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Résumé

La baisse de la sensibilité de l'inflation aux conditions domestiques observée dans
les pays développés au cours des 25 dernieres années a souvent été attribuée a la
mondialisation. Toutefois, cette intuition n’a pas été formalisée jusqu’a présent. Je
développe un modele d’équilibre général qui permet de rendre compte de I'aplatisse-
ment de la courbe de Phillips en réponse a une baisse des cotits de transport. Pour ce
faire, j’incorpore trois nouveaux ingrédients dans un modele néokeynésien standard
a deux pays : des interactions stratégiques engendrent un mark-up variable; 1’entrée
endogéne d’entreprises fait dépendre la structure du marché de la mondialisation ;
la productivité hétérogéne entre les entreprises permet l’auto-sélection des plus
productives. En raison de I’hétérogénéité de la productivité, seules les entreprises
les plus efficaces (qui sont aussi les plus grandes) choisissent d’exporter. Les grosses
entreprises ont tendance a moins transmettre les fluctuations des colts marginaux
a l'inflation parce qu’elles absorbent ces chocs dans leur marge afin de protéger
leur part de marché. Au niveau agrégé, 'augmentation de la part des grandes en-

treprises dans I’économie réduit la sensibilité de 'inflation au cout marginal domestique.

Mots-Clés : Inflation ; Courbe de Phillips ; Impact macroéconomique de la mondialisation.
Classification JEL : E31,F41,F62.

Abstract

The decline in the sensitivity of inflation to domestic slack observed in developed
countries over the last 25 years has been often attributed to globalization. However,
this intuition has so far not been formalized. I develop a general equilibrium setup
that can rationalize the flattening of the Phillips curve in response to a fall in trade
costs. In order to do so, I add three ingredients to an otherwise standard two-country
new-Keynesian model : strategic interactions generate time varying desired markup;
endogenous firm entry makes the market structure change with globalization; hete-
rogeneous productivity allows for self-selection among firms. Because of productivity
heterogeneity, only high-productivity firms (that are also the bigger ones) enter the
export market. They tend to transmit less marginal cost fluctuations into inflation
because they absorb them into their desired markup in order to protect their market
share. At the aggregate level, the increase in the proportion of large firms reduces the

pass-through of marginal cost into inflation.

Keywords : Inflation ; Phillips curve ; Macroeconomic Impacts of Globalization.
JEL Classification Numbers : E31,F41,F62.



Non Technical Summary :

In spite of the dramatic economic contraction following the Lehman collapse and the
ensuing subdued growth dynamics, inflation has displayed a remarkable stability. This
“missing disinflation” puzzle has renewed attention in academic and policy circles on
the fundamental forces behind the loosening of the inflation-output tradeoff observed in
advanced countries since the mid 1980’s. The missing disinflation puzzle terminology is
introduced by Gordon (2013), or Coibion and Gorodnichenko (2014) among others. Among
the possible explanations, globalization has stood as one of the prime suspects, ever since
Chairman Bernanke’s speech “Globalization and Monetary Policy” in 2007. Intuitively, as
openness to international trade increases, producers adjust their pricing behavior for fear
of losing their market share. This should in principle feedback on the slope of the Phillips
curve. Yet, in spite of its appeal, it has proven extremely difficult to formalize this simple

story in the workhorse new-Keynesian paradigm.

In this paper, I provide a novel analytical framework that can replicate the flattening of
the Phillips curve in response to globalization, in the context of a two-country new-Keynesian
model. Key is the inclusion of three ingredients : Strategic interactions due to oligopolistic
competition; Endogenous entry on the export market due to fixed penetration costs; and

Heterogeneity in firms’ productivity.

Globalization is defined as a fall in international per-unit trade costs. The set of compe-
titors endogenously changes as it becomes profitable for new firms to export (Endogenous
Entry assumption). By the Productivity Heterogeneity assumption, only the more productive
firms choose to export and they are also the largest firms. Because of the Strategic Interac-
tions assumption, largest firms are the most prone to act strategically by absorbing marginal
cost movements into their markup in order to protect their market share. Hence, large firms
transmit less marginal cost fluctuations into price adjustments compared to smaller firms.
At the aggregate level, the increase in the relative proportion of more productive/larger

firms, due to globalization, engenders a flattening of the aggregate Phillips curve.

As soon as one of the three key assumptions is relaxed, the model predicts opposite results,
i.e. either no change or a steepening of the Phillips curve. I demonstrate that two forces are
simultaneously playing in opposite directions in response to globalization. On the one hand,
the increase in the number of goods competing on the domestic market reduces firms’ market
power. This decline in real rigidities renders price adjustments more responsive to marginal

cost fluctuations. Thus, the pro-competitive force favors a steepening of the Phillips curve.



On the other hand, the distribution of firms changes because the share of big producers in the
economy increases due to the self-selection of high-productivity firms. The post-globalization
economy comprises relatively more large firms. As large firms have more market power than
the average population, the overall degree of real rigidities in the economy increases. This
composition effect reduces the responsiveness of inflation to marginal cost shocks.

At the aggregate level, the Phillips curve does flatten if the composition effect dominates the
pro-competitive effect. I show that it is indeed the case : for a parameterization of the model
that replicates standard features of international trade, the sensitivity of domestic production

price inflation to domestic marginal cost decreases by 11%.



1 Introduction

In spite of the dramatic economic contraction following the Lehman collapse and the en-
suing subdued growth dynamics, inflation has displayed a remarkable stability. This “missing
disinflation” puzzle has renewed attention in academic and policy circles on the fundamental
forces behind the loosening of the inflation-output tradeoff observed in advanced countries
since the mid 1980’s.' Among the possible explanations, globalization has stood as one of
the prime suspects, ever since Chairman Bernanke’s speech “Globalization and Monetary
Policy” in 2007. Intuitively, as openness to international trade increases, producers adjust
their pricing behavior for fear of losing their market share. This should in principle feedback
on the slope of the Phillips curve.? Yet, in spite of its appeal, it has proven extremely

difficult to formalize this simple story in the workhorse new-Keynesian paradigm.

In this paper, I provide a novel analytical framework that can replicate the flattening of
the Phillips curve in response to globalization, in the context of a two-country new-Keynesian
model. Key is the inclusion of three ingredients : Strategic interactions due to oligopolistic
competition; Endogenous entry on the export market due to fixed penetration costs; and

Heterogeneity in firms’ productivity.

Globalization is defined as a fall in international per-unit trade costs. The set of compe-
titors endogenously changes as it becomes profitable for new firms to export (Endogenous
Entry assumption). By the Productivity Heterogeneity assumption, only the more productive
firms choose to export and they are also the largest firms. Largest firms are the most prone
to act strategically by absorbing marginal cost movements into their markup in order to
protect their market share. Because of the Strategic Interactions assumption, large firms
are less prone to transmit marginal cost fluctuations into price adjustments compared
to smaller firms. At the aggregate level, the increase in the relative proportion of more
productive/larger firms, due to globalization, engenders a flattening of the aggregate Phillips

curve.

As soon as one of the three key assumptions is relaxed, the model predicts opposite

results, i.e. either no change or a steepening of the Phillips curve. I demonstrate why each

1. A non exhaustive selection among the numerous publications since the mid 2000’s includes Peach (2010),
Kohn (2006), Bernanke (2007), IMF (2006, 2013). The missing disinflation puzzle terminology is introduced
by Gordon (2013), or Coibion and Gorodnichenko (2014) among others.

2. The Phillips curve slope is defined, in a broad way, as the responsiveness of inflation to any measure of
the tensions on the domestic production factors (i.e. the domestic slack) such as output gap, unemployment
gap, marginal cost or capacity utilization.



assumption is necessary to reproduce the flattening of the Phillips curve, but not sufficient
by itself. To establish that point, the causality from globalization to the slope of the Phillips
curve can be decomposed into two parts : (i) How does the elasticity of inflation to marginal
cost vary with the market structure? (ii) How does the market structure change with

globalization ?

How does the slope of the Phillips curve vary with the market structure ?
The view that the degree of competition might affect the slope of the Phillips curve presumes
that firms act strategically. In order to capture the strategic interactions channel, I relax
the standard fixed price elasticity of demand assumption. To that end, I introduce the
oligopolistic competition assumption, stating that firms compete in prices, a la Bertrand,
within sectors®. They internalize their influence on the sectoral price when setting their
optimal price. Therefore, the price-elasticity of demand depends negatively on a firm’s
market share and the desired markup* fluctuates over time, as in Atkeson and Burstein
(2008) or Benigno and Faia (2010).°

Coupled with nominal rigidities, the oligopolistic competition assumption gives rise
to an augmented new-Keynesian Phillips curve, whose slope is not fixed anymore. The
responsiveness of inflation to marginal cost is decreasing in firm’s market share, £.% As firms
respond to a marginal cost shock by absorbing part of that shock into their desired markup,
the pass-through of marginal cost into inflation is mechanically reduced.” The strategic
“desired markup adjustment” is all the larger as the economy is composed of large players
(with more market power). In the limit, if firms’ market share becomes infinitely small,
strategic interactions vanish and the model yields back to the standard fixed elasticity of
demand case.

As in Woodford (2003), for a given degree of nominal rigidities, the higher the degree
of strategic interactions (also sometimes referred to as real rigidities), the flatter the
Phillips curve. The remaining question regards the impact of globalization on firms’ market

share/market power.

3. In the vein of Dornbusch (1987)

4. The one prevailing under flexible prices.

5. Instead of supply side complementarities, Chen, Imbs and Scott (2009), Sbordone (2009) or Guerrieri
et al. (2010) rely on demand side complementarities, introducing a Kimball demand function that directly
relates the elasticity of substitution between goods to the number of available goods. An other option for
generating time varying price elasticity of demand relies on distribution costs as in Berman, Mayer and
Martin (2012).

6. The inverse of the market share, 1/¢, can be interpreted as a measure of the competition toughness in
steady state.

7. Those results are in line with Sbordone (2009), Benigno and Faia (2010) and Guerrieri et al. (2010).



How does the market structure change with globalization ?
The answer depends on the way globalization is defined.
Sbordone (2009) and Benigno and Faia (2010) consider symmetric firms and model globa-
lization as an increase in the overall number of goods (IV), which, as a corollary, entails
a shrink in domestic firms market share (¢ = 1/N). Such a definition of globalization
necessarily leads to a decline in firms’ market power and a steepening of the Phillips curve

as strategic interactions weaken.

Instead, I borrow from the new trade literature and I argue that globalization might favor
the emergence of “big players”. In the vein of Melitz (2003) or Chaney (2008), I introduce
two assumptions : the set of exporters is endogenous, due to fixed penetration costs on the

export market ; and firms are heterogeneous in productivity.

When the iceberg trade cost falls, only the high-productivity firms choose to export and
high-productivity firms are also large ones (as in Atkeson and Burstein (2008) or Berman
et al. (2012)). Therefore new firms who enter the market have more market power than the
average. They are consequently relatively more prone to act strategically, by adjusting their
desired markup, and exhibit a flatter Phillips curve. At the aggregate level, as globalization
favors an environment with relatively more “large market share” firms, the aggregate Phillips

curve flattens.
Related literature. My contribution connects three streams of the literature.

First, this paper is related to the new-Keynesian open economy literature.
From standard new-Keynesian open-economy models as Gali and Monacelli (2008), there is
a broad agreement on how import prices have a direct effect on consumer price inflation
proportionally to their share in the consumption basket. Besides, domestic producer price
inflation is related to the terms of trade insofar as the latter influences the domestic real
marginal cost.

I consider another channel that works through firm strategic behavior and directly affects
the slope of the Phillips curve. In that sense, my work is very close to Sbordone (2009) %,
Benigno and Faia (2010) and Guerrieri et al. (2010) who embed strategic interactions into

otherwise standard DSGE models in order to assess the impact of globalization on inflation

8. Sbordone studies a closed economy, but the impact of the rest of the world is captured through the
number of varieties available to domestic customers.



dynamics. However, it differs in a crucial aspect : instead of defining globalization only as
an increase in the number of goods, I define globalization as a fall in trade costs that allows
for both (i) an increase in the number of available varieties and (7i) for the selection of the
most productive firms (a mechanism for which the international trade literature provides

solid evidence).

Sbordone (2009), Guerrieri et al. (2010) or Benigno and Faia (2010) relax the fixed
elasticity of demand hypothesis by relying respectively on demand side strategic comple-
mentarities (with preferences a la Kimball) or on oligopolistic competition. In their setups,
there is no endogenous entry/exit of firms, and globalization is modeled as an increase
in the number of varieties. The firms are homogeneous in productivity and globalization
unambiguously lowers the share of each firm in the market, therefore alleviating strategic
interactions. Firms’ concerns about losing market share diminish, which promotes greater
price flexibility and steepens the slope of the Phillips curve. In my framework, it is not
necessarily the case that firms’ market share falls with globalization. The effect depends
on each firm relative productivity. The more productive ones might gain market shares by
penetrating the export market. In the end, the aggregate Phillips curve slope depends on

the relative share of big versus small firms in the economy.

Second, this work is related to the recent literature that embeds endogenous
varieties in a new-Keynesian DSGE setup.
A closely related series of papers deals with optimal monetary policy under endogenous
entry : Bibliie, Ghironi and Melitz (2010), Bibliie, Fujiwara and Ghironi (2014), and Bergin
and Corsetti (2010) study models with endogenous firm entry and sluggish price adjustment
to derive the optimal monetary policy.
Part of this literature also introduces strategic complementarities. In particular, Cecioni
(2010), Etro and Colciago (2012), Faia (2012), Lewis and Poilly (2012), or Etro and Rossi
(2014) rely on oligopolistic competition and endogenous firm entry assumptions in a closed
economy framework. They find that short run markups vary countercyclically because, after
a positive shock, the entry of new firms reduces their market share. Cecioni (2010) concludes
that a cyclical increase in the number of operating firms lowers CPI-inflation in the short
run.
My work differs from those papers along two dimensions : first, I study an open economy?;
second, I suppose that firms are heterogeneous in productivity. As a result, I am able to

account for a flattening of the Phillips curve while the aforementioned papers predict no

9. in order to assess the effects of globalization.



change or a steepening.

Third, the paper also shares ingredients with the international trade literature
on Pricing-To-Market and imperfect exchange rate pass-through.
This literature demonstrates that strategic interactions are sufficient to generate pricing-to-
market and imperfect pass-through even in the absence of nominal rigidities (see. Burstein
and Gopinath, 2013). This result still holds in my model. In the long run, when prices are
flexible, the model boils down to Akteson and Burstein (2008) framework. My results are
consistent with other models where the perceived price elasticity of demand declines with
firm productivity. It is in line with Berman, Martin and Mayer (2012) who point out an
heterogeneity in pricing to market driven by firm specific productivity.
However, my approach differs from international trade literature on imperfect pass-through
as | consider a sticky prices environment. I am focusing on how the combination of strategic
interactions and nominal rigidities affects the inflation/real marginal cost nexus. As opposed
to Atkeson and Burstein (2008)or Berman et al. (2012), I do not focus on the link between
prices and nominal marginal costs, but I am looking at the relationship between inflation

and real marginal cost (the Phillips curve slope).

More precisely, in terms of modeling, this work is closely related to Ghironi and Melitz
(2005) and Atkeson and Burstein (2008) insofar as I consider a dynamic two-country economy
with an endogenous set of exporters driven by trade costs. 1°

I simplify Atkeson and Burstein (2008) framework by imposing symmetry across sectors.
As sectors are identical, I can solve the model analytically in the vein of Ghironi and Melitz
(2005) : in steady state, there exists an endogenous cutoff productivity value that determines
the set of exporters, their prices and the quantities sold, and eventually pins down the slope
of the aggregate Phillips curve. Compared to Atkeson and Burstein (2008), I do not have
the insights related to the heterogeneity across sectors but I gain the possibility to derive an

analytical solution.

2 Model

Assume that the economy is composed of two countries, domestic (d) and foreign (f). In

each country there exists a continuum of sectors on [0, 1], indexed by k, producing differen-

10. The key difference is that I am focusing on a sticky prices environment while they both deal with
flexible prices.



tiated goods. Within each sector, firms compete strategically in prices (& la Bertrand). !
The model is a general equilibrium that involves four types of agents in each country :
households, intermediate goods producers, final good producers and a monetary authority.
The representative household maximizes its intertemporal utility by choosing consumption,
and assets holdings (risk free nominal bonds) and receives income from labor and dividends
from firms. The monetary authority follows a standard Taylor rule. Since the behavior of
the representative household and the monetary authority is pretty standard, I delay the full
description to Appendix A. The firm behavior is the key novel ingredient in my model and
it departs from the standard new-Keynesian framework through the existence of strategic

interactions entailed by oligopolistic competition.

2.1 Final goods producer

A non-tradable final consumption good Y, is composed of differentiated goods from
o=1 751 :

a continuum of sectors k on [0,1] : Y = [fol Ye(k) = dk|” ", where o is the elas-

ticity of substitution between goods from different sectors. The demand for sectoral

good is Y (k) = <%tk)>i Y,?, where P, is the Dixit-Stiglitz price index defined as
1

b= [fol Pt(k)l_gdk} 7 and P,(k) is the sectoral price.

In each sector k, a retailer firm combines foreign and domestic goods to produce
%) 9
N 0=17]8=1 N O=1 ~N0=1]0=1 k,d k,
YER) = |Siear 2T |7 = | Sicqpu w0+ Cicqps ol (07|77 0" and 0 are
respectively the sets of domestic and foreign varieties consumed in sector k on domestic
market at time ¢ and satisfy Qf’d U Qf’f = QF and Qf’d N Qf’f = 0.

A wariety 1 is equivalent to a good or a firm or a production line since each firm produces
one differentiated good. N} is the measure of Qf and represents the number of differentiated
goods sold in each sector k. Similarly, Ntk’d is number of goods produced by domestic firms
while Ntk ' is number goods produced by foreign firms (and consumed in sector k). By defi-
nition N} = Ntk’d + Nf’f.

The final goods producer in sector k chooses its optimal production plans to maximize its

11. T derive in appendix G a version with quantity competition a la Cournot and I show that the results
are qualitatively similar.

10



profit :
max  P(R)YS (k) = Y Pr(i)(i)

zt()}, ok
(e} ieay ieQk

st YE(R) = [ Y ()T

ieQp

Optimality Conditions :

(BN P\ (Plk)\
= Yi(k) = Y¢
%) <Pt(k’)> () Fi(k) b :
where (k) = |Siear B = | Dicqpa U+ Zyeqpee PG and PE()
is the nominal price of good i, P¥(i) € {P%i), P/(i)} depending on the country where the

good has been produced.

2.2 Intermediate goods producers

1. Heterogeneous productivity
Each firm produces a different variety. Firms are heterogenous in productivity and are
indexed by their productivity type, z, that does not vary over time. The production
function has constant returns to scale and labor h; is the only input : for all firms
with productivity z, for all sectors k, z,(z) = A;zhi(z). A; is the aggregate labor
productivity (respectively A} in country F), z is the specific firm relative productivity
factor. The real marginal cost of production for a firm with productivity z in country

: We . wy W k(%) o
Dis 555 = 4% = si(z) and T = S (z*) in country F.

2. Market structure : oligopolistic competition generates a time varying price-
elasticity of demand.
Firms compete in prices a la Bertrand, internalizing their impact on the sectoral price
when choosing their optimal price (g%((]?) # 0 in the firm’s optimization program).
Consequently the perceived elasticity of demand to its own price, ©(z), is not constant,

although the elasticity of substitution between goods in sector k is constant (6).

Con(e) PR OP,(k) Pr(2)
) = = ghr ) ae) O (an(z) Pt<k>)

where 2Puk) PF() _ PE(2)ze(z) _ [Pt”(Z)

= P, (k)

1-0
9P () Fi(k) — Pih)Ye(R) } = &(2), the market share of firm z in sector

11



3. Price Adjustment Cost

2 xr
Prices are sticky a la Rotemberg. PAC;(z) = ¢2p [P, 1('2) 1] PtTiz)%(z) is the cost

incurred by a firm z in any sector for adjusting its price at time ¢, expressed in units of

final consumption. This cost can be interpreted as the amount of material that a firm

must purchase in order to change a price. ¢, = 0 yields to flexible prices.

4. Market Penetration Cost
A domestic firm z can serve the domestic market as well as the foreign market if it is
profitable to do so. Firms face a fixed penetration cost on the export market (fxuy).
As a benchmark, I assume that this cost is paid in units of consumption (i.e. uy = 1).'2
In addition to the fixed market penetration cost fx, an exporter also faces a melting-
iceberg cost (7 > 1). To sell one unit of good to the foreign country, an exporter must

produce and ship 7 units because 7 — 1 units melt on the way.

5. Profit Maximization
Because of trade costs, markets are segmented and a domestic firm z can set different

prices on domestic and foreign markets in order to maximize its total profit.

Maximization of the domestic component of profits by domestic firms

Wiy Py
max ZEt Qtt+j Ptairj(z)xtﬂ( ) — A: Tyj(2) — O (—P Hi()) 1) Pt(i—j( )Igﬂ‘(z)
P, t+i* i

st 2d(z) = (Z (%))_9 Ye(k)

iU (Ciyj) Py
"(Ct) Pyy’

Optimality conditions : The optimal relative price is a markup over the real mar-

where ;44 is a stochastic discount factor, Q¢ 44; = 3

12. As a robustness check I allow for those costs to be paid in terms of effective labor units (i.e. uy = %
units of consumption) as in Ghironi and Melitz (2005). As long as those costs are low enough, the two
specifications predict the same impact of globalization on the Phillips curve. I choose the “consumption unit”
as a benchmark in order to keep the model as simple as possible and to isolate the mechanisms trough which
globalization affects the pricing behavior of firms. For clarity, I don’t want the impact of globalization to be
driven by a change in fixed costs induced by a move in % because this effect is of second order compared to
the direct channels : the extensive margin (change in the set of exporters) and the intensive margin (changes
in their price).

12



ginal cost.

d
P o) = o) = a2 g
where :
() = oite)
(61(2) = 1) [1 = L(1(2) — 1)2] + 6, (2)(11(=) — 1) ~ T4 (2)
diy _ dr{(z) P(2) _ de 10 d
61(:) = | gy mrh| == O = i)™ =0~ (0 - D))
9(2) = 6,8 [ Quuralh (221, (2) — 1) )
t — %p L1444 t+1 :Ef(z)
Pi(z)
Hd t
AN e
Under flexible prices, the markup becomes pf 7% (z) = (=) Unlike monopolistic

0¢(z)—-1"
competition, the desired markup is not constant over time but depends on the firm’s

price elasticity of demand (©%(z)) that is negatively related to its market share :
Of(2) = 0 — (0 — 0)&(2).

The standard monopolistic case is nested into my model for specific parameters res-
trictions. (1) If = o, i.e. the elasticity of substitution within a sector is equal to the
elasticity of substitution between sectors, then the model collapses to the monopolistic
case since the price elasticity of demand becomes ©(z) = 0 — (0 — 0)é(z) = 0 = o

and p%(2) = 2 Indeed, since there is an infinity of sectors, if the elasticity

o—1
of substitution within a sector is equal to the one between sectors, the strategic
interactions -that were taking place within a sector- vanish. (2) If the market share
€4(z) tends to zero (the number of domestic or foreign firms goes to infinity), the
market structure also becomes monopolistic with ©(z) = 6. (3) If there is only one

firm per sector, then Pf(z) = P, and thus ©(z) =0 — (0 — o)1l = 0.

Maximization of the exports component of profits by domestic firms

See details of the program in Appendix C.

; ; i fa P ) R _ -1 dx wy ;
Optimality conditions : g =i (2) = rer, pi*(2)74% where rery is the real
PF . .
exchange rate, rer; = “pt with e, the nominal exchange rate. '*

13. The nominal exchange rate should be read as “1 unit of F currency = e; units of D currency”.

13



2.2.1 Firms’ dividends

For a firm z in country D, the dividend (expressed in units of domestic consumption)
is the sum of the profit from sales on the domestic market and the profit from sales on the
foreign market, d;(z) = d%(z) + d*(z), where :

L Pi(2)
) = 1= s = 2i(e) - 1) ) T
t
p d*( ) 0 if the firm does not export.
2) = )
' rer [1 — ﬁ = %[Hf*(z) — 1]2} xf*(z)%}’z) — fxuy otherwise.

2.2.2 Cutoff values and firms average

Suppose that firms are distributed within each sector following the same discrete bounded
distribution on S = {znin, 22, 23, - Zmaz }- Suppose also that the number of values characteri-
zing the distribution support is large enough so that the sum of the frequency distribution
bins can be approximated by an integral (in the spirit of the Riemann sum).

The average price set by domestic firms serving the domestic market is :

P = [Saes P (2 = 2] = [ P e

Zmin

And the average profit can be written as :

B [ - S - a7 i) ez = )

z€S 'ugl(z) 2
Zmazx 1 ¢ ) C
- /Zmin [1 Copd(z) EP[H?(’Z) - 1]2} pf(z)(l G)Yt g(2)dz.

The underlying continuous distribution ¢(.) is a Pareto one with shape parameter k. The

kzF

Pareto Probability Density Function is ¢g(z) = Z,;’;;T W, V2 € [Zmin, Zmaz)-
Zmazx S &
Its Cumulative Density Function is G(z) =P(Z < z) = %

- Cutoff productivity value for a firm to export
Similarly to Ghironi and Melitz (2005), it is profitable for a firm z in country D to export
if its productivity draw z is above the cutoff value Zx; = inf {2, st. d{*(z) > 0}. The

cutoff value, Zx, for the export component of profit to be positive is defined by :

1 * * 1-6 Cx
L ) 1P ) OV = fey (@)

rer; |1 — ———
oG 2

14



and the probability for an active domestic firm to export at time t is
P(Z = Zxq) =1 - G(Zxa).

- Average values from exports

The average price set by domestic firms that are exporting is P¥* =
1

[ f;":‘: P*(z ) v (2 )dz] , where ;X (2) is the density function of productivity condi-
&) if >z

tional on exporting, i.e. ;X (2) = -G =
0 otherwise.

Hence :

pdr _
Pt h—

1 i 170
o L B g(z)dz]

,t

The average profit from exports is '

i) = [ fren 1= g = P - 12| N — g (s

2.3 Aggregate Equilibrium Conditions
2.3.1 Aggregate accounting equation for households Budget Constraint :

Total expenditures (aggregate consumption and investment in new firms) is equal to the
aggregate total income from labor and dividends.

Ot = ’LUtL + Nddt

2.3.2 Market clearing :

— Bonds market : b; = % =0,

— Labor market : L = fol <Nd [ hil(2)g(2)dz + N [77 mhi* (2)%X (2)d=z | dk.
— Final consumption good market : the total amount of final good consumed (households
consumption plus cost of adjusting prices and export market penetration costs) is equal
to the total amount of final good produced, i.e. Y;@2P5rtion — yesupply ity yeabsorbtion

Ct + PACt + Ntd*fX and

th,supply _ {Nd/ xf(z)%g(z)dz + Ntf/ x{(z*)e%wx(z*)dz* (3)

14. see details in Appendix C
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All those equilibrium conditions hold symmetrically for the foreign country. '

2.3.3 Trade Balance

(1-6) ~ (1-6)

Under financial autarky, trade should be balanced : rertNtd*];;* Y = Nipf Y.

3 Steady State :

Definition A competitive equilibrium is defined as a set of
quantities {Ntd*, Cy, Y8, Zx 4, de, df*} for the domestic and symmetrically for the foreign

country ;

and prices {Rt, wy, pd, p¥*, mp, T Tert} for the domestic and symmetrically for the

foreign country
such that
— given the sequences of prices, the optimality conditions are satisfied for all the agents
in the domestic and in the foreign country ;
— labor market, bonds market and final consumption good market clear ;

(1-6) ~(1-)

~ trade is balanced, i.e. 0 = rer, N4 pd* Y — Nipf Ye

3.1 Optimality and Equilibrium Conditions in steady State :

I suppose that the two countries are symmetric. Inflation is zero in steady state and the
real exchange rate is 1. Entry costs are paid in units of consumption. Importantly, I assume in
the rest of the paper that sectors are symmetric (i.e the distribution of firms within each sector
is the same). Thus, for notational simplicity, I can drop the index k because in equilibrium,
Vk, P(k) = P, and Y (k) = Y,°. I summarize all the equilibrium conditions in steady state in
Table 1. The superscript indicates the origin of the firm (d or f) and the destination market

that the firm is serving (nothing for country D or ‘*’ for country F). 16

15. If fixed costs are paid in units of production, then N* fx disappears in the final consumption goods
equilibrium condition and the labor market clearing condition becomes L = N¢ 7™ (hd(2)+hp,¢(2))g(z)dz+

Zmi

N f;::‘;” (1:hd* (2) + hx.(2))7 (2)dz where hx (2) = {T’i since the fixed costs are expressed in units of

effective labor.
16. see in Appendix B a summary of the notations.
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3.2 Solving for the steady state :

Lemma 3.1 In steady state equilibrium, the optimal relative pricing rule defined as

T(z R e
oy P 00— opr(e)

T

P o1 -ap(a)

S

is a monotone increasing convex function in the real effective marginal cost'” SL.

This Lemma is a necessary step because, contrary to a monopolistic setup without strategic

interactions, the optimal relative price is a non linear function in the real marginal cost :

9—(0—0’)])1’9

P = =015 Therefore I want to make sure that for a given marginal cost, the firm

can choose one and only one optimal relative price.

Proof see Appendix E.l

Steady state relative price vs. s=w/(Az)
20 T
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Steady state relative price vs. z for w fixed
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1
1
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1
1
1
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]
1

Price on domestic market

= = = Price for exports
—P

inf

10

4 6 8 10

F1GURE 1: Optimal relative price

Corollary 3.2 In equilibrium, the optimal relative price p is a decreasing convex function in

productivity z.

17. For non-exporters, the effective marginal cost is simply s, = s”
marginal cost on the foreign market is scaled-up by the iceberg cost : s, =

18

= 4. For exporters, their effective
s"T

= W
= 2.7



Proof :
The corollary follows directly from the previous Lemma since s = -7 with %(s) > 0. Thus

Az
g—g(w) = %g—Z(w) <0.

Figure 1 illustrates the bijection between s and p and between z and p. B

With that tool in hands, it is possible to simplify the system that characterizes the steady
state equilibrium in Table 1 to a system composed of two equations with two unknowns
{w,Y°}.

1 Ndlio . /&;1—9
~a =P +P(Z >zZx)p (4)
C(w,Y®) = wL + Nd(w,Y*®) (5)

Recall that in a symmetric equilibrium, p%* = p/ and N* = N/. Thus, for any pair

{w, Y}, all the remaining endogenous variables can be recovered :

1. Get the cutoff price for export using equation (2)

2. Find the associated cutoff productivity value using the Corollary 3.2

3. Get N from N = NP(Z > zx)

4. Having the cutoff productivity value, I can compute average prices and average profits
for serving the domestic market and the export market as described in section 2.2.2.
Thus I get d = d? + P(Z > Zx)d* with
d = [ ) T i Yelea
g — j‘%{yc*pd*<z)1—9 [Gd;(z)} — fxus ¥ (2)dz

5. C comes from Y¢ = C + N% f.

Proposition 3.3 The reduced steady state system composed of equations (4) and (5) has a

unique solution.

Proof Sketch of the proof.

Equation (4) defines w as an increasing function of Y* whose slope is very small. Equation
(5) also defines w as an increasing function of Y¢, whose slope is always larger than the slope
of the curve implicitly defined by (4).

Thus, I show that those two lines might cross at most once. In other words : if there is a
solution, then the solution has to be unique.

See details of the proof in Appendix F. B
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4 The new-Keynesian Phillips curve

The goal of this section is to compare the dynamics of short-run inflation around the
pre-globalization steady state and the post-globalization state. A decline in the sensitivity of
inflation to marginal cost has been observed in the data and I show that a drop in the iceberg
trade costs, 7, can generate the same feature in my model. Since I consider heterogeneous
firms with strategic interactions, two changes appear with respect to the standard new-
Keynesian Phillips curve framework.

First, at the firm level, the slope of the curve depends on its productivity - that pins down its
market share. More productive firms have a larger market share and exhibit a flatter Phillips
curve. They are less prone to transmit marginal cost fluctuations into inflation compared to
smaller firms. Intuitively, larger firms are the ones who are the more concerned about losing
market share as the markup is increasing in the market share. Therefore, the real rigidities
are increasing with firm size, and the pass-through of marginal cost into inflation declines.
Second, the Phillips curve exhibits a new term on the right-hand side that captures cyclical
adjustments in the desired markup due to fluctuations in firms’ market power.

Results regarding the firm level Phillips curve are derived in section 4.1. The impact of

globalization on the aggregate Phillips curve is discussed in section 4.2.

4.1 Dynamics around the Steady State for an individual firm 2z

Loglinearizing the actual markup p¢(z) from equation (1) around the steady state gives
the augmented Phillips curve in (6). Hat denotes the logdeviation of a variable from the

steady state. The only stochastic disturbance is an aggregate productivity shock.

_Ggs(z) —1
Pp

. @gs(z) —1
Pp
where mcd = W, — A, — PA(z) = 1y — A, — pd(2) and symbol “hat” denotes log-deviations

~d,desired

from the steady state. [i, (2) is the log-deviation from the steady state of the desired

M{(z) = () = [ (2) = o= | + BRI (2) (6)

ni(2) (e (z) + =) | + BBt (2) (7)

markup. ¥ Contrary to the monopolistic competition case, the desired markup is not constant

and fluctuates with the price elasticity of demand : p4*ed(z) = e?(i()zzl
t

and ﬂf’deSiTEd(Z)

18. The markup prevailing under a flexible price environment.
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—WG,?(Z) Thus :

_ OB ey - L ode 1 pre () (8)

d
7 (2) b, b,

Proposition 4.1 (Cyclical fluctuations in the price elasticity of demand matter
for inflation dynamics)

In a sticky price environment a la Rotemberg, under oligopolistic competition, individual firm
inflation depends positively on changes in the real marginal cost and on inflation expecta-
tions and negatively on the cyclical fluctuations in the perceived price-elasticity of demand,
@f. A decline in (:)f should be interpreted as a strengthening of firm’s market power, which
pushes up inflation. Conversely, an increase in (:)f 18 associated with a decline in real rigidities

and reduces inflation.
Proof See equation (8). W

Intuitively, the distance between the actual perceived price elasticity of demand and
the one prevailing without strategic interactions, |©(z); — @], can be interpreted as a
proxy for a firm market power. It is a measure of the strategic interactions or real
rigidities. A decline in ©O(z); increases the distance to monopolistic competition. The
larger the distance, the higher the market power of the firm z and the higher its desired
markup. Conversely, an increase in the perceived price elasticity of demand indicates that

the firm gets closer to the monopolistic competition case : strategic interactions are vanishing.

The price elasticity of demand is negatively related to the firm market share (£4(z)).

d( __(9—‘7) 5(2) 7 5 :_(0—6§5(z)) fd
Ol(a) = — g1 ) = — g )

Thus
el -1 1 (0 0L(2)

P & OL(2)

Corollary 4.2 (Cyclical fluctuations in the market share matter for inflation dy-

i (%) mey(z) + &/(2) + BB,y () (9)

namics)
In a sticky price environment, under oligopolistic competition, individual firm short run in-

flation is increasing in its market share.

Proof See equation (9). W
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A market share decline is equivalent to a strengthening in competitive pressures!® faced
by a firm. The decline in market share results in a decline in the desired markup and
consequently a fall in inflation. Conversely, an increase in the market share means that the

desired markup increases, which pushes up inflation.

The previous proposition (4.1) and the associated corollary (4.2) describe the determi-
nants of inflation at the firm level. Importantly, the weight of each factor (marginal cost and

market share) is firm specific.

Proposition 4.3 (The steady state Price Elasticity of Demand perceived by a firm
pins down the Phillips curve slope)

Under oligopolistic competition with sticky prices a la Rotemberg, the lower a firm steady state
price elasticity of demand (or equivalently the higher its market power), the less reactive its

inflation to marginal cost fluctuations and the more responsive to market share fluctuations.
Proof See equation (9). B

The Phillips curve slope refers precisely to the coefficient pondering the real marginal cost

term.
high for small firms high for large firms
0l (2) — 1 "1 (0-0d(2) .
d ss N ss d d
= ——— -~ 000 oor 77 E
i (2) b, mcy (2) + 6, OL(z) & (2) + BEmq(2)

Large firms face a low steady state price elasticity of demand. They are relatively unreactive
to marginal cost shocks and more responsive to market share movements -standing for the
pro-competitive pressures. For small firms (with low productivity), their price elasticity
of demand is already very close to the monopolistic competition case.?’ The strategic
interactions channel is very weak. Consequently, the slope of their Phillips curve is steeper
because they cannot absorb marginal costs shocks into their desired markup and have to

transmit those shocks proportionally into price adjustments.

Noting that the steady state market share of a firm is a monotonic increasing function in

its productivity draw, the previous proposition can be re-stated as follows :

Corollary 4.4 (Large firms exhibit a flatter Phillips curve)
High-productivity firms are large and exhibit a flatter Phillips curve compared to less produc-

twe (small) firms.

19. that might come from an increase in competitors prices or a decrease in the number of competitors.
20. |0 — ©(2)| — 0
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Proof : The sensitivity of inflation to marginal cost is increasing in the steady state price

elasticity of demand, and the latter is decreasing in firm’s productivity. B

In the end, the sensitivity of inflation to real marginal cost is lower for large firms. The
aggregate Phillips curve slope will depend on the relative proportion of big versus small

firms in the economy.

4.2 The aggregate Phillips curve

The previous section gives the intuition that globalization might affect the aggregate
Phillips curve by rendering big firms bigger (for those who enter the export market) and
therefore increasing the average degree of market power. If the share of exporters (high-
productivity firm) increases, then a flattening of the Phillips curve should be expected as

those firms essentially respond less to marginal cost fluctuations.

4.2.1 Production Price Index Inflation

As I am interested in the impact of globalization on domestic firms’ behavior, I focus on
domestic inflation measured as the percent change in the Production Price Index (here the
PPI is equivalent to the GDP deflator). It corresponds to the weighted sum of prices of all
goods produced by domestic firms either for domestic consumption or for export). I define
the Production Price Index as the Laspeyres price index, and I take the steady state values

for the base quarter.

: NAPPIizd + N&* PPId*e,qdz
PPI is defined as PPI; = £ ZootNog PHL TCtTss
NePPIgwd +N&: PPIgxds

Consequently : PPI, = wss PPIE + (1 — W) (PPIF + ¢)

— o —

And thus : [P = |w JIPP" 4 (1 — w?, ) (TP 4 Aé,)

where wgs = N dé:,d; and by symmetry between countries 1 — w?, =1 — wgs = IV, gs*Ag}. See
more detailed calculations in Appendix D.

I need to compute the PPI inflation for goods sold on the domestic market (PPI{) and
for goods sold on the foreign market (PPI*). Typically, the weights for the production price
index in the United States are updated every five years. In the model, I account for the change
in the market structure (N and N7) between the pre- and the post-globalization steady

states since the transition lasts more than five years.But as far as the cyclical fluctuations
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around a steady state are concerned, the set of goods is kept constant, consistently with the
empirical Production Price Index.
4.2.2 Phillips curve for domestic firms on the domestic market

The average production price set by domestic firms for serving the domestic market is
defined as

Lo Pi(z)ad(2)g(2)dz

_ a S 7)) s
PP.[d: szm :>sz Lpp.ld d .
TR eed L, e R
) —_— Zmaz ¢d —
= apd =i = [ DGy e (10)

where €4 = [Fmer (1_9)(z)g(2)dz = [Imes wg(z)dz. Now, by plugging the firm

Zmin s8 Zmin PSS}/SCS
specific Phillips curve equations within the second term of equation (10), I get a link between

. . oid .
average inflation pi!™" and firms’ marginal cost.

' Zmaz ¢d d —1 A -
PPl — / 2y 2) Farl®) (Wi — Ay — Pi(2))g(2)dz

Zmin Ngg ¢p
P L0k
Zmin ~gs ¢p @gs (Z)

captures the relative distance to the monopolistic steady state price elasticity of

(11)

&l(2)g(2)dz + PEei,

g_egs(z)
04,(2)

demand, i.e. the one prevailing in the absence of strategic interactions. The larger this term,

the more market power has the firm.

4.2.3 Phillips curve for domestic firms on the export market

The average price set by domestic firms for exporting (expressed in foreign currency unit)
JZzaz Pt (2)ads (203 (2)dz

is PP = 7=

T I PE el (R (e

) —_— Zmax ¢d* —
st =i = [ SRR e 12)
ZX,ss Ss
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Plugging firm specific Phillips curve into the previous equation, I get :

i,d i,
gPPid* — B, PPl

t+1
() O () =1 e glh(2) 10— 0%()
+ [ e @iz [ S S BB )X s
N ZX,ss g.;k ¢p ! , N ZX,ss g: ¢P @g:(Z) ! ,
Marginargost effect Short run Com;ertitive pressures
(13)
where mc?(z) = W, — é, — A, — P#(2) = i, — A, — pi*(2) — rér,.
4.2.4 Aggregate Phillips curve
TP = 5Et7rt+1 + I'(Zx ss)mer + MP; + Exch. Rate, (14)

where

M) = | APy oy [T EEIOEI L,

gs ¢p Xar sds* ¢p EE
Zmar £ (2) (e—eﬁsw e;ls(z)—l) 2d
Wes el + 2)g(z)dz
MP, = fzmin dped, \ O%(2) o) & (2)9(2)

Zmax d* z 6—@d* z @d* Sk
(1= ) o S5 (S-S5 4 OREL) ()X ()2

Zmaz ¢d* d* _ 1
Exch. Rate; = (1 — wss) (Aét + / Si(,z) 0::(2) rérwji(z)dz) :
TX5s

d* gbp

Ss

5 Results

Definition Globalization is defined as a permanent fall in the per unit trade cost 7.

Proposition 5.1 (The share of exporters increases with globalization)

The probability for an active firm to export is decreasing in the trade cost T.

Proof :
dP(ZZZX 55 _ _k: ’an dZX,s.s
dr - k+1 dr
and dzZx ss 8ZX,ss dw 5ZX,ss aye aZX,SS

T Qw dT+8YC d7'+ or
—_— Y =

<0 <0 <0 >0
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The third term on the right-hand side is of first order magnitude compared to the changes

going trough the induced effect due do the increase in w : %‘é—f < %
dP(ZZZX,ss)
Thus —===>0. 1

Proposition 5.2 (Openness to trade increases with globalization)

The openness to trade in steady state (1 — wss) is decreasing in the trade cost (T).

Proof :

SS

dw ded
ss Nd “Sss
dr dr

ded dp?
And 5_7 > 0 because Z== <0
. dpd dpd c dpd . dpd dpd
This comes from Pes = Pes d¥? 4 Pesdw ith Dos — () gpd Doz > ()
dw

dr dY ¢ dr dw d7 dye
dr —

More details are given in Appendix F.

Thus % > 0 and the openness to trade (1 — wss) is decreasing in the trade cost :

d(1—wss)
—  s0Hm

Proposition 5.3 (Exporters have on average more market power than non expor-
ters)

If fixed export penetration costs are large enough, then exporters are on average more pro-
ductive than the domestic firms, despite their productivity being scaled down by iceberg trade
costs. Thus, the market shares of exporters in steady state are on average larger than the

average market share of the whole population of firms.

Proof :
The average market share of domestic firms on the domestic market is defined as &4, =
[rmas pgs(l_e) (2)g9(z)dz and the average market share on the export market as & =

Zmin

Jaree " (@ ()dz.
For a cutoff productivity Zx s, sufficiently high, the higher average productivity of exporters
offsets the effect of the iceberg trade cost (that penalizes their effective marginal cost) on
prices. In the end, the average price of traded goods is lower than non traded goods because
they are produced by much more productive firms. Thus the average market share of expor-

ters is higher than the market share of the whole set of domestic firms.

In the parameterization, I choose values such that that P(z > Zx 55) < 20%, which ensures

that this proposition is satisfied. Il
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This result is really key in understanding the impact of globalization on the Philips
curve slope. It is fundamentally different from setups where globalization is modeled as an
increase in the number of varieties produced by firms that are homogeneous in productivity.
In this case, openness to international trade uniformly squeezes out firms’ market share.
Then globalization necessarily leads to a decline in the average firms’ market power, which
is equivalent to relaxing the degree of real rigidities. In the end the Phillips curve steepens.
On the contrary, once globalization is modeled as a fall in trade costs with an endogenous
selection of exporters, then globalization might increase the “average market share” in the
economy as the relative proportion of big firms increases. This aggregate strengthening of

firms” market power is the force driving the flattening of the Phillips curve.

Proposition 5.4 (The aggregate Phillips curve flattens in response to globaliza-
tion)

The slope of the aggregate Phillips curve defined in equation (14) as I'(Zxss) decreases in
response to globalization for a parameterization of the model that replicates standard features

of international trade.

Proof see Numerical Example. B

6 Numerical Example

6.1 Calibration

I consider quarterly frequency and set 5 = 0.99, which yields a 4% real interest rate.
The risk aversion coefficient v is 1 to have a log utility from consumption. The distribution
of firm relative productivity is a Pareto with parameter z,,,, = 0.01 and z,,,, = 5. The
shape parameter k is set following Ghironi and Melitz (2005) : k = 3.4. Note that 2,4, is
such that, for a non bounded Pareto distribution, P(z > z,4;) < 107, This means that the
results I get with the truncated Pareto distribution are very closed to those I would have
with a non truncated distribution (as in Ghironi and Melitz, 2005). But the advantage of
the bounded distribution is that the productivity averages are always finite, whereas in the

non-bounded case, some parameters restrictions are needed to ensure convergence.

As far as the elasticity of substitution is concerned, I set § = 10 and ¢ = 1.01 as in
Atkeson and Burstein (2008), which implies that the intra-sectoral elasticity of substitution
is higher than the inter-sectoral, consistently with Broda and Weinstein (2006) findings. *!

21. Anderson and van Wincoop (2004) find that the inter-sectoral elasticity of substitution lies between 5
and 10.
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The number of firms per sector and the fixed export costs are chosen in order to match a
openness to trade equal to 98% pre-globalization and around 80% post-globalization. In the
benchmark case, N¢ = 25 and fx = 0.001.

I model globalization as a structural shock captured through a fall in iceberg costs 7. The
per-unit trade cost may reflect different type of barriers to trade. Table 2 presents the range

of values for 7 in the literature.

TABLE 2: Per unit iceberg costs in the literature

value range target
Atkeson and Burstein [2008] [1.34;1.58]  exports to GDP ratio = 16.5%, exporting firms= 25%
Ghironi and Melitz [2005] [1.1;1.3] target 21% of exporters
Obstfeld and Rogoff [1995] 1.25 ad hoc
Anderson and van Wincoop [2004] 1.65
Alessandria and Choi [2012] 1.738 in 1987 export intensity 9.9%
1.529 in 2007 export intensity 15.5%

I consider a large fall in the iceberg trade costs from 3 to 1. This range corresponds to a
share of domestic goods in the domestic consumption basket equal to 0.98 pre-globalization

(for 7 = 3); 0.81 post-globalization (for 7 = 1.4) and 0.57 in the extreme case where 7 = 1.

Regarding nominal rigidities, standard results in the literature estimate a duration of
prices equal to three quarters, corresponding to a probability of being unable to re-optimize
a price in the Calvo setup a = 0.66. I choose the price adjustment cost in order for the
Phillips curve slope in the Rotemberg setup (with price adjustment cost ¢,) to match the
Phillips curve slope arising in models a la Calvo. So I impose ¢, to be such that

0—1 (1—-a)(1l—ap)

®p a _
TV
Calvo PC slope

——
Rotemberg PC slope

Consequently I derive ¢, = 28. As I am interested in the change of the Phillips curve slope
before and after globalization, this parameter doesn’t influence my conclusions. It scales up
or down the slope of the Phillips curve, but the relative change caused by globalization is

unaffected.
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6.2 Numerical results

Slope of the aggregate Phillips curve Share of goods produced domestically in domestic consumption
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F1GURE 2: Phillips curve slope FIGURE 3: Home Bias

Figure 2 shows the changes in the aggregate Phillips curve slope under two spe-
cifications. The solid blue line represents the slope of the Phillips curve when firms
are heterogeneous in productivity and thus the high-productivity firms self-selection
mechanism is at play. The red dashed line stands for the slope of the Phillips

curve is an economy that exhibits the same average productivity (constructed as

1
Zaverage = (fzznf ,z(’_lg(,z)dz)m + P(z > ZzZx) (f%”““ ze_lfyx(z)dz> 9_1), but in which
all firms are homogeneous in productivity. For sake of comparison, I impose the same
number of firms in the homogeneous productivity economy as in the heterogeneous economy,
for each value of 7. Hence the pro-competitive channel, due to the enlargement in the set
of competitors, is at work in the homogeneous productivity economy, but the composition

effect (due to self-selection of high-productivity firms) is shut down.

Two results are brought to light.

First, for a same average productivity, the economy with homogeneous firms exhibits a much
higher Phillips curve slope than the economy with heterogeneous productivity firms. This
result highlights the crucial non-linearities in the model. Large firms play a very important
role in driving the response of inflation to marginal cost shocks.

Second, the slope of the Phillips curve responds in opposite direction to globalization in the
two economies. In the heterogeneous productivity case, the Phillips curve flattens because the
composition effect (self-selection of big firms) offsets the pro-competitive effect due to more

competitors. Shutting down the composition channel causes a steepening of the Phillips curve.
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As a quantitative exercise, I suppose that the iceberg trade cost falls from 3 to 1. Figure 3
gives the corresponding home bias (w), going from 0.98 to 0.57 in the extreme case where 7 = 1
(i.e. there is no more unit iceberg cost). The model predicts that the slope of the aggregate
Phillips curve would increase by 3% if only the pro-competitive channel were active. Once
the composition channel (coming from the self-selection mechanism) is added, then the slope
of the Phillips curve drops by 11%.

Conclusion

I have developed a general equilibrium setup that can rationalize the flattening of the
Phillips curve in response to a fall in trade costs.
Two forces are simultaneously playing in opposite directions in response to globalization.
On the one hand, the increase in the number of goods competing on the domestic market
reduces firms’ market power. This decline in real rigidities renders price adjustments more
responsive to marginal cost fluctuations. Thus, the pro-competitive force favors a steepening
of the Phillips curve.
On the other hand, the distribution of firms changes because the share of big producers in the
economy increases due to the self-selection of high-productivity firms. The post-globalization
economy comprises relatively more large firms. As large firms have more market power than
the average population, the overall degree of real rigidities in the economy increases. This
composition effect reduces the responsiveness of inflation to marginal cost shocks.
At the aggregate level, the Phillips curve does flatten if the composition effect dominates the
pro-competitive effect. I show that it is indeed the case : for a parameterization of the model
that replicates standard features of international trade, the sensitivity of domestic production

price inflation to domestic marginal cost decreases by 11%.
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A Closing the General Equilibrium

A.1 Households

The problem of the representative household in country D is

max [ tu(c,
{Ct,Bt}72, O;B ( t)

s.t. : PtCt -+ Bt S Rtletfl —+ WtL —+ NthPt

where C; is the consumption of final good at time t, § is a subjective discount factor, L

is the inelastic supply of hours of work and the utility function is U(C}) = [Cltl_j} W is
the nominal wage determined competitively on the labor market and F; is the consumption
price. Households can invest in domestic risk free bonds. B; is the quantity of domestic
risk-free bonds purchased at ¢ — 1 and R; = 1 + r} is the nominal return on those bonds
from ¢t — 1 to ¢. Under financial autarky, domestic bonds are only traded among domestic
households.

Households own the firms that pay dividends (N dd~t]3t). d, is the average firms’ dividends

and N? is the number of firms located in country D.

Optimality Conditions :

Denote A;' the Lagrange multiplier on the budget constraint. b; = % is the real bond
holdings of domestic households. II; = Pﬁ - 18 the gross CPI inflation rate in country D.
U'(C
(c) = Rep, | S
t+1

A.2 DMonetary Policy

The monetary authority in each country follows a Taylor rule to set the nominal interest
rate Ry :

log(R:) = log(R) + vz (log(I1;) — log(I1))) + v,(log(Y;)) — log(Y'))

where Y; = GDPY = N4pda? 4+ N¥p¥rer, @l = w,L + Nd,
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B Notations

The notations read as follows :
Notation refers to

d a firm from country D serving market D
dx a firm from country D serving market F
fx* a firm from country F serving market F
f a firm from country F serving market D

N<: N/*  the number of firms located respectively on the market D and F

d* f .
]X/_d ; Jef—f the share of exporters in country D and F'

C Export component of profit for intermediate goods
producer

Maximization of the exports component of profits

maX Z E,

P, Z)j -0

* * |44 '/6 *
(1- Qt A+j (Pﬁw( )T ngj(Z) - TtAt:;*é)x?H(’z)

Ptd*J * * f )t th*j
2 () et () - X—f>]

t+j—1 TeTtyj

s.t.
* Pd* < - C*
= ()
(Ct+a) P
Jj
Qt7t+j ﬁ U/(Ct) Pt+j

. . PX
rer; is the real exchange rate and e; the nominal exchange rate : rer; = },ft

Optimality conditions :

P (2) ) s
tpt* :pf (z) = rer, llubf (Z)TtA_tZ
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D Openness to trade

Ploat, o Jo () PA)g(2)d

— Nd — Zmin
Wss ss Pssy;cs ss Y;CSPSS
max max 1_9

L ad (2)pd(2)g(2)d> Ll T (2)Yig(2)dz

= NSS YC = NSS Yc
SS SS

d pzl_ans a7

= Nss ye = Nsspss
SS

and

*
l-w,, =1—wss

because by symmetry, in steady state : N = N and p/(z) = p®(2).

S5 r Zmazx f X
1 —we = Nf —PfSSZUfSS — [ Y*Xss xSS(Z)PSS(Z)’yss (Z)dZ
S8 SS PSS}/;,CS SSs Y;CSPSS
Zmaz Zmax 1-6 c

7 Yoo o e

71_0}/

< ~1-6

- st;pss Yc == Nsdspgs

E The optimal relative price is an increasing convex

function in the real marginal cost

In the monopolistic case there is a linear relationship between the optimal relative price
and the real marginal cost, p = us”. In the oligopolistic case, equation (?7) relates the optimal
relative price to firm’s real marginal cost in a non linear way :

o) ., 0—(O—ap'”
Tep) -1 T - —0—op
SHp,s)=0-1)p" —0sp" 1 — (@ —0)p+(0—0)s"=0

I want to check that for any given real marginal cost s”, a firm can choose one and only one
optimal relative price p._

To that end I study s as a function of p and show that it is a bijection : s" is a monotonic
increasing concave function in p on [1,4o00]. Thus p is the inverse function and is strictly

increasing and convex in s".
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STEP 1 : I show that %—j >0

ds"  OP(p* —p" +p*) — 0> — ap(p’ — 2p) + o°p?)
op (0(p° —p) +op)?
= Vp > 1, 0s >0
dp

STEP 2 : I show that % <0

0%s"

op?

(0 —1)0(0 — 0)p®(—2p° + 0(p° + p) — op)
0’ —p) +op)?

STEP 3 :
If s" is a monotonic increasing and concave function in p, then there exists a reciprocal

function : p(.) that is monotonically increasing and convex in s".

20

181

Price vs. s=w/(Az)

Price on domest
= = = Price for exports
Pint

ic market

14r .
12F e

10r ’

o N & o ®
Y

F Steady State Uniqueness

Suppose that countries are symmetric (then Y¢ = Y w = w* and p/ = p?*), labor

supply is inelastic (L is fixed) and entry costs are paid in units of consumption good.

STEP 1. Show that (4) defines w as a monotonic increasing function in Y°

dG

1.1, 4G

Equation (4) can be rewritten as G(w,Y*) = 0 with ¢ <0 and > 0.

~1—

—120 1
G(w,Y°) =p?

0
+P(Z > zx)p* 0 (15)

Nd
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I want to compute 4 (w,Y*) and 9% (w, V).

Let’s find first some useful intermediate derivatives. Define the cutoff price (for expor-

ting).

_ 1
Px 0Fxus + 7 (16)
dpx
>
T >0 (17)

w
dzx _ dzx dpx _ (19)
dYe dpxdYe —
k
Besides, P(Z > zx) = (%) :
Hence :
dP(Z > zx) dP(Z > 7zx)dzx <0
dw B dzx dw — (20)
dP(Z > zx) dP(Z > Zx) dzx >0
dye — dzx  dYe ™

Turning to the average price conditional on serving the domestic (resp. foreign) market :

~1-0 Zmax 1—9
R R L CROR B TE (21)
~ —odpd Fmaz 9 dp?(z, w)

1—0)p? 2 — 1 — ) = 22
= oo = [ e T e (2

dp? _ ~p [ e dpi(z,w)
- ’ > 23
T P /me Pt (z,w) T g(2)dz >0 (23)

and for exporting :

(24)
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—~ 0 dx Zmax _ dx
s a-o " [ gt e I

——dz
- dw  P(Z > zx)
-0 S
TR qus [ P (Ex w)g(x)
dw Li;mZX = (= wlol2) P(Z > Zx)
(25)
Pricing Function Adjustment (PFA)
e . dp(z,w)  g(2)
= p* * d
dw 7 </ZX pe oz w) dw P(Z > 7zx) ©
(26)
1 da k /Zl;l_e d*l—é)(_ )
- — Zx, W
Set of Varieties X:ijustment (SVA)
Thus : N
dpt 0 1 dzx k [~
=p+ | PFA— — d — ¢d(zx
dw 7 (Y 0—1) dw zx &= =) (27)
>0
dp™
>0
dw —
smar g dp¥(z,w)  g(2) 1 dzx k| g e (28)
= *—
Pricing Funct?;1 Adjustment Set of Variet;ers Adjustment
dp? dp™
: = d : >
vC Tye 0| and |VC Ty = 0| because

=0
dpi dp(z,w)  g(2) (29)
Pt =Y Fmex g p*(z, w g(z 2 —o
v </m P e Bz 2 ) )

and

— —

e B dp™(z,w)  g(z) 1 dzx k[~

dye =" / ™ (2 w) dz — — | &ax
zZX
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Going back to G(w,Y*) :

c A;ll—é’ o f:i—:kl—G 1
Gw,Y)=p +P(Z > zZx)p ~ N
Then : _
e —0dp!  P(Z > 7)1
Y —(1 — d dx
Tye(w, Y =(1=0)p! o+ ———p
B(Z > 7)1 — o P
( zx)(1 — 0)p dye
dG
il >0l
Thus dYC(w,Y ) >0
Besides, _
dG ~—0dp?  P(Z >Zx) 10
- c) — _ a L _N\NT — A d*
P(Z > 7)(1— 0 L
YRz -0 D
dG
Th Ye
us dw(w ) <0

1.2. Apply implicit function theorem
By implicit function theorem : there exists an implicit function g such that w = g(Y©)

9 (V) = % Thus 22(Y°) > 0.

and ayc

STEP 2. Show that (5) defines w as a monotonic increasing function to Y°

2.1. Equation (5) can be rewritten as F(w,Y*) =0 with ¢£ <0 and 45 > 0.

F(w,Y®) = C(w,Y®) —wL — N%d(w, Y*)

1 1
F(w,Y*) =Y —wL— NY* < — +P(Z 2 2x)—5 )
Op?  —(0-o0) 0pf —(0-o0)

F(w,Y*) =Y* <1—Nd< — ! +P(Z > z2x)—5 ! >> —wl
opt —(0~0) Opf = (0 -0)
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972 f
I - 6—-1

c ~ 60— ~ 60—
¥ 0" = (00 O~ (0-0))
dP(Z > Zx) 1
+ dYe ~6—-1
op/f  —(0—o0)
The second term in brackets on the right-hand-side is small compared to the first order
dF (w,Y*
effect gc = 1. Thus ;Ly’c) >0
~ ~60—2 5 ~.0-2
F(w,Y* —0(0 — 1) pd —0(0 — 1) pf
d (ZZUa ) — _L_Nd ~(9_1 )dwp —’—]]ED(Z ZE) N(e_l )dwp
v (Op?  —(0—0))? (Op/  —(0—0))
dP(Z > Zx) 1
+ dw ~0-1
Opf —(0—o0)

The second term in brackets on the right-hand-side is small (in absolute value) compared
dF(w,Y*)
dw

to the first order effect % = L. Thus <0

2.2. Apply implicit function theorem

By implicit functlon theorem : there exists an implicit function f such that w = f(Y°)

c C(wY ) c
and 2L (Y*) = — B ey - Thus 2L(Ye) > 0.
STEP 3. Az (ye)— -4 -4_(Y°) is monotonic.
d d e (W, Y) g (w, Ve
day ay aw(w Ye) S (w0, Y7€)

I know that Y° > w by (5).

BG ., ye

I check numerically that, for the set of parameters considered in the paper, % ~ (.
ow \Ws

Besides LC(@U; ) < 0.

Figure 4 illustrates graphically this idea.
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FIGURE 4: figure

Thus, A% (Y°) — dd—;c(Yc) is monotonically decreasing in Y°.

%(Yc) - %(Yc) crosses at most once the zero axis. Consequently there is at most one

solution to the previous system : if a solution exists, it has to be unique. Wl

G Cournot versus Bertrand competition

I focus on competition a la Bertrand, in which firms internationalize the effect of
their price decision on the sectoral price, entailing a perceived elasticity of demand
@Bertrand(¢) — § — () — g)¢. Alternatively I could have considered firms competing & la
Cournot, i.e. in quantities, internalizing the effect of their choice on the aggregate sectoral

supply. Under Cournot competition, the perceived price elasticity of demand becomes

@Cournot(f) — [% — (% — %)6] 71.

The perceived price demand elasticity is different under the two setups but the same

important properties still hold :
1. If £ # 0 then the market share, that depends on the degree of competition, does affect

the pricing behavior of firm.

2. The perceived price elasticity of demand ©C°unot(¢) falls as the firm market share &

rises.
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3. If £ — 0, then the model boils down to the monopolistic case and ©Bertrand(¢) =

@Cournot — ¢ Pro-competitive effects are ruled-out.

4. If ¢ = 6, then the model boils down to the monopolistic case with @Pertrand(¢)

@Cournot =60 =o.

Hence : the same qualitative results are confirmed with Cournot competition instead
Bertrand.
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