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Abstract

We study the normative implications of a New Keynesian model featuring in-
tersectoral trade of intermediate goods between two sectors that produce durables
and non-durables. The interplay between durability and sectoral production link-
ages fundamentally alters the intersectoral stabilization trade-off as it emerges in
otherwise standard two-sector models. We compare the welfare properties of a
timeless-perspective monetary policy with the performance of simple instrumen-
tal rules that adjust the policy rate in response to the output gap and alternative
aggregate measures of final goods price inflation. Aggregating durable and non-
durable inflation depending on the relative degrees of sectoral price stickiness may
induce a severe bias. Input materials attenuate the response of sectoral inflations
to movements in the real marginal costs, so that the effective slopes of the sectoral
supply schedules are not properly accounted for by conventional measures of core
inflation.
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1 Introduction

Along with major differences in the time span over which they yield utility, durable and
non-durable consumption goods are characterized by deep peculiarities in their produc-
tion and price-setting. These structural traits are paramount to the monetary transmis-
sion mechanism and need to be accounted for in the normative analysis of multi-sector
economies.! This paper deals with monetary policy-making in a New Keynesian model
with two sectors that produce durable and non-durable goods. The key departure from
the existing literature is to allow for the presence of factor demand linkages between
sectors: gross output in each sector serves either as a final consumption good, or as an
intermediate input in both sectors.

Intersectoral trade of intermediate inputs is a prominent feature of modern industrial-
ized economies.? As such, sectoral production linkages should be seen as essential building
blocks of multi-sector business cycle models that aim at generating realistic degrees of
sectoral output volatility and co-movement.® In fact, it is well known that sticky-price
models incorporating sectoral heterogeneity in price stickiness — usually in the form of
sticky non-durable goods prices and flexible prices of durables — cannot generate positive
sectoral co-movement in the face of monetary policy innovations (Barsky et al., 2007).
Despite sectoral production linkages have been proposed as a remedy to the lack of co-
movement (Bouakez et al., 2012; Sudo, 2012; Di Pace, 2012), the normative literature
has generally neglected their importance.

In the economy under examination the monetary authority cannot attain the Pareto

optimal allocation consistent with the full stabilization of sectoral productions and in-

'Bouakez et al. (2009a, 2009b) have shown that heterogeneity in price rigidity is the most important
factor to understand the cross sectional heterogeneity in sectoral inflation responses to monetary policy
shocks, while the most relevant characteristic to explain sectoral output responses is whether the sector
produces a durable good.

2The U.S. input-output accounts compiled by the Bureau of Labor Statistics (BLS) show that 70%
of the material-input expenditures by the durables sector goes into goods produced by the non-durables
sector. The converse proportion is around 10%, which is much smaller but still not negligible.

3Horvath (1998, 2000) and Carvalho (2009) show that cross-industry flows of input materials can re-
inforce the effect of sectoral shocks, generating aggregate fluctuations and co-movement between sectors,
as originally hinted by Long and Plosser (1983). Kim and Kim (2006) show that a similar mecha-
nism generates widespread co-movement of sectoral economic activity. See also Hornstein and Praschnik
(1997).



flation rates, even when distortions in the labor market (imperfect labor mobility) and
the goods market (monopolistic competition) are removed. Thus, we turn our attention
to policy strategies capable of attaining second best outcomes. We start by exploring
equilibrium dynamics under the assumption that the policy maker can credibly commit
to a rule derived from the minimization of his objective function. To this end, we derive
an appropriate welfare metric through a quadratic approximation to the utility function
of the representative household (Woodford, 2003). The interplay between durability and
factor demand linkages has major implications for intersectoral stabilization. Due to the
near constancy of their shadow value (Barsky et al., 2007), durable goods imply that
changes in their relative price are instantly passed onto the marginal utility from non-
durable consumption. Therefore, a drop in the relative price of durables almost entirely
reflects into a rise in non-durable consumption, for sufficiently low depreciation rates.
Concurrently, sectoral production linkages are responsible for expanding the production
of non-durables, while depressing the production of durables. Introducing asymmetric
price stickiness — in the form of relatively more flexible durable goods prices — increases
the relative price volatility and the (intrinsically higher) volatility of durables, thus posing
an even tougher challenge to intersectoral stabilization.

We study the transmission of sectoral shocks to both technology and markup pricing
under timeless-perspective commitment (Woodford, 1999, 2003). Factor demand linkages
imply that the price of non-durables in terms of durables not only affects their marginal
rate of substitution, but also exerts a direct impact on the sectoral real marginal costs.
The capacity of this channel depends on the off-diagonal elements in the input-output ma-
trix. Consequently, a shock to the technology of one sector also affects the other sector’s
potential output and consumption, even if preferences over different types of consump-
tion goods are separable. This feature of the model with sectoral linkages has major
implications for monetary policy-making. Consider a technology shock to non-durable
production. In a model without input materials keeping the consumption of non-durables
at potential requires a sharp and persistent fall in the real interest rate, while closing the

durable consumption gap calls for a sharp rise in the policy rate. The latter incentive



prevails in Erceg and Levin (2006). By contrast, in our variant economy with input ma-
terials the monetary authority relies on the endogenous stabilization operating through
intersectoral trade of intermediate goods, so that it can accommodate the contraction in
non-durable consumption. The intermediate input channel also modifies the transmis-
sion of (positive) sectoral cost-push shocks in two main respects: (i) first, the deflationary
effect in the sector which is not hit by the shock is attenuated; (ii) second, the drop in
the production of both sectors is amplified. Both features of the model imply marked
differences in the policy response, as compared with models that neglect the presence of
sectoral linkages.

To conclude, we compare the welfare properties of simple monetary policy rules to
the optimal policy under timeless-perspective commitment. While the welfare criterion
derived from consumers’ utility involves sector-specific variables, we consider interest
rate rules that adjust the policy rate in response to aggregate measures of real activity
and inflation. The response coefficients are computed so as to minimize the welfare
metric consistent with households’ utility. Aggregate inflation is obtained as a weighted
average of sectoral inflations, with the weights depending on the relative size of each
sector in the model economy. When dealing with asymmetric stickiness, we also consider
the possibility of reacting to an index of core inflation that weighs the sectoral rates of
inflation depending on both the relative size of each sector and the relative degree of
nominal rigidity in price-setting. Notably, a rule that responds to aggregate inflation
always outperforms core inflation targeting in a model with intermediate goods. The
key to resolve this puzzle is that in the presence of input materials the impact of the
real marginal cost on current inflation is attenuated — relative to model economies with
no input materials — and more so when cross-industry flows of intermediate goods are
in place. Therefore, even when a sector is characterized by a lower degree of nominal
rigidity in price-setting, the effective slope of its supply schedule depends on the presence
of input materials and the entries of the input-output matrix. When the price of durables
is relatively flexible, the resulting index of core inflation attaches too much importance

to non-durable inflation.



The studies available to date have shown that sectoral heterogeneity presents the
monetary policy authority with a clear challenge: with only a single instrument, the
Central Bank cannot replicate the equilibrium allocation under flexible prices (see, e.g.,
Aoki, 2001). According to our study monetary policy-making in multi-sector economies
should necessarily account for sectoral heterogeneity along three dimensions that appear
to be deeply integrated: durability, nominal rigidity in price-setting and factor demand
linkages. Our key insight is that a realistic blend of these ingredients dramatically affects
the policy maker’s perspective on the intersectoral stabilization trade-off.

The remainder of the paper is laid out as follows: Section 2 introduces the theoretical
setting; Section 3 reports the calibration of the model economy; Section 4 discusses the
implementation of the optimal monetary policy under timeless-perspective commitment;
Section 5 examines the stabilization properties of alternative instrumental policy rules.

Section 6 concludes.

2 The Model

We develop a DSGE model with two sectors that produce durable and non-durable goods,
respectively. The model economy is populated by a large number of infinitely-lived house-
holds. Each of them is endowed with one unit of time and derives utility from the con-
sumption of durable goods, non-durable goods and leisure. The two sectors of production
are connected through factor demand linkages.* Goods produced in each sector serve ei-
ther as a final consumption good, or as an intermediate production input in both sectors.
The net flow of intermediate goods between sectors depends on the input-output structure

of the production side.

4Throughout the paper we will refer to ‘factor demand linkages’ as indicating cross-industry flows of
input materials. Should a specific feature of the model economy be essentially determined by the use of
intermediate goods in the production process (i.e., inter-sectoral relationships are not essential), we will
explicitly refer to ‘input materials’.



2.1 Consumers

Households derive income from supplying labor to the production sectors, investing in
bonds, and from the stream of profits generated in the production sectors. Their con-
sumption preferences are defined over H; — a composite of non-durable goods (C}') and
an "effective" stock of durable goods (©;) — as well as labor, L;. They maximize the

expected present discounted value of their utility:
EyY U (Hy, Ly), (1)
t=0

where H; = (C7)"» @44 p, and py(= 1 — p,) denote the expenditure shares on non-
durable and durable goods and [ is the discount factor. We assume that the representative

household’s period utility function takes the form:

-0 14+v
Hi Ly
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0>0 (2)

where o is the inverse of the intertemporal elasticity of substitution and v is the inverse
of the Frisch elasticity of labor supply. Durable goods are accumulated according to the

following law of motion:
Dy =C!+ (1 —0) Dy, (3)

where 0 is the depreciation factor. The effective stock of durables scales the effect of a

quadratic cost of adjustment (see, e.g., Bernanke, 1985):°

(Dy — Dy_4)?

=D — ) :

= >0, (4)
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where D denotes the steady state stock of durable consumption goods.

Including an adjustment cost of the stock of durables allows us to obtain results in line with the
empirical evidence on the behavior of durable consumption over the business cycle. King and Thomas
(2006) show how the partial adjustment mechanism helps at accounting for the aggregate effects of
discrete and occasional changes in durables consumption at the microeconomic level. Adda and Cooper
(2000) provide evidence on the discrete nature of durable expenditure at the individual level.



We assume that labor can be either supplied to sector n or d according to a CES

aggregator:

A

(Z (5)

=

L= o3 (@)™ +(1-¢)"

where A denotes the elasticity of substitution in labor supply, and ¢ is the steady state
ratio of labor supply in the non-durable goods sector over total labor supply (i.e., ¢ =
L™/L). This functional form conveniently allows us to account for different degrees of
labor mobility between sectors, depending on A\.° For A = 0 labor is prevented from
moving across sectors. For A — oo workers devote all time to the sector paying the
highest wage. Hence, at the margin, all sectors pay the same hourly wage and perfect
labor mobility is attained. For A < oo hours worked are not perfect substitutes. An
interpretation of this is that workers have a preference for diversity of labor and would
prefer working closer to an equal number of hours in each sector even in the presence
of wage differences across sectors.” An important difference between (5) and the CES
aggregator used by Horvath (2000) is that the former allows us to neutralize the impact
of labor market frictions in the steady state.

The following sequence of (nominal) budget constraints applies:

> PCi+B=R.Bi+ Y WL+ > U -T, (6)

i={n,d} i={n,d} i={n,d}
where B; denotes a one-period risk-free nominal bond remunerated at the gross risk-free
rate Ry, W/ denotes the nominal wage rate in sector i = {n,d} and T} denotes a lump-sum
tax paid to the government. The term W} + \Ilf captures the nominal flow of dividends

from both sectors of production.®

6The available evidence suggests that labor and capital are not perfectly mobile across sectors. Davis
and Haltiwanger (2001) find limited labor mobility across sectors in response to monetary and oil shocks.
Bouakez, Cardia, and Ruge-Murcia (2008) report evidence suggesting that perfect labor mobility across
sectors, with its implication that sectoral nominal wages are the same (at the margin), is an imperfect
characterization of the data.

"Horvath (2000) motivates a similar specification based on the desire to capture some degree of sector-
specificity to labor while not deviating from the representative consumer/worker assumption. In a similar
vein, we conveniently employ this mechanism to allow for imperfect labor mobility between sectors.

8The first order conditions from consumers’ optimization are available in Appendix A.



2.2 Producers

The production side of the economy consists of two distinct sectors producing durable
(sector d) and non-durable goods (sector n). Each sector is composed of a continuum
of firms producing differentiated products. Let ¥,* (Y,%) denote gross output of the non-

durable (durable) goods sector:

i
€t

7
eg—1

yi— /O (Y;t)fidf] Y i d (7)

where ! denotes the time-varying elasticity of substitution between differentiated goods
in the production composite of sector i = {n, d}. Each production composite is produced
in the "aggregator" sector operating under perfect competition. The f'* firm in sector 4

faces the following demand schedule:

vi— (59 v i ®)
ft — Ptz t =N,

where P} is the price of the composite good in the i" sector. From (7) and (8) the

relationship between the firm-specific and the sector-specific price is:

1

pi= [ /0 1 (Pi)" df} iy 9)

Sectors are related by factor demand linkages. Part of the output of each sector serves
as an intermediate input in both sectors. The allocation of output produced in the it"

sector is such that:
Y =G+ M+ M7, i={n,d} (10)

where C} denotes the amount of consumption goods produced by sector i, while M™ (M%)

is the amount of goods produced in sector i and used as input materials in sector n (d).



The production technology of a generic firm f in sector i is:

Vi, =2 i={n,d} (11)

YniVdi ft
Yni Vdi

(M}Lti)%n (M](Z,tz)’mz] [e 7] ( i )1_%

where Z} (i = {n,d}) is a sector-specific productivity shock, L%, denotes the number of
hours worked in the f** firm of sector i, M ]Jc; (7 = {n,d}) denotes material inputs produced
in sector j and supplied to firm f in sector i. Moreover, v,; (i,j = {n,d}) denotes the
generic element of the (2 x 2) input-output matrix, I', and corresponds to the steady
state share of total intermediate goods used in the production of sector j and supplied
by sector 7. The input-output matrix is normalized, so that the elements of each column
sum up to one: Y. 0V, =1 (and 3o, ¢ n e = 1)
Material inputs are combined according to a CES aggregator:

TN SN R
= [ )@ ] (12

where {M ,g}t} is a sequence of intermediate inputs produced in sector j by firm £k,

kel0,1]
which are employed in the production process of firm f in sector i.
Firms in both sectors set prices given the demand functions reported in (8). They

are also assumed to be able to adjust their price with probability 1 — 6, in each period.

When they are able to do so, they set the price that maximizes expected profits:

[e.9]

H})?X Ly Z(B‘gi)sgt-&-s [P}H—s (1+7)— MC}HJ Y}Zt—',-s’ i={n,d} (13)

ft s=0

where (2;,, is the stochastic discount factor consistent with households’ maximizing be-
havior, 7; is a subsidy to producers in sector i, while MC"%, denotes the marginal cost

of production of firm f in sector ¢. The optimal pricing choice, given the sequence

{Pt”, PLY™, Ytd}, reads as:

ﬁi _ Ei Ey Zio(ﬁei)sﬂt-‘rsMo}tJrsY;tJrs
@ -1 (1+7) BB QY

i={n,d}. (14)



Note that assuming time-varying elasticities of substitution translates into sectoral cost-
push shocks that allow us to account for sector-specific shift parameters in the supply
schedules.

In every period each firm solves a cost minimization problem to meet demand at
its stated price. The first order conditions from this problem result in the following
relationships:

WiLy | PrMy B

MCLY: = ,
I - iy QY g

i = {n,d}. (15)

It is useful to express the sectoral real marginal cost as a function of the relative price
and the real wage prevailing in each sector i, j = {n,d}, i # j:
i yi\ Vi i1—i
MG} ¢ (@)™ (RW))

— = . 1
= 7 , (16)

where ¢ is a convolution of the production parameters, RW} = W}/ P} is the real wage in
sector ¢ and Q¢ denotes the price of sector i relative to that of sector j. Since Q7 = (Qf) _1,
in what follows we normalize so as to have a single relative price Q; = P/ P?.

Equation (16) makes it clear that the relative price exerts a direct effect on the real
marginal cost of each sector, whose magnitude depends on the size of the cross-industry
flows of input materials. Specifically, for the i* sector the absolute impact of @, on
MC{/P} is related to the "importance" of the other sector as input supplier, i.e. on
the magnitude of the off-diagonal elements in the input-output matrix (v,,; and 7,,)-
This is a distinctive feature of the framework we deal with. By contrast, in traditional
multi-sector models without factor demand linkages (e.g., Erceg and Levin, 2006), the

relative price only affects the real marginal cost indirectly, through the marginal rate of

substitution between different consumption goods.

2.3 Market Clearing

The allocation of output produced by each sector requires that sectoral gross output is

partly sold on the markets for consumption goods, while a proportion is sold on the

10



markets for input materials. Therefore, (10) must be met in each sector.

2.4 The Government and the Monetary Authority

The government serves two purposes in the economy. First, it delegates monetary policy
to an independent Central Bank. In this respect, we initially assume that the short-term
nominal interest rate is used as the instrument of monetary policy and the policy maker
is able to pre-commit to a time-invariant rule. We then explore the welfare properties of
interest rate rules whose reaction coefficients to output and inflation are computed so as
to minimize a quadratic welfare function consistent with consumers’ utility. The second
task of the government consists of taxing households and providing subsidies to firms
to eliminate distortions arising from monopolistic competition in the markets for both
classes of consumption goods. This task is pursued via lump-sum taxes that maintain a

balanced fiscal budget.

3 Solution and Calibration

To solve the model, we log-linearize behavioral equations and resource constraints around
the non-stochastic steady state and take the percentage deviation from their counterparts
under flexible prices. The difference between log-variables under sticky prices and their
linearized steady state is denoted by the symbol """, while we use "x" to denote per-
cent deviations of variables in the efficient equilibrium (i.e., flexible prices and constant
elasticities of substitution) from the corresponding steady state value. Finally, we use
""" to denote the difference between linearized variables under sticky prices and their
counterparts in the efficient equilibrium.’

The model is calibrated at a quarterly frequency. We set 5 = 0.993 and o = 2. The
expenditure share on non-durable goods, p,,, is set to 0.682. The inverse of the Frisch

elasticity of labor supply, v, is set to 3, while A\ = 1, which implies limited labor mobility.

As to the parameters characterizing the production technologies of the two sectors, we rely

9The steady state conditions are reported in Appendix B. We omit the time subscript to denote
variables in the steady state. Appendix C presents the economy under flexible prices.

11



on Bouakez, Cardia, and Ruge-Murcia (2009b) and set «,, = 0.746 and ay = 0.643. The
entries of the input-output matrix are set in accordance with the input-use table of the US
economy: 7,,, = 0.899 and v, ; = 0.688.1° These values imply a positive net flow of input
materials from the non-durable goods sector to the durable goods sector. The depreciation
rate of the stock of durables is assumed to be 2.5%, while = = 600, as in Erceg and Levin
(2006). We assume that sectoral elasticities of substitution have a steady state value equal
to 11. At different stages of the analysis we allow for both symmetric and asymmetric
degrees of nominal rigidity across sectors. In the symmetric case we set 6, = 6; = 0.75
(i.e., an average duration of four quarters). In the case of asymmetric price stickiness we
set 0, = 0.75 and 0; = 0.25 (i.e., an average duration of 1.33 quarters). These values
imply that durable prices are relatively more flexible, as suggested by Bils and Klenow
(2004). This view is also supported by Bouakez, Cardia, and Ruge-Murcia (2009b), who
construct and estimate a six-sector DSGE model of the US economy. While the null
hypothesis of price flexibility can be rejected for non-durable manufacturing and services,
it cannot be rejected for agriculture, mining, construction and durable manufacturing.
Also Barsky, House, and Kimball (2007) suggest the possibility that some long-lived
durables have relatively flexible prices. They show that inflation in the median (and
average) price of new houses displays negative serial correlation, suggesting that these
prices jump and indeed tend to overshoot. This is inconsistent with incomplete (partial)
nominal adjustment, which implies that prices should undershoot.

As discussed above, the system features two sector-specific technology shocks, 27
and z?. The cost-push shocks, n? and 7¢, are reduced-form expressions for the time-
varying cost-shift parameters in the sectoral New Keynesian Phillips curves. Exogenous
variables are assumed to follow a first-order stationary VAR with iid innovations and,
unless we state otherwise, diagonal covariance matrix. We set the parameters captur-
ing the persistence and variance of the productivity growth stochastic processes so that

o7 = pzd = 0.95 and 0°" = 0" = 0.02, respectively. These values are consistent with

10These shares have been computed using the table ‘The Use of Commodities by Industries’ for 1992
produced by the BLS. Sudo (2012) shows that the matrix is fairly stable over time. A key implication
of taking these values is that the marginal impact of changes in the relative price on the real sectoral
marginal cost is (in absolute value) greater for the durable goods sector, as a,, > ag4 and 7,,; > V4,

12



the empirical evidence showing that technology shocks are generally small, but highly
persistent (see Cooley and Prescott, 1995; Huang and Liu, 2005). As to the cost-push
shocks, we follow Jensen (2002), Walsh (2003) and Strum (2009), assuming that these

are purely transitory, with 0" = o"" = 0.02.

4 Monetary Policy

In the present context the Central Bank cannot attain the Pareto optimal allocation
consistent with the full stabilization of inflation and the output gap in both sectors, even
after distortions in the labor market (i.e., imperfect labor mobility) and the goods market
(i.e., monopolistic competition) have been removed. Thus, we turn our attention to
policy strategies capable of attaining second best outcomes. We first explore equilibrium
dynamics under the assumption that the policy maker can credibly commit to a rule
derived from the minimization of a utility-based welfare loss function. The optimal policy
consists of maximizing the conditional expectation of intertemporal household utility
subject to private sector’s behavioral equations and resource constraints. A ‘timeless
perspective’ approach is pursued (Woodford, 1999, 2003). This involves ignoring the
conditions that prevail at the regime’s inception, thus imagining that the commitment
to apply the rules deriving from the optimization problem had been made in the distant
past.!!  We then consider interest rate rules whose reaction coefficients to aggregate
activity and alternative measures of overall price inflation are computed so as to minimize

the loss of social welfare.

"Dennis (2010) shows that discretionary policy-making can be superior to timeless perspective policy-
making when the supply schedule is relatively flat. Given that intermediate goods exert a marked
influence on the slope of the supply schedule, Petrella, Rossi, and Santoro (2012) explore the relative
performance of timeless perspective policy-making and discretion, showing that input materials enlarge
the set of possible equilibrium outcomes in which discretion prevails.

13



4.1 The Welfare Criterion

To evaluate social welfare we take a second-order Taylor approximation to the repre-
sentative household’s lifetime utility.!> Our procedure follows the standard analysis of
Woodford (2003), adapted to account for the presence of factor demand linkages. The

resulting intertemporal social loss function reads as:

Uy (H)YH - o—1 ~\ 2
SWy =~ —%@Eo Z g { o <Mn5? + :Uddt>
=0

<@ (@) + (=) (7)) + (1) [wi + (1 - w) &)

+ S (Jt - &1)2} +tip. + 0 (€], (17)
where:
S=p0 " E+(1-8)1—-w)d? (18)
_ B [1 =B (1= 0)] + pyd
e T ) = (19)
w = ¢ (kns) ", (20)
M [1=8(1-=9)]
S =B =)+ (@)
¢ =¢e" (kn) " 4+ (1= @)’ (ra) ™, (22)
ey — (1_592i(1_9i), i = {n,d}, (23)

and t.i.p. collects the terms independent of policy stabilization, whereas O (||§||3) sum-
marizes all terms of third order or higher.

The welfare criterion (17) balances, along with fluctuations in aggregate consumption

12We assume that the shocks that hit the economy are not big enough to lead to paths of the endogenous
variables distant from their steady state levels. This means that shocks do not drive the economy too far
from its approximation point and, therefore, a linear quadratic approximation to the policy problem leads
to reasonably accurate solutions. Appendix F reports the derivation of the quadratic welfare function.

14



(or, equivalently, value added), sectoral inflation variability and a term that reflects a
preference to smooth the accumulation of the stock of durable goods.!* The weights
of the time-varying terms in (17) can be interpreted as follows: (i) ¢ indexes the total
degree of nominal stickiness in the economy and is inversely related to both x4 and k,;
(ii) w accounts for the relative degree of price stickiness in the non-durable goods sector;
(iii) w is the relative weight of non-durable consumption over total consumption when
durable goods are reported as a flow. This is an inverse function of ©. In turn, the latter
depends on the degree of durability of goods produced in sector d. For 6 = 0 it reduces
to pu,,, whereas for § = 1 it equals one. Therefore, as the degree of durability increases,
the weight attached to the non-durable consumption gap increases with respect to that
attached to the durable term. Notice also that the relative importance of sector-specific
inflation variability depends on the steady state ratio of labor supplied to the non-durable
goods sector to the total labor force (¢).!

Note that for specific assumptions about the parameters, the welfare criterion nests
popular specifications in the New Keynesian literature. When input materials are not
employed in the production process (i.e., @, = a4 = 0) the loss function reduces to
that obtained in traditional two-sector models where consumption and gross output are
equalized (e.g., Erceg and Levin, 2006). If we also set § = 1 and = = 0 we end up in the
case considered by Woodford (2003, pp. 435-443).1°

4.2 Durability, Sectoral Linkages and the Intersectoral Stabi-

lization Trade-off

This section aims at uncovering the nature of the trade-off the Central Bank faces in the

stabilization of sectoral output gaps and inflation rates. Figure 1 reports the loss of welfare

BFurther details on the linear approximation of this term are available in the technical appendix.
Assuming durables accumulation smoothing as a stabilization objective should help at counteracting the
amplification effect of changes in the stock demand of durables on the flow demand of newly produced
durable goods. However, as discussed by Erceg and Levin (2006) this term makes a relatively minor

contribution to the overall loss. To see this, consider that SAJ? ~ [Md@_1552 +(1-0) (1 —w)] (E’f)2.
"For o, = g we obtain ¢ = % = %
15Needless to say that assuming perfectly correlated shocks would make the two-sector model obser-

vationally equivalent to the standard (single sector) New Keynesian model.
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under alternative benchmark models as a function of the degree of labor mobility.'® In a
similar setting Petrella and Santoro (2011) show that even under perfect labor mobility
(i.e., A — 00) the Central Bank may not attain the Pareto optimal allocation consistent
with the full stabilization of both sectors, unless the technology shock buffeting one sector
equals the other one, scaled by the ratio between the sectoral income shares of input

materials. In the present context the condition necessary to attain full stabilization is:

. 1—ay,
Azl = o Azl (24)

The left-hand panel of Figure 1 considers a situation with perfectly correlated sectoral
shocks. As as predicted by (24) a symmetric production structure (i.e., a,, = ay) always
ensures full stabilization under perfect labor mobility, even in the presence of durability.
Moreover, full stabilization is attainable even at low values of A in the presence of no
durables (i.e., § = 1). Therefore, as implied by Erceg and Levin (2006), durability
inevitably amplifies the loss of welfare in the presence of limited labor mobility, even
if the relative price remains at its steady state level by virtue of 2 = z¢. Note also
that the loss of welfare is attenuated when A < oo and input materials are employed
by symmetric production technologies, as compared with the case of o, = ay = 0. The
mitigation induced by intermediate goods on the intersectoral trade-off is more evident at
low values of A: the underlying intuition is that in the model with input materials firms
have the chance to adjust the mix of their production inputs even if labor cannot move
across sectors. This option is a priori ruled out when input materials are not employed

in the production or they feature asymmetric income shares, in which cases a higher loss

of social welfare is produced.
Insert Figure 1 here

Let us now shift our focus on a situation with uncorrelated technology disturbances,

which is portrayed in the right-hand panel of Figure 1. As we know from (24) full sta-

16The monetary authority is assuemed to implement a timeless-perspective commitment policy. More-
over, we temporarily rule out sectoral cost-push shocks.
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bilization can never be attained in this case, even if the two sectors feature the same
production structure and labor can move between sectors so as to offset discrepancies
between nominal wage rates. Note that perfect labor mobility tends to offset welfare
discrepancies among model economies that employ intermediate goods in a symmetric
fashion. Otherwise, in the baseline calibration with «,, # a4 the loss of welfare is sub-
stantially higher that the alternative scenarios, even for A — co. Nevertheless, we should
note that durability tends to attenuate the loss of welfare, no matter whether input ma-
terials are employed in the same proportion across different sectors or they are excluded
from the set of production inputs. To provide some intuition on this result we assume,
without loss of generality, = = 0 and re-write the Euler equation for durable consumption

in a more compact form by applying repeated forward substitution:

Uqn s o
5; =" (1-6Y FE, [Up,,,] . (25)
j=0

where Ugn (Up,) is the marginal utility with respect to non-durable (durable) consump-
tion. Barsky, House, and Kimball (2007) note that in the case of durables with low
depreciation rates, the right-hand side of (25) is heavily influenced by the marginal util-
ities of durable service flows in the distant future. When shocks hitting the economy are
temporary, the forward-looking terms do not deviate from their steady-state values, and
so even significant variation in the first few terms only have a small impact on the present
value. This means that the present value is close-to-invariant, even in the face of substan-
tial temporary movements in Up,.!” Given that the right hand-side of (25) remains fairly
constant, any variation in the relative price instantly impacts on the marginal utility of
non-durable consumption: this is exactly what happens under o = 0.025. In this case, un-
correlated technology disturbances induce the relative price ); to deviate from its steady
state level, so that Ugr fluctuates accordingly. Thus, from a policy-making standpoint

stabilizing the relative price is equivalent to stabilizing non-durable expenditure and vice

17This approximation is equivalent to saying that the demand for durable goods displays an almost
infinite elasticity of intertemporal substitution. Even a small drop in the relative price of durables today
relative to tomorrow would cause people to delay their purchases.
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versa. Otherwise, for 6 — 1 the stock-flow ratio for durables increases and both Ugr and
Up, vary in the face of movements in @Q);, so that it is impossible for the policy maker to
jointly stabilize the marginal utilities of different consumption goods and their relative
price.!®

The last insight into the model with uncorrelated disturbances is that input materials
amplify the loss welfare, regardless of the degree of durability of goods produced by
sector "d". This is because uncorrelated disturbances induce fluctuations in ); that
make the sectoral real marginal costs move in opposite directions, thus exacerbating
the intersectoral stabilization trade-off. This effect is even more evident in the case of
asymmetric production technologies (i.e., o, # ay).!? Note that assuming relatively more
flexible prices in the durable goods sector would induce even stronger volatility in the
relative price, an element that may pose a further challenge to the policy maker. Overall,
the interplay between durability and sectoral production linkages deeply alters the nature
of the conventional trade-off between stabilizing sectoral inflation rates and production

gaps that has been studied by Aoki (2001) and Woodford (2003, pp. 435-443) among

others.

4.3 Impulse-response Analysis

To isolate the contribution of factor demand linkages to the transmission of shocks under
the optimal policy, we compare our baseline setting with a model that neglects the pres-
ence of input materials. As such, the benchmark scenario is akin to that considered by
Erceg and Levin (2006). Figure 2 reports equilibrium dynamics following a one-standard-
deviation technology shock in the non-durable goods sector, under different assumptions
about the production structure.?? All variables but the interest rate are reported in per-

centage deviation from their frictionless level. Symmetric nominal rigidity is assumed,

18Recall that the relative price does not fluctuate in the presence of perfectly correlated sectoral shocks.
Thus, for § = 1 the marginal utilities accruing from each type of consumption good are always equalized
and full stabilization can always be attained, even under limited labor mobility.

Tn fact, asymmetric production technologies always imply the highest loss of welfare, regardless of
the correlation structure between sectoral shocks.

20The responses to sectoral innovations in the durable goods sector are reported in Appendix H.
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with 0, = 0, = 0.75.%1
Insert Figure 2 here

A technology shock in the non-durable goods sector causes production of these goods
to become relatively cheaper, thus increasing their production and consumption. How-
ever, their price is prevented from reaching the level consistent with flexible prices. This
determines a negative consumption gap of non-durables. As to the response of the Cen-
tral Bank, the two models return opposite prescriptions: while in the economy without
input materials the nominal rate of interest increases so as to counteract the sharp rise in
non-durable expenditure, in the model with factor demand linkages the policy response
aims at accommodating the contraction in non-durable consumption. As discussed by
Erceg and Levin (2006), keeping the consumption of non-durables at potential requires
a "sharp and persistent fall" in the real interest rate. By contrast, a sharp rise in the
policy instrument is required to close the consumption gap of durable goods. Although
the latter incentive prevails in both model economies, in the model with sectoral link-
ages the real interest rate response is attenuated. This result is intimately related to
the existence of factor demand linkages, which amplify the response of non-durable con-
sumption under flexible prices, thus inducing a greater drop in the consumption gap. In
addition, cross-industry flows of input materials amplify the rise of durable consumption
under flexible prices, as compared with the benchmark model without input materials.
The latter represents an endogenous mechanism of adjustment that helps at closing the
consumption gap of durables.??

It is worth recalling that, in the presence of input-output interactions between sectors,
the relative price does not only have a direct effect on the marginal rate of substitution

between durable and non-durable consumption goods. As shown by equation (16), @,

21 As in Strum (2009) we opt for this choice to prevent the Central Bank from focusing exclusively
on the stickier sector in the formulation of its optimal policy, as predicted by Aoki (2001). In the next
section we draw some policy implications from the model under asymmetric degrees of nominal rigidity
between sectors.

22This is an endogenous channel of adjustment that only operates in the model with factor demand
linkages, no matter the value of the coefficient of relative risk aversion. To see this, consider a model
with «,, = ag = 0 and o = 1: in this case durable consumption under flexible prices would not fluctuate
following a shock to non-durables technology, due to the separability of households’ preferences over
durable and non-durable consumption.
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also exerts a positive (negative) effect on the real marginal cost in the durable (non-
durable) goods sector. A technology shock in the non-durable goods sector determines a
positive relative price gap, which implies a substitution away from non-durable to durable
consumption goods. Concurrently, the intermediate input channel is responsible for at-
tenuating deflationary pressures in the non-durable goods sector, while inducing higher
durable inflation, compared with the model without input materials. The contraction in
non-durable gross output is partially offset by the increase in the demand of non-durable
intermediate goods from firms in the durable goods sector, which eventually results in
lower deflationary pressures on the price of non-durables. Similarly, stronger inflationary
pressures in the durable goods sector are induced by a production gap which is greater
than that obtained by setting «,, = a4 = 0. Moreover, the positive relative price gap
reinforces this effect on durables inflation through its influence on the real marginal cost.
These effects, combined with the expansionary policy pursued by the Central Bank, de-

termine rising inflationary pressures at the aggregate level.
Insert Figure 3 here

Figure 3 reports equilibrium dynamics following a cost-push shock in the non-durables
sector. A distinctive feature of the model with factor demand linkages is that the effect
of the positive relative price gap on the marginal cost of firms producing durables par-
tially counteracts the deflationary effect that operates through the conventional demand
channel. Concurrently, the overall contractionary effect in consumption and production
is magnified by the presence of factor demand linkages. This allows the Central Bank to
pursue a weakly contractionary policy, initially accompanied by a negative real rate of
interest. This policy reaction is also justified by the fact that changes in the relative price
are channeled through the sectoral marginal costs and act as an endogenous attenuator
of deflationary pressures in the sector which is not hit by the shock.

It is worth drawing attention to a subtle difference in the transmission of technology
and cost-push shocks within this class of models. Sectoral technology shocks cause the
consumption gaps in each sector to co-move negatively. The drop in the consumption gap

of the sector that experiences the positive technology shock is compensated by a rise in the
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demand gap of intermediate goods from the other sector. Thus, each sector experiences
opposite demand effects on the markets for the consumption and intermediate goods. By
contrast, a sectoral cost-push shock determines a contraction of final goods consumption
in both sectors. In turn, the contraction in the demand of both consumption goods
causes a drop in the consumption of intermediate goods by both sectors, thus resulting
in an even grater slump in the gross output.?® The stark difference in the response of the
output and consumption gaps to sectoral cost-push shocks has non-negligible implications
for the implementation of the optimal policy and the choice of alternative policy regimes

in the presence of a trade-off between inflation and output/consumption stabilization.

5 Monetary Policy with Simple Interest Rate Rules

Having examined monetary policy under a timeless perspective, we turn our attention
to a family of simple monetary policy rules akin to those examined by Taylor (1993),
Giannoni and Woodford (2003), Schmitt-Grohe and Uribe (2007) and Leith, Moldovan,
and Rossi (2012). A number of empirical contributions (see, among others, Taylor, 1993,
Clarida et al., 2000, Lubik and Schorfeide, 2004) have shown that the type of rules we
propose capture, prima facie, the policy behavior of various Central Banks in the OECD
countries. The aim of the next exercise is to evaluate how simple and implementable
policy rules can mimic the optimal policy under timeless-perspective commitment, while
abstracting from its stringent informational requirements.?*

We first assume symmetric price stickiness and examine the welfare properties of the

following rule:

it =1y + OpTy + Oy, (26)

23 Importantly, imperfect labor mobility exacerbates this effect, increasing the wedge between consump-
tion and production. When aggregate demand increases, as labor cannot flow across sectors without
frictions, firms need to increase intermediate inputs by more than they would do under the assump-
tion of perfect labor mobility to meet increasing demand. Consequently, fluctuations in production and
consumption are wider in the presence of imperfect labor mobility.

2 EBrceg and Levin (2006) follow an analogous line of reasoning, studying the stabilization properties
of targeting rules that, despite the fact the welfare criterion involves sector-specific variables, do not
consider sector-specific output gaps and inflation rates.
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where i} is the nominal rate of interest under flexible prices and 7; = ¢n? + (1 — ¢) 74

is an index of aggregate inflation. Recall that under symmetric price stickiness the para-
meter accounting for the relative size of the non-durable goods sector equals the weight
attached to the squared rate of non-durable inflation in (17), i.e. ¢ = w. Under these
circumstances, no distinction can be made between a measure of overall inflation that
aggregates sectoral rates depending on the relative size of the two sectors and one that
also accounts for the relative degree of nominal rigidity in price-setting. We determine
the reaction coefficients in (26) so that ¢, € [1.1,5.1] and ¢, € [0,5].*” Thus, we search
for the combinations of ¢, and ¢, that minimize the unconditional welfare measure in
the decentralized equilibrium of the model economy. The resulting coefficients are re-
ported, together with the (percentage) excess loss with respect to the optimal policy
under timeless-perspective commitment, in the top panel of Table 1. The exercise is
repeated for alternative production economies and conditional on different sources of

exogenous perturbation.
Insert Table 1 here

It is interesting to note that in the presence of cost-push shocks we generally observe
a positive policy rate response to the output gap in the two models with input materials,
while in the baseline model with «,, = a4 = 0 it is desirable to set ¢y = (0. This result
is driven by the interplay between durables and sectoral production linkages. Compared
with models where consumers’ utility only depends on non-durable consumption, durable
goods introduce additional volatility in the system, as documented by Erceg and Levin
(2006). Moreover, factor demand linkages magnify the response of real activity to sectoral
cost-shifters. The policy maker needs to account for such an additional source of volatility.
The task is made accomplishable by the fact that intermediate goods induce a dampened
response of sectoral inflations to the real marginal costs, which implies a relaxation of
the trade-off between inflation and output stabilization. To see this, note that the real

marginal cost of sector ¢ is a homogeneous function of degree 1 — «; (1 — %’i) < 1, with

25These ranges of variation are selected so as to retain the property of implementability for the selected
policy rule, avoiding to allow for unreasonably high response coefficients to inflation and the output gap.
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i,j = {n,d} and i # j. Tt is instructive to see what goes on in the background of the
picture presented so far. The bottom panel of Table 1 reports the ratio between the
standard deviations of the sectoral variables under the optimal instrumental rule and
the optimal policy under commitment (conditional on both shocks). The rule stabilizes
sectoral expenditure more than commitment does, at the cost of inducing too much
variability in the sectoral rates of inflation. This is because, by construction, the interest
rate rule does not allow the Central Bank to respond to aggregate inflation as much as
it would be desirable from the timeless perspective.

When dealing with asymmetric stickiness, we examine the performance of the follow-

ing rules:

it — Zr + ¢7rﬂ-t + (by?jt? (27)

i = ZI + ¢7rﬂ-§ + ¢ygt7 (28)

where ¢ = wn? + (1 — @) ¢ is an index of core inflation, according to which sectoral

inflations are weighed depending on both sectors’ relative size and degree of price sticki-

ness.
Insert Table 2 here

Once again, the Central Bank does attach a positive response coefficient to the output
gap in the two models with input materials (see Table 2), though the optimal b, 18
generally greater than what we observe under symmetric price stickiness. This can be
explained by the fact that durable prices are relatively more flexible and allow the Central
Bank to partly shift its focus on real activity. However, under asymmetric stickiness
and over the selected intervals for the reaction coefficients, the performance of (27) and
(28) relative to timeless-perspective commitment is not as good as that observed under
symmetric stickiness. More surprisingly, the rules that respond to core inflation tend

to perform worse than those reacting to aggregate inflation.? To uncover this fact, we

26 As expected on a priori grounds, the opposite holds true in the model where both input materials
and cost-push shocks are ruled out (Woodford, 2003).
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examine the influence of the relative weights attached to sectoral inflation on the loss
of social welfare. Along with computing {gzbﬁ, (by}, the exercise portrayed in Figure 4
determines the optimal weights attached to the sectoral rates of inflation. Thus, we
report the excess loss of welfare under the interest rate rule (with respect to the policy
under commitment) as a function of the weight attached to durable goods inflation. The
exercise is performed both for the model economy with factor demand linkages and that
without intermediate goods. Compared with the case of core inflation, increasing the
weight attached to durable inflation helps at reducing the distance between the losses
under alternative policies. In fact, in the model with factor demand linkages the optimal
weight of durable inflation is surprisingly close to that assumed in the aggregate inflation
index, i.e. 1 — ¢. Intermediate goods reduce the slope of the New Keynesian Phillips,
as compared with an economy in which production is carried out just by means of the
labor input. This implies that the impact of the real marginal cost on current inflation
is attenuated, relative to the scenario with no input materials, and more so when cross-
industry flows of input materials are in place. In the presence of sectoral linkages, raising
the weight attached to m¢ reduces the volatility of both 7¢ and 77 (relative to their
counterparts under timeless-perspective commitment) up to the point consistent with
the optimal weight.?” This is because reducing the variability of durable inflation has a

beneficial impact on the marginal cost of producing non-durables.
Insert Figure 4 here

In standard two-sector models the optimal monetary policy literature suggests that
the relative weight of a particular sector’s inflation should depend on the relative de-
gree of nominal rigidity in price-setting and the relative expenditure share (Woodford,
2003; Benigno, 2004). We show that even when a sector is characterized by a relatively
lower degree of rigidity in price-setting, the effective slope of the supply schedule may
be crucially affected by the presence of input materials. In this context the calibration
of the input-output matrix is an element that needs to be carefully accounted for to

compute measures of (final goods) price inflation that may assume some relevance from

27 After this point, only the relative standard deviation of 7¢ keeps decreasing.
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the perspective of policy-making. In the specific setting under examination, even if the
durable goods sector is characterized by higher frequency of price-setting, the index of
core inflation attaches too much importance to non-durable inflation.

Our analysis is somehow related to that of Jeske and Liu (2012), though they explicitly
treat durables as housing. They show that asymmetries in the factor intensity of sectoral
technologies affect the optimal weight attached to rental price inflation. Specifically,
they assume no labor employed in the production of housing, so that the optimal weight
results much lower than that attached in the computation of the consumer price index.
By contrast, we prescribe attaching greater importance to durable inflation than what is
implied by a standard index of core inflation. Even if the production of durables is more
labor intensive than non-durable production, calibrating the input-output matrix involves
a high share of non-durable intermediate goods employed in the production of durables,
so that nominal rigidity in non-durables price-setting is passed onto the marginal cost of

producing durables.

6 Conclusions

We have examined the normative implications of a two-sector economy with durable and
non-durable consumption goods and sectoral production linkages between sectors. The
interplay between these realistic features of modern industrialized economies has non-
negligible implications for the formulation of policies aimed at reducing real and nominal
fluctuations.

We explore the capability of simple interest rate rules to mimic the optimal policy
under timeless-perspective commitment. A clear advantage of these rules is to avoid
considering stringent informational requirements as for the optimal policy. Compared
with otherwise standard models where only labor is employed in the production process,
input materials imply a dampened response of sectoral inflations to the real marginal
costs. This feature of the model relaxes the conventional trade-off between inflation and

output stabilization, so that the policy maker may account for the volatility induced by
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durable expenditure. A key result is that input materials do matter when it comes to
aggregating sectoral inflation rates into an overall index of price inflation. Conventional
measures of core inflation do not account for the impact of input materials on the slope of
the aggregate supply function, thus attaching too much importance to the rate of inflation
of the sector with higher rigidity in price-setting. Input-output interactions exacerbate
such a discrepancy, as they induce further attenuation of the pass-through from the real

marginal cost to the rate of inflation.
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Figures and Tables

FIGURE 1: WELFARE LOSS UNDER VARYING DEGREES OF LABOR MOBILITY
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Notes: We report the loss of welfare under timeless-perspective commitment, computed as a percentage of
steady state aggregate consumption (multiplied by 100) for various model economies and conditional on
different shock configurations. The left-hand panel reports the loss of welfare under perfectly correlated
technology shocks, while in the right-hand panel we consider uncorrelated disturbances. In both cases

we rule out cost-push shocks.
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FIGURE 2: IMPULSE RESPONSES TO A TECHNOLOGY SHOCK IN THE NON-DURABLE GOODS SECTOR
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Notes: All variables but the nominal and real rate of interest are reported in percentage deviation from
their level under flexible prices. In the model without sectoral linkages the responses of production and

consumption of the same type of good are equivalent.
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FIGURE 3: IMPULSE RESPONSES TO A COST-PUSH SHOCK IN THE NON-DURABLE GOODS SECTOR
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Notes: All variables but the nominal and real rate of interest are reported in percentage deviation from
their level under flexible prices. In the model without sectoral linkages the responses of production and

consumption of the same type of good are equivalent.
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FIGURE 4a: EXCESS LOSS AS A FUNCTION OF THE WEIGHT ATTACHED TO DURABLE INFLATION

(CONDITIONAL ON SECTORAL TECHNOLOGY SHOCKS)
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Notes: The figure portrays the percentage excess loss under the optimally computed interest rate rule and
that under timeless-perspective commitment, as a function of the weight attached to durable inflation.
The cross denotes the weight consistent with a rule that responds to core inflation, while the square
denotes the weight consistent with targeting aggregate inflation. The circle denotes the weight that

minimizes the distance between the two losses.
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FIGURE 4b: EXCESS LOSS AS A FUNCTION OF THE WEIGHT ATTACHED TO DURABLE INFLATION

(CONDITIONAL ON BOTH TECHNOLOGY AND COST-PUSH SHOCKS)
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Notes: The figure portrays the percentage excess loss under the optimally computed interest rate rule and
that under timeless-perspective commitment, as a function of the weight attached to durable inflation.
The cross denotes the weight consistent with a rule that responds to core inflation, while the square
denotes the weight consistent with targeting aggregate inflation. The circle denotes the weight that

minimizes the distance between the two losses.
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TABLE la. INCREMENTAL LOSS: RULE VS. TIMELESS-PERSPECTIVE COMMITMENT (SYMMETRIC STICKINESS)

Tech. Shocks Cost Push Shocks Both Shocks

No Input Materials ¢, = 5.1, ¢y: 5 ¢,=5.1, ¢y: 0 ¢,=5.1, d)y: 0
0.5638 12.3468 10.9814

FDL ¢,=5.1, ¢y= 5 ¢.=5.1, (by: 0.4 ¢,=5.1, (byz 04
3.4606 22.9243 20.2631

TABLE 1b. STANDARD DEVIATION: RULE VS. TIMELESS-PERSPECTIVE COMMITMENT (SYMMETRIC STICKINESS)

Non-durable Exp. Durable Exp. Non-durable Infl.  Durable Infl.
No Input Materials 0.977 0.974 1.098 1.022
FDL 0.908 0.478 1.137 1.096

Notes: We assume symmetric price stickiness, with the average duration of prices set at 4 quarters.
Table la reports, conditional on different sources of exogenous perturbation and for different model
economies (i.e., no input materials in the production function vs. factor demand linkages between sec-
tors), the reaction coefficients in the interest rate rule iy + ¢, m; + gbyﬂt that minimize the loss of
social welfare (17), as well as the percentage excess loss under the optimally computed rule and that
under timeless-perspective commitment. Table 1b reports the standard deviations of sectoral expendi-
tures and inflation rates under the optimal interest rate rule relative to that under timeless-perspective

commitment, conditional on the realization of both technology and cost-push shocks.
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TABLE 2a. INCREMENTAL LOSS: RULE VS. TIMELESS-PERSPECTIVE COMMITMENT (ASYMMETRIC STICKINESS)

Tech. Shocks Cost Push Shocks Both Shocks

No Input Materials (Core Inflation) — ¢,= 5.1, ¢, = 5 ¢,=51,0,=0 ¢,=51,0,=0
20.012 44.138 43.854

No Input Materials (Aggr. Inflation) ¢, = 3.5, ¢y: 5 ¢,=5.1, ¢y: 0 ¢,=5.1, (;5?/: 0
23.700 30.546 37.159

FDL (Core Inflation) ¢,=5.1, ¢,=5 ¢,=4.9, ¢,=04 ¢,=5.1,0,=0.6
8.008 29.197 30.415

FDL (Aggr. Inflation) ¢,=5.1, d)y: 5 ¢,= 3.5, qf)y: 0 0,=5.1, ¢y= 0.2
2.799 21.369 25.732

TABLE 2b. STANDARD DEVIATION: RULE VS. TIMELESS-PERSPECTIVE COMMITMENT (ASYMMETRIC STICKINESS)

Non-durable Exp. Durable Exp. Non-durable Infl.  Durable Infl.
No Input Materials (Core Inflation) 0.988 0.839 1.234 1.226
No Input Materials (Aggr. Inflation) 0.669 0.980 1.511 0.554
FDL (Core Inflation) 0.763 0.385 1.214 1.089
FDL (Aggr. Inflation) 1.144 0.684 1.115 0.902

Notes: Asymmetric price stickiness is assumed, with the average duration of the price of non-durables
set at 4 quarters, whereas we reduce the duration of durable prices to 1.3 quarters. Table 2a reports,
conditional on different sources of exogenous perturbation and for different model economies (i.e., no
input materials in the production function vs. factor demand linkages between sectors), the reaction
coefficients in the interest rate rules 7, =t} + ¢, m; + gbygt and @, = 1y + ¢, 75 + gbygt that minimize
the loss of social welfare (17), as well as the percentage excess loss under the optimally computed rule
and that under timeless-perspective commitment. The term 7y = ¢y} + (1 — (b) s ;i denotes aggregate
inflation, while 71§ = wn} 4+ (1 — @) Wf is the index of core inflation. Table 2b reports the standard
deviations of sectoral expenditures and inflation rates under the optimal interest rate rule relative to that
under timeless-perspective commitment, conditional on the realization of both technology and cost-push

shocks.
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APPENDIX A: First Order Conditions from House-
holds’ Utility Maximization

Maximizing (1) subject to (3), (4), (5), and (6) leads to a set of first-order conditions
that can be re-arranged to obtain:

Hl—a cn -1
wH7 (O = BRE, | t*hf ) ] (29a)
t+1
MnHtliaRed { HtlJ:laPti1
—pn - = BB =)ot (29b)
Ct Pt ' Ct-‘rlPt-f—l
pgH 4 QE NdHttlU
Dy [1—%(Dt—Dt—1>]_l DDy (Dyyr — D)
n:unHlig cy - _1ou—g ny ¥
Wy tps o 09 Ly * (Ly)*, (29¢)
t
HI—U cn -1 1 a1 1
gyt Pn< P o(1— ) 3 LI (LY) (294)
t

APPENDIX B: Some Useful Steady State Relation-
ships
As in the competitive equilibrium real wage in each sector equals the marginal product

of labor. Thus, we can derive the following relationship between the production in non-
durable and durable goods in the steady state:

yr_o (-
Yi o (1-an)(1-9)

Q.

Furthermore, the following relationship between durable and non-durable consumption
can be derived from the Euler conditions:

cr i, 1

— =(1-B(1=9)2-Q "

Gi=(-80-0)a
Moreover, the following shares of consumption and intermediate goods over total produc-
tion are determined for the non-durable goods sector:

C" (=) (1= ) = (1= an) (1= 6) At
Yn ¢ (1 — Oéd) ’
Mnn
yn = OnVnps
MM (1—a,) 16
Yo 4 1—a, 4

Analogously, for the durable goods sector:
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C (1 —aqvg) (1 —¢) (1 —a,) — (1 — ag) danyg,

v (1-9¢)(1—an) ’
Mdn 1 —ay qb
Yia T 1= 61— anOéanm
Mdd
yd = Qd%4q-

These conditions prove to be crucial in the second-order approximation of consumers’
utility to eliminate linear terms. Moreover, they allow us to derive the steady state ratio
of labor supply in the non-durable goods sector over the total labor supply (¢).

The Relative Price in the Steady State

We consider the steady state condition for the marginal cost in the non-durable goods
sector:

MO = B, [Py (P
«

& nt (1= an)l_an .

Pn

As in the steady state production subsidies neutralize distortions due to imperfect com-
petition:

P = MC"
— gn [(pn)’Y (Pd)’ydn}a" (Wn)l—an '

After some trivial manipulations it can be shown that:
G Q7 (RW") 7" = 1.
Analogously, for the durable goods sector:

l—ay

0,Q e (RWY) ™ = 1.

Using the fact that in steady state W" = W9 = W

];VIVK;Q -1
B
(3. Q) o

(84" Qo)

Therefore:
1
—l—ag——1—an)\ ¢
Q = (& "8, )",
o = (1—=ay)(1—ag) +anyy (1 —ag) + ey, (1 —a,).
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Notice that, when «,, = a4 = 1:
e —
Q= 9n04

as in the case considered by Huang and Liu (2005) and Strum (2008).

APPENDIX C: Equilibrium Dynamics in the Efficient
Equilibrium
In this appendix we outline the solution method of the linear model under the efficient

equilibrium. This is obtained when both prices are flexible and elasticities of substitution
are constant. Let us start from the pricing rule under flexible prices:

n* S n*
Fo= 147, Me,
B 10 e o e L
L4174, zr
x ed ,
d* d
Pt N 1 + Td Mct
et By (P ()
1 + Ta Zg

where ©" and ©? denote the mark-up terms. In log-linear form the conditions above
reduce to:

(I —an)rw™ = 2" + Y 4; (30)
(1—aa)rw™ = 2! — cavnad; (31)

We now recall some conditions under flexible prices from the linearized system:
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o = gdt - Tdt—lv (32)
* K] * 1 *
i = = (=) + o (- 0) - 5 o
1 n*
(oo+ D -
o= A(rw —rwd +q) + 1 (34)
Y = Wct + vy my o+ v mtd ) (35)
X Cd . Mdn - Mdd i
yr = vatt T Wmf + Wmfd ; (36)
0 = rw +" —y”, (37)
0 = rw 413 — gk (38)
0 = mim g (39)
0 = mi™+q —y (40)
0 = mi™ —q -y, (41)
0 — mid — yi+ (42)

where ¥ = (v—1), v =(1—0)p, — 1 and ¢ = L=, We substitute (30) and (31) into
(36) and (37) respectively:

nx n* 1 n OnYan  «

lt = Y _1—Ozzt_1—05 ts (43)
* * 1 Qqry *

i =y — 7+ g (44)

1—Oédt 1—Oéd

We can use conditions (34), (35), and (39)-(42), to obtain:

n* Cn nx M nx nd d* *
Y = Wct + vn (A vy (yt - qt)
and
. Od X Mdn i . Mdd i
f:WCerw(%JFCf)JFWyf'

We can find a VAR solution to this system, so that we can express y* and yd*as a
function of ¢™*, ¢ and ¢; :

y c .
A|:ytd* } ZB{CZ* } + Yqf,

t t
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where

Y

Thus, we obtain:

3
yix

or equivalently:

RR

_1_w _Mnd Q+Mnd _Mnd
_ yn yn _ | vn yn yn
Mdn 1 Mdd Mdn C_Li + Mdn
yd yd yd vYyd yd
(G
= ym Cd :| 3
O W
i Mnd
= | |
yd

Pk B .
fi* :| + A 1th7
C
Yt = U+ %Cf* +5q;,
Z/g* = Py + ¢4C?* +16q; -

Y

Clearly, interdependence among sectors reflects the presence of cross-industry flows of
input materials that imply 15, ¢35, 95, ¥ # 0 and 9,1, # 1. Plugging these expressions
into (43) and (44) we obtain:

n*x n* * 1 n O‘nf}/ n *
I = b 4y — mzt + (1&5 -1 ;n> q; (45)
I = yc)™ + el — 1_ adzfl + <1d——oil +1/16) uH (46)
Thus, we can substitute everything into (33) and (30):
1— Ojbzt +flz§l =& — (1= 0) pgdy + 53021 + &4 s (47)
where:
¢ v(l—p)A —1
! (1—a,) X’
_ AWy =) + Py o(l — @)A — 1]
§2 - )\ )
_ Mgy + 4y [u(1 — ¢)A — 1]
53 - )\ )
o _an’}/dn (1 + UQS) U(]' _ ¢))\ -1 AdYnd
€4 = 1—a, (1— ag) A 1_ad+77/’6 + 509 | .

42



In turn, we can plug (45), (46), (30) and (31) into (33):*®

§54; = 1 —anzt 1 —adz’fl_ 1+ N (Ct _Cz(fi) (48)

where

5 _ 1705 B 1/)6 —A i AnYdn + AdVnd
5 1+ A (1—a,)  (1—ag)

Conditions (47) and (48), together with the Euler conditions for the durable and the
non-durable goods, and the law of accumulation for durable goods, allow us to determine
a system of linear difference equations from which we derive equilibrium dynamics under
flexible prices.

APPENDIX D: Log-linear Economy

Here we report the log-linear economy in extensive form:

n n -1
281t can be shown that ¢, — 3 = — (¢¥y —9,) = (Aé—i + J\énd + 1) = < 1.
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1, " . 1—0 ~
T = - Bt i)+ Bt + D EAT,

o _ 1 ~ 1 . -
7 = g - Ol g [ 0= ) = DT 1= -]+
_% [(“n(l_a)_1)E?+1+Nd(1_0)67t+1—at+1] +

+= <CZ5 — CZ&—l) - B= <CZ€+1 - CZ&)}
1~ 1-0~
(e gdt_ 6 dt—17
_, . . 1\
Tw, = _75?_<1_U)Mddt+19(1_¢)lf+<19¢+X)l?7
o= () -+ @) + T
(1 B ﬂen) (1 B en)

n _ n —n n
T, = BEtWtH—i— rme, + 1,

0,
1—0804)(1—-04)
ﬂf = 5Et7rf+1 + ( 9)d< >rmcf + 77?,
?j? = Oénfynnfﬁ;m + an’ydnfﬁ?n + (1 - an)Z;TL’
U= Vgt + aaygemi® + (1 —ag) 1Y,
~n, Cn’“n Mnn~nn Mnd~nd
Yoo = oy + Bk + v
Cd Mdn Mdd
~d ~d ~ dn ~ dd
Yo = vaC T ya M T oypa e
e = T =
e = 7+ 1 g
rme; = my" —yp,
rme; = mp+ g — 7y,
rme; = ﬁzf” —q— vy,
7:—77’\7021 = m?d - g;i

G = G+ —7l—Ag.

where v = (1 — o) p,, — 1.

APPENDIX E: Relative Price in the Efficient Equi-
librium with Perfect labor Mobility

We now define the efficient equilibrium in the model with no frictions in both the goods
and the labor market. On the labor market this condition, obtained for A — oo, ensures
that nominal salaries are equalized across sectors of the economy:

*

W= W =W (49)
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Moreover, given the production subsidies that eliminate sectoral distortions due to mo-
nopolistic competition:

PY = MCOY PY = MCE, (50)

Conditions (49) and (50) imply that:

1 nYdn an 1
pt"* _ (5”) Tan7. (Pd*> - an‘dmn (Wt ) T 1amm (Ztn)*m , (51)
P = (3" () () () e &

We then substitute (51) into (52) to eliminate W, :

(Ptn*)ﬁn _ T(lfan’ynn)(lfad) (Ptd*)ﬁd (sz)—(l—ad) (th) (1—amn)

where

1 l—an

T — (gl)miwm <$d>—@m

and

Un =04 = (1= aq) (1 = an¥p,) + (@a7,0) (1= an) .

Thus, after some trivial algebra we can show that the relative price reads as:

% Pn* i\ —(l—a l1-an %4—1
Qt = Pid* =7 [(Zt) (1=ea) (th) }

1
-7 [(Zt")_(l_ad) (Z;i)l_an] %1 .
where

n = anad(ﬁynn + Vdd — 1) = OnYnn — XdVdq-

APPENDIX F: Second-order Approximation of the
Utility Function

Following Woodford (2003), we derive a well-defined welfare function from the utility
function of the representative household:

W, =U (CP,Dy) — V (Ly).
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We start from a second-order approximation of the utility from consumption of durable
and non-durable goods:

1
U(Cr,Dy) ~ U(C", D)+ Ucn (C*,D)(C* —C") + 5U nen (O™, D) (C1 — C™)? (53)
1 1
+Up (C™, D) (D, — D) + §UDD (C™, D) (D, — D)* + §EUD (C™, D) (Dy — Dy_1)*
+Ucnp (C", D) (Cf — C™) (D, — D) + O (|I€]) (54)

where O (||¢ ||3) summarizes all terms of third order or higher. Notice that:

Up (Cm7D) (Mdcn//“an) Ucr (Cn?D) )
Ucnen (C*, D) (1, (1= 0) = 11(C") " Uen (C", D),
Upp (Cma D) = [:ud (1 - 0) - 1] (:U'dcm/lu'nD> Ucn (Cn7 D) )
Ucnp (C™, D) g (1 —0) D Wen (C™, D).
As cgbc—nc" =+ %(E?)Q, where ¢} = log (%) is the log-deviation from steady state

under sticky prices, we obtain:

1
U(C",D,) ~ U(C",D)+Usn (C",D)C" [a; +5 (3;)21 +

byl ) = 1Uen (CD)C [+ S @) +

~ 1 1 ~ 15\’
+Up (C", D) D (dt + 5%) +5 a1 =0) =1)Up (C", D) D (dt + 5%) +

1_ N2
+5EUn (C", D) D (dt - dt_1> +
1 ~ 1 .
Fia(1 = 0) U (€ DYC" (a3 4 5 @) (& + 5@ ) + i+ O (II1).

where t.i.p. collects terms independent of policy stabilization.

Next, we introduce a second-order approximation to the transition law for the stock
of durables. This will substitute out the linear term for durables in the expression above
(see Erceg and Levin, 2006). The law of motion reads as:

Dt — (1 - 5) Dt—l + Xt'

For a general function F' (Y, X) the second-order Taylor approximation can be written
as:

1
F(Y,X) ~ Fy (Y, X)Yy+ Fx (Y, X) Xa + 5 (Fx (Y, X)X + Fxx (Y, X) X?) 2?

1
+5 (Fy (Y. X)Y + Fyy (Y, X)Y?) 4 + Fyx (Y, X) Y Xay.

Now, we can rewrite the accumulation equation as:

F(Dy—1,Cf) =log [(1 = 8) Dy_y + Cf] .
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Therefore:

o 1-0  (1-6  (1-0)

P T 1-6)D+C! (1-6)D+éD D
1 1

for = 05Dy~ D

P € ) S )

PP -0 Dp+cg? T D
1 1

Fors = [(1—-0)D+C4® DY

. 1-6 15

Pt T =)D+ T D

Considering that in the steady state C¢ = §D:

~ 1—90) -~ 1
d, ~ ( 5 )Ddt_1+55D?:ff+
1(1=6) (1-8° ,|~
+§[ 5 D — iz D*| d? | +
1/1 1 2 1—60~ _
+§ <5D_ﬁD2) (/C\;i) —th—lxt
~ 1-6)9 1-0)4 1—-0)6 4~
Y (1—5)dt—1+55f+( 2) 6/1?14-%(5?)2—( 2) ldy_,
~ 1-6)d /~ 2
~ (1—5)dt71+5/0\;l+< ) <dt,1—a§l> .
2
Thus:
dy ~ (1—8)dp_y + 08! + 0, (55)
where:
~ 1-4)0 ~ 2
t = ( 2) (Eg_dt*)
(I =6) 5 5 2
26 <dt_dt‘1>
Now, let us iterate backward (55), to obtain:
S5 B, = o g B |
R I D FE I R IO A

In turn, the term on the RHS will replace the one on the LHS into the intertemporal loss
function.

The next step is to derive a second-order approximation for labor disutility. Recall
that:

I, = ¢l + (1 — ¢) 1.



Therefore the second-order approximation reads:

¢ (1+2v9) (ﬁl>2+ (1—-9¢)[1+2v(1—9) <ﬁ>2] .

V(L) ~ VL<L>L[¢@+<1—¢>EZ+ 5 5 t

+tdp. + O (J¢IP) -

After these preliminary steps, we need to find an expression for ZA;L and lAf. Given the
definition of the marginal cost, in equilibrium we get:

1 [67°% 1 n
(1— ) MO[‘/ (e QT / PiNT
L = Y'dj = Y —= d
t th ]t j ZZ-L Rth t Ptn j’
0 0

1 —d 1 _ed
1 —ag) MCd/ (1—ay)o [ Q\™ PEN T
L¢ = (1 — aa) MCY Yidk = ¢ Yd/ “ht dk.
t Wtd kt th RWtd t Ptd
0 0

Thus, we can report the linear approximation of the expressions above:

Tn = —aannth - an@? ztn + 3//? =+ Snt7
14 = Y nalt — adrwt zt +yt + S,

where:

S — log 0/1< ) S — log O/l(P’ft) (56)

If we set p7, to be the log-deviation of % from its steady state, which means that a
1

n —6
second-order Taylor expansion of / <1;];f> dj reads as:
t

0

1 " 1
PN\ O 2] ..
/ (P—Z) di =~ / {1 — Py, — "D + 5 5 (e")? ()" | di+0O (H£H3)
0 ! 0
n n ~n 1 n\2 2 3
- 1_5Eiﬁ?t_€Ei@1t5t "’5(5) Ez(ﬁ?t) "’O(”fH )7
1
where E;pj;, = / p}dj and E p]t ? = / dj . At this stage, we need an expression
0 0

for E;p};. Let us start from

1 1%5;»
P = { / (Pn)' dj} |
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which can be re-arranged as:

P pry 1o
_ jt -
= — dj.
/(HJ ’
0

Following the procedure above, it can be shown that:

PJ'T; e ny\ -mn nonan 1 n\2 (~n )2 3

P_tn %1"'(1_5)pjt_gpjt5t+§(1_5) (pjt) +O(HSH)
Substituting this into the preceding equations yields:

/ 1
n n -~Nn n 2 2 . 3
0= [la=em- e e 50— @) 6+ o e,
0

which reduces to:

e —1
2

Eiﬁ?t = Ei (ﬁ?t)2 + O (”5”3) :

Thus:

1

PN & . " 2
[(7)  d=1+5E @) o ().
t
Now, notice that:
~n )2 n\2 n_n n\2 3
E; (pjt) = E; |:(pjt) - 2pjtpt + (pt) ] +0 (HSH ) )
where lower case letters denote the log-value of the capital letters. Here we can use a

1
first-order approximation of p}' = / pjidj, as this term is multiplied by other first-order

0
terms each time it appears. With this, we have a second-order approximation:

E, (ﬁ;t)z = var;pj;.

Therefore, the second-order approximation can be represented as:

e n 3

Snt = 7varjpjt + 0 (HgH ) .

Analogous steps in the sector producing durable goods lead us to:
d

S
Sy = 5varkpit +0 (||£H3) :

Following Woodford (2003, Ch. 6, Proposition 6.3), we can obtain a correspondence
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between cross-sectional price dispersions in the two sectors and their inflation rates:

n n 977/ n\2 3
var;py, = bpvar;py_, + 1-6. ()" + O (||§|| ) )

0 2
varypy, = 9dva7’kpit71+1_—%d(ﬂf) +0 (Jl€l®) -

Iterating these expressions forward leads to:

> Bargpl = (k)Y B (m)* +tip.+ O (IE]) (57)
t=0 t=0
> Bvarply, = (k) Y8 (7)) + tip + O (J€IP), (58)
t=0 t=0

where

(1 — Ben) (1 — Qn)

n 9n )
g = (1 —p04) (1 —0a)
04

After these preliminary steps, we can write W, as:
1 ~
Wi~ Uen (€ D)C{@ 4 gl (1= @)+ (uafa) 8+
1 ) o, 1o ~ 5 \?
5 [0 (U= 0)) /1) & 4 114 (1 = 0) G+ 5 g/ 1) (Ao = dua ) +
Vi (L) L6l + (1= 6) T+

T (1;"’) {cbz () + -0 (@) +200- ¢>7ﬁg] } +

+t.ip. + O (J€]*) -
We now consider the linear terms in W;, which are collected under £W;:

U n Cn,D Cn ~n, >
LW, = =~ ( ’ ) {Mnct +Mddt} +

—{Ve (L) Lo (—onyan@t — omTw} + ;') +
+ (1= 0) (Yol — car®@] + ) } +

+tdp. + O (€] -
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We substitute for the real wage from marginal cost expressions to get:

Ucn (C™,D)C™ ~
cw, = =~ <u ) {unE?Jruddt}Jr
1 Yy ~ nYdn ~d
Vi (L)L ~n nn_-snn n n
L (L) ¢<1—Oényt 1—Oénmt 1—Oznmt +

1 o ~n « ~
4MMLG—@( g “Wmﬁ—4ﬂ%wﬁ+

1-— (6%} B 1-— g 1-— (6%}
+t.ip. + O (]|€]%) .

After substituting the second-order approximation for the accumulation equation of
durables we get:

= t . n n ~ t ), 0 Ha -~
;ﬁﬁwt = Ucn(o ,D)C tzz[;ﬁ {Ct—qu—nCt}—'— (59)

= 1 Oénﬁ)/nn ~nn Oén mn =dn
—VL(L)LZﬁt{gb( iy i, —imf>+
t=0

1—a, _1—an 1—oa,

1 XdVnd ~nd _ YdVdd ~
e R i el

+tdp. + 0 (J€]7) -

Notice that the following linear approximations for the market clearing conditions hold:

~n 1—O[n ~n ~nn (1—Oén) (1_¢) ~nd
= ——U,C + oY, My + gV paMe s
Y & HnCy Vnn 61— ag) dVnd"
dpg (1 — ag) (1—ay)o . ~
~d d ~d dn dd
yr = c, + O Ygn My + m, .
LT A B0 T (T ) (1) e T A

It can be shown that, in the steady state, the following relationships hold:

Vin (L") L™ = ¢V, (L) L Via (LYY LY = (1—¢) VL (L)

Moreover, the presence of production subsidies allows us to express the steady state
marginal rate of substitution between labor supply and consumption of non-durable goods
as:

Vi (L") Y (1—ay)

Ucn (On) N L» ’
—Via (L) Y41 - ay)
Uen (C7) LiQ

It is now convenient to express the marginal utility from non-durable consumption in
terms of the marginal utility derived from total consumption:
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Therefore, we can re-write (59) as

t _ -~ d ~d
;5 LW, = UH(H)HZBt{<MnCt +m%> +
Cn -~ N n -~Nn
o () (= ) i - ) - o 47 +

cm\ - . e
— iy, <W) (1—a) Q" [ad%dqt — agrwy — 2+ @?] } +
+t.ip. + O ([€]17) -

It is now possible to show, given the linearized market clearing conditions in the two
sectors, that ) .° B'LW, = 0. The linear term in W, can therefore be dropped. Thus
we are left only with second-order terms:

ZﬁtWt ~ HZﬂ { (MnCt +Mddt>2 + %Md% %E (dt @1)2 +
t=0

-5 [cben (k)™ (71 + (1= 6) e (k)™ (w)?] +

1 § 2
~(5) e e ] |+

+t.ip. + O ([IE)F),

where

(O N A —an) (L= B = 8)] + gl
o= (fs) Hgte =TT

We next consider the deviation of social welfare from its Pareto-optimal level:

S BW = > W -
t=0

t=0

1 - N\ 2
(1 + 1ade)” +

+ [p©® B+ (1-6) (1 —w)d?] <CZ€ - @1)2 +
+< [w (7??)2 + (1 —w) (ﬂf)2] + (1+v) [w@” +(1—-w) Eff} +tip. +0O (||§||3) ,

where the following notation has been introduced:

pn 1= B (L= 0)] + 10
w = _gbgn(l{n)ila
S
en g4
¢ = ¢H—+(1—¢)K—-
n d
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APPENDIX G: Intersectoral Trade-off under Asym-
metric Price Stickiness

FIGURE 1.G: WELFARE LOSS UNDER VARYING DEGREES OF LABOR MOBILITY
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Notes: We report the loss of welfare under timeless-perspective commitment, computed as a per-
centage of steady state aggregate consumption (multiplied by 100) for various model economies and
conditional on different shock configurations. We impose asymmetric price stickiness, with the average
duration of the price of non-durables set at 4 quarters (Hn: 0.75)7 whereas we reduce the duration of
durable prices to 1.3 quarters (/= 0.25). The left-hand panel reports the loss of welfare under perfectly
correlated technology shocks, while in the right-hand panel we consider uncorrelated disturbances. In

both cases we rule out cost-push shocks.
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APPENDIX H: Impulse-responses to Shocks in the
Durable Goods Sector

FIGURE 1.H: IMPULSE RESPONSES TO A TECHNOLOGY SHOCK IN THE DURABLE GOODS SECTOR
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Notes: All variables but the nominal and real rate of interest are reported in percentage deviation from
their level under flexible prices. In the model without sectoral linkages the responses of production and

consumption of the same type of good are equivalent.
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FIGURE 2.H: IMPULSE RESPONSES TO A COST-PUSH SHOCK IN THE DURABLE GOODS SECTOR
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Notes: All variables but the nominal and real rate of interest are reported in percentage deviation from
their level under flexible prices. In the model without sectoral linkages the responses of production and

consumption of the same type of good are equivalent.
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