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Monetary Non-Neutrality in a Multisector
Economy: The Role of Risk-Sharing
We show that the extent of risk-sharing among heterogeneous workers is a determinant of the degree of monetary non-neutrality in a multisector sticky-price model.
Workers are employed in different sectors of the economy and, as a consequence,
earn different wages. The inability of workers to insure fully against their labor income risks generates strategic complementarity in price-setting decisions of firms
with respect to aggregate shocks and strategic substitutability with respect to idiosyncratic shocks. Such pricing interactions lead to slow price adjustments to monetary and other aggregate shocks, thereby producing large fluctuations of the output
gap, without dampening price responses to idiosyncratic shocks. This in turn allows
for large responses of sectoral and aggregate outputs to idiosyncratic productivity
shocks. We illustrate our results under three stylized asset market setups: complete
markets, non-contingent bond-only markets, and financial autarky.

Keywords: multisector models, heterogeneity, nominal rigidities, real rigidities, monetary
non-neutrality, aggregate and sectoral shocks
JEL Classification: E30, E31, E32
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Introduction
What are the mechanisms that cause aggregate output to deviate from its natural level?

How do aggregate demand shocks, such as an exogenous change in monetary policy, affect output significantly in the short run? We address these classic questions in monetary
economics using a tractable multisector sticky-price model. In particular, this paper pays
close attention to the role of risk-sharing among agents that work in different sectors of
the economy and, consequently, earn different wages. Hence, we also shed some light on
yet another long-standing subject of discussion in macroeconomics: Whether and how
household heterogeneity and deviations from perfect risk-sharing are relevant for aggregate fluctuations.
While a variety of frictions potentially contribute to significant short-run variations
in the output gap that are apparent in the data, nominal price rigidity remains as the
major source for the “non-neutrality” in a large part of the literature. Empirical studies
based on identified vector autoregressive models (VARs) point to sluggish adjustment of
the aggregate price level to various macroeconomic shocks (e.g., Christiano, Eichenbaum
and Evans 1999). The evidence, in turn, motivates quantitative macroeconomic analyses
using structural models with a high degree of nominal rigidities (e.g., Smets and Wouters
2007).
However, the empirical literature based on disaggregated or micro-level price data
paints a seemingly conflicting picture of nominal rigidities.1) For example, Bils and Klenow
(2004), Klenow and Kryvtsov (2008), and Nakamura and Steinsson (2008) all point out
that individual prices are highly volatile and change more frequently than suggested by aggregate price dynamics. Based on the microevidence, researchers have argued that nominal price rigidity by itself is unable to generate the persistent non-neutrality observed in
the aggregate data.
In an effort to narrow the gap between the evidence of relatively flexible individual prices and sluggish aggregate price adjustment, monetary models typically combine
nominal rigidities with other features, often referred to as “real rigidities,” that generate
strategic complementarities among firms whose pricing decisions are asynchronous. Such
real rigidities render a firm’s optimal price dependent upon the prices of other firms in
the economy. Given the dependence, when a shock hits the economy, the firms that have
an opportunity to change their prices in a particular period adjust only partially because
1) See Klenow and Malin (2011) and Nakamura and Steinsson (2013), for a survey of the literature.
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of prices that have not yet adjusted. Strategic complementarities thus, when coupled with
nominal rigidities, can produce a significant amplification and propagation mechanism,
thereby bridging the gap between the macro and the micro rigidity of prices.
There are, however, credible critiques against models with strategic complementarities
in price setting (Bils, Klenow and Malin 2012; Klenow and Willis 2016). The essence of
the critiques is that price adjustments, under certain types of real rigidities, are small in
response to all shocks, not only to aggregate shocks. The model property is at odd with the
microevidence that individual prices are quite volatile, implying prices must be relatively
flexible in response to some shocks.2) In a closely related study, Boivin, Giannoni and
Mihov (2009) show that highly disaggregated price indices (or sectoral prices) respond
much faster to idiosyncratic (sector-specific) shocks than to aggregate shocks, and much
of the variations in prices reflects the former shocks.
The micro- and macro-evidence together disciplines the type of real rigidities a modeler may include in his or her model. A right type would generate strategic complementarities conditional only on aggregate shocks, thereby allowing prices to respond relatively
swiftly to idiosyncratic shocks.
We argue that asset market imperfections can produce such real rigidities in a specific
way.3) We consider an environment in which each worker has a labor skill specific to a
particular sector and cannot learn new skills and migrate to other sectors for the time
horizon of our interest. That is, labor markets are sector specific, and workers of different
sectors earn different wages. Wages vary across sectors not only because of sector-specific
labor productivity. Aggregate shocks also induce divergent sectoral wages as sectors differ
in nominal rigidities. Workers may or may not be able to insure fully against their labor
income risks depending on the assumption of asset markets. We show that, in this environment, imperfect risk-sharing between workers of different sectors generates strategic
complementarities in price setting conditional on aggregate shocks and strategic substitutabilities conditional on sector-specific shocks. These two-way pricing interactions, under staggered price setting, slow down price responses to the former type of shocks and
speed up price responses to the latter type of shocks.
Therefore, across-sector imperfect risk-sharing – a natural extension to standard multisector sticky-price models, in our view – provides a new amplification and propagation
2) Otherwise, some shocks would have to be implausibly large.
3) Rational inattention can rationalize the differential speeds of responses of prices to different shocks through
firms that allocate limited information processing capacity to track aggregate and sectoral conditions. See
Mackowiak, Moench and Wiederholt (2009), Mackowiak and Wiederhold (2009, 2015) for the literature,
and Carvalho, Lee and Park (2021) for the comparison of mechanisms.
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mechanism of aggregate shocks without producing the implausible implication at the micro level. This result applies to all aggregate shocks: Any aggregate shocks would have
greater effects on the output gap with the new mechanism. When illustrating and quantifying the result, however, we will focus on the effect of monetary shocks, which has been
the source of significant debate in the literature.4)
To develop the intuition, first notice that, regardless of risk-sharing, nominal marginal
costs of a firm in a given sector depend negatively on the sectoral relative price – the
sectoral price level relative to the aggregate price level – due to an expenditure-switching
effect in a model with sector-specific labor markets. A decrease in the relative price leads
to an increase in the sector’s production and hours, which in turn raises the sector’s wage
rate and marginal costs.
Given the expenditure-switching effect and the resulting negative dependence of a
firm’s marginal costs upon the sectoral relative price, we compare two types of shocks.
First, consider an aggregate shock that increases nominal marginal costs of all sectors (e.g.,
an expansionary monetary shock). The presence of fixed prices in many sectors of the
economy prevents the aggregate price level from increasing by a “full” amount, which ceteris paribus causes sectoral relative prices to increase by more and a firm’s marginal costs
to increase by less – relative to the case where all firms adjust their prices. Consequently,
re-pricing firms would increase their prices by less to the aggregate shock. Next, consider
a sector-specific shock that increases nominal marginal costs of a particular sector (e.g., an
adverse sector-specific technology/productivity shock). When each sector is small compared to the economy, the aggregate price level is exogenous to this shock, which allows us
to focus on the sector’s price level. The presence of fixed prices in that sector, for the same
reason as before, causes the sector’s price level to increase by less than a full amount. In
contrast to the case of aggregate shocks, however, the smaller increase of the sector’s price
level results in a less (not greater) increase in the sectoral relative price. Consequently, the
sector’s marginal costs increase by more, and a re-pricing firm in that sector raises its
price by more to the idiosyncratic shock.
The strength of the two-way pricing interaction, however, depends on how well workers can insure against their labor income risks. Imperfect risk-sharing amplifies the aforementioned mechanism because a sector’s marginal costs depend more heavily on its sectoral relative price in this case. As mentioned above, due to the expenditure switching
4) In our simple model, other aggregate shocks popular in the business cycle literature, such as a shock to
preference or production technology, will have exactly the same effect on the output gap – even quantitatively.
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effect, a decrease in the sectoral relative price leads to an increase in the sector’s hours and
wage rates. However, with imperfect risk sharing, the resulting increase in labor income
causes consumption of workers in that sector to rise, which in turn shifts in the sector’s
labor supply curve through a wealth effect. Consequently, the sector’s wage rate, and thus
marginal costs, rise further. The wealth effect therefore produces a greater dependence of
a sector’s marginal costs upon the sectoral relative price, which in turn renders prices even
less responsive to aggregate shocks and even more responsive to idiosyncratic shocks.
Section II presents a highly tractable multisector New Keynesian (NK) model which
enables us to make our point clearly. It is then followed by Section III that provides
detailed intuition for the mechanism. We first discuss the nature of pricing interactions
by looking at individual firms, and subsequently show how the interactions alter the form
of the aggregate Phillips curve.
While our main finding, qualitatively, is not specific to why or how workers fail to insure
fully against income risks, in section IV we illustrate and quantify the effects of monetary
shocks under three stylized asset market setups that are exogenously given: i) complete asset markets, ii) non-contingent bond-only market, and iii) financial autarky. The first case
is equivalent to the model with a representative agent and serves as our reference point.
Clearly, none of the three asset market setups resembles the real world which has a multiplicity of risk-sharing institutions as well as of sources of financial frictions. Nevertheless,
our numerical exercise suggests an importance of the mechanism.
Section V supplements the main results by considering two modified versions of the
model. In these models, labor markets are segmented not only across sectors (as in our
main model) but also across firms within each sector, and each agent works for a particular
firm. Given the labor market setting, we consider two cases for risk-sharing. First, risksharing is perfect within each sector and imperfect across sectors. Second, risk-sharing is
imperfect within and across sectors. We contrast the nature of pricing interactions arise
in these new cases with that in our main model to further understand the mechanism.
Finally, although the focus of this paper is on the propagation of aggregate – especially
monetary – shocks as mentioned above, section VI presents some quantitative results on
the role of sector-specific technology shocks in aggregate fluctuations. Since imperfect
risk-sharing causes prices to respond by more to these shocks, sectoral outputs also respond by more, which in turn generates a greater aggregate output response. We thus
show that pricing interactions created by across-sector imperfect risk-sharing enhance
the ability of the (supply-type) sectoral shocks, as a whole, to drive aggregate fluctuations.
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Related literature Our work is greatly indebted to earlier papers that develop multisector sticky-price models to address a variety of questions. These include normative analyses such as Aoki (2001), Mankiw and Reis (2003), Benigno (2004), and Eusepi, Hobijn,
and Tambalotti (2011). Closely related with our study, Carvalho (2006) and Nakamura
and Steinsson (2010) first highlight the role of sectoral heterogeneity of nominal price
rigidities in amplifying the real effects of monetary shocks in the Calvo and menu cost
models respectively. Recently, Pasten, Schoenle and Weber (2019a) confirms the importance of heterogeneity in price stickiness in a model with heterogeneous input-output
linkages. Although most studies in the literature rely on calibrated models owing to the
large dimension typical multisector models entail, some relatively recent papers have estimated the models to study the propagations of various shocks (e.g., Bouakez, Cardia
and Ruge-Murcia 2014; Carvalho, Dam and Lee 2020; Carvalho, Lee and Park 2021;
Smets, Tielens and Van Hove 2019).
A majority of the above papers, as we also do here, consider segmented labor markets
at the sectoral level, motivated by empirical studies showing that labor reallocation is
more difficult across sectors than within sectors (Davis and Haltiwanger 1992, Parent
2000, Hobijn 2012). Such labor market segmentation naturally produces interesting labor
income risks. However, those papers assume the existence of a representative agent or,
equivalently, perfect risk-sharing among agents in different sectors, thereby precluding
any role of such risks. Our study gives new theoretical insights into the transmission
of aggregate and idiosyncratic shocks when household heterogeneity interacts with price
stickiness heterogeneity in a multisector environment.
Our paper also builds on the original work on real rigidities that generate pricing interactions. Ball and Romer (1990) divide real rigidities into the “micro” and “macro”
types. The micro type that includes the kinked demand of Kimball (1995), diminishing
returns to scale in production (Gali 2008, chapter 2), and firm-specific factors of production (Woodford 2003, chapter 3; Woodford 2005; Sveen and Weinke 2005; Altig et al.
2011), makes it costly for firms to change their relative prices, leading to sluggish price
adjustment to aggregate and idiosyncratic shocks. These features are popular in stickyprice business cycle models, yet are subject to the aforementioned criticism as they slow
down price responses to shocks. A prominent example of the macro type is input-output
production structures as in Basu (1995). The macro type generates pricing interaction in
a way such that prices respond slowly only to aggregate shocks, and thus are immune to
the criticism. A third type, which does not fit into a single-sector framework, has been
proposed by Carvalho, Lee and Park (2021) in a multisector environment. They show
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that labor market segmentation at the sectoral level causes prices to respond slowly to
aggregate shocks, similar to the previous two types. What separates the third type from
the other two is that it also generates faster price responses to idiosyncratic shocks.5)
We point out that asset market imperfections that prevent perfect risk-sharing between
households can significantly enhance the role of the third type of real rigidities that lead to
such two-way pricing interactions. This gives rise to slow aggregate price adjustments and
large and persistent output deviations from the natural level, without sacrificing volatile
individual prices. Our work thus contributes to the vast literature on real rigidities and
monetary non-neutrality.
Our analysis produces a tangential contribution to the literature on production networks.6) Studies in this growing literature emphasize the importance of idiosyncratic
shocks in generating aggregate fluctuations – usually in flexible-price multisector models.7) In contrast, our analysis here concentrates on economy-wide shocks. However, the
discussion in section III and the numerical analysis in section VI both suggest the possibility of pricing linkages induced by across-sector imperfect risk-sharing as an additional amplification mechanism of idiosyncratic productivity shocks – on top of production linkages
emphasized in this literature. Whether our new mechanism is relevant in a more elaborate quantitative setting, especially with realistic production linkages, is an open question
that we do not address in the current paper.
Finally, we contrast our paper with the emerging large literature that introduces heterogeneous agents and incomplete financial markets in otherwise standard NK models. In
particular, McKay, Nakamura, and Steinsson (2016), Goernemann, Kuester and Nakajima
(2016), Kaplan, Moll and Violante (2018) and Auclert (2019) analyze the transmission
mechanism and the distributional consequences of monetary policy in a quantitative NK
model with heterogeneous households.8) Other recent studies – such as Berger, Bocola,
and Dovis (2019), Bayer, Lutticke, Phan-Dao, and Tjaden (2019), Guerrieri and Lorenzoni (2017), Den Haan, Rendahl, and Riegler (2018), Jones, Midrigan, and Philippon
5) Carvalho and Nechio (2016) provide a comparison of three types of factor markets: firm-specific, sectorspecific, and economy-wide markets.
6) The literature builds on early contributions such as Long and Plosser (1983), Horvath (1998, 2000) and
Dupor (1999). More recent studies include Foerster et al. (2011), Acemoglu et al. (2012), Carvalho and
Gabaix (2013), and Miranda-Pinto and Young (2019). See Carvalho and Tahbaz-Salehi (2019) for a survey
of the literature.
7) See Pasten, Schoenle, and Weber (2019b) for a model with sticky prices.
8) A large part of the literature also employs a tractable version of the models (often dubbed “TANK” models) to
illuminate the mechanisms (e.g., Campbell and Mankiw 1989; Galí, López-Salido and Vallés 2007; Bilbiie
2008; Eggertsson and Krugman 2012; Bhattarai, Lee and Park 2015; Debortoli and Galí 2017; Bilbiie
2018; Bhattarai, Lee and Yang 2021).
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(2011) and Ravn and Sterk (2017) – introduce uninsurable idiosyncratic income risk and
show how households’ self-insurance motives can amplify business cycle fluctuations.9)
Differently from those studies that largely focus on the demand-side amplification
mechanism, we pay attention to the supply side by showing the implications of household imperfect risk-sharing for firms’ price-setting decisions and, thereby, for the Phillips
(aggregate supply) curve. Moreover, the type of household heterogeneity we consider is
different. In our multisector model, the production-side features – such as labor market
segmentation across sectors which differ in price rigidities – generate endogenously idiosyncratic labor income. This particular type of household heterogeneity brings about
the amplification mechanism that is new to the literature.

II.

The model
Our model is an extension to the standard multisector sticky-price model of Carvalho,

Lee and Park (2021). Firms, indexed by i ∈ [0, 1], produce differentiated goods that are
aggregated into final consumption goods. Firms are divided into a finite number of sectors
indexed by k ∈ {1, 2, · · · , K}. We use Ik to denote the set that contains firms in sector
k. The sectors are characterized by different degrees of nominal rigidities {αk }Kk=1 and
different sizes {nk }Kk=1 . Labor markets are sector-specific. Households are heterogeneous
in labor skills: “Type-k household” possesses labor skills specialized for goods produced
in sector k.
The main departure from standard multisector models is that households working in
different sectors can fail to insure perfectly against their labor income risks. We consider
three stylized asset market setups that are exogenously given: i) complete asset markets, ii)
non-contingent bond-only market, and iii) financial autarky. The first case is equivalent
to the model with a representative household and will serve as our reference point

1.

Households
Members of each household are simultaneously consumers and workers. Households

who work in sector k (or type-k households) maximize a discounted sum of utilities of the
form:

"
E0

∞

∑ βt

t=0

1+φ

logCk,t − ωk

Hk,t

!#

1+φ

9) See Krueger, Mitman, and Perri (2016) for a survey of this literature.

,
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where Ck,t and Hk,t denote respectively household consumption and labor hours supplied
in sector k. The parameter β ∈ (0, 1) is the discount factor, φ ≥ 0 is the inverse of the
Frisch elasticity of labor supply, and ωk > 0 is the relative disutility of supplying labor.
This paper considers three stylized asset market environment. In the bond-only economy, the flow budget constraint is given by:

Pt Ck,t + Bk,t + Ω Bk,t =Rt−1 Bk,t−1 +Wk,t Hk,t + Pt Tt + Πt ,

(1)

where Wk,t , Pt , Rt , Tt and Πt denote respectively the nominal wage rate in sector k, the
aggregate price level, the gross nominal interest, net transfers from the government, and
dividend. Different types of households earn different labor incomes, Wk,t Hk,t , and share
income risks by trading nominal bonds. We use Bk,t to denote type-k household’s bond

holdings at time t. The convex term, Ω Bk,t , is introduced mostly for convenience; it is
useful to pin down a well-defined steady state (Schmitt-Grohe and Uribe 2003).10) It also
captures the costs for the households, as a reduced form, of undertaking positions in the
bond market – as in Heaton and Lucas (1996).11)
In the case of financial autarky, there are no markets that allow households to insure
against their labor income risks. The budget constraint (1) simplifies to
Pt Ck,t = Wk,t Hk,t + Pt Tt + Πt .
One can numerically approximate financial autarky by assuming the cost term in (1) is
sufficiently large. Finally, the model with complete markets is standard in the literature,
and the corresponding budget constraint is omitted here.
Type-k household’s first order conditions are:




′

1 + Ω Bk,t = β Rt Et
φ

ωk Hk,t Ck,t =

Ck,t
Ck,t+1



Pt
Pt+1


,

Wk,t
,
Pt


′
where Ω Bk,t is the first derivative.

10) The households are, in the absence of shocks, identical and endowed with zero initial debt Bk,−1 = 0.
11) It creates a wedge between the lending rate and the borrowing rate.
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Firms

The final consumption good, Yt , is produced by perfectly competitive firms using sec
K
toral goods, Yk,t k=1 , with a CES production technology:
K

∑

Yt =

1/η
nk Yk,t (η −1)/η

!η /(η −1)
,

k=1

where η is the elasticity of substitution between sectoral goods. The appropriate price
index for the final consumption good is:
K

1−η
nk Pk,t

∑

Pt =

!1/(1−η )
(2)

,

k=1

where Pk,t is the sectoral price index associated with Yk,t . Given Yt , Pk,t and Pt , the optimal
demand for sector-k good minimizes total expenditure, Pt Yt , and is given by

Yk,t = nk

−η

Pk,t
Pt


Each sectoral good is a composite of Yk,t (i)
k:


Yk,t =

1
nk

(3)

Yt ∀k.

i∈Ik

that are produced by firms in sector
!θ /(θ −1)

1/θ Z

(θ −1)/θ

Ik

Yk,t (i)

∀k,

di

where θ > 1 is the elasticity of substitution between different types of goods. The corresponding price index for a sectoral good is given by:

Pk,t =

1
nk

Z
Ik

1−θ

Pk,t (i)

1/(1−θ )
di

∀k.

The optimal demand for good i is given by:
1
Yk,t (i) =
nk



Pk,t (i)
Pk,t

−θ
Yk,t .

Firm i in sector k uses a linear production function to produce Yk,t (i):
Yk,t (i) = Ak,t Hk,t (i),

(4)
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where Hk,t (i) denotes hours employed by firm i, and Ak,t is exogenous sector-specific
productivity.
Prices are sticky as in Calvo (1983) and Yun (1996). Firms in sector k adjust their
prices with probability 1 − αk each period, which results in the sector’s price level, Pk,t ,
evolving as:


Pk,t =

1
nk

Z
Ik∗

∗
1−θ
Pk,t
(i)1−θ di + αk Pk,t−1



1
1−θ

,

(5)

∗ (i) is an optimal price chosen by firm i when i ∈ I ∗ . The set I ∗ ⊂ I , with
where Pk,t
k
k
k

measure nk (1 − αk ), is a randomly chosen subset in which firms adjust their prices.
∗ (i) that maximizes its expected disA firm that adjusts its price at time t choose Pk,t

counted profits:
max
Et
∗

Pk,t (i)

∞

∑ αkj qk,t,t+ j

j=0

Πk,t+ j (i)
,
Pt+ j

where qk,t,t+ j is the real stochastic discount factor between time t and t + j, and Πk,t+ j (i)
is the firm’s nominal profit at time t + j given that the price chosen at time t is still being
charged:
Πk,t+ j (i) = Pk,t (i)Yk,t+ j (i) −Wk,t+ j Hk,t+ j (i).
When asset markets are incomplete and a firm is owned by multiple households, a uniquely
obvious way to discount future profits does not exist. We assume that firms use the real
j−1

−1
interest rate, in which case, qk,t,t+ j = ∏ Rt+z
z=0

Pt+z+1 12)
Pt+z .

The first order condition is given by:
0 = Et

∞

∗ (i)
Pk,t

j=0

Pk,t+ j

∑ α kj qk,t,t+ jYt+ j

where MCk,t+ j =

!−θ 

Pk,t+ j
Pt+ j

−η (

∗ (i)
Pk,t

Pt+ j

!

)

θ
−
MCk,t+ j , (6)
θ −1


Wk,t+ j
Ak,t+ j Pt+ j

denotes sector-k real marginal costs at t + j. The optimal prices
n
o
∗ (i)
chosen at time t, Pk,t
that satisfy the first order condition (6) determine the
∗
i∈Ik

equilibrium dynamics of the sectoral price level Pk,t through (5). The dynamics of the
aggregate price level are then determined by aggregating these sectoral prices through
(2).
12) Alternatively, one could assume that a firm maximizes the weighted average of its shareholders’ objectives.
C
In this case, the discount factor of firm i would be ∑Kk=1 nk β j C k,t . This alternative discount factor generates
k,t+ j
the same dynamics in the first order approximation. Pescatori (2007) has made the same argument.
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Government
The government budget constraint is:
K

Bt − Rt−1 Bt−1
+ ∑ nk Ω Bk,t = Tt + Gt ,
Pt
k=1

(7)

where Bt is the supply of government bonds, and Gt is government purchases. For simplicity, we assume Bt = Gt = 0, thereby abstracting from any meaningful influence of
fiscal policy on equilibrium. The government simply collects the bond market participation costs and returns them to the households as a transfer. This assumption has no
important consequences for the results.
Monetary policy is characterized by a Taylor-type rule :
Rt = β

−1



Pt
Pt−1

ϕπ  ϕy
Yt
exp(µt ),
Y

(8)

where µt represents exogenous variations in monetary policy, and Y is the steady-state
value of output.

4.

Equilibrium and additional notations
The definition of equilibrium is standard, given the maximization problems of the

private sector and the monetary and fiscal policy described above. Goods, asset and labor
markets clear in equilibrium:
K

Yt =

∑ nkCk,t

k=1
K

0=

∑ nk Bk,t

k=1

Z

nk Hk,t =

Ik

Hk,t (i)di

We solve the model by log-linearizing the equilibrium conditions around the deterministic zero-inflation steady state. The online appendix provides a detailed derivation
of the steady-state equilibrium as well as the full set of log-linearized equations. In what
follows, lowercase letters denote log-deviation from their steady state counterparts. One
exception is nominal bond holdings: bk,t ≡

Bk,t −B
PY

denotes the deviation from the steady-

state level B = 0, relative to steady-state nominal income.
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The mechanism

Imperfect risk-sharing produces two types of pricing interdependence: strategic complementarity in price setting in response to aggregate shocks and strategic substitutability
in response to sector-specific shocks. Such two-way pricing interactions lead to slow aggregate price adjustments and large output gap responses, while allowing for relatively fast
price adjustments to idiosyncratic shocks.
We first discuss the nature of pricing interactions by looking at individual firms’ pricing
behaviors. We then show how the interactions influence aggregate dynamics.

1.

The nature of pricing interactions
As mentioned, the nature of pricing interactions differs depending on whether a shock

affects all sectors or a specific sector. To understand this, it is instructive to follow the
literature on pricing interactions and consider how a firm would set its price if it could
reoptimize frictionlessly every period without the Calvo constraint – when a set of other
firms have fixed prices.
This notional firm’s price equals its nominal marginal costs in a log-linear approximation:
p∗∗
k,t (i) = sector-k nominal marginal costs
= pt + mck,t
= pt + (1 + φ ) yt − (1 + φ ) ak,t


+
φ yk,t − yt
+
ck,t − yt
| {z }
| {z }
Segmented labor markets

(9)
,

Imperfect risk-sharing

13) As typically found in the literature, fricwhere p∗∗
k,t (i) is firm i’s frictionless optimal price.

tionless optimal prices generally depend on endogenous variables as well as exogenous
shocks. The former variables reflect pricing interactions within and across sectors.
Let us focus on the two terms in the second line of equation (9) – sectoral output
and consumption relative to aggregate output – that are introduced due to segmented
labor markets and incomplete asset markets. A sector’s marginal costs depend positively
13) Unless risk-sharing is perfect, each sector’s household consumption cannot equalize across sectors. A higher
relative consumption shifts down labor supply in the sector through wealth effects, raising sectoral wage and
sectoral marginal cost.
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on the relative output, yk,t − yt . For a given amount of aggregate output, a high level
of production in a sector requires more labor hours. This shifts out the sector’s labor
demand curve, which in turn raises the wage rate, and thus marginal costs, in that sector.
The relative production would not appear in a model with an economy-wide labor market
because a change in labor hours in a small sector would have only negligible effects on the
economy-wide wage rate.14)
When asset markets are incomplete, a sector’s marginal costs depend also positively
on the sector’s household consumption relative to the economy’s average consumption,
ck,t − yt .15) A high level of consumption, ceteris paribus, raises the wage rate through
wealth effects on labor supply, which leads to a rise in marginal costs. Under complete
markets, a household’s consumption equals aggregate income, which drops the last term
from equation (9).
The presence of the two terms in a firm’s marginal costs causes firms’ pricing decisions
to be strategic complements with respect to aggregate shocks and strategic substitutes with
respect to idiosyncratic shocks. We start with the role of the relative output. Notice that
it can be replaced by the relative price according to the demand function (3):

φ yk,t − yt = −φη pk,t + φη pt .
As the coefficients on the aggregate price level (pt ) and on the sectoral price (pk,t ) have
the opposite signs, pricing interactions are different, depending on whether firms are in
the same sector or in different sectors. To fix ideas, first consider an aggregate shock that
increases marginal costs of all sectors (e.g., an expansionary monetary shock). If prices
were fully flexible, all firms would increase their prices, and the price level (pt ) would
adjust by a “full” amount. However, when some prices in many sectors do not move, the
price level increases by less than the full amount. As a consequence, a reoptimizing firm
increases its price also by less as its marginal costs depend positively on the price level
(as shown in φη pt ). Next, consider a sector-specific shock that increases marginal costs
of only one sector (e.g., an adverse sector-specific productivity shock). The price level is
(almost) exogenous with respect to this shock because each sector is (effectively) small,
14) Technically speaking, sectors are not infinitesimally small in our model. However, for expositional purposes
in this section, we take them to be small so that an isolated event in a sector has only negligible effects on
the macroeconomy. In our numerical analysis below, the model has 350 sectors, which renders each sector
effectively small.
15) Although we deal with bond-only economy and financial autarky as two examples incomeplete risk-sharing,
the same applies in a more general setting of incomplete asset markets such as those in Schulhofer-Wohl
(2011) and Lee (2014).
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which allows us to focus on −φη pk,t . The negative coefficient (−φη ) indicates that the
sector’s price level (pk,t ) – that is lower than the potential “full” level due to the existence
of non-adjusting firms in the same sector – induces adjusting firms to increase their prices
by more than they would if pk,t increased fully. The presence of the relative output (or
the relative price) in marginal costs, therefore, causes firms to react differently depending
on types of shocks.16)
We now turn to the role of the relative consumption, ck,t − yt . Notice that this term has
qualitatively the same effect on a firm’s pricing decision as the relative output yk,t − yt , to
the extent that ck,t and yk,t are positively correlated, or equivalently when ck,t and pk,t are
negatively correlated. This is what happens under incomplete asset markets. Intuitively,
a decrease in the sectoral price (pk,t ) leads to an increase in yk,t , hk,t and wk,t through
the expenditure switching effect, as explained above. As labor incomes (hk,t + wk,t ) in that
sector increase, the sector’s household consumption (ck,t ) rises too.
In summary, the magnitude of the negative relationship between a sector’s marginal
costs and the sectoral relative price depends on how well households can insure against
their labor income risks. The harder risk-sharing is, the stronger the relationship is –
because of wealth effects and a resulting smaller wage elasticity of household labor supply.
The stronger relationship in turn causes prices to respond more differently depending on
whether a given shock is economy-wide or sector-specific.
In what follows (until section V), we focus on the propagation of monetary shocks, for
which the aforementioned strategic substitutability plays no role. However, it will continue to operate in the background, and individual prices would respond relatively fast
to idiosyncratic shocks – as documented by empirical studies (e.g., Boivin, Giannoni and
Mihov 2009). Imperfect risk sharing between households, thus, provides a new amplification and propagation mechanism of aggregate shocks without sacrificing volatile individual
prices. We then revisit the role of strategic substitutability in section VI and confirm that
disaggregated prices are indeed more volatile under imperfect risk-sharing.

16) See Carvalho and Nechio (2016) and Carvalho, Lee and Park (2021) for additional discussions.
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The Phillips curve and aggregate implications
We now discuss the implications for aggregate dynamics. Aggregating prices in sector

k leads to the sectoral Phillips curve of the form:


πk,t = β Et πk,t+1 + λk
where λk ≡

(1−αk )(1−αk β )
αk




1 R
R
(1 + φ ) yt + φ +
y + ck,t ,
η k,t

(10)

is convexly decreasing in αk .17) The expression between square

brackets is sector-k marginal costs deflated by sector-k price level: mck,t + pt − pk,t . The
superscript R is used to define a variable relative to its mean; that is, yRk,t ≡ yk,t −yt and cRk,t ≡
ck,t − yt are respectively sectoral output and consumption relative to aggregate output.
The two variables affect sectoral marginal costs for the reasons outlined in the previous
subsection.
The aggregate Phillips curve is then obtained by taking a weighted sum of the sectoral
Phillips curves:

πt = β Et [πt+1 ] + κ yt + Θy,t + Θc,t ,

(11)

where κ ≡ (1 + φ ) ∑Kk=1 nk λk , and the shift terms are given as
Θy,t ≡ φ + η −1



K

∑ nk λk yRk,t ,

k=1

Θc,t ≡

K

∑ nk λk cRk,t .

k=1

Under complete asset markets, the second shift term, Θc,t , is zero.
Both shift terms, Θy,t and Θc,t , move in the opposite direction as the rate of aggregate
inflation πt , in response to aggregate shocks. This leads to slower aggregate price adjustments and greater output deviations from the natural level. The finding results from
the strategic complementarity discussed above and the property that a majority of priceadjusting firms are in high-frequency sectors.
To understand the dynamics of the shift terms, let us consider an example in which a
contractionary monetary shock hits the economy. This shock decreases marginal costs of
all sectors, and firms will reduce their prices when an opportunity to do so comes.
Such opportunities, however, arrive more frequently in high-frequency sectors – those
17) A detailed derivation is given in the online appendix. The idiosyncratic shock (ak,t ) is omitted here.
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with a low value of Calvo parameter, αk . Consequently, a high-frequency sector’s price
level decreases more than a low-frequency sector’s price level; that is, the relative price
of a high-frequency to a low-frequency sector decreases. This in turn leads to: a high
relative demand for a high-frequency sector’s good (say sector k); a high relative demand
for labor hours in the sector; a high relative wage in the sector; and thus an increase in
sector-k marginal costs:
shock −→ mck,t ↓−→ pRk,t ↓−→ yRk,t ↑−→ hRk,t ↑−→ wRk,t ↑−→ mck,t ↑ .
As the latter rise in mck,t partially offsets the initial fall in mck,t , firms in high-frequency
sectors do not decrease their prices as much. Consequently, sectoral inflation πk,t in (10)
moves more sluggishly in those sectors.
Across-sector imperfect risk-sharing increases marginal costs of high-frequency sectors further, thereby generating even smaller adjustments of prices in such sectors. A rise
in labor hours and the wage rate in a sector leads to a rise in consumption of workers in
the same sector. This generates wealth effects, producing a further increase in the wage
rate:
shock −→ mck,t ↓−→ pRk,t ↓−→ yRk,t ↑−→

hRk,t ↑−→ wRk,t ↑
{z
}
|

−→ mck,t ↑

⇓
cRk,t

|

↑−→
{z

wRk,t

Wealth effects

↑ −→ mck,t ↑
}

Consequently, firms in high-frequency sectors decrease their prices by even less, and
sectoral inflation πk,t in (10) moves even more sluggishly.
On the flip side, the exactly opposite process occurs in low-frequency sectors. Since
only a small number of firms adjust their prices here, these sectors’ price levels remain
relatively high after the shock. A high relative price (pRk,t ) results in a decline in both
relative output (yRk,t ) and relative consumption (cRk,t ), which further decreases marginal
costs. Consequently, adjusting firms in low-frequency sectors reduce their prices by more
than they would in the absence of strategic complementarity in pricing setting.
The strategic complementarity thus renders prices in high-frequency sectors less responsive and prices in low-frequency sectors more responsive to aggregate shocks, thereby
exerting countervailing forces on the aggregate price level. To put it differently, yRk,t and
cRk,t of high-frequency sectors in Equation (10) and the variables of low-frequency sectors
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have the opposite signs after a shock. Therefore, at first pass, the overall effects on the
shift terms, Θy,t and Θc,t , in Equation (11) and thus on the rate of aggregate inflation, πt ,
appear ambiguous.
The influence from high-frequency sectors, however, dominates. The reason is that
a majority of price-adjusting firms are in high-frequency sectors. Therefore, pricing decisions in those sectors have disproportionately greater influences on the adjustments of
the aggregate price level. In the aggregate Phillips curve (11), this property is captured
by the ‘weight parameter’ λk , which is convexly increasing in the sectoral frequency of
price changes, 1 − αk . Therefore, both Θy,t and Θc,t rise while πt declines in response to a
contractionary monetary shock.

IV.

Numerical analysis

In this section, we illustrate the results under the three asset market settings. Notice
that the mechanism discussed in the previous section also applies to other aggregate shocks
absent in this model – such as a shock to preference, production technology, and government spending. These shocks would generate greater deviations of output from the
natural level when asset markets are incomplete. For the purpose of illustration, we focus
exclusively on the effect of monetary shocks, which has been the source of significant
debate in the literature.

1.

Parameterization
The parameters are set to standard values in the literature. We start with the preference

parameters. The frequency of the model is a month, and the discount factor, β , is set
to 0.9967, implying a 4% annual steady-state interest rate. We have already assumed
implicitly that the intertemporal elasticity of substitution equals 1 by using the log period
utility function. The Frisch elasticity of labor supply, φ −1 , is also set to 1.
The within-sector elasticity of substitution between different varieties, θ , is set to 6,
which implies a 20 percent steady-state mark-up for the firms. We set the across-sector
elasticity of substitution, η , to 1 based on the estimate in Hobijn and Nechio (2019).
To parameterize the distribution of price rigidity across sectors, we use the price setting
statistics in the U.S. economy reported by Bils and Klenow (2004). Specifically, we map
the sectors in the model into the goods and services categories in their study, and set
{1 − αk }Kk=1 to the monthly frequency of price changes of the corresponding categories.
The sectoral weights {nk }Kk=1 are set to the CPI weights for these categories; we normalize
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the weights so that ∑Kk=1 nk = 1. The number of sectors is 350: K = 350.
Regarding monetary policy parameters, we set ϕπ to 2.55 and ϕy to 0.433/12 based on
the estimates in Carvalho, Lee and Park (2021). The monetary shock follows an AR(1)
process with the autoregressive coefficient set to 0.951/3 . We later consider alternative
parameterization of monetary policy.

ε 2
Bk,t , and, following Heaton and Lucas (1996), interFinally, we assume Ω Bk,t = PY
pret the cost term as a wedge between the lending and borrowing rates. We set ε to a sufficiently large number (103 ) to approximate financial autarky. The bond-only economy,
in theory, is an intermediate case between the two extreme asset market setups: autarky
and complete markets. Quantitatively, we find that the behavior of the bond-only economy is quite similar to that of the complete markets model when bond trading is fully
frictionless (for example, when we set ε = 10−6 ).18) We thus do not present this case to
avoid cluttering the figures below. Instead, we report a case in which ε is set to 0.001. To
put this value into perspective, one may consider the implied interest rate spread. When
households lend and borrow 50% of their incomes, the implied spread is 0.2 percentage
point when ε =0.001.19)
The model is solved by the method of Sims (2002). Since the dimension of the multisector model is large, we follow the suggestion by Lee and Park (2020) and transform the
model into a reduced form before applying Sims’ method. This reduces the computation
time by more than 90%.

2.

Impulse responses and monetary non-neutrality
Figure 1 illustrates our main finding. It shows the impulse response functions (IRFs)

of inflation and output to an expansionary monetary shock (a decrease in µt by 1/12
percentage point) under the three asset market assumptions: i) complete asset markets, ii)
non-contingent bond-only market, and iii) financial autarky.
Based on the IRFs of output, we compute a measure of monetary non-neutrality over
different time horizons. The measure is given by the relative cumulative IRFs (denoted
by CIRFtR ) – the ratio of the cumulative IRF of output to that obtained under complete
18) This finding – that temporal smoothing through a single bond is close enough for full insurance – is in fact
ubiquitous in the business cycle literature. For example, see Heathcote and Perri (2002) who compare the
same three asset market setups as our paper does.
Importantly, we only consider aggregate shocks in the numerical exercise, so the difference in labor income
across sectors is entirely due to heterogenous price stickiness.



19) Type-k household Euler equation is given as: ck,t = Et ck,t+1 − it − Et πt+1 − 2ε bk,t .
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asset markets:
CIRFtR =

∑tj=1 IRFj of output
,
∑tj=1 IRFj of output under complete markets

where IRFt is the impulse response function at time t when the shock hits the economy
at t = 1. Table 1 reports this measure associated with the alternative asset market setups,
for t = 1, 6 and 12.

Table 1. Relative cumulative impulse responses of output
Financial autarky
Bond economy

CIRFtR
t =1
t =6
2.114 1.711
2.508 1.708

t = 12
1.525
1.470

The figure and table indicate that imperfect risk-sharing increases the degree of monetary non-neutrality significantly. The cumulative responses of output over the 12-month
horizon under financial autarky and in the bond-only economy are respectively 53% and
47% more than that under complete market benchmark. Moreover, on impact (t = 1),
the initial responses of output under financial autarky and in the bond-only economy
are respectively 111% and 151% more than that under complete markets. Interestingly,
while the degree of monetary non-neutrality, overall, is greatest under financial autarky,
output responds by more in the bond-only economy in the very short run. The reason is
that households can smooth out the effects of a shock in the bond-only economy, so the
second shift term, Θc,t , can in fact decrease by more on impact when the shock is highly
persistent – as shown in the second panel of Figure 2.
To illustrate the mechanism discussed in section 2, Figure 2 shows the IRFs of the
shift terms, Θy,t and Θc,t . The last panel of the figure reveals that the sum of the shift
terms, Θy,t + Θc,t , decreases by more as risk-sharing becomes harder (except for the first
two periods). Such the behavior of Θy,t + Θc,t is the reason that the responses of output
differ under the alternative asset market assumptions, as explained in section 2. While
the sum decreases by more under incomplete markets, Θy,t (shown in the first panel)
decreases by less. The reason is the wealth effect which generates across-sector strategic
complementarity. This produces stronger comovements of sectoral output.
We also report the results under alternative monetary policy rules. We consider three
cases. First, nominal output, mt = pt + yt , follows an exogenous stochastic process, as often
assumed in the literature that studies monetary non-neutrality. In particular, we assume
mt follows an AR(1) in growth rates: ∆mt = ρm ∆mt−1 + εt with ρm = 0.89 as in Carvalho
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(2006). The value implies that shocks have a half-life of 6 months. Second, we consider a
Taylor rule with an interest smoothing term. We set the coefficient on the lagged interest
rate to 0.6971/3 based on the estimate in Carvalho, Lee and Park (2021) who estimate the
rule in a model similar to ours. Introducing the lagged term reduces the estimate of the
autoregressive coefficient in the shock process to 0.5761/3 according to their study. Third,
we consider a Taylor rule that responds to the average inflation rate over 12 months,
1
12

∑11
i=0 πt−k , (i.e., average inflation targeting). Otherwise, the policy parameters are set to

the baseline values in this case.
Figure 3 and 4 show the IRFs of inflation, output, and the shift terms in the first case.
The figures illustrating the second and the third cases are similar to Figure 3-4, and are
thus omitted. Table 2 quantifies the results on monetary non-neutrality. The results are
the same as before qualitatively.
Quantitatively, the marginal contribution of imperfect risk-sharing to monetary nonneutrality, measured by CIRFtR , is less than before, yet is still non-negligible. The increases of output over the 12-month horizon under financial autarky and in the bondonly economy are respectively 35% and 20% more than those under complete market
benchmark with the nominal output growth rule; they are 39% and 14% more with interest rate smoothing, and 35% and 16% more with average inflation targeting.20) Including
output growth in the Taylor rule, as in Coibion and Gorodnichenko (2011), makes little
difference quantitatively in terms of the marginal contribution of imperfect risk-sharing
to monetary non-neutrality.

Table 2. Relative cumulative impulse responses of output – different policy rules
Nominal output growth rule

Financial autarky
Bond economy

CIRFtR
t =1
t =6
1.286 1.342
1.355 1.234

Interest rate smoothing

Financial autarky
Bond economy

1.299
1.084

1.414
1.123

1.394
1.140

Average inflation targeting

Financial autarky
Bond economy

1.211
1.062

1.351
1.109

1.352
1.163

t = 12
1.353
1.195

20) This does not imply that the level contribution of imperfect risk-sharing (i.e. the difference in the cumulative
output responses across different asset market setups, rather than the ratio) is small as greater interest rate
smoothing leads to greater output responses. We find that the level differences are in fact greater with interest
rate smoothing or with average inflation targeting.
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Comparison with firm-specific labor markets
This section compares our model to an analogous model with firm-specific labor mar-

kets that are popular in the literature (e.g., Woodford 2003). Labor markets are now
segmented not only across sectors (as before) but also across firms within each sector,
and each household (type-ik household) works for a particular firm (firm i in sector k).
Otherwise, the model in this section is the same as the previous model.
We consider two cases for risk-sharing. First, risk-sharing is perfect within each sector
and imperfect across sectors, in which case we can still assume a representative household
for each sector, as in the previous model. Second, risk-sharing is imperfect within and
across sectors. We show below that firm-specific labor markets, in both cases, generate the
micro type of real rigidities, which dampen price responses to all shocks. When it comes to
the role of risk-sharing, incomplete asset markets, in the first case, still generate the third
type of real rigidities leading to two-way pricing interactions. In contrast, incomplete
markets, in the second case, give rise to the micro type of real rigidities.
For each case, we discuss the nature of pricing interactions using the frictionless optimal price equations and present the Phillips curve as in section III, which is then followed
by numerical illustrations. A full detail of the models is provided in the online appendix.

1.

Case I: Perfect risk-sharing within sectors
Firm-specific labor markets generate a new pricing interaction on top of what is shown

in section 1. The reason is that marginal costs are now firm-specific, rather than sectorspecific, as each firm pays its workers the firm-specific wage rate, wk,t (i). Since a change
in pk,t (i) now influences wk,t (i) through a within-sector expenditure switching effect, pk,t (i)
appears in marginal costs of the firm. Firms take that into account setting their prices.21)
We first consider the case in which across-sector risk-sharing is imperfect but within21) Firm i is a representative for good-i producing firms, so it is still a wage taker as in Woodford (2003).
However, firms understand that all good-i producing firms that reoptimize make the same pricing decisions.
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sector risk-sharing is perfect. A firm’s frictionless optimal price is then given as:
p∗∗
k,t (i) = firm-i nominal marginal costs
= pt + (1 + φ ) yt − (1 + φ ) ak,t

−
ηφ pk,t − pt
|
{z
}

+

Segmented labor markets across sectors



−



|

(12)

ck,t − yt
{z }

Imperfect risk-sharing across sectors

θ φ p∗∗
k,t (i) − pk,t
|
{z
}

Segmented labor markets within a sector

Firm i’s nominal marginal costs in (12) are the same as that shown in (9) until the second
line. The terms in the second line remain because labor is still immobile across sectors (as
a direct implication of firm-specific labor) and across-sector risk-sharing is still imperfect,
as in the previous model.22)
The last term in the third line is introduced due to labor market segmentation within
sectors. It reflects the within-sector expenditure switching effect: A rise in pk,t (i), ceteris
paribus, decreases yk,t (i), hk,t (i), and wk,t (i), which leads to a decline in marginal costs.
This term renders prices less responsive irrespective of shock types. Notice that the coefficient on pk,t , given by (θ − η ) φ , is now positive – to the extent that the within-sector
elasticity is greater than the across-sector elasticity; that is, if the within-sector expenditure switching effect dominates the across-sector one. Therefore, considering the role of
labor market segmentation in isolation under the plausible assumption (θ > η ), pricing
decisions are now strategic complements with respect to sector-specific shocks, in contrast
to the previous model.
However, when it comes to the role of risk sharing, the result is the same as before.
For the given labor market assumption, imperfect risk-sharing provides a mechanism that
makes prices less responsive to aggregate shocks and more responsive to idiosyncratic
shocks, as captured by the term, ck,t − yt .
The aggregate Phillips curve is given as

πt = β Et [πt+1 ] + κ I yt + ΘIy,t + ΘIc,t ,

(13)



22) We here use the demand relation, yk,t (i) − yt = −θ φ pk,t (i) − pk,t − ηφ pk,t − pt , which reflects two layers
of expenditure switching effects. Notice that even if all firms in sector k happened to charge the same price
(i.e., pk,t (i) = pk,t ), eliminating any effects from firm-specific labor, labor market segmentation
at the sector
R
level would still operate to the extent that pk,t ̸= pt and hence wk,t (i) = wk,t ̸= wt ≡ ∑Kk=1 Ik wk,t (i)di.
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where

κI ≡

1+φ
1+θφ

K

∑ nk λk ,

k=1

ΘIy,t ≡

φ + η −1 K
∑ nk λk yRk,t ,
1 + θ φ k=1

ΘIc,t ≡

1
1+θφ

K

∑ n j λk cRk,t .

k=1

The superscript I is used to denote the slope and shift terms of the Phillips curve in
“Case I”. Notice that κ I = (1 + θ φ )−1 κ , ΘIy,t = (1 + θ φ )−1 Θy,t , and ΘIc,t = (1 + θ φ )−1 Θc,t .
Therefore, labor market segmentation at the firm level reduces all the coefficients in the
Phillips curve by a factor of (1 + θ φ ) compared to the case in which labor markets are
only segmented at the sector level. On the other hand, the role of imperfect risk-sharing,
as before, is captured by the last shift term ΘIc,t ; under complete asset markets, ΘIc,t = 0.
We illustrate the responses of inflation and output in Figure 5. Table 3 quantifies the
results on monetary non-neutrality. The additional mechanism created by the last term in
(12) increases monetary non-neutrality under all three asset market setups. For example,
the responses of output on impact (i.e. at t = 1) in Figure 5 are roughly six time greater
than those in Figure 1.
Interestingly, the gap in the extent of monetary non-neutrality between the case of
complete markets and the cases of incomplete markets widens. For example, the cumulative response of output over the 12-month horizon in the bond-only economy is now
83% more than that under complete market; this 83% in Table 3 is even greater than
the 47% in Table 1. This indicates that imperfect risk-sharing plays a greater role under
firm-specific labor markets than under sector-specific labor markets.

Table 3. Relative cumulative responses: firm-specific labor and sector-specific
households
Financial autarky
Bond economy

CIRFtR
t =1
t =6
2.615 2.240
2.623 2.067

t = 12
2.015
1.826

24

Monetary Non-Neutrality in a Multisector Economy

2.

Case II: Imperfect risk-sharing within sectors
We now turn to the second case in which risk-sharing is imperfect within each sector

in addition to across sectors. A firm’s frictionless optimal price in this case is given as:
p∗∗
k,t (i) = firm-i nominal marginal costs
= pt + (1 + φ ) yt − (1 + φ ) ak,t

−
ηφ pk,t − pt
{z
}
|

+

Segmented labor markets across sectors

−

θφ
|

p∗∗
k,t (i) − pk,t
{z



}

Segmented labor markets within a sector

(14)



|

ck,t − yt
{z }

Imperfect risk-sharing across sectors

+


ck,t (i) − ck,t ,
|
{z
}

Imperfect risk-sharing within a sector

where the last term, ck,t (i) − ck,t , is new and reflects a within-sector wealth effect that is
created by within-sector imperfect risk-sharing. This term, similar to the other term in
the same line, renders prices less responsive irrespective of shock types. Whenever a firm
raises its price (for whatever reasons), the demand for firm’s output declines, which in turn
decreases labor income and consumption of the household who work for the firm. This
decreases the firm’s marginal costs. Therefore, the firm does not raise its price as much.
The Phillips curve is obtained as:
(15)

II
πt = β Et [πt+1 ] + κ II yt + ΘII
y,t + Θc,t ,

where

κ II ≡

1+φ
1+θφ

K

∑ nk λkII (ε ) ,

k=1

ΘII
y,t ≡

φ + η −1 K
∑ nk λkII (ε ) yRk,t ,
1 + θ φ k=1

ΘII
c,t ≡

1
1+θφ

K

∑ n j λkII (ε ) cRk,t .

k=1

The superscript II is used to denote the slope and shift terms in “Case II”. Unlike the
previous cases shown in (11) and (13), imperfect within-sector risk-sharing changes the
Phillips curve in two dimensions. First, as before, it introduces the second shift term,
ΘII
c,t . Second, it now reduces the slope of the Phillips curve. Under perfect within-sector
risk-sharing, λkII = λk , and the slope of the Phillips curve in (15) is identical to those in
the previous Phillips curves. Otherwise, one can show that λkII < λk , and moreover λkII (ε )
is decreasing in ε ,

∂ λkII (ε )
∂ε

< 0: The greater the bond market frictions are, the flatter the

Phillips curve is. We prove this claim in the online appendix.
We show numerical results in Figure 6 and Table 4. With the additional mechanism
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produced by within-sector imperfect risk-sharing, the model now generates even greater
monetary non-neutrality than in the previous cases. Moreover, the gap in the extent of
monetary non-neutrality between the model with complete markets and the models with
incomplete markets widens even further. For example, the cumulative response of output
over the 12-month horizon in the bond-only economy is now 243% more than that under
complete market.

Table 4. Relative cumulative responses: firm-specific labor and firm-specific
households
Financial autarky
Bond economy

VI.

CIRFtR
t =1
12.141
4.884

t =6
9.314
3.851

t = 12
8.005
3.427

Sector-specific productivity shocks

Before concluding the paper, we return to the original model with sector-specific labor markets and illustrate the role of strategic substitutability in price setting in amplifying
price responses to sector-specific shocks. In particular, we compare the volatility of sectoral inflation and output, measured by their standard deviations, under incomplete asset
markets to those under complete markets – when sectoral productivity shocks are the sole
driving forces.
To this end, we shut down the monetary disturbances and instead let each sectoral

productivity, ak,t , follow an independent AR(1) process with the autoregressive coefficient set to 0.951/3 and the standard deviation of its innovations set to 10%.23) The model
is then simulated for 100,000 time periods under complete and incomplete markets with
the same realized shocks. The standard deviations – our volatility measure – are estimated
on the simulated time series.
Figure 7 shows the cross-sectional distribution of the volatility of sectoral inflation
under complete markets and under financial autarky.24) The strategic substitutability induced by imperfect risk-sharing shifts the distribution to the right, increasing the mean
23) The estimates of the standard deviations of sectoral productivity shocks are substantially larger than those of
aggregate shocks in the literature (e.g., Carvalho, Lee and Park 2021). Midrigan (2011) shows that a monthly
standard deviation of idiosyncratic shocks should be between 8% and 11.2% to explain highly volatile prices.
Pasten, Schoenle, and Weber (2019b) set the autoregressive coefficient to unity (i.e. a Random walk process
for sectoral productivity shocks) and show that the mean of the estimated standard deviations of innovations
is 9.92%.
24) Here we omit the results from the bond-only economy.
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of the distribution by 2.03 percentage points (from 3.88% to 5.91%).25) Sectoral inflation is thus more volatile under incomplete markets, implying that sectoral prices tend to
respond by more to the sector-specific shocks when households cannot share their labor
income risks. So the exercise in this section confirm that our proposed mechanism, as discussed in section 1, does not produce the implausible micro-level implications outlined
in the introduction.
Finally, as a side note, we point out that sectoral outputs respond by more to sectorspecific productivity shocks under imperfect risk-sharing as a consequence of greater price
responses. Figure 8 reveals that imperfect risk-sharing shifts the cross-sectional distribution of the volatility of sectoral output to the right; that is, sectoral outputs are more
volatile. This in turn leads to an increase in the volatility of aggregate output – although
a large portion of sectoral output movements is averaged out. The standard deviation
of aggregate output (driven by the idiosyncratic shocks) rises by 0.35 percentage points
thanks to the strategic substitutability.
Clearly, we do not view that the current model provides an adequate framework for
a quantitative analysis of the propagation of idiosyncratic shocks, and we do not parameterize the model to match any moments in the data. Our analysis, however, does suggest
that the pricing interactions emphasized in this paper have a potential to generate an
interesting propagation mechanism of such shocks.

VII.

Conclusion

A majority of recent multisector sticky-price models used for quantitative analyses features segmented labor markets at the sectoral level (e.g., Carvalho, Lee and Park 2021;
Pasten, Schoenle, and Weber 2019a, 2019b; Smets, Tielens and Van Hove 2019). Besides
its plausibility, the feature has become popular also because the resulting sector-specific
wages help the models generate dynamics more consistent with macro- and micro-evidence.
However, these models either rely on the representative-household abstraction, or equivalently assume perfect risk-sharing among households of different sectors – despite ample
evidence that labor income risk-sharing is not as ideal as complete-market models predict due to a myriad of financial frictions. Apart from tractability and simplicity, the
representative-household abstraction would be justified if such household heterogeneity
did not affect aggregate dynamics significantly.
25) The strategic substitutability induced by imperfect risk-sharing increases the standard deviation of aggregate
inflation by 0.3 percentage points.
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Our study shows that this is not the case. Imperfect risk-sharing among households of
different sectors generates pricing interactions that dampen price responses to aggregate
shocks while allowing for large price responses to idiosyncratic shocks. While this statement holds for any aggregate shocks, we have focused on monetary shocks in this paper.
Our numerical analysis shows that the mechanism has a potential to produce significant
monetary non-neutrality – without sacrificing volatile individual prices. That being said,
our model is stylized, so more work is necessary to answer how such household heterogeneity matters in more elaborate settings.
In future work, it would be interesting to see the normative implications of risksharing. Aoki (2001), Benigno (2004), Mankiw and Reis (2003), and Eusepi, Hobijn, and
Tambalotti (2011) study optimal monetary policy in a multisector framework similar to
ours, and propose that the central bank should stabilize a price index weighted disproportionately toward low-frequency sectors instead of Consumer Price Index or Personal
Consumption Expenditure Price Index. However, the weights on sectoral prices in the
central bank’s target price index would also have distributional implications for households of different sectors: Assigning a disproportionately large weight on certain sectors
might benefit some households at the expense of other households. Consequently, the
optimal weights would differ depending on asset market environment.
In this paper, we have focused on the propagation of aggregate shocks – in particular, monetary policy disturbances. However, our discussion in section 1 and in section
VI suggests that asset market assumptions matter for the propagations of idiosyncratic
shocks: Idiosyncratic productivity shocks collectively may contribute more to aggregate
output fluctuations with imperfect risk-sharing. A quantitative analysis with a multisector sticky-price model with realistic input-output production linkages and heterogeneous
households seems promising.26) We leave this potentially interesting endeavor for future
research.

26) The mechanisms emphasized in this paper would still operate and help such a model generate amplified
aggregate fluctuations. However, we conjecture that the role is likely to be smaller quantitatively. The reason
is the use of intermediate inputs as well as labor inputs by firms as factors of production. Consequently,
marginal costs would depend less on the sectoral wage rate (compared to our model). In other words, the
“amplification burden” would be shared by worker/household heterogeneity and IO production linkages.
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Figure 1. Response of inflation and output to a decrease in monetary shock.
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Figure 2. Response of the shift terms to a decrease in monetary shock.
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Figure 3. Response of inflation and output to a negative shock on monetary
growth rate.
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Figure 5. Response of inflation and output to a decrease in monetary shock in
the first model with firm-specific labor markets.
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Figure 7. Cross-sectional distribution of volatility (%) of sectoral inflation

Figure 8. Cross-sectional distribution of volatility (%) of sectoral output

⟨Abstract in Korean⟩

다부문경제에서 통화 비중립성: 위험공유의 역할
이승현∗ , 이재원∗∗
본고에서는 다부문 경직가격 모형 (multisector sticky-price model) 을 통해
이질적 가계간 위험공유(risk-sharing)의 정도가 통화 비중립성(monetary nonneutrality)의 규모를 결정하는 요인임을 분석하였다. 먼저, 분할된 노동시장으로
인해 각 가계는 경제 내 서로 다른 부문에 노동을 공급하며, 따라서 서로 다른 실질
임금을 받는 경제를 상정하였다. 시장이 불완비한 경우 서로 다른 부문에 노동을
공급하는 가계간에 내생적으로 발생하는 노동소득위험(labor income risk)을 완전
히 공유할 수 없게 된다. 이때 노동 공급의 부의 효과(wealth effect)로 인해 부문별
한계생산비용(sectoral marginal cost)이 부문별 상대가격(sectoral relative price)
의 영향을 더욱 크게 받게 되며, 기업들의 가격결정시 거시 충격에 대해서는 전략
적 보완성(strategic complementarity)이, 부문별 충격에 대해서는 전략적 대체성
(strategic substitutability)이 발생한다. 이러한 기업의 가격설정 행태는 통화정책
충격 등 거시충격 발생시 물가 변동은 더딘 반면 생산갭 변동은 더욱 커지는 결과
로 이어진다. 즉, 시장 불완비성에 따른 부문간 불완전한 위험공유로 인해 실질
경직성(real rigidity)이 발생하여 통화 비중립성이 더욱 강화된다. 또한, 부문별
충격시에는 물가 변동을 저해하지 않으면서도 부문별 생산 및 총생산의 반응이
더욱 커지는 메커니즘이 작동한다. 본고에서는 위험이 공유되는 정도를 완비된
자산시장, 무위험 채권시장, 및 금융 시장 부재 등 세 가지로 나누고 각 경우의
결과를 비교함으로써, 위험공유가 불완전할수록 통화 비중립성이 강화되는 메커
니즘을 계량적으로 분석하였다.
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