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Introduction

Debates on monetary policy often hinge on the slope of the New Keynesian
Phillips curve, i.e., the relationship between economic slack and changes in
prices or wages, conditional on expected inflation.
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Related literature and our contribution

In the context of the New Keynesian model (e.g. [Gaĺı, 1999]), the Phillips
curve slope is determined by multiple factors:

Price stickiness [Calvo, 1983]

Wage stickiness [Roberts, 1997], [Siena & Zago, 2024]

Inflation expectations and central bank credibility
[Lucas & Rapping, 1969], [Bullard & Mitra, 2002],
[Woodford & Walsh, 2005],
[Demertzis et al., 2012],[Del Negro et al., 2020],
[Carvalho et al., 2023]
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Related literature and our contribution

Non-linearities in supply [Boehm & Pandalai-Nayar, 2022]

Supply shocks [Gagliardone et al., 2023]

Competition [Gilchrist & Zakrajsek, 2019],
[Fujiwara & Matsuyama, 2022]

A rich literature on “time-varying” Phillips curve [Hooper et al., 2020]
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Related literature and our contribution

Our paper takes almost all of the above factors as given and explores
the effect of heterogeneous technology and demand at the firm level.

This study’s contribution to the literature is to empirically evaluate the
effect of firms’ production technology heterogeneity on the slope of the
Phillips curve.

We show that firms with higher productivity levels feature lower and
flatter marginal cost curves.

The aggregate Phillips curve can be derived from firms’ pricing be-
haviour. The more demand shocks are met by the most productive
firms, the flatter the Phillips curve.
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New Keynesian model with heterogeneous technology

Firms differ in production technology:

Yf = Af (K
αN1−α)γf

Evidence that Af and γf are positively correlated. Hence, we assume
monotonic relationship: (γf = γ(Af ),

∂γ
∂A > 0).

Monopolistic competition: firms compete à la Bertrand and there is
strategic interaction in firms’ pricing since sectors are not atomistic.

Aggregate Phillips curve derived by weighted aggregation of firm-level
pricing.

Otherwise standard NK Framework.
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New Keynesian model with heterogeneous technology

As advocated by [Mrázová & Neary, 2017], we consider the “firm’s
eye view” of demand, where the residual demand curve facing a firm
can be sufficiently characterized by its elasticity and convexity.

From monopolistic competition and Calvo prices, firms’ optimal price
setting is:

max
Po
ft

Et

{ ∞∑
k=0

θ

[
Λt,k

(
Po
ft

Pt+k
Dft+k − TC (Dft+k)

)]}

Aglio and Bartelsman (VU, TI) Heterogeneous Firms and PC 19/11/24 8 / 43



New Keynesian model with heterogeneous technology

From cost minimization, marginal costs are:

MCft =

(
Wt

(1− α)γf

)(1−α)( Rt

αγf

)α

A−γf
f Y

(
1−γf
γf

)

ft

Log-linearizing FOC of firms’ optimal price setting around the steady
state:

p̂oft = (1− βθ)Et

∞∑
k=0

(βθ)k(µ̂ft+k + m̂cnft+k)

Where markups depends on demand elasticity (σ in a CES function)
and strategic pricing (the steady state is a Nash equilibrium):

µ̂fst+k = µfst+k − µfs = −Γfs(p̂
o
ft − p−f

st+k) + uµfst+k

Strategic interaction is studied by [Andrés & Burriel, 2018]; our
argument holds even in atomistic competition.
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New Keynesian model with heterogeneous technology

Substituting marginal costs and markups, the pricing equation for
each firm becomes:

p̂ofst = (1−βθ)Et

∞∑
k=0

(βθ)k [(1−Ωfs)(ĉfst+k+vf ŷfst+k)+Ωfspst+k+uµfst+k ]

Ωfs =
Γfs

1+Γfs
.

vf = 1−γf
γf

.
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New Keynesian model with heterogeneous technology

Aggregating firms’ pricing equations (using market share at steady
state as weights), we obtain the Phillips curve:

πt = βEtπt+1 + (1− Ω)(1− βθ)ĉ rt + (1− βθ)v ŷt + ut

where

v ŷt =

∫ 1

0
(
1

N

N∑
f=1

p̄1−σ
f (1− Ωfs)vf ŷfst)ds
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Micro-aggregate evidence

Based on CompNet 9th vintage database.

Firm-level indicators that are aggregated to different levels, e.g., 2-digit
industry.

21 European countries for the period 2004-2020 and most of the private
non-farm business sector.

We employ joint distributions, where “representative firms” are defined
by their quintile location in the within-industry productivity (TFP) dis-
tribution.
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Micro-aggregate evidence

From the model marginal costs, firm wages are a function of input
prices and output gap.

We test the model on the input prices side for each productivity (tfp)
quintile of the firms distribution.

We test the following equation:

δwcsqt = αxcsqt + βδwcsqt−1 + γπct−1 + δcsq + δt + εcsqt
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Micro-aggregate evidence
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Micro-aggregated evidence

The Phillips curve flattens for the most productive firms:
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Micro-aggregate evidence

The most productive firms respond more to aggregate output
increase:

δYcsqt = αYcst ∗ δq + δcsq + δt + εcsqt
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Data and empirical strategy

Micro data infrastructure (MDI), created under the EU Technical Sup-
port Instrument project1.

Main datasets: PRODCOM, SBS, and BS.

Main analysis is focused on France, from 2010 to 2020. Moreover,
cross-country comparison with the Netherlands.

Manufacturing sector.

1
The MDI received funding from the H2020 project grant Microprod, 2019-222, and the EU TSI project, European

Commission, Directorate-general for Structural Reform Support under grant agreement No. 101101853 and No. 101140673
(Austria).
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Data and empirical strategy

Homogeneous firm-level data, annual frequency.
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Data and empirical strategy
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Data and empirical strategy

PRODCOM data are used to create prices at the firm level:

Pft

Pft−1
=

∏
g∈fg

(
Pgft

Pgft−1

)sgft

SBS to collect information about firms’ revenues, labour, intermediate
material expenses, and wages. BS for capital and interest paid. These
data are used to implement our clustering analysis on firm production
and costs pass-through.
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Data and empirical strategy

Exogenous measures of demand shock: two typologies of downstream
demand indicators.

At industry level, from the OECD Inter-Country Input-Output Tables:

DSShea
st =

∑
j∈Jst−1

sjst−1∆lnMjt

From country-product level to firm specific downstream, using UN
Comtrade:

DSwid
ft =

∑
p∈Ppt−1

sfpt−1∆lnWIDpt
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Data and empirical strategy

Objective: estimate the supply curves of heterogeneous firms along the
production technology distribution. The coefficient vf in firms’ pricing
equation, which governs the slopes of the supply curves.

Such a parameter can be derived by estimating the coefficients of the
output component and the competitors’ price, Ωfs .

However, the strategic component Ωfs could, in principle, be affected
by firm-specific demand elasticity.

Therefore, we cluster firms along the production technology distribution
and according to similar demand characteristics.
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Data and empirical strategy

Firms are clustered in 5 technology groups and 3 demand groups.

Initial clustering along labour productivity and price - marginal costs
ratio.

Clustering along production technology:

yft = α+ β1kft + β2lft + β3mft + δt + ϵft

Clustering along demand characteristics ([Mrázová & Neary, 2017]):

δpft = β0 + β1(ηd , ρd)δmcft + δt + ϵft

Iterations until RSS minimized for both regressions in each cluster.
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Data and empirical strategy

The algorithm has been updated to estimate production function with
the interaction of the residual demand elasticity firms face.

To do that, GMM criterium is minimized where production function
and cost pass-through equation are stacked.

Q(β) = (Y − Xβ)⊤W (W⊤ΩW )−1W⊤(Y − Xβ)

Production function instruments (lagged variable inputs, capital, lagged
capital, as well as time and constant) are used also in the GMMmoment
of the cost pass-through.

Each cluster’s production function is estimated conditional on its de-
mand elasticity cluster.

Production technology (dynamic panel data with productivity shocks):

δyft = α+ β1δkft + β2δlft + β3δmft + δt + ξft + ϵft

Demand ([Mrázová & Neary, 2017]):

δpft = β0 + β1(ηd , ρd)δmcft + δt + ϵft
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Data and empirical strategy

Firm-years observations by technology and demand groups:
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Data and empirical strategy

Descriptive statistics by technology group:
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Data and empirical strategy

Descriptive statistics by technology group:
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Data and empirical strategy

Based on such clustering, it is now possible to test whether firms’ supply
curves are heterogeneous across the production technology distribution,
controlling for demand characteristics as well.

From the New Keynesian framework, and considering we are employing
annual data, we estimate the following firms’ pricing equation:

δpft = β1δyft + β1cδyft
∗Dc + β2δp

−f
st−1 + β3δpft−1 + δst + δf + ϵft

2SLS regressions to instrument firm real output increase δyft by the
downstream demand indicators
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Micro results

Pricing equation by technology cluster:
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Micro results

Pricing equation by technology and demand cluster:
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Micro results

Pricing equation by aggregate technology and demand cluster:

Aglio and Bartelsman (VU, TI) Heterogeneous Firms and PC 19/11/24 31 / 43



Micro results

Slope of pricing equations by technology group:
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Micro results

Heterogeneous Phillips curves:
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Micro results

The Phillips curve, from micro to macro:
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Micro results

Cross-country comparison with the Netherlands:
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Micro results

Cross-country comparison with the Netherlands:
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Conclusion

Production technology matters for firm pricing decisions.

The most productive firms have flatter supply curves, even after con-
trolling for differences in firm residual demand and net of strategic
competition.

The Phillips curve slope, then, turns out to be well represented by a
weighted average of the slopes of these firm supply curves.

The empirical findings rely on French and Dutch manufacturing firm-
level data, and are supported by cross-country evidence on micro-based
data regarding several European countries for the entire business econ-
omy (including services).
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Conclusion

We employ aggregate demand measures to instrument firm demand
shocks. Finding a closer measure of a firm-specific demand shock
would be very effective and better track demand-driven increases in
firm sales.

We mostly focused on manufacturing. It is, hence, a natural further
step in this field to include a larger part of the economy, in particular,
services.
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Thank you for your kind attention!
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