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1 Introduction

Business cycle fluctuations are not perfectly synchronized across sectors. Sectors may
be hit differently by shocks, as the COVID-19 pandemic so forcefully illustrated (Guer-
rieri et al., 2022; Baqaee and Farhi, 2022), or they have distinct characteristics that de-
termine their responsiveness even to identical shocks.! These features raise challenges
for stabilization policy. If productivity shocks are perfectly correlated across and prop-
agate in the same way in all sectors, a zero-inflation policy attains the first best by
closing the output gap; the so-called “divine coincidence.” But when these conditions
are not met, monetary policy is too blunt of a tool. Then, central banks must target a
second-best inflation index that gives higher weight to sectors in which shocks man-
ifest in larger output deviations from efficient levels. This policy closes the aggregate
output gap but tolerates suboptimal inflation volatility and levels of sectoral output.

Goodfriend and King (1997) articulate this challenge, Aoki (2001) formally shows
it, Benigno (2004) apply these insights in a monetary union, Eusepi et al. (2011) ex-
plore this issue quantitatively, and La’O and Tahbaz-Salehi (2022) and Rubbo (2023)
extend it to production networks. We revisit this policy prescription in light of the
fact that monetary policy interacts with sectoral government demand in shaping eco-
nomic fluctuations. Our analysis builds on and leverages insights from earlier work
in Cox et al. (2024). They use the universe of federal procurement contracts in the U.S.
to show that government demand is not a monolithic aggregate—big G—but is the
sum of rich, disaggregated policy decisions, giving rise to challenges but also oppor-
tunities for stabilization policy.

Against this background we shift the focus of fiscal stabilization from the aggre-
gate to the sectoral level and ask: What is the optimal policy mix if monetary policy
and sectoral fiscal policy are jointly determined? Moreover, we derive predictions
for sectoral government spending under optimal policy and find suggestive evidence
that they are borne out in U.S. data. Thus, the stabilization role of disaggregated fiscal
policy is not just a theoretical possibility and we can contrast it empirically with an
optimal benchmark. We then trace out the implications for monetary policy, in partic-
ular, the optimality of a zero-inflation policy to deal with disaggregated productivity
shocks, and the desirability of the acyclical aggregate fiscal policy observed in U.S.
data.

We derive our insights in a New Keynesian multi-sector setup in which, building

1Gee, among others, Pastén et al. (2020, 2024) and Bouakez et al. (2023).
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on the multi-country model of Gali and Monacelli (2008), the government demands
goods that contribute to welfare. The optimal, time-consistent mix of monetary and
tiscal policy prescribes a separation of roles: monetary policy takes care of aggregate
stabilization, whereas fiscal policy focuses on the sectoral level. We obtain an intuitive
rule for optimal sectoral fiscal policy: government demand should be expansionary
relative to the first-best in sectors with negative inflation and output gaps, that is,
those sectors which experience positive productivity shocks.

The separation of roles hinges on the key trade-off in the design of joint monetary
and sectoral fiscal policies: Monetary policy is superior as a stabilization tool to deal
with productivity shocks, but government demand can be fine tuned at any required
disaggregated level, contrary to monetary policy. The intuition holds in a single-sector
model: A positive productivity shock decreases prices and the output gap. If mone-
tary policy engineers a demand stimulus, the output gap can be closed exactly when
prices do not respond—a “divine coincidence”. The same conclusion does not hold if
government demand engineers the stimulus, because it additionally crowds out con-
sumption and thus affects labor supply. In addition, monetary policy per se does not
enter in welfare, whereas government demand does by providing goods valued by
households. Hence, even if a “divine coincidence” were to exist for fiscal policy, it
might be suboptimal to fully exploit it.”

In our model, optimal monetary policy deviates from a zero-inflation target. Both
monetary and sectoral fiscal policy give higher weight to sectors with stickier prices,
that is, those in which a given shock yields larger output gaps. However, numerical
exercises suggest that the deviation of optimal monetary policy from a zero-inflation
target is quantitatively small relative to a case when monetary policy is the only sta-
bilization tool. Yet, the first best is never attained.

Complementary to these theoretical results, the following question naturally arises:
Is the disaggregated stabilization role of fiscal policy just a theoretical possibility or
can we find empirical support for it in U.S. data? First, as Cox et al. (2024) argue,
government purchases of goods and services are the most volatile component of total
government spending and exhibit substantial sectoral reallocation. These facts sug-
gest that government spending is flexible enough to perform such a stabilizing role.
Second, the joint correlation of sectoral government demand, sectoral inflation and

sectoral output in the data is indeed broadly consistent with the theoretical optimal

2“Divine coincidence” may exist for fiscal policy but requires assuming a suboptimal fiscal rule in a
frictionless economy. We discuss this possibility in Appendix D.
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sectoral fiscal rule, but not with a purely aggregate fiscal stabilization policy. We es-
tablish this result based on regression analyses, constructing measures of government
demand at the 4-digit NAICS sector level from USAspending.gov, which covers the
universe of federal procurement contracts from 2001 onwards, using Compustat sales
data, producer price inflation from the BLS, and a sectoral measure of the average
frequency of price changes constructed by Pastén et al. (2020, 2024). In particular,
consistent with the theoretical optimal fiscal rule, we find that fiscal policy is more
active in sectors in which prices are stickier.

We want to stress that we do not argue fiscal policy decisions follow the rules we
derive in the model. In reality, the allocation of government demand follows a com-
plicated political process involving Congress, lobbying and stakeholders interacting
in many layers, things we all abstract from in the model. A distinct literature studies
several aspects of such a process, see, for instance, Bisin et al. (2015) and Halac and
Yared (2022). Yet, we consider it useful to contrast the outcome of such a process with
an optimal fiscal policy that balances its direct welfare effects with stabilization pur-
poses. Remarkably, the model rules and its empirical counterparts are similar. Given
this alignment, we study the implications of optimal fiscal policy on monetary policy
and the cyclicality of aggregate government demand.

We also study the implications of our setting through the lens of the aggregate
Phillips curve. As stressed by Rubbo (2023), Guerrieri et al. (2021) and Afrouzi and
Bhattarai (2023), aggregation of sectoral Phillips curves yields an extra term akin to
an “aggregate cost-push shock" in setups with sectoral input-output interconnections
and no fiscal policy. Such a result holds in any economy in which aggregation is not
trivial, including ours. In numerical exercises, we find the volatility of the “aggregate
cost-push shock" is six times larger if monetary policy follows a zero-inflation target
instead of its optimal rule. Thus, even if a zero-inflation policy does almost as well as
optimal monetary policy when the government follows optimal sectoral fiscal policy,
it faces the practical challenge of dealing with highly volatile “aggregate cost-push
shocks.”

Finally, we highlight the implications of optimal fiscal policy for the cyclicality
of aggregate government demand. A well-established fact for advanced economies,
including the U.S,, is that fiscal spending is largely acyclical (for instance, Talvi and
Vegh, 2005). This feature has been regarded as suggestive that fiscal policy does not
play a stabilization role (Chari et al., 2007). We find a muted cyclicality is not in-

consistent with government demand playing a stabilization role; it just does it at a
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disaggregated level. In our setup, if sectors were symmetric and the economy were
efficient, optimal fiscal policy is perfectly cyclical. However, a milder cyclicality arises
when the economy is inefficient and the composition of private and public demand
differs across sectors, as in the U.S., with public demand tilted towards stickier sec-
tors (Cox et al., 2024). Cyclicality is even lower if monetary policy follows standard
inflation targeting as fiscal policy is even more active in this case.

The paper is structured as follows. The remainder of this introduction discusses
the related literature and our contribution. Section ?? lays out the model. Section 2
discusses the trade-offs which govern optimal policy, its objective function, and the
optimal fiscal and monetary policy rules we obtain. Section 3 presents the data and
empirical results supporting the idea that sectoral government demand does play a
disaggregated stabilization role. Section 4 studies its implications for monetary policy

and aggregate government demand. Section 5 concludes.

Related Literature. In addition to work cited above, our analysis relates to four
strands of the literature. First, a line of work conducts a positive analysis on the impor-
tance of sectors in fiscal policy transmission, notably the influential study of Ramey
and Shapiro (1998) and more recent work by Proebsting (2022), Flynn et al. (2022)
and Bouakez et al. (2022). Bouakez et al. (2023) develop richer multi-sector models
with input-output structures to shed light on the fiscal transmission mechanism. In
contrast to these papers, we offer a normative perspective.

Second, to do so, our analysis builds on work about the optimal adjustment of
government spending in aggregate economies if monetary policy is constrained by
the zero lower bound, or an exchange-rate target. Bianchi et al. (2023) study the op-
timal adjustment of government spending in the presence of nominal rigidities and
sovereign risk in a open economy with an exchange rate peg. Such a setting calls for
a modified Samuelson rule which, absent frictions, requires optimal policy to equate
the marginal benefits of higher government spending to the marginal costs of reduced
private consumption. Hettig and Miiller (2018) study the optimal response of country-
level government spending in a model of a monetary union in which monetary policy
is constrained by the effective lower bound. Bilbiie et al. (2024) revisit the trade-offs
for monetary and fiscal policy in a model that emphasizes household heterogeneity
and inequality. Our analysis, instead, considers a multi-sector closed-economy model
and is focused on heterogeneities along the production side of the economy.

Third, several papers show how taxes should adjust when monetary policy is



constrained by the zero lower bound (Eggertsson et al., 2004; Correia et al., 2013);
as well as the possibility of “non-conventional” fiscal policy to replicate a first-best
when monetary policy is constrained by the zero lower bound as well as empirical ev-
idence (Correia et al., 2013; D’Acunto et al., 2018, 2022; Bachmann et al., 2021). Farhi
et al. (2014), in turn, consider a monetary union and study the optimal tax policy
which brings about a “fiscal devaluation” in response to country-specific shocks; and
Antonova and Miiller (2024) study the optimal tax response to sectoral shocks in the
New Keynesian model with network structure. Woodford (2022) studies transfers as
a way to stabilize effective demand in a multi-sector model. We focus instead on
government spending financed through lump-sum taxes to isolate its optimal stabi-
lization role.

Our analysis relates to earlier and recent work on fiscal rules. Gali and Perotti
(2003), in particular, study how various fiscal instruments adjust to the cycle based
on a sample of European countries. Kliem and Kriwoluzky (2014) offer a norma-
tive model-based assessment of alternative fiscal rules, Halac and Yared (2018) study
international coordination of fiscal rules, and Hatchondo et al. (2022) focus on the
performance of fiscal rules in a model of sovereign risk. In contrast, assuming opti-
mal policy, we establish a link between sectoral government spending, sectoral output
gaps and sectoral inflation and show that granular data for federal purchases is largely
consistent with this relationship. Finally, we focus on discretionary optimal monetary
and fiscal policy. A large literature exists studying policy without commitment in
more complex environments, with Afrouzi et al. (2023) being a recent example. We

leave such extensions for future research.

1.1 Setup

We now introduce several sources of sectoral heterogeneity in preferences, technology
and shocks that affect the problem of the representative household, the allocation of

the government demand within and across sectors, and the firms” problem.

Households. The economy is populated by an infinitely-lived representative house-

hold with expected utility given by

N1+90k
JEoZﬁ X)10g(Ct) + xlog(Gr) — kal o (1.1)



where B € (0,1) is the time-discount factor, [Ej is the expectation operator, C; and G;
are aggregate consumption and public goods, which utility flow is weighted by x, and
Nyt denotes hours worked in sector k = 1,...,K. Labor supply is segmented at the sec-
toral level which inverse Frisch elasticity is sector-specific and denoted by ¢j. Thus,
sectoral shocks have direct effect on sectoral wages with an elasticity that is heteroge-
neous across sectors; there are also indirect effects due to general equilibrium forces.

Private and public consumption are Cobb-Douglas aggregates:

K K
Cr =TT (wi'C) ™ and Gy =[] (wgiGu) ™, (1.2)
k k

where ¢ > 0, v, > 0 and the subscript k refers to the sector in which bundles Cy; and
Gyt are assembled. Parameters wg and wgr measure the weight of sector k in the
aggregate consumption and public good, respectively, introducing heterogeneity in

their sectoral composition. For the sectoral bundles, we assume a CES structure:

(_/]C

k
16 e
Ct = [Vkl/k/ Cit () de]] c
]

In words, infinite varieties of goods exist, each indexed by j with total mass equal to
1. A unique firm j produces variety j which can be used for private or government
consumption. A sector k is defined as the set of firms producing goods with index
belonging to the set J; with mass p such that Zle pr=71and yup = (1 — x)wer + XWgk-
We introduce sectoral heterogeneity in the elasticity of substitution across varieties
within sectors 0 > 1 for private goods and 9§ > 1 public goods such that markups are
heterogeneous across sectors.

The household maximizes equation (1.1) subject to a period budget constraint

K K K
Y PuCru+ ) PGGr + Qr-1Bio1 = Y WitNit + Bi + 11 + T, (1.4)
k=1 k=1 k=1

where Py and PS are sector-k prices paid by households and the government while
Wi is nominal wages paid by firms in sector k. Equation (1.4) features the govern-
ment’s total expenditures instead of taxes due to a balanced government budget. Q;_4



is the period-t price of a one-period discount bond, B;, while IT; and T; are dividends
and taxes, both distributed lump-sum. We rule out Ponzi schemes.

Py (j) denotes the price of variety j in sector k, and P, is the consumer price index.
Household’s demand for the sectoral consumption and varieties within sectors are
given by: .

-1 A\ =6
Co = wet (i“) C, and Cy(j) = — (Pkf(])> "G (15)
ct Hi \ P

where the respective price indices are:
Py =[] (Pu)“* and Py = ( / y Pkt(j)1—9i> . (1.6)
k J€Jk

Public good demand is specified shortly below. Sectoral labor supply, in turn, satisfies

Wi

uCING = (1) P,

(1.7)

and households” consumption satisfies the Euler equation:

Cit1 ) Py
I 1.8
t( Ct Peryq (18)

where I; = 1/E;(Qy) is the gross nominal interest rate.

1= PBE;

Firms. The production function of a firm j in sector k is

Yyt (j) = AxeNie (7), (1.9)

where sector-specific productivity Ay, introduces an exogenous and stochastic source
of fluctuations in efficient output. As a counterpart, there is an exogenous, stochas-
tic, sector-specific source of fluctuations from distortions captured by an employment
subsidy Ty, akin of a "wedge" or a markup shock or a cost-push shock, such that
nominal marginal costs are given by
‘ Wit
MG () = (1= T) 5 (1.10)
kt
Finally, we introduce sector-specific nominal price rigidity such that the respon-

siveness of sectoral prices to shocks is also heterogeneous. Firms set prices every



period a la Calvo and with associated probability of price adjustment 1 — aj. In doing

so a generic firm j in sector k solves

maxE; | Y a3 Quris (Pft(j)Y;sz\t(]') —(1- Tkt)wk,t+st,t+st(j)>] :
kt s=0
Optimality requires
< d O
0=E; Z(;)“iQt,HsYk,tJrsu <Pl:<t - eli_lMC;f,tJrsu) : (1.11)
s=
where Q¢ is the stochastic discount factor between periods ¢ + s and ¢, Y]fl -y is the

private demand at period t + s relevant for a firm j that last reset prices in period t.

We assume that the government buys goods in separated markets.

Government. The government jointly determines fiscal and monetary policy to max-
imize social welfare. Its policy instruments are the nominal interest rate, I; = 1/E;(Q;),
and sectoral government real demands [Gy;|K ;. We assume that the government di-
rectly chooses its real sectoral demand without taking a stand on the degree of nom-
inal rigidity prices that the government faces.” Lump-sum taxes T; ensure a govern-
ment’s balanced budget at all times. Sector-specific employment subsidies [1;]X_, are
assumed not to be policy instruments available for stabilization purposes. Instead,
they are treated stochastic and exogenous as they aim to capture in reduced form
fluctuations originated in distortions isomorphic to markup shocks. We assume an
undistorted steady state in the sense that sectoral government demand is optimal and

employment subsidies offset the inefficiency introduced by market power, 7, = (65) .

Equilibrium conditions. Bonds are in zero net supply. Goods and labor markets all

clear:
Yit(j) = Cre(j) + Gre(f) (1.12)
Yit = Cit + G (1.13)
Ne= [ Nulj)dj (114
J€Jk

3Cox et al. (2024) show that lump-sum taxes and Ricardian households imply that prices paid by the
government do not affect real variables up to a log-linear approximation.
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such that the aggregation of firms’ profits is

K
=) [Pkckt + P Gy — WieNie | -
k=1
Exogenous processes. Sector-specific productivity and sector-specific markup shocks

(i.e., fluctuations in employment subsidies) evolve according to

log Ay = pflog Ay + o€,
& Akt = P 108 Akt k (1.15)
Tt = (1 — o) Tk + 0k The—1 + "€

where both €} and €] areii.d. N(0,1).

1.2 Efficient allocation

To determine the efficient allocation, we take a planner perspective and maximize
equation (1.1) subject to the aggregation technologies of private and public goods in
equations (1.2), the production technology in equation (1.9) and sectoral resource con-
straints in equations (1.13). The optimality condition is
N (1= p)we _ Xk

Vk - 7
Axt Che Gt

(1.16)

which is consistent with the Samuelson (1954) rule: efficiency requires the marginal
product of labor equals the marginal benefits of public goods.

This condition implies that efficient working hours are invariant to both sectoral
productivity and markup shocks. This is a convenient feature that adds transparency

to the optimal policy analysis below. The solution to the planner’s problem is

N = g (1.17)

Yo = Ak (1.18)
= (1 B X)wck Y. Y,

C = Y, = (1 — Y, 1.19
kt (T = X)wek + x@Wgt k= (1= xx) Yie (1.19)
- XWok _ -

G = £ Yir = X Vit- (1.20)

(1= X)wWek + xwek

where v, = y,:(Pk, Xk = Xwgk/ M and upper bars denote efficient levels. Further, all

firms hire the same amount of labor Nj;(j) = 1 such that productivity shocks are the



only source of efficient output fluctuations while the measure of firms in a sector, p,

is the only source of cross-sectoral variation in steady-state output.

1.3 Approximate equilibrium dynamics

We now characterize the approximate log-linear equilibrium dynamics for an arbi-
trary level of public demand in each sector. In steady state, w., = Cx/C with Z,Ile W =
1, wex = G/ G with Zle wer =1, and py = Yy/Y with Z,Ile Uk = 1.* The first-order

approximation of market-clearing conditions at sectoral and aggregate levels are
Ve = (1= xi)cre + xxgre  and  yy = (1 — x)er + X8 (1.21)
The approximation of the Euler equation (1.8) is:
¢ = Bi(cri1) — (i — Ei(7141) — p),

where p = —log 8 such that the log-linear approximation of sectoral demand in equa-
tion (1.5) and sectoral market clearing in equation (1.21) yield

Uit = Etrer1 — (1 - Xk)(it - IEt(7'fkt+1) - P) — XkEtAGkt+1- (1.22)

Next, we express variables in terms of deviations from the efficient allocation. De-

fine sectoral output gaps as Jx+ = yx+ — Jx+ and sectoral fiscal gaps as
it = 8kt = 8ke) — Ykt — Tre) = Skt — Y-
The last equality holds given that 7x; = ik = ax;. Thus, (1.22) becomes
Tit = Eeler1 — (it — Bemtge1 — Pie) — XEEeA fie, (1.23)
where x; = xi/ (1 — xx) and 7y, is the sectoral natural rate of interest:
Pre = (1= xi) ' [BeAFrrs1 — XeBeAk+1] = Beagy 1.

We turn next to the optimal price setting in equation (1.11), which implies a sec-

toral New Keynesian Phillips Curve. Using equations (1.5), (1.7), and (1.9), and the

“Minuscules denote log-linear deviations from steady state levels. Appendix A provides a full solution
of the steady state.
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definitions of sectoral output and fiscal gaps,

Tt = BEr s 1 + Ae(1+ @) Tkt — MXi frr + We- (1.24)

where A\ = (1 — o) (1 — Bage) / ok, x5 = Xxx/ (1 — xx) and ¢y is a markup shock — the
log-linear deviation of the employment subsidy from steady state. Sectoral Phillips
curves do not directly depend on relative prices, but instead are reflected in the cross-
sectoral dispersion of sectoral output gaps. To see this, we use the expressions in equa-

tions (1.5) and (1.21) to obtain a relationship between sectoral output and fiscal gaps:

K
Ukt = Pt = XS — X fr — (Pre — pet) — (e — ae) + X7 Z(Vk - wgk)ﬂkt (1.25)

k
where x* = x/(1 — x), pxt and p.; are household-paid prices at sectoral and aggregate
levels, f; is the aggregate fiscal gap, a; is the aggregation of sectoral productivity, and

t; is aggregate inflation. They respectively satisfy:

Pkt = Tkt + Pkt—1, (1.26)
K
Pet = ) WekPkts (1.27)
k
~ K ~
fr =Y we(fir + i) — Tt (1.28)
k
K
ar = Z,Mk‘lkt/ (1.29)
k
K
T = chkﬂkt, (1.30)
k

Aggregate dynamics are characterized by equations (1.23), (1.24), (1.25) and (1.26)
for all sectors k =1, ...,K and equations (1.27), (1.28), (1.29) and (1.30). Note that sec-
toral equations (1.25) and equations (1.27), (1.28) and (1.29) yield

K
e =Y M- (1.31)
k

We close this section with several remarks. First, sectoral shocks, both on productivity
and markups, together with sectorally segmented labor markets imply that marginal
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costs are perfectly correlated for firms within sectors but independent across sectors.
In this way, we rule out direct spillovers across sectors in order to focus on the de-
grees of freedom due to sectoral fiscal policy in a disaggregated economy. Second,
the model allows for sector-specific nominal rigidity, which allows us to accommo-
date the empirical evidence for the U.S. documented by Pastén et al. (2020). In this
way, our analysis generalizes the setup of Aoki (2001), Benigno (2004), Eusepi et al.
(2011) and, although abstracting from input-output relationships, we connect with
La’O and Tahbaz-Salehi (2022), Guerrieri et al. (2021), Rubbo (2023), and Afrouzi and
Bhattarai (2023). Third, the model provides flexibility to accommodate the unequal
sectoral composition of final private demand (here, households) and government de-
mand documented for the U.S. in Cox et al. (2024). In what follows, we study how this
sectoral bias affects the design of the optimal joint monetary and sectoral fiscal poli-
cies. Finally, fourth, the dimensions of sectoral heterogeneity introduced in the model
setup enter through different channels in the Government problem for the joint opti-

mal monetary and fiscal policies to be introduced next.

2 The Optimal Policy Mix under Sticky Prices

We now present our main theoretical result: the joint, time-consistent optimal mon-
etary and sectoral fiscal policies, based on a second-order approximation of house-
hold’s welfare and log-linearly approximated dynamics. The key result is that there is
a separation of roles: monetary policy focuses on aggregate stabilization while fiscal

policy stabilizes at the sectoral level.

2.1 Optimal Policy

We focus on time-consistent policy. A benevolent authority chooses sectoral inflation,
output and fiscal gaps to maximize the second-order approximation of welfare where

we abstract from terms independent of monetary and fiscal policy:

1 = Gc(l - Xk) ~ *x 7
max > ) B') ("A T+ (1+ @) i + kak2t> (2.32)
{7tk Gt fre =0 k

subject to, for all sectors k =1, ..., K, sectoral inflation dynamics characterized by equa-
tions (1.24), sectoral output gap dynamics by equations (1.25) and the sectoral infla-
tion definition in (1.26), in addition to the definition of consumption aggregate prices

in (1.27), aggregate fiscal gap in (1.28), aggregate productivity in (1.29) and aggregate

12



output gap in (1.31). The sectoral fiscal gaps {fi}3 , are direct policy instruments
while the nominal interest rate is implicitly chosen to implement the aggregation of
sectoral equations (1.23) given the definition of aggregate inflation in (1.30).

Appendix B solves for this objective function. It is a weighted sum of the sec-
toral contribution to welfare loss due to nominal price rigidity. Even though we allow
the sectoral composition of consumption and aggregate government demand to dif-
fer, the relative importance of sectors in welfare is given only by steady-state sectoral
size, px = Yx/Y. Note that no aggregate variable enters the welfare function, thus
stabilizing the aggregate inflation or output gap are not necessarily optimal targets.

The contribution to welfare of a sector k has three components, all of which depend
on sources of sectoral heterogeneity. The first component is the square of sectoral in-
flation capturing the inefficiency introduced by the intra-sector dispersion of prices
due to nominal price rigidity — implicit in Ay = (1 — a) (1 — Bay)/ag, which differ
across sectors. For instance, if a sector has fully flexible prices, there is no inefficient
price dispersion in that sector, i.e., Ay — oo and thus this component disappears. Inef-
ficient price dispersion affects the allocation of intra-sectoral household consumption,
which, in steady state has weight relative to public demand 1 — x;, another source of
sectoral heterogeneity, and depends on the intra-sectoral elasticity of substitution of
consumption 0y — yet also heterogeneous across sectors.

The second component of the objective function is the square of sectoral output
gaps capturing the inefficient variation in markups at the sectoral level — which in
turn depends on the sector-specific Frisch elasticity ¢, '. Finally, the third component
is the square of sectoral fiscal gaps encapsulating deviations in the provision of pub-
lic goods. The importance of this component in the objective depends on the also
sector-specific steady-state composition of private and public demand given by x;.

Sectoral heterogeneity also enters in the restrictions of the policy problem. The
Frisch elasticity ¢, ! affects the response of wages, so it enters in the sectoral Phillips
curves in (1.24), which slopes are given by A, and the effect of fiscal policy depends
on x;. Several sectoral composition coefficients, that differ for private and public de-
mand as well as for output, affect all other constraints. Notably, the heterogeneous
intra-sectoral elasticity of substitution of consumption 6 only enters in the objective
function.

Appendix C presents the detailed solution. The optimal sectoral fiscal rule pre-
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scribes that, in equilibrium,

Fr—— (1+e)(1 ‘|’/\k)y~* (= XK e -
kt T+ 1+ )M 78 14+ 1+ @A &

(2.33)

In words, disaggregated fiscal policy “leans against the wind" at the sectoral level
by being expansionary when sectoral output gap is negative and inflation is negative.
This is the case for a positive productivity shock in the sector but not for a sectoral
cost-push shock (also interpreted as a wedge or markup shock) which, as standard,
poses a trade-off between inflation and output gap, in this case at the sectoral level.

Equation (2.33) prescribes that sectoral fiscal policy is more aggressive in sectors
with stickier prices, inversely captured by Ay, where the government represents a
smaller share of sectoral steady-state demand xy, the intra-sectoral elasticity of substi-
tution 6y is larger and when the inverse-Frisch elasticity ¢y is larger. More stickiness
implies that sectoral inflation yields higher intra-sectoral price dispersion which af-
fects only private demand. Thus, when the share x; of government demand is larger,
price dispersion has smaller effect on welfare. In addition, larger 6y implies that a
given intra-sectoral price dispersion generates larger distortion and larger ¢y implies
a stronger response of sectoral labor supply. Moreover, in stickier sectors, the output
gap and inflation have stronger and weaker responses to shocks, respectively.

Turning to optimal monetary policy, the following condition holds

K00 (1— x) (1 + @) K+ r)
k P W Sk < 7 2.34

This is a variation of the usual aggregate “leaning against the wind” policy. If all
sources of sectoral heterogeneity are shut down, optimal monetary policy splits the
effect of shocks between aggregate inflation and the aggregate output gap. However,
in general, sectoral inflation and sectoral output gaps are not trivially weighted.

To see how monetary policy, aggregate in nature, and sectoral fiscal policy interact,
mixing equation (2.33) and equation (2.34) yields

K
L1+ 9 (810 = ) =0 (2.35)

If sectors were symmetric, the aggregate provision of public goods would not de-
viate from the first best. The optimal fiscal-monetary policy mix prescribes a perfect
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separation of roles: fiscal policy stabilizes at a disaggregated level and monetary pol-
icy stabilizes at the aggregate level. We provide intuition for this result in the next
subsection. In general, this result does not exactly hold as the sectoral weights of

government demand differ from those in (2.35).

2.2 Intuition

To set the stage, we start highlighting the trade-offs involved in the optimal policy

mix, first for the one-sector special case and then for the multi-sector economy.

Single-sector economy. Our model trivially collapses to a single-sector economy if
K = 1. This setup is equivalent to a multi-sector economy with aggregate shocks and
perfectly symmetric sectors.

The aggregate Phillips curve in equation (1.24) when K = 1 implies that divine
coincidence holds: for productivity shocks, monetary policy can fully stabilize aggre-
gate inflation, 71; = 0, and closing the (aggregate) output gap, 7 = 0, with no need of
fiscal policy to deviate from the first-best provision of public goods, f; = 0. Monetary
policy dominates fiscal policy as stabilization tool in this case because the latter does
not enjoy a divine coincidence: The fiscal policy that sets 77; = 0 in equation (1.24) is
inconsistent with 7; = 0 in equation (1.23) when K = 1 if monetary policy remains pas-
sive, i; = 0. Intuitively, government demand can engineer the same nominal aggregate
demand expansion as monetary policy but, as it crowds out consumption, it affects

labor supply, and thus it yields a different response of inflation and the output gap.

Multi-sector economy. We now consider a multi-sector economy, that is, K > 1. If
monetary policy were the only stabilization instrument with fi; = 0 for all k, then the
aggregation of sectoral Phillips curves in equation (1.24) implies that divine coinci-
dence breaks down. Instead, a modified version of divine coincidence applies, exten-
sively shown in different contexts in the literature (Rubbo, 2023; Afrouzi et al., 2024,
for example). In our setup, the aggregation of equation (1.24) implies that monetary
policy alone can close the aggregate output gap, 7; = 0, if it targets an inflation index

K /\—1
DC _ k Mk
=1 Lk=1Me Mk
which gives higher weight to sectors with stickier prices, i.e., those with larger ex-
pected output gaps. However, inflation 71; relevant for households is not stabilized
under this monetary policy rule; sectoral inflation and sectoral output gaps are not
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stabilized either. This is where sectoral fiscal policy can play a complementary role:
unlike aggregate monetary policy, sectoral fiscal policy can be tailored at the required
disaggregated, in this case, sectoral level.

As in the single sector economy, fiscal policy does not enjoy an “aggregate divine
coincidence”. As such, it is a complement and not substitute of monetary policy. Fis-

5 To see this

cal policy does not enjoy a “disaggregated divine coincidence” either.
point, note that the fiscal rule that sets 713, = 0 in equation (1.24) is inconsistent with
7k = 0 in equation (1.23) for all sectors k for any monetary policy rule. The intuition
is the same as in the single sector economy above: to deal with productivity shocks,
pure sectoral nominal demand management is required, which is unfeasible for fiscal
policy as it affects labor supply. Therefore, the first best is not attainable. Yet, disag-
gregated fiscal policy can improve outcomes by deviating from first-best government

demand when jointly working with monetary policy. This is what we turn to next.

3 Empirical Evidence

This section provides evidence that a disaggregated stabilization role for government
demand is plausible empirically — suggesting that optimal policy and its implications
are more than just abstract theoretical possibilities. We first motivate that government
demand is flexible and rich enough to play such a role by referring to Cox et al. (2024).
Second, we present empirical evidence that the sectoral allocation of government de-
mand is indeed broadly consistent with the optimal sectoral fiscal policy in equation
(2.33). The latter finding is remarkable if not surprising because, in practice, the allo-
cation of government demand follows an involved decision-making process that may

not align with our simple model.

3.1 Government demand is flexible

Based on the insights in Cox et al. (2024), government appears flexible and disaggre-
gated enough to potentially play a stabilization role at the sectoral level.® Cox et al.
(2024) use the universe of U.S. federal procurement contracts from USASpending.gov

to establish two facts that provide validity in this regard:

1. Although federal procurement—the purchases of goods and services conducted by the U.S.

5Appendix D shows that divine coincidence, at aggregate and disaggregated levels, does hold for
sectoral fiscal policy if frictionless output is inefficient due to suboptimal fiscal policy.
®More detail about the sources, features of and cleaning of these data can be found in Cox et al. (2024).
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federal Government—corresponds to only 16 percent of total government spending, it ac-
counts for half of the variation of the growth rate of total government spending. Conceptu-
ally, procurement is the component of government spending that directly speaks to the way
that government spending is typically introduced in macro models. In addition, procure-

ment is the most flexible component at the aggregate level.

2. Most of the variation in federal procurement is idiosyncratic across sectors. This fact sug-
gests the presence of large sectoral reallocation of government spending period by period.
If instead this sectoral government demand were in fixed proportions, it would suffice to

model aggregate government demand.

The other three facts Cox et al. (2024) document are: (i) the government conducts
its purchases in competitive auctions in segregated markets relative to private agents.
This fact is the reason why the government in our model directly decides its real de-
mand in a setup in which procurement prices play no role, as discussed above; (ii)
duration of contracts that guide the persistence of fiscal shocks at the firm and sec-
toral levels — we abstract from such shocks in the paper at hand; (iii) distinct sectoral
composition of government demand relative to private demand. We incorporate this

fact in numerical exercises presented in section 4.

3.2 Government demand indeed plays a stabilization role

The sectoral allocation of government demand is indeed broadly consistent with the
optimal sectoral fiscal policy in equation (2.33), which postulates a correlation of sec-
toral government demand with sectoral inflation and sectoral output gaps. Note that

after rearranging equation (2.33), we can write the sectoral fiscal gap as:

. ¢ 00— xp)
S T A+ o) T T+ (1t g)A,

such that government demand is expansionary relative to the first best when the sec-
toral output gap and/or sectoral inflation are negative. In contrast, an expansionary
fiscal shock yields a positive correlation to both sectoral inflation and output gap, be-
cause it increases labor costs, pushing up inflation in the sector, whereas price sticki-
ness generates an expansion in sectoral output relative to its frictionless counterpart.
Therefore, negative estimated parameters are indicative of a stabilization role behind
the allocation of sectoral government demand.

With this logic in mind, we estimate the reduced form counterpart of equation
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(3.2), specifically:
Skt = Mk + vt + P1lke + 27Tkt + Vi

Importantly, we are not attempting to identify a causal effect, but instead to put a
sign on the correlations represented by B; and ;. This is because equation (3.2) is an
equilibrium condition. Thus, we estimate variations of equation (3.2) by OLS and by
an instrumental variables approach. We construct all variables at the NAICS 4-digit
industry level, at a quarterly frequency. Sectoral government demand is computed
from the federal procurement data from USASpending.gov from 2001 to 2019.” We
calculate sectoral inflation using the confidential microdata data used by the Bureau
of Labor Statistics (BLS) to construct the Producer Price Index (PPI), whereas for out-
put we use sales reported by publicly listed U.S. firms in each sector, obtained from
Compustat. We deflate both the government contracts and sales series using sectoral
PPI. We also add sector and time fixed effects, respectively denoted as 7 and <, and
weight the regressions by average annual sectoral government spending.

In the model, sectoral government demand and sectoral output in equation (3.2)
are expressed as log gaps from frictionless counterparts, which are unobservable. We
therefore estimate the baseline regressions with various proxy variables to show the
robustness of the estimates and report the results in Table 1. Regardless, a very consis-
tent message arises from the estimation results: Column (1) shows results when the
sectoral government demand and output gaps are approximated by log-deviations
from HP-filtered series with the conventional smoothing parameter of 1600. Consis-
tent with the model, the estimated coefficients are both negative and highly signifi-
cant, as prescribed in equation (3.2). In column (3), the specification exploits the result
from the model that frictionless sectoral government demand is a fixed proportion
of sectoral output, so the sectoral fiscal gap does not depend on its frictionless coun-
terpart up to a constant. Thus, we use the sectoral fiscal gap, f;, as the dependent
variable in results reported in column (3): once again, parameters are negative and
significant.

In columns (2) and (4), we show that the results continue to hold when we estimate
the same specification, but include sectoral TFP shocks as controls. The inclusion of
this variable exploits the property in our model that frictionless government demand

and output are functions of productivity shocks. To calculate a proxy for productivity

"The start of the sample is determined by data availability, and we choose the end of the sample to
alleviate on concerns arising due to the COVID-19 period.
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Table 1: Sectoral Relationship between Government Demand, Output and
Inflation

OLS v
(Ir)2-5(1r)6-7 (1) 2) 3) 4) ®) (6)
Skt Skt fre fre Skt fe

Vit -0.113**  -0.120%** -1.416*** -1.425*** -(0.348*** -1.428***

(0.032) (0.032) (0.043) (0.044) (0.093) (0.122)
TTkt -0.011*** -0.011***  -0.007* -0.007* 0.002 -0.004

(0.002) (0.002) (0.003) (0.003) (0.007) (0.009)
TFP (Cyclical) 0.074* 0.087

(0.037) (0.050)

Observations 8954 8953 8954 8953 8389 8389
R? 0.242 0.243 0.930 0.930 — —

Note: All regressions contain time (year x quarter) and sector (NAICS 4) fixed ef-
fects and are weighted by sectoral government spending. In columns (1), (2), and
(5), the dependent variable is log g;;. In columns (3), (4), and (6), the dependent
variable is log fee = log git — logy;;. The instruments for column (5) and (6) are
constructed by estimating regressions of the type Xy; = Bo + Y« B1xDx X Zt + €x
where Xy; € (xt, 7xt), Z¢ denotes one of the exogenous shocks, and instrumen-
tation uses predicted Xy;. This procedure is based on the baseline specification
in Nakamura and Steinsson (2014). The partial R?s for the excluded instruments
are between 14 and 15 percent for each endogenous variable. Because our
specification relies on such a large number of instruments (one per industry x
exogenous shock), the Stock and Yogo (2005) F-Statistic is roughly 3.5 for each
endogenous variable.

in period ¢ for industry k, we aggregate firm-level estimates of TFP, which we calcu-
late using Compustat data, to the sector level. Specifically, we estimate firm-level TFP

as the protoptyical Solow residual, ¢;;, of the following specification:
log(yit) = 0i + o + allog(kir—1) + al log(ni) + eit,

where y;; denotes the real sales of firm i in sector k in quarter ¢, k;;_; denotes its real
capital stock, and n;; denotes its employment. We include firm and time fixed effects,
0; and ¢;. We construct firms’ real capital stock from Compustat data on the change
in gross property plant and equipment (PPE) and net investment. Columns (2) and
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(4) of Table 1 report results with the TFP control for specifications with gy; and fi; as
dependent variables, respectively. The estimated parameters are again negative and
significant, though slightly less so for inflation.

Finally, as columns (5) and (6) show, results of an instrumental variables approach
align with the results from the other specifications. Here, our goal is to use instru-
ments for both #;; and 7ty that are not correlated with sectoral productivity shocks.
We have two endogenous variables so the analysis requires at least two instruments.
We borrow three shocks from the literature that have been identified as exogenous
shifters of output and inflation: a monetary policy shock—specifically, the 30-minute
change in expectations of the Federal Funds rate around FOMC meetings from Acosta
(2023); a credit shock—specifically, the excess bond premium measure from Gilchrist
and Zakrajgek (2012); and oil supply shocks from Kénzig (2021).% To use these aggre-
gate shocks to instrument for sectoral variables, we follow Nakamura and Steinsson
(2014) such that the independent variable is the aggregate shock interacted with an
industry dummy. Hence, in a first stage we regress industry output on the aggregate
shock and fixed effects, allowing industry outcomes to vary differently with the three
shocks. We then use the fitted values as an instrument in the second stage. With
this approach, we can no longer estimate the coefficient on inflation precisely, but the
negative coefficient on output is robust also in this IV setting, again consistent with a
sectoral stabilization role for fiscal policy.

A different possible concern may arise from the fact that the sectoral fiscal rule
in equation (2.33) is conceptually similar to a Taylor rule. Thus, a standard issue in
the estimation of Taylor rules may also apply in our context: shocks to the rule could
affect parameter estimates. We believe this concern is small in our setting for two
reasons. First, Carvalho et al. (2021) shows the bias obtained from OLS estimation
of Taylor rules is rather small. Second, as the response of both sectoral inflation and
output gap are positive to an expansionary sectoral fiscal shock, the potential bias is
likely upwards. As our estimated parameters are negative, this potential bias there-
fore does not affect our conclusion that our results provide suggestive evidence that
government demand does play a stabilization role at the disaggregate level broadly
consistent with the optimal sectoral fiscal policy rule.

Relation with price stickiness. Pastén et al. (2020, 2024) show that sectors in U.S.

data differ in their frequency of price changes. The optimal sectoral fiscal rule in (2.33)

8We can exactly identify or overidentify the specification and obtain similar results.
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Table 2: Sectoral Relationship and Price Stickiness

OLS WY
(Ir)2-3(1r)4-5 Skt frr Skt frr
Flex X yy 0.232%** -0.887%** -0.232 -1.327%**
(0.058) (0.078) (0.135) (0.179)
Sticky X vy -0.255%** -1.606*** -0.585%** -1.683***
(0.038) (0.051) (0.139) (0.184)
Flex x 7ty -0.011*** -0.020%** 0.008 0.005
(0.003) (0.004) (0.007) (0.010)
Sticky X 7Ty -0.017*** 0.018** -0.1271%** -0.157***
(0.004) (0.006) (0.026) (0.034)
Observations 8954 8954 8389 8389
R? 0.247 0.931 -0.066 0.038

Notes: All regressions contain time (year x quarter) and sector (NAICS 4) fixed effects
and are weighted by average sectoral government contracts. In columns (1) and (3), the
dependent variable is the cyclical component of log g;;. In columns (2) and (4) is log gi; —
logy;;. A “sticky” sector is defined as a sector in which the frequency of producer price
adjustment is below the median of all 4-digit sectors. The instruments are constructed by
estimating regression of the type Xy = Bo + Y« B1xDx X Zt + €x; where Xy; € (frt, Tht), Zt
denotes one of the exogenous shocks, and instrumentation uses predicted Xt

prescribes a stronger reaction to sectoral output gaps and sectoral inflation in “stick-
ier” sectors. We explicitly take this source of heterogeneity into account by dividing
sectors into sticky and flexible sectors using data on the frequency of price adjustment
calculated from the confidential micro-data underlying the BLS producer price index.
We define a sector to be a “sticky” sector if it is characterized by a below-median fre-
quency of price adjustment. Doing so confirms the role of optimal fiscal policy in line
with the mechanisms at work in the model: Table 2 shows that the estimated coeffi-
cients are negative, significant, and larger in magnitude for “sticky” sectors relative
to more flexible sectors. This result holds for both our OLS and instrumental-variable
specifications, and across alternative dependent variables, either sectoral government
demand, gy; or sectoral fiscal gaps, fi;. In particular, it holds in the sticky price sectors
—aligning with the New Keynesian intuition of effectiveness of government spending

in sectors in which pricing frictions are present.

21



4 Implications

This section highlights the implications of the optimal mix of monetary and sectoral
tiscal policies for inflation targeting and aggregate fiscal policy. To do so, we rely on a
calibrated version of our model for the U.S.

Two main results arise: First, divine coincidence approximately holds as zero-
inflation targeting yields small welfare losses relative to the optimal monetary policy
when sectoral fiscal policy is optimally conducted in both cases. At the same time, our
exercise shows that targeting a standard inflation index results in central banks having
to deal with seemingly large and volatile cost-push shocks as interpreted through the
lens of an aggregate Phillips curve. Second, our optimal monetary and fiscal policy
mix naturally prescribes a mild cyclicality of aggregate government demand, a feature
observed in U.S. data and often interpreted as fiscal policy not playing a stabilization
role. We show that it does, just not at the aggregate but rather at the disaggregated

level.

4,1 Calibration

The model is monthly, so § = 0.997. The inverse-Frisch elasticity is set at ¢ = 4, as
in Chetty et al. (2011). Steady-state government total demand as share of GDP is
X = 18.5% as in Cox et al. (2024). The persistence of productivity shocks is p = 0.85. For
steady-state sectoral shares of private consumption, we calculate the sectoral value-
added shares using the “Use Table” from the Bureau of Economic Analysis (BEA)
Input-Output accounts. Specifically, we calculate the average share for 121 NAICS
4-digit sectors between 2007 and 2012—the years in which the input-output table is
available at its most disaggregated level. Sectoral shares of government demand are
calculated as the share of government procurement contracts allocated to each NAICS
4-digit sector, also an annual average across 2007 and 2012 to match private consump-
tion shares. The government procurement data come from USASpending.gov. Lastly,
to calculate the sectoral degree of nominal price rigidity, we utilize the frequency of
producer price changes derived from the micro data that underlie the construction of
the Producer Price Index (PPI) by the Bureau of Labor Statistics (BLS), as in Pastén et
al. (2020, 2024).
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4.2 Divine coincidence

A well-established result is that time-consistent optimal monetary policy to deal with
productivity shocks in disaggregated economies deviates from targeting zero infla-
tion. If sectors are all identical and productivity shocks are aggregate, such that the
modelling a multi-sector economy is immaterial, monetary policy can achieve the first
best by targeting on zero inflation as it also closes the aggregate output gap — the so-
called “divine coincidence". However, this result does not hold when either sectors re-
spond differently to aggregate shocks, for instance because of heterogeneous degrees
of nominal price rigidity, and/or if productivity shocks are idiosyncratic. Optimal
monetary policy does not attain the first best, and to close the aggregate output gap it
needs to target a modified aggregate inflation index that gives more weight to sectors
with stickier prices.

When revisiting these results in a disaggregated economy in which monetary pol-
icy is coupled to sectoral fiscal policy, our analysis recovers divine coincidence in the
sense that inflation targeting is quantitatively approximately optimal for our model
calibration to the U.S. economy. To establish this result, our analysis runs simulations
for four alternative policy schemes under four alternative parametrizations, shown
in Table 3 by combinations of columns (policy schemes) and rows (parametrizations).
The baseline exercise is shown in column (1) and the first row in each block of Table 3.
Here, we assume jointly optimal monetary and sectoral fiscal policy, as prescribed in
equations (2.33) and (2.34), under a parameterization that sets the sectoral frequency
of price changes and the sectoral composition of private and government demand
consistent with U.S. data.

Column (2) assumes optimal monetary policy consistent with equation (2.34), whereas
sectoral fiscal policy is “passive”, that is, fkt = 0 for any k. Column (3) assumes mon-
etary policy targets zero-inflation, whereas sectoral fiscal policy is consistent with
equation (2.33). Finally, column (4) assumes monetary policy targets zero inflation,
whereas f; = 0 for any k. Each policy scheme is evaluated under the baseline parameterization—
shown in the first row of each block in Table 3—and three alternative parameteriza-
tions. In the second row of each block, we assume an equal sectoral composition of
public and private demands in steady state; in the third row, we assume an identi-
cal frequency of price changes for all sectors; and in the fourth row, we assume both.
These alternative parameterizations allow us to study which of the sectoral features

that we allow to vary across sectors are most relevant.
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Table 3: Variance Multipliers and Welfare Loss of Sectoral Productivity Shocks

1) () €) (4)
Policy mix: i, i it frie =0 =0/, m=0f=0
Variance of aggregate inflation and output gap, var(7;),var(ij;)
(8) &, Wk, Wk 0.14%, 0.35%  0.35%,0% 0%, 1.7% 0%, 7.8%
(b) &y, Wi, = W 0.08%,0.21%  0.33%,0% 0%, 0.81% 0%, 4.4%
(0) ax = &, Wer, Wk 0%, 0% 0.16%, 0% 0%, 0.07% 0%, 0.95%
(d) ax = & we = Wex 0%, 0% 0%, 0% 0%, 0% 0%, 0%
Average variance of sectoral inflation and output gaps, var(my;), var (k)

(a) &k, Wk, We 14.6%,53.9% 17.9%,117% 14.5%,55.8%  17.7%, 127%
(b) &, Wer = W 9.1%, 16.1%  17.9%,116%  9.0%, 16.7%  17.5%, 120%

() = &, Wepwor  11.3%,25.7% 13.2%,78.6%  8.8%,35.2%  13.1%, 77.6%
(d) 4y = @, wer = W~ 5.1%,42%  12.5%,74.5%  5.1%,42%  12.5%, 74.5%

Per-period welfare loss

(a) &g, Wek, Wk 2.8 4.7 3.1 6.3
(b) ag, wer = wek 2.8 4.4 29 4.6
() ax = &, Wk, Wk 2.2 4.3 2.5 4.5
(d) ap = &, wegr = wek 2.8 34 2.8 34

Note: This table reports variance multipliers of aggregate inflation and output gap
(first block), the simple average of variance multipliers of sectoral inflation and
output gap (middle block) and per-period welfare (bottom block). Columns report
results for four alternative policy schemes: (1) optimal monetary and sectoral fiscal
policies mix, (2) optimal monetary policy and passive sectoral fiscal policy, (3) zero-
inflation targeting and optimal sectoral fiscal policy and (4) zero-inflation targeting
and passive sectoral fiscal policy. Rows in each block report results four alternative
calibrations: (a) baseline calibration with Calvo parameters matching the sectoral
average frequency of price changes in U.S. data and steady-state sectoral composi-
tion of private and public demand match U.S. data, (b) when only Calvo parameters
match sectoral frequency of price changes in U.S. data and equal sectoral composi-
tions of private and public demand are assumed, (c) when Calvo parameters match
the overall average of frequency of price changes in U.S. data and steady-state sec-
toral composition of private and public demand match U.S. data, and (d) when when
Calvo parameters match the overall average of frequency of price changes in U.S.
data and equal sectoral compositions of private and public demand are assumed.
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Table 3 and all following tables report “variance multipliers”, which map the vari-
ance of shocks into the variance of the respective variable. Thus, for instance, if the
variance multiplier of endogenous variable X; is one, then its variance equal that of
productivity shocks, which are assumed the same for all sectors.

The main takeaway in Table 3 is that the optimal monetary and sectoral fiscal poli-
cies approximately recover divine coincidence. We start, in the first block of Table
3, reporting the variance multiplier of aggregate inflation and the aggregate output
gap. Column (1) reports that, under the optimal policy mix, the variance multiplier of
aggregate inflation is 0.14% and of the output gap is 0.35%. In words, as stressed in
Section ??, the optimal mix of monetary and sectoral fiscal policies does not attain the
first best.

In turn, if sectoral fiscal policy is passive (fi; = 0), first row in column (2), the op-
timal monetary policy closes the aggregate output gap. Notice this result holds even
when the aggregate output gap does not explicitly enter in sectoral marginal costs.
To do so, monetary policy targets the modified aggregate inflation index in equation
(2.36) such that aggregate inflation has a variance multiplier of 0.35%. The first row
in column (3) reports that an optimal sectoral fiscal policy coupled with zero-inflation
targeting yields a variance multiplier of the aggregate output gap of 1.7% — higher
than the 0.35% reported in the first row of column (1). Finally, comparing the first row
of columns (3) and (4) shows that optimal sectoral fiscal policy contributes to decreas-
ing the variance multiplier of the aggregate output gap under zero-inflation monetary
policy: if fiscal policy is passive, the variance multiplier of the aggregate output gap
is 7.8%.

The first row of the second block of Table 3 reports the simple mean of the variance
multipliers of sectoral inflation and output gaps under our baseline calibration. Un-
surprisingly, the joint optimal monetary and fiscal policy setup, in column (1), is the
one that delivers the lowest mean of the sectoral variance multipliers, 14.6% and 53.9%
for sectoral inflation and output gaps, respectively. What is perhaps more surprising
is that, under the optimal sectoral fiscal policy, zero-inflation targeting in column (3)
gets very close, respectively to 14.5% and 55.8%. We confirm this result when com-
puting per-period welfare losses, shown in the third block of the Table. Welfare losses
are 2.8% for the optimal mix of monetary and fiscal policy—column (1)-and 3.1% for
zero-inflation monetary policy and optimal fiscal policy—column (3). Still focusing
on the baseline calibration (first row), columns (2) and (4) of the second and third

blocks, show that a passive sectoral fiscal policy has a strong effect on the volatility of
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sectoral inflation and sectoral output gaps regardless of whether monetary policy is
acting optimally in column (2) or targeting zero inflation in column (4).

Looking at alternative parameterizations reported in rows 2-4 in all blocks of Ta-
ble 3, results indicate that sectoral bias in the steady-state composition of private and
government demand has a stronger impact on the welfare loss than heterogeneous

frequency of price changes across sector.

4.3 Cost-push shocks

As stressed by Rubbo (2023) in the context of production networks with no fiscal pol-
icy, the aggregation of sectoral Phillips curves yields an additional term akin to an
aggregate cost-push shock even when with only productivity shocks at the sectoral
level. Although our economy does not have input-output linkages, qualitatively, the
same result arises when any source of sectoral heterogeneity makes aggregation not
trivial — input-output linkages is one of them, but a similar result arises from nomi-
nal price rigidities and the unequal composition of private and government demand.
We now explore the implications of optimal sectoral fiscal policy over this “aggre-
gate cost-push shock” when monetary policy is optimally set versus when it follows
zero-inflation targeting.

Aggregating the sectoral Phillips curves in equation (1.24) using equations (1.30),
(1.28) and (1.31), and defining A = YK | wy Ay yields:

7ty = PBEmtiq + A [(1 — @)t — X*ft] + U,

where uy = Y waw i [(1— @)t — X fir] — A[(1— @)§: — x* fi] . Table 4 reports
the variance multiplier of u; for all four monetary and sectoral fiscal policies mixes
we report in Table 3, as well as all four alternatives for the setup of sectoral nominal
price rigidity and the sectoral composition of private and public demand.

When all sectors are symmetric, the aggregate cost push shock is trivially zero, as
reported in the last row of Table 4 and can be verified in the definition of u; above.
When the only source of sectoral heterogeneity is the sectoral composition of private
and public demand, reported in the third row of Table 4, the aggregate cost push
shock is almost zero for all policy mixes we analyze. Thus, although it theoretically
can generate a so called “aggregate cost push shock" u;, the sectoral composition of
private and public demand, alone, has little quantitative force. In turn, when sectors

only differ in their degree of nominal rigidity, reported in the second row of Table 4,
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Table 4: Variance Multiplier of Aggregate Cost-Push Shock

(1) 2) (©) (4)
Policy mix: ir, i i, fir =0 =0, i =0,fiy=0
(@) &k, Weks Wk 0.35% 0.14% 0.89% 7.1%
(b) &k, wek = Wek 0.08% 0.07% 0.12% 3.3%
(€) tk = &, Wk, Wk 0% 0.03% 0% 0.03%
(d) & = &, wgr = wWek 0% 0% 0% 0%

Note: This table reports the variance multiplier of an aggregate cost-push shock u;.
Columns report results for four alternative policy schemes: (1) optimal monetary and
sectoral fiscal policies mix, (2) optimal monetary policy and passive sectoral fiscal policy,
(3) zero-inflation targeting and optimal sectoral fiscal policy and (4) zero-inflation target-
ing and passive sectoral fiscal policy. Rows report results four alternative calibrations:
(a) baseline calibration with Calvo parameters matching the sectoral average frequency
of price changes in U.S. data and steady-state sectoral composition of private and public
demand match U.S. data, (b) when only Calvo parameters match sectoral frequency of
price changes in U.S. data and equal sectoral compositions of private and public demand
are assumed, (c) when Calvo parameters match the overall average of frequency of price
changes in U.S. data and steady-state sectoral composition of private and public demand
match U.S. data, and (d) when when Calvo parameters match the overall average of
frequency of price changes in U.S. data and equal sectoral compositions of private and
public demand are assumed.

the aggregate cost-push shock becomes somewhat stronger.

We report the main result in this subsection in the first row of Table 4. When
both sources of sectoral heterogeneity are present, the variance multiplier of u; is the
largest. This reflects a reinforcing effect between the two sources of sectoral hetero-
geneity we consider, nominal price rigidity and the composition of public and private
demands. The first row of Table 4 shows that optimal monetary policy has a strong
effect on reducing the variance multiplier of u; relative to a zero-inflation policy —
compare columns (1) and (2) with columns (3) and (4). In turn, the optimal sectoral
fiscal policy increases the variance multiplier of u; when monetary policy is optimal —

compare first row, columns (1) and (2) — but reduces the variance multiplier of u; for
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a zero-inflation monetary policy — compare first row, columns (3) and (4).

4.4 Cyclicality of aggregate government spending

Finally, our analysis offers a new perspective on the cyclicality of aggregate govern-
ment demand. In doing so, we also compare the implications of the optimal monetary
and sectoral fiscal policy mix to the implications of a zero-inflation monetary policy
and optimal sectoral fiscal policy.

A well-documented fact is that government spending is largely acyclical in ad-
vanced economies (see, for instance, Talvi and Vegh (2005)). In contrast, the basic
theory of the optimal provision of public goods, as pioneered by Samuelson (1954),
implies pro-cyclicality by equalizing the marginal willingness to pay for the public
good and its marginal rate of transformation. In our setup, with additive separabil-
ity in preferences between consumption, leisure and public goods as well as lump-
sum taxation, the optimal provision of sectoral public goods in the first best is a fixed
proportion of sectoral output, and thus, indeed, perfect pro-cyclicality at the sectoral
level arises. Yet, in our fully calibrated baseline model, the correlation between aggre-
gate output and government demand is lower, 0.62, when both monetary and sectoral
fiscal policies are optimal and 0.43 when monetary policy targets zero inflation and
sectoral fiscal policy is optimal. The following discussion highlights the key features
that generate such mild aggregate cyclicality despite the perfect pro-cyclicality at the
sectoral level in the first best.

Two ingredients are key for this pattern: the unequal composition of aggregate
output and government demand, and the stabilizing role of disaggregated fiscal pol-
icy. Under the optimal monetary and fiscal policy mix, government demand must
satisfy the condition in equation (2.35) which, for convenience, we reproduce here
after some algebra to facilitate the discussion:

K K
Z Wk8kt = Z Wikt
k=1 k=1

where gi; and gy, denote actual and first-best sectoral government demand, and [u k];lle
are steady-state sectoral shares of aggregate output. This result stems from the opti-
mal separation between monetary policy and fiscal policy as aggregate and disaggre-
gated stabilizers, respectively. Note that, in general, the log-linear approximation of

aggregate government demand weights sectors by its steady-state sectoral composi-
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tion denoted by [wg] K- If the sectoral composition of private and public demand
are the same, then iy = wyy for all k. As the Samuelson (1954) rule implies in our
setup that gy = ¥k, that is, perfect sectoral pro-cyclicality in the first best, and output
aggregates sectors by [i]X . Aggregate government demand in this case is perfectly
correlated with first-best aggregate output.

However, if ji; # wyy, this correlation between aggregate government demand and
tirst-best output can be lower, amounting to 0.73 in our baseline calibration — which
accounts for the long-run sectoral composition of private and public demand in the
U.S.. Then, the correlation with actual output can be even lower depending on the
optimal sectoral fiscal policy rule in equation (2.33), also reproduced here after some

algebra as follows:

. @ o 00— xp)
Skt =8 T T A o)A T T E (L @)Ae

where #i; denotes the sectoral output gap, 71x; denotes sectoral inflation and Ay =
(1 — o) (1 — Bag)/ ay is decreasing in Calvo parameters ay. In the U.S., aggregate gov-
ernment demand is tilted to stickier sectors relative to private demand (Cox et al.,
2024). Hence, aggregate government demand puts higher weight than aggregate out-
put to sectors in which fiscal policy has on average larger deviations from the first
best. In turn, those are also the sectors in which idiosyncratic productivity shocks
yield larger output gaps. As a result, the correlation of aggregate output and govern-
ment demand is 0.62 in our baseline calibration.

If instead monetary policy targets zero inflation, this correlation is 0.43 in the base-
line calibration, because in this case the optimal sectoral fiscal rule implies even larger
deviations of government demand at the sectoral level as well as larger volatility of
the aggregate output gap. This effect further lowers the correlation between output
and government demand. A perhaps interesting observation is that, in contrast to
results under the optimal policy mix, here, the unequal composition of private and
government demand and the sectoral heterogeneity in nominal price rigidity do not
reinforce each other in lowering aggregate pro-cyclicality. In our numerical exercises,
if we assume pi; = wgy and calibrate sectoral Calvo parameters to match the average
sectoral frequency of price changes in the U.S., the correlation of aggregate govern-
ment demand with aggregate output only is 0.20.

These mechanisms do not fully explain the acyclicality observed in U.S. data: The

correlation between GDP and aggregate real purchases of the federal U.S. govern-
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ment, based on our procurement data, both at quarterly frequency, in logs, detrended
and seasonally adjusted, is —0.05; likewise, the correlation of GDP with Government
Consumption Expenditures and Gross Investment, both obtained from National In-
come and Product Accounts (NIPA) is 0.19 for the longest sample available, for 1947
to 2023. Still, the pro-cyclicality we obtain is quite mild considering the perfect pro-
cyclicality at the sectoral level in the first best. This perfect pro-cyclicality also holds at
the aggregate level when prices are sticky and monetary policy is optimal if all sectors
are identical, a corollary of divine coincidence. Hence, disaggregated stabilization is

key for aggregate fiscal policy to align theory and data.

5 Conclusion

A common recommendation for monetary policy when shocks are disaggregated and /or
sectors are heterogeneous is to target an inflation index that gives higher weight to
sectors with larger deviations from efficient output. We revisit this conclusion when
sectoral government demand is used as a stabilization tool in a conventional multi-
sector New Keynesian model, deriving several new insights.

The optimal mix of monetary and fiscal policy takes a simple form: monetary
policy takes care of aggregate stabilization, whereas sectoral fiscal policy focuses on
sectors. Specifically, we derive an optimal fiscal rule which characterizes optimal sec-
toral government spending. Optimal monetary policy deviates from a zero-inflation
target, and both monetary and sectoral fiscal policy give higher weight to sectors in
which a given shock yields larger deviations of output from efficient levels. However,
numerical exercises show that the deviation of optimal monetary policy from a zero-
inflation target is quantitatively small relative to a case when monetary policy is the
only stabilization tool. In line with our optimal fiscal rule, we find that the relation-
ship of sectoral government demand, sectoral inflation and sectoral output implied
by the model is broadly confirmed in the U.S. data.

Finally, we show that aggregation of sectoral Phillips curves yields an extra term
akin to an aggregate cost-push shock that is much more volatile under monetary pol-
icy targeting zero inflation than under its an optimal rule. We also show that a mild
cyclicality of aggregate government demand is not inconsistent with the optimality of
fiscal policy playing a stabilization role; it just does so at a disaggregated level. Future
work may be able to fine-tune the alignment of the model predictions with the data,

for example by incorporating the role of the zero-lower bound for monetary policy or
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by incorporating alternative taxation schemes relative to the lump-sum taxes in our

analysis.
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A Steady-State Solution

We focus on a symmetric steady state at the firm level with all firms setting the
same prices P (j) = P. Then, from equations in (1.6), Py = P. = P. Further, using the
convention that Ay =1, the optimal pricing rule is such that

O

n
P = Olii—lMCk = Wk

once we impose the proper subsidy 7 to offset markups in the steady state. This result
implies that sectoral wages should be all equal in the steady state, which is confirmed
by the household’s first order condition on leisure in (1.7) after imposing vy = p, **
since Wy only relates to aggregate variables. These two latter results together with
(1.17) yield

C=1—yx

such that (1.5) solves Cx = we(1 — x). As (1.17) implies Y = 1, the aggregation of
(1.13) implies G = x. Further, the efficient allocation in (1.16) implies Gy = wgx. Fi-
nally, constant consumption and prices imply from (1.3) that I = g~ 1.

B Welfare function
Per-period household utility is given by

14k
Uy = (1— x)logC + xlogG; — —kt
& 8 ;1+(Pk

In the following we obtain second-order expansions for all its components. First,
putting together the flow utility function of consumption with the Cobb-Douglas ag-
gregator of sectoral consumption yields

]Og Ct = chk log th

Since xx may be interpreted as the optimal share of sectoral real public consump-
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tion on sectoral production, the second-order Taylor expansion of the flow utility of
consumption is’

Xk

_ ~ _ 1 _ 1 )
log Gy = log(Yit — Git) = log [(1 — xx) Y] + _Xk(ykt Xk8kt) 2(1_Xk)2(gkt Yie)™

1
Using definitions §x = yx; — Jx and $r = Skt — ke, yields that Qg — v = (S —
Uke) + (St — Tre) — (8k — Yk) = St — e yields

1

1 N - )
log Cyy ~ q(ykt - ngkt) - iuj(#)z(gkt - ykt)Q + t.i.p.

where the t.i.p. are constants and third order and above terms that are ignored in the
Taylor expansion. Aggregating across Cy;,

1 L .
log C; ~ chk< (ke — ngkt)_z(l_Xk)z(gkt_ykt)z>+t-l-]9. (B.37)

Xk

Second, for public consumption, the second order Taylor expansion is
1, 1, .
log Gyt = 1og G + (8kt + 58kt) — 58k = 8t + LL-p.

log Gt ~ Y " weikt + Li.p. (B.38)
k

Third, to obtain the second-order expansion of disutility of labor, we start from
disutility in each sector
1+
Vkat P

~ e |n +1(1+ yn2,| 4t

where we have used that vy = N, 1= and that Nj = yg. In turn, working hours in

sector k is the aggregation across all firms in set J

1 . AT g th Pt (j) B Gt
N = / Ne(j)d / Cr(7) + Gy ()] d / < dj 4+ 2K
kt i€l i) = Agr ]Gfk[ () wli)]dj = At Jie \ Py I Axt

which log-linearization is

ket ™ Tt — e + (1 — Xi) 2kt = Jrr + (1 — Xk) 2kt

. —f¢ c
for Zy = f].e]k (%}fp) kdj such that zy; = log Zy; ~ %var{pkt (j)} is a second order

term around a steady state with zero inflation. Then, since z, ~ 0 and p; = (1 —

2
9 th ~ X Xe 1 (X=X )T XXk 1,2
Here, we use xi; = log % X X ~ % 5 X4
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X)wck + Xwgkr

1+ i
VieNig j 1 La 72 '
Z 1+ (Pk ; X)Wk + xwgk] | Tre + (1 — Xk)zke + 5( + @)k | + LD
(B.39)
Using (B.37), (B.38) and (B.39), the per-period utility can be written as
1+¢
Vkat
U= (1—x)logCs + xlogG; — y ——
& gt ; 1+¢
L Xk s o 12
chk < ykt Xk8kt) — Em(gkt — Jkt) )

. 1 . .
+ szgkgkt — Z (1= x)we + Xwgk] <ykt + (1= xi)zie + 5(1 + q’k)yit) +tip.
3 k

Since (1 — X)wcklfﬁ = XWgk, the terms gj; cancels out in the utility. Furthermore,

since (1 — X)wcklfﬁ = Xwg + (1 — X)wek, Y cancels with iy, as their difference
is the exogenous productivity shock ay, so it goes in t.i.p. Simplifying the equa-
tion, writing x — gkt as the fiscal gap, using p = (1 — x)wek + xwgr and plugging

inYy, Bz =Y, B Ak 7Tkt from Woodford (2001),
- 1. Or(1—xi) > .
=By ) BU~ —5Eo Y B'Y < ¢ A 7T+ (1 + @) T + kakt) +tip.
t=0 t=0 k

C Solution for Time-Consistent Optimal Policy

The system of first order conditions is characterized by

0c(1 —
k()\ka)Tfkt + ‘Plirt + (Plft =0 (C.40)
~ T y wgk
(1 + q)k)ykt — (1 + QDk))\k(Pkt + q>kt — Vyt — Wl/ft =0 (C41)
r 7T v * —1wgk
fre + M — P — (Xx) WVft =0 (C42)
P _ Y Wek
= + —vy C.43
¢kt ‘Pkt 1K t ( )
K
Vpt = ) ey (C.44)
k=1
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K
Yo v = ) iy (C.45)
g = Z wky, (C.46)
Combining (C.44), (C.45) and (C.46) yields

Ut = (1= x)vye = —X*_lvft =—(1=x)vpt

Using these expressions in (C.40), (C.41), (C.42) and plugging (C.43) in, we obtain
a simplified system of first-order conditions:

0c(1 —
Wnkt +¢f 4+ ¢, — (1 — xi)vye =0 (C.47)
(1+ @) T — (14 @) Aty + Py — (1 — xic)vye =0 (C.48)
fet + At — dpy + (1= xi)vye =0 (C.49)

(1= Xxi)vye = Z My (C.50)
Optimal fiscal policy. Start by mixing (C.47) and (C.48) to obtain

oo 1tee . Ay I
kt 1—|—(1—|—(Pk))\kykt 1—|—(1—|—g0k)/\k Kt

Now sum equation (C.48) and (C.49) up to obtain

oMl = (1 + i) Tkt + fie

and combining these two expressions yield (2.33) which describes the equilibrum re-
lationship between sectoral fiscal gap, sectoral output gap and inflation under the
optimal policy labelled as “optimal sectoral fiscal policy".

Optimal monetary policy. Take the solution for ¢ obtained above and plug it in
(C.48) and use (C.50) to obtain equation (2.34) which describes an aggregate relation-
ship under optimal policy between sectoral output gaps and sectoral inflation labelled
as “optimal monetary policy".

Optimal aggregate fiscal policy. Equation (2.35) can be obtained by replacing sec-
toral inflation in (2.34) by using (2.33).
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D Feasibility of a Fiscal Divine Coincidence

The key in this analysis is to relax the assumption that the fiscal rule in the fric-
tionless economy is optimal. Deflated marginal costs are given by

me — Pt = €+ pr+ @Ykt — Akt) — Akt — Pt
me — Pt = Ckt + @Y — (1 + @) — pe
3 o l+e(l—xe)  xk
MCt — Pkt = T Yee = 1, _ngkt (1+ @)ax

after using that cy; = (Vi — xx8kt)/ (1 — xx). Define y}, as the log-deviations of out-
put in a frictionless economy from steady state for an arbitrary sectoral fiscal rule gy;.
Setting mcy; = py; yields

0 XSk + (1 + @) (1 — xi)ax
= D.51
i 1+ (1= xx) -

such that v}, = ¥i; = ay if g = Sk = axe. Plugging (D.51) in deflated marginal costs
yields

1+ (1 — xx)
1— Xk
such that 7t = 0 if y4; = v}, The last piece is the solution of yy; in (1.23) after assuming

that iy = 0 and 7ty = O for all k, t. After some algebra, equation (1.23) becomes

MCxt — Pkt = (Yt — Yir)

Yit — Xk&kt = Bt (Yikt+1 — Xk&kt+1)

which solves yi; = v}, if xxgx = yj};- Using (D.51), this is equivalent to: gy = %akt.
This sectoral fiscal rule closes the output gap, that is, output is equal to its flex price
level, and at the same time inflation is stabilized. Yet the flex price level of sectoral
output is not efficient because government demand deviates from the Samuelson rule
which calls for government spending to be adjusted one-for-one with productivity,
see Section 1.2.The same results hold for an aggregate economy if K = 1. See also the

discussion in Woodford (2011).
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