi( ) o cbt . W’T]'Cb(z) o
L (i) = ( 7o > L and L’;%):( TR L for 1 =0,1,...,00. (30)

2.5 Market Clearing

There are a number of market clearing conditions that must be satisfied in our model.
Market clearing in the slow-growing “consumption” goods and fast-growing “capital” goods

sectors requires that:

1 1
X / E™(3)di+ Et (k)dk+G 4+ N X and X[ = / E¢(k)dk+| EF(k)dk+GRP+NXF.
0 0
(31)
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where G¢%, NX G and N X} follow exogenous processes. The market clearing condi-
tions for the labor and non-residential capital supplied and demanded in sector s are given

by

1 1 1
Li (i) :/OLf(i,j)dj auad/0 Uk); K[ (k)dk :/OKf’nr’s(j)dj for all € [0, 1] and for s = cbi, kb.
(32)

The market clearing conditions for consumer durables and residential capital are:

1
/ K& (k)dk / K{%(i)di and / K (k)dk / Kl (i (33)
0

2.6 Identities
The model also consists of the following identities:

WE®) = 1L ()W (i) and W =T1L,"°W; ; for all i € [0,1] and for s = cbi, kb, and (34)
PG =10%()P,(j) and PP =T10°P7, forall j €[0,1] and for s = cbi, kb. (35)

2.7 Personal Consumption Expenditure and GDP

Four variables of considerable interest to policy-makers do not automatically appear in our
model. These are the real growth rate of personal consumption expenditure and the inflation
rate of its associated deflator, and real GDP growth and the inflation rate of its associated
deflator. These latter two variables are especially important in the current versions of the
model since they both appear in the monetary authority interest rate rule. At a latter date
we will likely consider including the rate of increase in the PCE deflator in the policy rule,
at which point our PCE aggregates will be of equal importance. At present, however, the
PCE aggregates constructed below lead nowhere in the model.

The real growth rate of PCE, is defined in the model in the same way that is it in
the NIPA, that is, as a chain-weighted aggregate of expenditure growth on consumer non-
durable goods and non-housing services (Ef""/E™), consumer durable goods (E¢?/E¢4)),

and consumer housing services (E¢"/Eh,):

bi cb'L cnn
PC zEcnn pebY EEMY

1,
Hpce _ (Ecnn/Ecnn 2 pcblEcnn+PkbEcd+PchEch + 2 pcbz1 Ecnn+PkbEcd 1+Pch Echl
- -1

kb ped kb pecd
Py Bf 11 P2y BYEy
(Ecd/Ecd 2 Pcszcnn+PkbEcd+Pch Ech 2 Pcb'LlEcnn+PkbEcd 1+Pch Echl
t—1

Pch Ech p{lh thl
pcszcnn+PkbEcd+PchEch + 2 Pcbz Ecnn+PkbEcd 1+Pch Ech

x (BB ) - . (36)

MM—A
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where E¢", which denotes the service flow from the residential capital stock, is defined by:

e - B -6
g

Bt = X" = K (37)

The PCE inflation rate, I[IV7“, is defined by:

i cbi pmenn
Ptcsztcnn POy B

1 1
3 pebigenn L. pkb ped o peh meh T2 Bk menn kb pcd ch_pch
H%%pce _ (Ptdn/ cb1> pebtpenn g plb ped 4 peh pe peby penny plbEed L peh BER

pkb ped PRY med

t t
(Pkb/Pkb > 2 Pcszcnn+PkbEpd+PchEch +2 pcbz EcnnerkbEclerpch Ech
t t—1

ch pch
pehpgh 41 PER EEY
PCh Pch 2 PchEcnn+PkbEcd+PchEch 2 Pcb'LlEcnn+PkbEcd 1+Pc Ez?ﬁl 38
t—1 :

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

defined by:

Pt = — p - RY. (39)
o™ =B —6m)

Real GDP growth is also constructed in the model in the same way that it is in the NIPA,
that is, as a chain-weighted aggregate of output growth in the slow-growing “consumption”
goods sector (X§% /X)), the fast-growing “capital” goods sector (X[*/X ), household—
or housing services—sector (X{"/X¢",), and government—or government services—sector

(X;9/X;%,). Specifically,

1 Pcbchbi + Ptdnl Xtdnl
2 cbi xycbi kb x kb ch xch cgyCg T3’ cbz cbz kb kb ch ch cg
Hgdp — (chz/chz ) pbrxebty prbx by peh xeh i pd X7 pebi xebl 4 pRb xEBb 4 peh X< 1+ Xt—l
kb kb
1 Pkbxkb + PR XxE2
2 cbi xcbi kb kb ch xch cgycg T3’ Cb’L Cb’L kb kb ch ch cg
« (Xkb/bel) Pebix bt pROXx RO peh xchy pod x| pebt x bl 4 pRb, X kb 4 peh xeh 4 PP XT9
h h
1 pehxEh 1 pety Xty
% (XCh/XCh )2 Pcbzchz+Pkbxkb+PchXch+P69X69 2 Pcbz X% +PFY X b1+Pch Xeh +PSI XCT,
t—1
cg ¢ cg cg
1 PrIX Y 41 P2 X2
X ( Cg/XCg ) 2 pcbzxcbl+pkbxkb+pchxch+p‘39x‘39 2 Pcbz chz +pkb X b1+pch Xch1+ Xtcgl

(40)

where the growth rate of government services H;Y = X;9/X;Y, output was defined in
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equation (8). The GDP inflation rate, Y is defined by:

Pcbzchl Ptcﬁll Xtcgll

1
1 + . _
Hp ,9dp (Pdn/ cbz ) 2 pcbzchz+Pkbxkb+PchXch+P09XC9 2" pebi x bl y pRb XFb 1 peh Xch 1P X9
1 pitxp it X,
kb 27 pcbzchz+Pkakb+PchXch+P09XC.‘J + Pcln Xcln +Pkb Xkb +Pch Xch 4P x¢9
X Pt —1 —1 1 t=1
pehxeh Pehy Xl
2 cbt xcbt kb x kb ch xch €9 x €9 + 2" (,bz (,bz kb kb ch (,h cg cg
v (PtCh/ > Pebixebiy pkbxkby pehxch i pPdx? Ppebi xebi 4 pRb, x kb 4 peh xch 4 pfI X £
) PFIXEI 1 P x0y
1, . ; +4
ch/ch 2 Ptcbthcbz+Ptkaécb+Pé:hX§h+Pt09Xth 2 Pcbz chz +Pkb Xkb1+pch X5h1+P 1th 1
t t—1 ’
(41)

The growth rate of the price of government services II}Y = PfY/P, is exogenous and

assumed to follow AR(1) process. Specifically, letting m;Y = InIL}Y — In 1Y, we allow

Ci ,Ci
th—p“cg 7r 1 Fe g,

2.8 Monetary Authority

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

feedback rule. Policymakers smoothly adjust the actual interest rate R; to its target level Ry
Ry = (Rt—l)(br (Rt)1_¢ exp €], (42)

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:

>¢Ah,gdp

Am,gdp h,gdp

R,.

(43)
where R, denotes the economy’s steady-state nominal interest rate (which is equal to
(1/B)IRCTZ™ (T 2k a2y l—a) ang ¢m9dr | pATgdp  ghgdp and ¢Ah99p denote the weights
in the feedback rule.

T,9d;
R = (H?gdp/ﬂggdp) omo <Aﬂf’gdp) ¢ <H§J79dp/H};{,gdp) ¢ (AHf’gdp

2.9 Government and Foreign Sector

The government in our model:
e Pays production subsidies of oP»* fol P#(5) X7 (j)dj to intermediate-good producing
firms and labor subsidies of o"* fol W (i) L (i)di to households to ensure that pro-

duction and labor supply are at their Pareto optimal levels.
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e Makes expenditure outlays of G§** and G on the economy’s two-final goods.
e Levies lump-sum taxes on intermediate-good producing firms and households to bal-
ance its budget in every period.
The foreign sector in our model pays lump-sum transfers equal to — PN X bt — PFb N X Fb
to households.
Letting EYS" = G + NX& and EY™ = GF 4 NX* we can define the stationary

. X ~ . ng,kb ~ ng,cbi X ~ .
version of each variable as Eff’d” = Zm(zkb)ta(zcbi)l_a and Eff’kb = ~ligm- Letting oSt
t t t t t

and Eff " denote the steady-state values of the stationary variables we can define:

,cbi i _gf,cbi i kb kb
eé]fc (- pgf,cbzeé]ff G egf,Cbl and €?f — pgfyk’be?fl + egkab.

where eff’d)i =1In Eff’Cbi —1In E;ff’d’i and eff’kb =1In Eff’kb —1In Eff’kb.

3 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 Q7 (k). These variables are the
lagrange multiplier on the capital evolution equations that would be implied by the kth
capital owner’s profit-maximization problems (described in equations 21, 22, and 23).

Equilibrium in our model is an allocation:

{Hfdp7 HY XX (5) Y jmor X AXE (5) o0 X3 BT (R) Yoo {ET () imos (B () bz,
{BF™ (0) Hoos BY" AT (0) Hos {ATH () Hos AAT™™ (D) Hos {AF™ (0) Heos {AS™ (1) Heo,
(L)} LG 0) Yo} o (LR} LI G ) Yoo AUF ) o AU ) o
(B () oo AR () Vo LK™ (B) Hhmo {B7™ () Hemos {71 (F) Vo

(KT 09 o AT (o AR 0 s AL DY |

and a sequence of values
gd , cbi cbi /- kb Kb, . ,cbi cbi /- kb Kb
Lo e et (TP ()}, TP (PR ()} g, T (11 )} g, T (R i),

. 1 cbi b/ 1 . 1 nr,chbi nr,kb nr
Ptkb {Ptkb(ﬂ) } Wi ’ {Wt b () } Wtkb { Wtkb(l) } Ry Ry Rj
=0

chi’ cbi ’ cbi cbi ’ pcbi’ cbi cbi chi ' pcbi’
Pt Pt 7=0 Pt ‘Pt 1=0 Pt Pt Pt Pt Pt

T C cbi( 1 . 1 nr T C 1
R; Ry {MCtbl(J)} {Mcf?o)} { tac)}l {Qt@)}l { t%)} &
Ptcbz F)tcbz Ptcbz =0 Ptcbz =0 Ptcln 0 Ptcbz 0 Ptcbz 0
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that satisfy the following conditions:

e The model’s two representative final-good producing firms solve (15) for s = cbi
and kb;

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

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

e All households 7 € [0, 1] solve (30);

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

e All intermediate goods markets clear (by construction);

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

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

e The identities given in (34) hold, but are modified slightly to

We) TP W)W P Wi,
Py I Py pf TP PRy

e The identities given in (35) hold, although are modified slightly to

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

PPG) _TP°()  BaG) pf Hf’k Ptk 1
= : d = = for all j € /0,1 d f = cbi, kb
Pr e P, an Pr = TP° Ptc 1 or all j € [0,1] and for s = cbi,

e The monetary authority follows (42) and (43);

e The BEA constructs measures of the growth rate of PCE and GDP aggregates and
price defined by equations (36), (38), (40), and (41), where imputed consumption and
production of housing services and its price are defined by (37) and (39).

In solving these problems agents take as given the initial values of Kj", K, K{jd, and R_1,

and the sequence of exogenous variables
cbi kb gm pz,cbi z,kb 1zm Ay,ebi Ay,kb Alicbi ALKD
{Ag A, Ay, T T TP 0 o, o) o),
d menn med =r =l ofichi pgfkb preg ppeg |
AP AL AL E 2 L B B S BT H LT o

implied by the sequence of shocks

a,cbi a,kb am z,cbi zkb zm G,y,cbz G,y,kb 9,l,cln 0,1,kb
€7 56 € € € L€ L€ 1€
anr a,r a,cd Eenn Eed Er &1 gf,ebi gf,kb h,cg g & o
L P P A R TR A v AR o S T M o

We estimating the log-linearized, symmetric and stationary version of the model de-
scribed above. Equilibrium in the symmetric and non-stationary version of the model is
defined in appendix A of the paper, and equilibrium in the symmetric and stationary version

of the model is defined in appendix B.
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4 Data

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

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

1.
2.

10.

11.

Nominal gross domestic product.

Nominal consumption expenditure on nondurables and services excluding housing

services.

. Nominal consumption expenditure on durables.
. Nominal residential investment expenditure.

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

tic investment minus nominal residential investment.

. GDP price inflation.

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

fast-growing “capital” goods sector).

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

sumption” goods sector).

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

Bureau of Labor Statistics; we scale up this measure of hours by the ratio of nominal
spending in our model to nominal non-farm business sector output in order to model
a level of hours more appropriate for the total economy.

Wage inflation, which equals compensation per hour in the non-farm business sector
from the Bureau of Labor Statistics.

The federal funds rate, from the Federal Reserve Board.

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

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

quantitiy series are as follows:

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

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

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

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

subtracted.
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Expenditures on consumer housing services (ECH) is the chain-weighted sum of
housing services from Owner-occupied nonfarm dwellings and Tenant-occupied nonfarm
dwellings (Table 2.4).

Expenditures on consumer durable goods (ECD) is Personal consumption expendi-
tures on durable goods (Table 1.1).

Expenditures on residential investment (ER) is Gross private domestic residential
investment (Table 1.1).

Expenditures on non-residential investment (ENR) is the chain-weighted sum of
Gross private domestic nonresidential investment and the change in private inventories
(Table 1.1).

Government and foreign demand for the output produced by the slow-growing
business and institutions sector (EGFC) can be thought of as the chain aggrega-
tion of the two demand components. Government demand is the chain-weighted sum of
Government consumption expenditures (Table 3.9) with the Value added of general gov-
ernment (Table 3.10) chain-subtracted. Foreign demand is Exports of goods and services
excluding Non-automotive capital goods, Automotive vehicles, engines, and parts, and Non-
automotive consumer durables goods (Table 4.2) with Imports of goods and services ex-
cluding Non-automotive capital goods, Automotive vehicles, engines, and parts, and Non-
automotive consumer durables goods (also Table 4.2) chain-subtracted out.

Government and foreign demand for the output produced by the fast-growing
business sector (EGFK) can also be thought of as the chain aggregation of the two
demand components. Government demand is Government gross investment (Table 3.9).
Foreign demand is Exports of Non-automotive capital goods, Automotive vehicles, engines,
and parts, and Non-automotive consumer durables goods (Table 4.2) with Imports of Non-
automotive capital goods, Automotive vehicles, engines, and parts, and Non-automotive
consumer durables goods (also Table 4.2) chain-subtracted out.

Production in the slow-growing part of the business and institutions sector
(XCBI) is the chain-weighted sum of Expenditures on consumer non-durable goods and
non-housing services (ECNN), Expenditures on residential investment (ER), and Govern-
ment and foreign demand for the output produced by the slow-growing business and insti-

tutions sector (EGFC).
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Production in the fast-growing part of the business sector (XKB) is the chain-
weighted sum of Expenditures on consumer durable goods (ECD), Expenditures on non-
residential investment (ENR), and Government and foreign demand for the output produced
by the fast-growing business sector (FGFK).
Production in the slow-growing household sector (XCH) is equal to Expenditures
on consumer housing services (ECH).
Production in the very slow-growing government sector (XCG) is equal to the
Value added of general government (Table 3.10).

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

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

identities:
PXCBL xopr = PECNN EONN + PER ER + PECFC EGFC, (44)
PXEB xgkB = PECP ECD + PENE ENR + PPOFK EGFK, and  (45)
pX¢H xcHx = PECH ECH, (46)

that hold between the model’s expenditure and output variables, only in the last equation
does PXCH — PECH (which is by definition, since XCH = ECH). In the first two
equations PXCBI £ pECNN 4 pER 4 pEGFC g4 pXKB 4 pECD 4 pENR 4 pEGFK
To bring our data in line with our model the series must be modified slightly. Although
the three price indices PXCBI PECNN "and PEE are not identical they do not display any
dramatic relative price swings. Similarly, the indicies PXKB PECD and PENE while not
identical, do not exhibit any large swings. Consequently, I make the following modification

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

PpECNN PXCBIXCBI]

PECNN

PECNN PECNN } , and

PXKBX KRB PENEENR

PECFKRpQFK

ECD _ pECD ECD ECD
P [ PECD ]_ PEEECD + P [ PECD } + P [ PECD

—— . PX¢BIxCBl] — PERER _—— = PECFOEGFC
and let XCBI:W, ER:W: EGFCZW’
. pXKBxgp _—  PENEENR — PEGFKpQFK
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Equations (44), (45), and (46) can then be written as:

PECNN xCOBI = PECNN EONN 4+ PECNN Er 4+ pFONN pGFC, (47)
PPCP XKB = PEFCP ECD + PPCP ENR + PPCP EGFK, and  (48)
PECH xcH = PECH poH, (49)

The above renormalization of the data does mean that the series for real expenditures on
residential investment (EAR) and for expenditures on non-residential investment (E/]\V/R) are
no longer the series published in the NIPA. The qualitative patterns in the data are unaltered
by these normalizations, although the precise values of the series do change thereby resulting
in a slight bias in the adjusted series. This divergence can be handled, if and when a focus
on the behavior of these real series is desired, by the standard assumption that the data
that we are using for residential investment and for nonresidential investment is measured
with error.

Since the series for production in the slow-growing part of the business and institutions
sector (XCBI) and production in the fast-growing part of the business sector (X K B) are
also changed by the renormalization, the chain-aggregation of XCBI , X?B, XCH, and
X CG—which we denote by X GDP—is no longer equal to the NIPA series for true GDP
(XGDP). In addition the GDP price deflator implied by the sectoral price indices is no
longer equal to the true GDP price deflator. Specifically the true GDP price deflator—
denoted PXEPP__is the chain-weighted aggregation of PXCBI pXKB pXCH 5,4 pXCG,
the GDP price deflator implied by the sector price indices is the chain-weighted aggregation
of ]BXCBI(: PECNNY ]BXBK(: PECDY pXCH "and PXCE | denoted by PXGDP_ There are
differences between the true and alternative measures even though their qualitative features
are unchanged. Importantly, however, there is essentially no bias in these estimates. The
divergence between the estimates is more evident for the GDP price deflator, although
this partly reflects the fact that the magnitudes of our readings for GDP price inflation
are smaller than the readings for GDP growth. Note also, that GDP price inflation is of
secondary interest to PCE price inflation, which is not altered by the price normalizations

performed in equations (47), (48), and (49).

23



5 The Empirical Model

5.1 Model Parameters

The model’ calibrated parameters are presented in Tables 1, while the estimated parameters
are presented in Table 2. We based out decision on which parameters to calibrate and
which to estimate on how informative the data were likely to be on the parameter, as well
as identification and overparameterization issues.

The first three columns of Table 2 outlines our assumptions about the prior distributions
of the estimated parameters, the remaining columns describe the parameters’ posterior
distributions.

[To be completed]

5.2 Variance Decompositions

Table 3 presents forecast error variance decompositions at various (quarterly) horizons at
the posterior mode of the parameter estimates for key variables and shocks.

[To be completed]

5.3 Impulse Responses

Figures 1 to 13 present the impulse responses of key variables to the models four prefer-
ence shocks (2", Z¢¢ = and Z!), four capital efficiency shocks (A", A¢4, and A7), the
autonomous spending shock (H*9/), mark-up shocks (07" and ©7*""), technology shocks
(I'#™ and T¥™), and monetary policy shock (€").

[To be completed]

5.4 Implied Paths

Figure 14 compares the one-step ahead DGE forecast to the actual observations for the data.
Figures 15 and 16 show the 95 percent confidence banks and the median of the smoothed
paths of the persistent structural shocks.

[To be completed]
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A The Symmetric Equilibrium
The symmetric equilibrium is an allocation:

gdp rrpce cbi kb ch mr pwr ped prenn pach AT o pacd Acnn pAlLcebi p Lkb
{Ht 7Ht ?Xt ?Xt 7Xt 7Et 1Et¢Et 7Et 7Et 7At7AtaAt 7At 7At )

cbi 1kb cbi kb u,nr,cbi u,nr,kb nr,cbi nr,kb nr r ed | °
Lt ’Lt Mt 7Ut 7Kt ’Kt ’Kt vKt ’ t+1’Kt+17Kt+1}t70

and a sequence of values
Ptkb PtCh Wtcbi Wtkb
’ pcbi’ pcbi’ cbi * pcbi’
T A R

nr,chi nr,kb d bi kb d o
R, R, R} Ry R MCP MCY QF Qf b R,
chbi chi 7 pcbi’ pcbi’ pcbi’ cbi chi 7 pcbi’ pcbi’ pcbi’
P t P t P t P t P t P t P t P t P t P t

p,9dp p,pce p,cbi p,kb p,ch w,cbi w,kb
{Ht ) Ht ) Ht ) Ht ) Ht ’ Ht ’ Ht

=0
that satisfy the symmetric versions of the first order conditions implied by:

e The intermediate-good producers’ second cost-minimization problem (described in 17)

and profit-maximization problem (described in 19);
e The capital owners’ profit-maximization problems (described in 21, 22, and 23); and
e The households’ utility maximization problems (described in 30);
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:

X = B 4 By + BYPY XP = B+ BT+ B

K;u,nr,cbz _ Utcszer,cbz’ and K;u,nr,kb _ Utkazw,k:b‘

e The identities between real wages, relative prices, and different wage and price inflation
rates:
kb p,kb kb h p,ch ch w,s s
B 1L P2y Pt IL Py w1 Wiy
pebi = pcbi pebi * pebi — Lpchi pebi’ an pebi — p.cbi pebi
t IT; t—1 1 IT, t—1 t IT; t—1

for s = cbi, kb

e Equations (42) and (43) that describe the behavior of monetary policy; and
e Equations (36), (37), (38), (39), (40), and (41) that define the growth rates of PCE

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

price of housing services.
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In solving these problems agents take as given the initial values of Kj", K, Kgd, and R_1,

and the sequence of exogenous variables

cbi kb gm pz,cbi z,kb pzm Ay,ebi Ay,kb Alicbi ALKD
{At,At,At,Ft T2 pam gyt gyt glebi ghkb

nr cd —menn —=cd —=r =l gf,cbl gf,kb cg 1rpocg |

implied by the sequence of shocks

a,cbi a,kb am z,cbi zkb zm G,y,cbz G,y,kb 0,l,cbi 6,1,kb
€7 56 € € € L€ € Y

a,nr _a,r acd {,cnn {,cd Er &l gf,cbz gf,kb hcg ﬂ'cg " o0
€& €& & 1€ 2 € € €& & —

Note that the first-order conditions implied by the final good producing firms’ cost
minimization problem (described in 15) and the first step of the intermediate-good
producers cost-minimization problem (described in 16) hold but are redundant in the
symmetric equilibrium.

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

goods producing firms’ cost minimization problems (equation 17) are:

M S
Li=1-a) X} C;t for s = cbi, bk (50)
Wi
M S
KM = X5 - RT% for s = cbi, kb. (51)
t
= (A ZP A ZE L3 (K% for s = cbi, kb. (52)

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

problems (equation 19) are the price Phillips curves
O MC; X} = (14 07°) (07 — 1) PP X}
100 (I =T, — (1 ) I P X
/22
8 ’ »$ ) ) ’
~ b Ao/ pebic | 100-xP* (TI77) =TI — (1 =P ) TI2°) TIPY) Py X7y
t t
for s = cbi, kb. (53)
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The symmetric first-order conditions implied by the non-residential part of the capital

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

nr Af—?-’rll/Ptc-"lzzl nr nry\ ynr
¢ =D& Acnn [ pebi (R, + (1 =0")Q7) (54)
t t
bi nr,cbi ~nr,chi
b Rnr KWEC K _31 K* s Knr
Rtm"C "= Zbi 1+100 - Xk tm" kb _nk tnr kb _(1 o nk) nr,kb nf‘ cbi (55)
Ut Kt 7 Kt—i K™ Kt ’
bi nr,cbi ~>nr,chi
kb Rnr K””’ac K o K* s Knr
R = Uicb 1-100- Xk( tnr,kb - tnrfkb —(1 =" =~ kb ni“,kb (56)
t K, K,73 K K,
1
1 R"™5\ 7%
t
EnT e F%k’b_ 1 — Enrzmzk
Ptk‘b — ?7" A;L?” —100 - XTLT‘( t n t—1+t K{LE“ n ) * t t

AL/ P o
+ ﬁgt chzn/P;)z ' Q?-Cl ’ 100'an .77717’ th-;-l
t t

KTLT‘

Enr. TLTETZT’]:‘mJCbi 1 —nnr Enrzmzk
x( t+1— 7 t Lt ( NN 2 Zy (58)
t+1

~ 2
100 -y [ Enr—pnr prr F%kb_ 1—pnr E;ermzk
tn—i7:1 — (1_5m")Ktnr+A?rEtnr_ 2X ( t n t—1-t Kn(T n ) t t KZW
t
(59)
Ktnr,cbi + Ktnr,kb

. . ~ N\ 2
e 100 - Xk; Ktnr,cbl B kKZL_T,lcbz - (1 - k) Kfr’dn Ktnr,kb e (60)
— M 9 Knr,kb n Km“,kb n I’Enr,kb Knr,cbi t -

t t—1 * t
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The symmetric first-order conditions implied by the consumer durables part of the

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

Acnn/Pcbi
cd __ t+1/ " t+1 cd cd\ Nyed
t = BE { Afr/bei (Rt+1 + (1 -0 )Qt+1)} (61)

kb T
Pt — et Bty B Ty - (1 - ncd>E:de"Zf>

d
Ki

Ag? 100 - (

AZR/PEN e cd e kb
+ BE W'Qt+1-100-x /A
t t

ch

kb ~

Etcil _UCdEthFfH —(1 _nCd)E:dZﬂFlZfﬂ

X (62)
t+1

~ 2
1 e Ecd_ chcd Fz,kb_ 1— cd E:d 7m Zk
Ktc—c‘,l-l (1 _ 5cd) Kvtcd Agd Etcd - 00 - x ( t Ui t—1-1¢ ( Ui ) t “t

d
2 K¢d K
(63)

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

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

g /P
Qi = BE W(R{+l+(1—57“)@;+1) (64)
t t
) Er—nTET Fx,cbi_ 1—n" Erzm Zk: a(ge 11—«
Pt — A;_mo.xr< P BT Kg) L2y (28)°(Z5)
A/ ’
. {W $ Qi1 100-x" " T

cbi = _
X(E{H—UTEfFfJﬁZ_(1—UT)EIZﬂrl(ZfH)a(ZfH)l a)} (65)

T
Kt—H

Ki = (1-0") K[+ A E{—

. ~ 2
100 - X" ( Ef—n"E{_ 00— (=" ELZM(ZF)* (Z) '~ K
2 K] !
(66)
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The symmetric (expenditure-related) first-order conditions implied by the households’

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

Ag AGY

- om | i o

Agnn B Afd (68)

Ptcbi - Rgd

ACTL?’L AT'

o (69)
t t
cnn __ _cnn — cnn —

A" =< ) Eenn — penn penn A {Efflz — henn penn } (70)

Acd — gcd . Egd _ ﬂng(‘: thEI?il (71)
t KiT — hed KT, VLK - el

AT =" L — B"E, ﬂ ] (72)
K K[ —hK] K, — WK

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

l,cbi
obevi A
t cnn
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= (1 + Uw7cbi> <@%cbi _ 1) WtcbiLgbi

. cbi ) kb Jcbi b Jcbi
l,cbi l * b * kb t 1 Ht—1 AN
-6, 100 - x (Libi + Lebi W+ Lebi 4 [cbi W ) LF -n L, —(1=7) Lkb
+100 - Xw,cbi (H;U,Cbi —T]w’CbiH;i’clbi _ (1 —ﬁw’Cbi)Hiv’Cbi) H;U’Cbi WthiLgbi

s, {Afi’f Pty

cbi 1 cbi
t Lt

Afnn / Ptcbi

x100- vaCbi (Hw,clbi _nw70biH7£U70bi _ (1 _ nw,cbz‘)Hw,cbi> Hw,cbiWCbi .cbi } (73)
t+ %

t+1 Vet1ti4
ALK }
1,kb bi 1 kb
e - A%"” B Ly

_ (1 i Uchb) <@i,kb _ 1) Wb Lk
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1,kb ! * b * kb t 171 A s
+6y7-100 - x (Libi + Lebi W+ Lebi 4 [cbi W ) LF -n L, _(1_77)Ll:b

100 - kD (H;u,kb B nw,kbﬂgjﬁb . nw,kb)l—[}ku,kb) H;u,kbwtkbLfb

e, | A/ B
Agnn / Ptcbz

% 100-“ R (Hiﬁb _nw,ka?,kb (- nwkb)niu,kb) H;uﬁbWtkfILfil } (74)
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where
A?Cbi :Ai,k’b lE (LCbZ“‘L?b)V (75)

B Equilibrium in the Symmetric and Stationary Model

The symmetric equilibrium is an allocation:
gdp pce yrcbi vkb ych twmr o med penn pich Ar Aced Acenn A lLcebi A Lkb
{Ht 7Ht 7Xt 7Xt 7Xt 7Et aEt7Et 7Et aEt aAtht aAt aAt 7At )
cbi cbi u nr,cbi 7-umnr,kb 7-nr.cbi nr,kb oo
LY LR et b K KK K+1aKt+1aKt+1}t_0

and a sequence of values
p,9dp yrp,pce yp,cbi vp,kb yp,ch w,cbi yw,kb kb Dch 1r-cbi 117kb
{H TPl TIPe TIPR0 el et [rekb pkb pek jiei jil
pnr,cebi pnrkb =r Bed A0 kb = ~r ~Ned >
Rt >Rt ) ?raRLR}(&: 7Mct 7M0t aQ?raQ;a ;:: 7Rt =0

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

given the initial values of K", Kj, K , and R_7, and the sequence of exogenous variables

b Zcbi z,kb hz;m Ay,ebi ~y,kb Alebi ~LLkb
{A“A m paebi 2 ey gukt ghehi glkb

00
Anr Ar Acd —cnn —ed =r =l ng,Cbl ng,kb HtCQ,Hf:Cg}t_O

LS St Sty S

implied by the sequence of shocks

a,cbi _a,kb am z,cbi z,kb zm G,y,cbz G,y,kb 0,l,cbi  0,l,kb
€ € € € € L€ € €7 €& €&,

anr a,r a, cd E,cnn £,cd Er &l gf,cbi gf,kb h cg 7r <qg T >
€ € € V€L € € € ) € :
t=0

These equations are presented below.
The symmetric and stationary first-order conditions implied by the second step of the

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

are:
MC;
Li=01-a) X;- th for s = cbi, bk (76)
R’—u,nr,s _ M S
tfkb —a- X} NHC:Z for s = cbi, kb. (77)
Ff’ Rt ’
Xp = (apzpazzny' e (K for s = cbi, kb. (78)
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The stationary price Phillips curves that are implied by the intermediate-goods pro-

ducing firms’ profit maximization problems (equation 19) are

@f,cbimgbiytcbi: (1 + O_p,cbi) (@?Cbl‘ o 1) jz-tcbz

+100 - Xp,cbi (H?’Cbi— np,cbiﬂffiii - (1 _np,cbi)]:[g:,cbi> Hf,cbi)’ztcbi

B 6816{ Kz;::L . 100_Xp7cbi (Hgfin —np’CbZHf’CbZ _ (1 _np,cbz)l—p:,cbz> HffinXtc—?}l }
t
(79)
—— kb ~ ~ o~
O MCy X'~ (1+074) (07" —1) P XJ

100 x4 (TR IR, - (1= ) ) T PR

NCTLTL

i kb pkbrypikb , , kb kb

- ﬂgt{ Ki:” - 100- M (Hf-i-l — PRI — (1= PO IIR kb) I3 Ptlilefﬁ}
t

(80)

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

5 A1
=6 o (R (1= 0)Q1 ) (1)
t t+1
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The symmetric and stationary first-order conditions implied by the consumer durables

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

Kﬁ? 1 d
=86 = (Rety + (1= 0@t ) (88)
At Ft+1
_ _ E'cd _nch'cd o (1 . ncd)Ecd
kb __ d d d t t—1 * z,kb
t
Kcnn E'cd - chcd_ _cd Ecd
+ /35 t+1 Qt+1 1OOXCdnCd t+1 n d( n ) * Ff_flb (89)
Acnn KtC—H
~ ~ 2 ~
~ed ed Kt cd fred _ 100 - x¢ (B¢ —nEf — (1 — )B4\ K
kb K I
(90)

The symmetric and stationary first-order conditions implied by the residential part of
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the capital owners’ profit-maximization problem

(equation 23) are:

~ ~C’I’L7’L 1 — -
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The symmetric and stationary (expenditure-related) fir

st-order conditions implied by the

households’ utility-maximization problem are: (equation 30) are:
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The key equations from the households’ labor-supply decision are the wage Phillips curves

l,cbi
@l cbi A o chz
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The model’s other conditions for equilibrium, listed in appendix A for the non-stationary

model, are transformed as follows in the stationary model:
e The model’s market clearing conditions become:
thCbi _ Etcnn + E{ + Ei]faCbi )}fb _ Etcd + EZW + Eiqfakb
I}g,nr,cbi _ Utcbi]?tnr,cbi’ and I};z,nr,kb _ Utkb-[?tmn’kb-

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

rates become:

. Hp,kb Fm,kb Hp,ch Hw ,S 1
Ptkb: zt),cbi. :i,cbz P 1 P ;,cb - and Wt p,cbz x cbz Wt 1 for s = Cbl kb
TP’ T I TP o

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

described in terms of stationary variables;

e The equations that define the growth rates of PCE and GDP prices are still given by
(38) and (41) in the stationary model. The equations that define the growth rate of
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aggregate PCE and GDP (previously 36 and 40) and the equations that describe the
imputed consumption/production and price of housing services (previously 37 and 39)
are now given by:

et g e mEmy

1 1
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List of Model Parameters

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

housing services.

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

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

The elasticity of output with respect to capital.

The household’s discount factor.

35



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

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

0" = The quarterly depreciation rate of residential capital.

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

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

n
non-residential capital adjustment cost function.

n" = 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.

7P = Parameter reflecting the relative importance of lagged price inflation in the adjust-
ment cost function for slow-growing “consumption” goods’ prices.

nP*0 = Parameter reflecting the relative importance of lagged price inflation in the adjust-
ment cost function for fast-growing “capital” goods’ prices.

nw¥ — Parameter reflecting the relative importance of lagged wage inflation in the adjust-
ment cost function for wages in the slow-growing “consumption” goods sector.

nWH*0 = Parameter reflecting the relative importance of lagged wage inflation in the adjust-
ment cost function for wages in the fast-growing “capital” goods sector.

v = Inverse labor supply elasticity.

p®? = Persistence parameter in the AR(1) process describing the evolution of A§".
p®* = Persistence parameter in the AR(1) process describing the evolution of A’
p»™ = Persistence parameter in the AR(1) process describing the evolution of A}".
p»"" = Persistence parameter in the AR(1) process describing the evolution of A}".
p»°d = Persistence parameter in the AR(1) process describing the evolution of A¢?.
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 '} 2
pk? = Persistence parameter in the AR(1) process describing the evolution of I'; d
p*™ = Persistence parameter in the AR(1) process describing the evolution of I';"™.
p?©P = Persistence parameter in the AR(1) process describing the evolution of @f’d’i.
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p?® kb = Persistence parameter in the AR(1) process describing the evolution of @f’kb.
p?lebt = Persistence parameter in the AR(1) process describing the evolution of @ffbi.
p?bkb = Persistence parameter in the AR(1) process describing the evolution of @i’k".
p&" = Persistence parameter in the AR(1) process describing the evolution of =",

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

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

e — 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.

oPebi = (O _ 1)~ A subsidy to production in the slow-growing “consumption” goods
sector set to ensure that the economy’s level of steady-state output is optimal.

oPkb — (9{:’% —1)~! A subsidy to production in the fast-growing “capital” goods sector set
to ensure that the economy’s level of steady-state output is optimal.

oWt — (@ff’d’i —1)~! A subsidy to labor supplied to the slow-growing “consumption”
goods sector set to ensure that the economy’s level of steady-state output is optimal.
oWkt — (@Z}f’kb —1)~1 A subsidy to labor supplied to the fast-growing “capital” goods sector
set to ensure that the economy’s level of steady-state output is optimal.

@99 = Co-efficient on GDP growth in the monetary policy reaction function.

¢AM99P = 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™99% — Co-efficient on the change in GDP price inflation in the monetary policy reaction
function.

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

= Investment adjustment costs in the consumer durables evolution equation.

Xcd
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 non-residential capital sectoral

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

bt — Parameter reflecting the size of adjustment costs in re-setting prices in the slow-

P
growing “consumption” goods sector.

xP*0 = Parameter reflecting the size of adjustment costs in re-setting prices in the fast-
growing “capital” goods sector.

w,cbi

X = Parameter reflecting the size of adjustment costs in re-setting wages for labor

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

wkb — Parameter reflecting the size of adjustment costs in re-setting wages for labor

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

1) = Elasticity of utilization costs.

D List of Endogenous and Exogenous Model Variables

A =

AR —

AP =

AP =

A} =

Ag? =

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

Ef = 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.

E¢" = Expenditures on consumer housing services.

Eff bt Exogenous expendiutre (by the government and foreign sector) on goods in the
slow-growing “consumption” goods sector.

Etgf kb Exogenous expendiutre (by the government and foreign sector) on goods in the
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fast-growing “capital” goods sector.
HY% = Growth rate of real (chain-weighted) GDP.
HP* = Growth rate of real (chain-weighted) PCE.
H;9 = Growth rate of real government output.
K} bl — The amount of utilized non-residential capital used in the slow-growing “con-
sumption” goods sector.
K} kb — The amount of utilized non-residential capital used in the fast-growing “capital”
goods sector.
K" = The physical amount of non-residential capital used in the slow-growing “con-
sumption” goods sector.
K[""* — 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.
Lfbi = Labor used in the slow-growing “consumption” goods sector.
Lfb = Labor used in the fast-growing “capital” goods sector.
M thbi = Marginal cost in the slow-growing “consumption” goods sector.
MCF’ = Marginal cost in the fast-growing “capital” goods sector.
PP = Price level in the slow-growing “consumption” goods sector.
P} = Price level in the fast-growing “capital” goods sector.
7" = Price of installed non-residential capital.
Q7 = Price of installed residential capital.
fd = Price of installed consumer durables capital.
R; = Nominal interest rate.
R} "% — 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.
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Uf% = 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.

X¢" = Production in the housing serives sector.

Zeh =

Zp =

z,kb
™ =

z,cbi
iy =

z,kb
™ =

e =
@i’Cbi = The elasticity of subsitution between the differentiated labor inputs into the pro-
duction of the economy’s slow-growing “consumption” good.

@i’kb = The elasticity of subsitution between the differentiated labor inputs into the pro-
duction of the economy’s fast-growing “capital” good.

@f’dﬂ = 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’Cbi = 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.
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=" = Consumer non-durable goods and non-housing services consumption preference
shock.
Efd = Consumer durable capital stock preference shock.

=} = Residential capital stock preference shock.

Eé = Labor supply preference shock.

II79% — The inflation rate of the GDP deflator.

II}P““ = The inflation rate of the PCE deflator

j1Es bt — The inflation rate for prices in the slow-growing “consumption” goods sector.

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

7Y = The inflation rate for the price of government output (exogenous)

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

sector.

H;U’kb = The inflation rate of nominal wages in the fast-growing “capital” goods sector.
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Table 1: Calibrated Parameters

w @cbi,p

5

7

@kb,p
7

@l,w
7

Ui

nr

1

Ui
1

cd

T

n
1

ﬁ é 5cd 5ch
0.99 0.03 0.055 0.004

h9f
0.25

o
0.26
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Table 2: Prior and Posterior Distributions

Prior Distribution

Posterior Distribution

Parameter | Type Mean S.D. | Mode S.D. 10th perc. 50th perc. 90th perc.
h B 0.500 0.122 | 0.794 0.055 0.717 0.794 0.862
hed B 0.500 0.122 | 0.811 0.147 0.388 0.568 0.777
h" B 0.500 0.122 | 0.502 0.120 0.348 0.510 0.663
v G 2.000 1.000 | 2.443 0.915 2.124 3.168 4.537
Tr N 2.000 1.000 | 3.686 0.488 3.021 3.570 4.277
Ty N 0.500 0.400 | 0.208 0.029 0.170 0.209 0.243
(N N 0.500 0.400 | -0.059 0.081 -0.163 -0.061 0.043
TAy N 0.500 0.400 | -0.091 0.028 -0.128 -0.095 -0.058
xP G 2.000 1.000 | 2.217 0.673 2.191 2.951 3.878
7 G 2.000 1.000 | 0.790 1.204 0.615 1.777 3.760
x" G 2.000 1.000 | 0.696 0.691 0.634 1.271 2.384
X" G 2.000 1.000 | 0.660 0.242 0.548 0.817 1.160
X G 2.000 1.000 | 0.191 0.159 0.296 0.521 0.708
x" G 6.000 1.000 | 8.967 2.565 7.408 10.165 13.988
nf B 0.500 0.224 | 0.563 0.207 0.299 0.624 0.853
nP B 0.500 0.224 | 0.332 0.136 0.198 0.378 0.551
nv B 0.500 0.224 | 0.264 0.140 0.150 0.321 0.507
PR B 0.750 0.112 | 0.901 0.017 0.877 0.900 0.919
Pé.cnn B 0.750 0.112 | 0.766  0.094 0.651 0.792 0.882
pemr B 0.750 0.112 | 0.887 0.031 0.853 0.893 0.929
phed B 0.750 0.112 | 0.827 0.096 0.564 0.691 0.808
pSed B 0.750  0.112 | 0.793  0.112 0.590 0.753 0.882
P& B 0.750 0.112 | 0.790 0.109 0.591 0.755 0.875
pIfy B 0.750 0.112 | 0.981 0.012 0.957 0.976 0.988
ot B 0.750 0.112 | 0.944 0.030 0.887 0.934 0.965
p*k B 0.750 0.112 | 0.792 0.092 0.607 0.749 0.842
p=m B 0.500 0.150 | 0.308 0.074 0.199 0.295 0.390
por B 0.500 0.150 | 0.425 0.085 0.331 0.439 0.554
o 1 3.000 2.000 | 1.755 0.404 1.441 1.849 2.470
O¢.cd I 3.000 2.000 | 2.457 2.658 2.095 3.704 7.699
O¢r I 3.000 2.000 | 2.446 1.586 1.939 3.248 5.899
Ogty 1 1.000 2.000 | 1.585 0.154 1.428 1.613 1.826
O¢,l 1 3.000 2.000 | 2.357 1.067 2.303 3.342 5.033
OR 1 0.200 2.000 | 0.110 0.011 0.100 0.112 0.128
Ok I 0.500 2.000 | 0.410 0.202 0.356 0.539 0.848
Oz m I 0.500 2.000 | 0.834 0.076 0.752 0.844 0.943
00,y,cbi 1 0.500 2.000 | 0.522 0.155 0.492 0.668 0.899
06,y,kb I 0.500 2.000 | 0.416 0.157 0.317 0.486 0.716
00,1 1 0.500 2.000 | 0.605 0.079 0.513 0.598 0.713
Oa,r 1 4.000 2.000 | 8.241 2.581 6.509 9.082 13.237
Oa,cd I 2.000 2.000 | 1.855 1.746 2.487 4.740 7.050
O¢i I 4.000 2.000 | 5.353 1.140 4.744 6.060 7.682
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Table 3: Variance Decomposition

| Shocks | Horizon Ay, X/ X* L9 1y 1U¢PP R,
EE 0.0l 0.15 0.02 0.03 000 000 0.01
4 0.00 023 0.02 0.02 001 001 0.03

12 0.00 027 0.02 0.01 002 001 0.03

e5ed 1 0.00 0.00 0.01 0.1 000 0.00 0.00
4 0.00 0.00 0.01 0.01 000 000 001

12 0.00 0.00 0.00 0.0 000 000 0.01

S 1 0.00 0.00 0.00 0.00 000 0.00 0.00
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00

12 0.00 0.00 0.00 0.00 0.00 0.00 0.00

R | 0.23 0.00 0.01 0.02 001 001 007
4 0.06 0.00 0.01 0.02 003 003 0.04

12 0.04 0.00 0.00 001 003 002 001

5! 1 0.0l 0.00 0.02 0.03 003 003 0.00
4 0.05 0.01 0.03 0.10 007 0.06 0.00

12 0.05 0.10 0.06 0.35 005 0.04 0.00

R 1 0.02 0.00 0.03 0.05 002 003 057
4 0.0l 0.00 0.02 0.04 007 006 0.09

12 0.00 0.0l 0.00 001 010 008 0.01

et 1 0.00 0.00 0.18 0.10 0.0l 0.06 0.03
4 0.00 0.00 0.6 0.11 004 015 0.11

12 0.13 0.05 0.08 0.05 006 025 0.09

m 1 0.46 0.72 0.02 023 026 032 0.02
4 051 052 0.0l 011 065 059 0.01

12 0.56 0.35 0.00 0.00 069 054 0.00
bt | 0.00 0.00 0.00 001 064 048 0.11
4 0.00 0.01 0.00 0.01 006 0.03 0.06

12 0.00 0.01 0.00 0.0 000 000 001
b 0.00 0.00 0.01 0.0 0.00 0.02 0.00
4 0.00 0.00 0.01 0.1 000 0.00 0.00

12 0.00 0.00 0.00 0.00 000 0.00 0.00

et 1 0.00 0.00 0.00 0.01 002 0.02 0.00
4 0.0l 0.00 0.00 0.02 002 002 0.00

12 0.00 0.01 0.00 0.02 000 0.00 0.00

e 1 0.0l 0.04 0.00 001 000 000 001
4 0.00 0.04 0.00 001 000 000 001

12 0.00 0.03 0.00 0.0 000 000 001

eed 0.04 0.01 011 0.09 001 001 0.04
4 0.02 0.01 0.07 0.08 003 003 0.12

12 0.00 0.03 0.01 0.2 003 003 0.06
| 0.19 0.07 0.60 0.40 000 0.01 0.12
4 0.33 0.16 0.67 047 001 0.02 0.52

12 021 015 0.82 052 001 002 0.78
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Figure 1: Impulse Responses: Preference Shock (Serv. & Non-Dur. Goods)
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Figure 2: Impulse Responses: Preference Shock (Durable Goods)
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Figure 4: Impulse Responses: Labor Supply Shock
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Figure 6: Impulse Responses: Efficiency Shock (Dur. Goods)
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Figure 7: Impulse Responses:

0.4

0.2

0.02

-0.02
-0.04
-0.06

15
10

Figure 8: Impulse Responses: Autonomous Spending Shock
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Figure 9: Impulse Responses: Price Markup Shock (CBI sector)
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Figure 10: Impulse Responses: Price Markup Shock (BK sector)
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Figure 11: Impulse Responses: Permanent Technology Shock: TFP
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Figure 12: Impulse Responses: Permanent Technology Shock: Inv-Spec.
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Figure 13: Impulse Responses: Monetary Policy Shock
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Figure 14: Observable series:

o

dy
20 40 60 80
dcd
20 40 60 80
Agg
L'[
20 40 60 80
infl
Data
m DSGE
20 40 60 80

[

o o

0.5

-0.5

dc

20 40 60 80

dch
20 40 60 80
GDP
nt
20 40 60 80
Rt
1 Data
0 '\//\/ DSGE

20 40 60 80

53

10

-10

P ORFRDN

o

realized paths and one-step ahead forecasts.

di

20 40 60 80

dw

20 40 60 80



v

T A A AR A o AN
VAR A AN

I I I I I I I
1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

%x

2k

E I I I I I I I I LS
1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

y.of
H

: ;
20 /\\ ]
k/:
101 — S b
b= —
\/ _—
10k \
. . . . . . . . . )
1986 1988 1990 1992 1994 1996 1998 2000 2002 2004

Figure 15: Smoothed Paths of Key Persistent Shocks
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Figure 16: Smoothed Paths of Key Persistent Shocks II
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