International Trade and Macroeconomic Dynamics with Labor
Market Frictions*

Matteo Cacciatore!
HEC Montréal

February 2012

Abstract

This paper studies how labor market frictions affect the consequences of trade integration
in a two-country, stochastic, general equilibrium model of trade and macroeconomic dynamics
with heterogeneous firms, endogenous producer entry, and frictional labor markets. The model
successfully reproduces important empirical regularities that characterize trade integration both
in the long run and over the business cycle. Two key results emerge. First, trade integration is
always beneficial for welfare by inducing higher productivity, but unemployment can temporarily
rise as trade barriers are lowered. Gains from trade are smaller in countries with more rigid
labor markets, as production gradually shifts toward more flexible economies. Second, trade
integration has important business cycle consequences. In contrast to traditional international
business cycle models, but consistent with the data, the model correctly predicts that stronger
trade linkages lead to increased business cycle synchronization. However, the strength of this
effect and the consequences for output volatility depend on the labor market characteristics of
integrating partners.
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1 Introduction

In the public debate there has been significant concern about the effects of trade integration on
labor market dynamics and, more generally, domestic, aggregate outcomes. The role played by
labor market frictions has been central to the discussion since rigidities in the labor market have
been considered detrimental to the outcomes of integration. In the academic literature, theoretical
contributions have extensively studied the long-run effects of trade on unemployment, but little
work has investigated how labor market frictions can affect outcomes of integration. This is the
perspective of this paper, where the starting point is the documented evidence of substantial cross-
country heterogeneity in labor market characteristics and its importance for aggregate outcomes.!

To address the question, I build a two-country, stochastic, general equilibrium model of trade
and macroeconomic dynamics with heterogeneous firms, endogenous producer entry, and frictional
labor markets. I first show that the model is able to capture important empirical regularities that
characterize trade integration in the long run and over the business cycle. Then I use the model to
study the dynamic consequences of trade integration on unemployment and economic activity and
the business cycle implications of stronger trade linkages between countries with potentially hetero-
geneous labor markets. This unified approach allows me to evaluate the full range of consequences
of trade integration that are relevant for welfare.

The model builds on Ghironi and Melitz (2005) in its determination of trade along the dy-
namics of the economy: Heterogeneous, monopolistically competitive firms face sunk entry costs in
the domestic market and both fixed and per-unit export costs. Relatively more productive firms
export, while the remaining, less productive producers only serve the domestic market. The labor
market is characterized by search and matching frictions as in Mortensen and Pissarides (1994),
with costs of job creation and destruction and unemployment benefits that can differ across coun-
tries. Despite the presence of firm heterogeneity and idiosyncratic shocks to workers’ productivity,
model tractability is preserved since appropriately defined average productivities summarize all the
relevant information for aggregate dynamics, as in the original Melitz (2003) model.

The key message of the paper is that labor market frictions play a decisive role for the outcomes

!'The World Bank “Doing Business Report” (2007), following Botero, Djankov, Porta, and Lopez-De-Silanes
(2004), constructed a measure of the rigidity of employment laws across countries. For example, the index for the
U.S. is 97 - 100 indicating maximum flexibility - while the index for France, Italy and Germany it is 34, 45 and 50
respectively. Moreover, labor market characteristics are found to be significant determinants of unemployment rates
(Nickell, Nunziata, and Ochel (2005)), job flows (Haltiwanger, Scarpetta, and Schweiger (2008)), and the cyclical
behavior of job creation and destruction (Gomez-Salvador, Messina, and Vallanti (2004) and Messina and Vallanti
(2007)).



of trade integration. Two main results emerge. First, trade is always beneficial for welfare by induc-
ing higher productivity, but unemployment can temporarily rise as trade barriers are lowered and
rigidities in the labor market substantially reduce gains from trade.? Second, trade integration has
important business cycle consequences. In contrast to benchmark international business cycle mod-
els, but consistent with the data, the model correctly predicts that stronger trade linkages lead to
increased business cycle synchronization. However, the strength of this effect and the consequences
for output volatility depend on the labor market characteristics of integrating partners.

The intuition for the results is straightforward. The combination of product and labor market
dynamics explains observed responses to trade integration: reallocation of production toward most
productive firms (Bernard et al., 2003, and Trefler, 2004) and within-industry job creation and
destruction (Haltiwanger et al., 2004, and Levinsohn, 1999).3 In the new, long run equilibrium
relatively less productive firms shrink, while relatively more productive ones expand. Productiv-
ity gains imply that the average return to a match increases, with beneficial effects for aggregate
employment, output and consumption. Along the transition, however, unemployment can tem-
porarily increase since stronger foreign competition results into destruction of low productive jobs
and negative net producer entry. Even if trade is always beneficial for welfare, larger labor market
frictions dampen job creation operated by most productive firms. Over time, the more flexible
economy becomes a more profitable business environment, attracting more firms on the market.
Employment and consumption increase by more than in the rigid trading partner both during the
transition and in the new steady state.

Trade integration affects economic outcomes and welfare also through its impact on the domestic
and international propagation of business cycle shocks. The model quantitatively matches the trade-
induced business cycles synchronization documented by Clark and van Wincoop (2001) and Frankel
and Rose (1998). This result has often eluded international business cycle models that typically
predict too small or negative effects of trade integration on output comovement — the so called
trade-comovement puzzle identified by Kose and Yi (2001).

The interaction of product and labor market dynamics that determines the direct consequences

2 A rigid labor market is characterized by higher costs of creating and destroying jobs together with larger unem-
ployment benefits. For calibration purposes, I assume that the more rigid economy in the model features labor market
characteristics similar to the Europe’s Economic and Monetary Union (EMU) - Euro Area henceforth. The flexible
economy represents the U.S. Hiring and firing restrictions and generosity of unemployment benefits are considered
among the major contributors to the rigidity of continental European labor markets.

3While empirical work documented the presence of labor reallocation in response to trade integration between
plants and within sectors, reallocation of workers across industries is found to be not significant (see Wacziarg and
Wallack (2004)).



of trade integration explains why the model is able to account for the observed business cycle syn-
chronization. Aggregate productivity disturbances generate spikes in job creation and destruction,
with persistent effects on employment as a consequence of matching frictions. The profitability of
producer entry into domestic and export markets responds to aggregate labor market conditions,
and the sluggish adjustment in the number of producers feeds back into employment dynamics.
The amplification of domestic shocks induced by sunk entry costs and search and matching fric-
tions implies that a reduction of barriers to trade results into larger and more persistent effects on
foreign output dynamics. Moreover, the endogenous response of domestic and export market entry
mitigates the terms of trade effects of shocks, reducing the cross-country reallocation of production
over the business cycle. These two effects combine to generate variations in comovement that are
in line with the data.

The mechanisms leading to increased synchronization do not depend on country-specific la-
bor market features. Essential for the result is the endogenous interaction between product and
labor market dynamics. However, as asymmetries in labor markets become less pronounced, co-
movement is further strengthened. Intuitively, heterogeneity in labor market characteristics affects
the cyclical behavior of job creation and destruction, with consequences for entry and export dy-
namics. Volatility of aggregate fluctuations is lower in the more rigid economy, but output and
unemployment display higher persistence, consistent with the empirical evidence.* This asymmet-
ric propagation of aggregate shocks across countries lowers the synchronization of business cycles
following trade integration.’

The effects of stronger trade linkages on output volatility depend on the labor market char-
acteristics of integrating partners. As comovement increases, economic fluctuations become larger
in the economy with a more rigid labor market and reduce in the flexible one. Intuitively, with
stronger trade linkages aggregate demand in the more rigid country becomes more volatile since the
more flexible economy experiences more volatile fluctuations to begin with. When countries have
symmetric labor markets, instead, output volatility moderately decreases everywhere. This result

highlights the importance of heterogeneity in labor market frictions across integrating partners for

*Gomez-Salvador, Messina, and Vallanti (2004) and Messina and Vallanti (2007) find that job destruction is less
responsive to shocks in countries with more stringent labor market regulation. Balakrishnan and Michelacci (2001)
and Duval, Elmeskov, and Vogel (2007) document the larger persistence of employment and output dynamics in more
rigid economies.

This result has implications for the policy debates on economic integration and adoption of a common currency
in the EMU. Frankel and Rose (1998) argued that lack of business cycle synchronization across countries should not
necessarily be a concern when considering adoption of a common currency because the trade expansion from reduced
trade frictions would result endogenously in increased comovement. The results of this paper show that this effect is
stronger if trade integration is preceded by harmonization of labor market structures.



the consequences of increased exposure to external shocks.

This paper is related to a recent literature in international macroeconomics that, starting with
Ghironi and Melitz (2005), shows how models with richer trade microfoundations than usually
assumed can yield novel insights into macroeconomic dynamics and contribute to explaining in-
ternational business cycle evidence.® I contribute to this literature by showing that labor market
frictions play an important role for the endogenous propagation of shocks via trade. Moreover,
the paper contributes to a recent literature that focuses on the business cycle implications of trade
integration. For example, Arkolakis and Ramanarayanan (2009) build a model of aggregate fluctua-
tions and vertical specialization in international trade, showing that stronger vertical trade linkages
between countries can enhance the synchronization of business cycles. Drozdy and Nosal (2008)
address the link between trade and comovement in a model with low short-run price elasticity of
trade and high long-run elasticity. Differently from these papers, I focus on the role of labor market
frictions in a model with endogenous product market dynamics.

The trade paper that is most closely related to my exercise is Helpman and Itskhoki (2010).7
As in that paper, I focus on the role of labor market imperfections for the consequences of trade
integration. Helpman and Itskhoki introduce search unemployment in a static two-sector model
of trade with heterogeneous firms to study the effects of labor market rigidities and trade impedi-
ments on long-run welfare, productivity, and unemployment. In contrast, I study the consequences
of heterogeneity in labor market characteristics for the full range of effects of trade integration,
including transition dynamics and business cycle fluctuations.®

The paper is also related to recent work that studied the dynamic adjustment to trade integra-
tion. Cosar (2011) develops a two-sector small open economy model with overlapping generations,
labor market frictions, and sector-specific human capital. He compares the distributional and ef-
ficiency effects of alternative worker-assistance programs, focusing on workers’ heterogeneity. 1
do not address distributional consequences of trade liberalization, but investigate the role of firm
heterogeneity and labor market frictions for the dynamic adjustment to trade integration and its

business cycle implications.”

6See, for instance, Bergin and Glick (2003), Contessi (2010), Corsetti, Martin, and Pesenti (2005), Lopez (2008)
and Zlate (2010).

"Numerous papers have investigated the channels through which trade can affect long run unemployment abstract-
ing from the role of country-specific labor market characteristics. See among others, Davidson, Martin, and Matusz
(1999), Egger and Kreickemeier (2009), Felbermayr, Prat, and Schmerer (2011) and Matusz (1996).

8Furthermore, Helpman and Itskhoki disallow for forward-looking behavior of workers and firms on the labor
market, which is a crucial feature of my model.

90ther papers that study the dynamic adjustment to trade integration abstracting from the role of labor market
frictions and equilibrium unemployment are Alessandria and Choi (2011), Burstein and Melitz (2011), Costantini



The rest of the paper is organized as follows. Section 2 presents the model. Section 3 discusses
calibration and performance of the model in relation to the data. Section 4 analyzes steady-state
and dynamic effects of trade integration. Sections 5 focuses on business cycle implications of

stronger trade linkages. Section 6 concludes.

2 The Model

I model an economy that consists of two countries, Home and Foreign. Foreign variables are
denoted with a superscript star. I focus on the Home economy in presenting the model, with the
understanding that analogous equations hold for Foreign. All contracts and prices in the world
economy are written in nominal terms and prices are flexible.!?

Each economy is populated by a unit mass of atomistic households, where each household
is thought of as an extended family with a continuum of members along the unit interval. In
equilibrium, some family members are unemployed, while some others are employed. As common
in the literature, I assume that family members perfectly insure each other against variation in
labor income due to changes in employment status, so that there is no ex post heterogeneity across

individuals in the household (see Andolfatto, 1996, and Merz, 1995).

Household Preferences and Intratemporal Choices

The representative household in the Home economy maximizes the expected intertemporal utility
function Ejy {Z;’io ﬁtCtl_v/ (1 —fy)}, where § € (0,1) is the discount factor and v > 0 is the
inverse of the intertemporal elasticity of substitution. The consumption basket C; is defined over

a continuum {2 : .

C, = ( i ct(w)wa) . ,

€N
where 6 > 1 is the symmetric elasticity of substitution across goods. Following Ghironi and Melitz
(2005), at any given point in time only a subset of goods €; € ) is available. Let p;(w) be the Home

nominal price for the good w € ;. The consumption-based price index for the Home economy is:

1

P, = ( i pt(w)l_edw) o .

€

and Melitz (2011), Dix-Carneiro (2011), Kambourov (2009). Moreover, all these contributions do not focus on the
consequences of trade integration on business cycle fluctuations.
'9For this reason I do not model demand for currency and resort to a cashless economy as in Woodford (2003).



Firms and the Labor Market

In each country there is a continuum of monopolistically competitive firms, each producing a
differentiated variety w that can be sold domestically and abroad. Firms are heterogenous as
they produce with different technologies indexed by relative productivity z. From now on, to save
notation, I will abuse language by identifying a firm with its productivity z, omitting the variety
index w.!!

The number of firm serving domestic and export market is endogenous, as in Ghironi and
Melitz (2005). Prior to entry, firms are identical and face an entry cost fc; , to be specified later
on. Upon entry, Home firms draw their productivity level z from a common distribution G(z) with
support on [zmin; 00). Foreign firms draw their productivity level from an identical distribution.
This relative productivity level remains fixed thereafter. There are no fixed costs of production.
Hence, all firms that enter the economy produce in every period until they are hit by a “death”
shock, which occurs with probability § € (0,1) in every period. Exporting is costly and it involves
both a per-unit iceberg trade cost 7 > 1 (77 > 1) and a per-period fixed cost f, (!)";:"t).12 To pay
for f;: each exporting firm needs to purchase a bundle of materials that has the same composition
of the domestic consumption basket Cj.

Production requires only labor and it is characterized by constant returns to scale. I model
labor market frictions within the context of a large firm set up, in order to allow both size and
number of producing firms to vary in response to aggregate shocks. Each firm employs a continuum
of workers. All incumbent firms are subject to aggregate and idiosyncratic productivity shocks.
Within each firm the stock of labor varies because of the changes in hiring (job creation) and firing
(job destruction). Denote with Z; the stochastic aggregate productivity, common to all firms. In
addition, within each firm, there are idiosyncratic job specific productivity shocks. Those are 4.7.d.
draws from a time invariant distribution H(a), with support [0; 00). Foreign workers draw their
productivity level from an identical distribution.

Inside any firm z, the timing of hiring and firing proceeds as follows. At the start of the period,

a fraction A of last period’s workers are exogenously separated from the firm. Aggregate shocks are

"1n this continuum setting, the number of firms with a productivity z is g(z)dz, the density at z. Formally, each
of these firms has a different identity (each of them produces a unique differentiated variety w). However, as I will
show later on, they all behave in the exact same way and so they are indistinguishable from their actions. For this
reason I can safely omit the variety label w.

12There is substantial empirical evidence that a big portion of export costs are indeed sunk. The presence of sunk
export costs would significantly complicate the model’s solution. Qualitatively, the assumption of fixed rather than
sunk export costs is harmless. Their quantitative relevance is left for further investigation.



then realized, after which the firm posts a number v, ; of vacancies, incurring in a real cost £ which
is assumed to be independent of firm productivity z. The probability of finding a worker depends
on a constant return to scale matching technology, which converts aggregate unemployed workers

U; and aggregate vacancies V; into aggregate matches M;:
MUy, V;) = xUFVE 2 0 < e < 1.

Each firm meets unemployed workers at a rate ¢ = M (U, V;) /V;, while each unemployed worker
meets a firm at a rate p, = M (U, V;)/U;. Following den Haan, Ramey, and Watson (2000) and
Krause and Lubik (2007), I assume that newly created matches become immediately productive.
For an individual firm, the inflow of new hires in ¢ is therefore g,v, s, where v,; is the number of
vacancies posted by an incumbent with productivity z.

Once the hiring round has taken place, both newly hired and continuing workers receive an
idiosyncratic productivity shock, a. Those workers whose idiosyncratic productivity falls below a
certain reservation productivity a$ ; (determined below) become unprofitable for the firm and their
jobs are destroyed. When the firm dismisses a worker it has to incur a constant firing cost F,
independent of z.!3 The endogenous, within-firm, job destruction rate is given by H (ait) = Aoy
The remaining workers start producing immediately. The law of motion of employment for the

producer z is therefore given by :

L= (1-X4) [(1 — X)lz,lt—l + Qtvz,t] . (1)

A worker with productivity a employed in firm z produces zZ;a units of output at time ¢. Firm
output y. ¢ is determined by the measure I, ; of jobs, the firm specific productivity z, the aggregate

productivity Z; and the average job productivity a

[e'e}
a ~
Yot = /H{WdH(a)ZZtlz7t = az,tzZtlZ,t. (2)
Azt

When a firm leaves the market, its entire stock of workers becomes unemployed, joining the

13In the model, firing costs are best interpreted as the cost of advance notice requirements and penalties due when
terminating a redundant worker. Firing costs do not include severance payments from the firm to the worker. As
shown by Mortensen and Pissarides (2003), severance transfers have no allocative effects when the wage is determined
by Nash bargaining (as assumed below). Under this bargaining protocol, the components of the cost of firing a worker
that represent a transfer from the firm to the worker leave the joint match surplus unaffected and therefore have no
effect on job creation and job destruction.



pool of searchers in the next period. I assume that there are no costs associated to the workers’

layoff.

Cost Minimization

An incumbent with productivity z minimizes the following cost function:

)
Ey {Z Bt t+s [@451275 + KUz s+ Az [(1 = Nlsp—1 + Qtvz,t] F] } , (3)
5=0
where 3,1 = B(1 — 6)(Cy1/Cy) ™7 is the household’s discount factor adjusted for the exogenous
exit probability and w,; is the average wage paid by the firm. Wages are not identical across
workers as they depend on the idiosyncratic productivity of jobs. The second and third terms
appearing in equation (3) reflect the cost of posting vacancies and firing workers, respectively. The
two constraints in the cost minimization problem are given by equations (1) and (2). Denote with
r »t and ¢, ; the Lagrange multipliers attached to the two constraints. r -+ represents the represents

the average marginal value of employment for the producer z, while ¢, ; is the real marginal cost.

The first-order conditions for v, 4, [, ; and a;t imply:

R o~
— =1 =)o — A\t F, (4)
qt
fz,t = Sozﬂjzztaz,t - '[Ez,t + (1 — X)E1t {Btﬂg_g_l |:(1 - )\z,t—l—l) fz,t—l—l - A,2,15—|—1Fi| } s (5)
©.122105; + (1= N E; {5t,t+1 [(1 — X)) Dopn — Az,t+1F:| } — F=wg,, (6)

where w¢ ; is the real wage paid to the marginal worker with productivity af ;. Equation (4) states
that the expected cost of filling a vacancy - £/q; - must be equal to the expected benefit.!* Equation
(5) states that the average value of a match, fz,t, is given by the marginal value product of the
match plus its continuation value net of the wage bill. Equation (6) implies that, at the margin,
the firm is indifferent between keeping or firing a worker with productivity af;: the value of the
marginal match, which includes savings on firing costs and continuation value of the match, is equal

to the wage paid to the worker.

MWith probability g; the vacancy is filled, in which case two events are possible: either the new recruit is fired (which
happens with probability A.:) and the firm must pay the firing cost F, or the match survives the job destruction
round, in which case the worker generates value for the firm.



By substituting equations (4) and (6) into (5) I obtain the following job creation equation:
K ~ _
q—: [g@z’tzZt (azﬂg — ag’t) - (wz,t - w;t)] (I—=Xy)—F (7)
t

Combining equation (4) and (6), the job destruction equation becomes:

K
0122105 4+ F + BBy ——= wi . (8)
qt+1

The key difference between job creation and job destruction in the model is that vacancy posting is
an intertemporal margin of employment adjustment, while separation is an intratemporal margin
of adjustment.

The wage schedule is the solution of an individual Nash bargaining process which splits the
surplus of the match between the firm and the worker. The analytical derivation of the wage equa-
tion is presented in Appendix A, here I report the equilibrium wage resulting from the bargaining

between a worker with productivity a and a producer with productivity z:

wsp(a) = (L—=n) {¢.2Zar — (1= N By (Bypr F) } + noor. 9)

where 7 represents the firm bargaining share and w; is the worker’s outside option, defined as:

wt = hp +b+ (1 - )\)Et /Bt,t—i-lpt-f-l / < ‘/;H_ll SZZ+1> dG(Z) . (10)
Jr

Zmin

As in standard search and matching models, the worker’s outside option depend on current value of
unemployment and the value of searching for other jobs. Current value of unemployment is given
by home production, h,, and unemployment benefits, b, a transfer from the government financed
by lump sum taxes. The last term appearing in equation (10) represents the value of searching for

other jobs. Notice that 5’% is the average value of employment in a firm with productivity z:

o

3= [ [wesl@) = w4 (0= DB (301 5%11)] i),

c
az,t

and (psv.:) /V; is the probability of a match with that producer when searching for jobs.!®

15The worker’s outside option @, does not depend on firm productivity z because the worker will be searching for
jobs in any firm in the next period. Moreover, w; does not depend on the current worker’s productivity a: since the



The average wage paid by the producer z is an average of individual wages, weighted according

to the distribution of the idiosyncratic productivities:

Bt = [ [wne 252, (1)

The average wage depends positively on the average value product of existing matches, the
expected savings on firing costs and the size of workers’ outside option.
Profit Maximization

I assume that the export price, p,((z), is denominated in the currency of export market. With
flexible prices the law of one price holds, i.e. p,(z) = Sipa+(z), where S; is the nominal exchange
rate (units of Home currency per units of Foreign) and pg(z) is the domestic price of the good.

The producer z faces the following domestic and foreign demand for its output:

Yaur(z) = <pdt(z)> " v,

You(2) = «a <px’t(z))_6 v,

where Y, and Y,“* denote aggregate demand at Home and abroad. Notice that aggregate demand
in each country includes sources other than household consumption but it takes the same CES
form as the country’s consumption basket, with the same elasticity of substitution # > 0 across
goods. This ensures that the consumption price index for the CES consumption aggregator is also
the price index for aggregate demand of the final basket.

Let pg+(2) = pat(2)/ P and p,1(2) = pei(2)/ Py be the price of domestic and export Home
goods relative to the price index in the destination market. Profit maximization implies that firms
set fully flexible prices that reflects the same proportional markup 6/ (6 — 1) over the real marginal
cost @ 4

0 T
pd,t(z) = m%,t» px,t(z) = épd,t(fz%

where Q; = SP;/P,; is the consumption-based real exchange rate (units of Home consumption per
units of Foreign).

Due to the presence of fixed export costs a firm may decide not to export in any given period

worker’s productivity in ¢ + 1 is not correlated with a;.

10



since expected profits cannot cover f;;. When making this decision a firm decomposes its total
real profit d¢(z) into portions earned from domestic sales, dg(2), and from potential export sales,
dy(%). All these profits are expressed in units of the consumption basket in the firm’s location. In

the case of a Home firm, total profits at time ¢ are given by di(z) = dg(2) + dy¢(2), where

1
dai(z) = épd,t(z)yd,t(z)v

%pxi(z)yw?t(z) — for if firm 2 exports,

0 otherwise.

A firm will export if and only if the expected profit from exporting is non-negative. There exists
a Home (Foreign) cut-off productivity z,; (2;,) such that: z,; = inf{z : dy4(2) > 0}. T assume
that the lower bound cost zmin is low enough to have z, ; (z;t) > zmin- 1his ensures the existence
of an endogenously determined non-traded sector: firms with a productivity draw z below 2, (2} ;)
only produce for their domestic market in period t. The set of exporting firms fluctuates over time

with changes in profitability of export.

Aggregation and Productivity Parametrization

As in Melitz (2003) and Ghironi and Melitz (2005), I define two special “average” productivity
levels (proportional to the relative output shares): an average zy for all producing firms that serve

the domestic market and an average z,; for all Home exporters:

1 1

" e [ [

x,t

0—1

Zq = [ Tze_ldG(z)

min

Analogous definitions hold in Foreign.'® Following Melitz (2003), I also define a weighted

productivity average Z; that reflects the combined market shares of all Home firms and the output

Y6 Notice that, as in Ghironi and Melitz (2005), zqg = zj since all the producers in one country serve their domestic
market. The export cut-offs 2, ; and E:,t can instead differ across countries.

11



shrinkage linked to exporting:

1 Z ' 0—1 Oil
= ~0—1 x

= N : N,

“ {Nd,t [Zd de T < T ) m,t] } 7

where Ng; and N,; are the number of firms that are producing for the domestic and export

market, respectively. Melitz (2003) shows that these average productivity levels summarize all
the information about productivity distributions relevant for macroeconomic variables. I show that
Melitz’s result still applies in a dynamic, stochastic model with search and matching frictions in the
labor market. Melitz’s aggregation survives since the firm’s real marginal cost can still be written
in the form ¢, = ¢;/2, where ¢, (to be defined) is a component of the firm real marginal cost
identical across plants.'” Since 0.t = Pt /z, the real marginal cost is symmetric across plants up
to firm-specific productivity differentials, as in as in Melitz (2003) and Ghironi and Melitz (2005).
Therefore z uniquely summarizes the impact of labor market frictions on the heterogenous plants’
marginal costs. As shown in Appendix B, the result that ¢, ; = ¢;/2 is due to the fact that in the
model heterogeneous producers all pay the same average wage and share the same marginal worker,
regardless of their productivity level z. In other words, the within firm job destruction cut-off af ,

and the average wage w,; only depend on aggregate labor market variables, i.e. a

— C
zt = af and

Wyt = Wt

wy = (1 —n) {‘PtZtat + (1 — X)Etﬁt,t—‘rl [1 - (1- X)Et (1 —pey1) /Bt,t—H] F} +n (hp +b). (12)

Essential for this result is the assumption that both firing and hiring costs do not depend on
the firm productivity z. As long as x and F' are common across firms, the outside option of each
producer—not being matched with a particular worker—is identical across producers and it only
depends on aggregate labor market outcomes.'® The equilibrium values of ¢, and a§ are determined

by the following two equations:

K -~ C
P nerZi(ay — ag)(1 — ) —F, (13)

'"Tn Melitz (2003) and Ghironi and Melitz (2005) the labor market is Walrasian. Therefore, ¢, = w;/Z;.
18This assumption greatly simplifies the model solution. However, it does not undermine the ability of the model
to account for aggregate labor market dynamics observed in the data (see below).

12



neZiay = nb+ (1 - X) Etﬁt,tﬂ (1 =) k¢ — - [77 +(1—-mn) Etﬁt,tJrl(l - Pt+1)] F. (14)

t+1

Since ¢,; = ¢;/z holds true for any productivity level z, it follows that ¢, = ¢;,%. Put
different, ¢, also represents the effective average marginal cost of all the Home firms. Following
Melitz (2003) and Ghironi and Melitz (2005), I can now restate the model in terms of average,
representative firms. Define I =1 (Z;) the stock of labor of the average representative producer in

the Home economy. From equation (1) it follows that:

o= (1-X) [(1 =Nt + |, (15)
where vy = v (2;). The average per-firm stock of labor is such that:

where ,lvdﬁ; = 11(Za) = Yat/ (ZrarZq) and Tm = 11(Zet) = Yzt7t/ (ZiatZz ) are the workers producing
domestic and export output. The average, relative price of domestic and export goods are, respec-
tively, pay = pa(Zae) = [0/ (0 — 1)) py/Za and Dy = ppp(Zes) = [0/ (6 — 1)] 70, /Q1Zz . The aver-
age domestic profit is cflvdvt = (1/0) pg,tYda,t, while the average export profit is cflvm = (1/0) py 1Yt — fut-
Following Melitz (2003) and Ghironi and Melitz (2005) I assume that z is drawn from a
Pareto distribution with lower bound zpni, and shape parameter k > (6 — 1).19 Under this as-
sumption, the average productivities Z; and Z,; become Zp = {k/[k — (6 — 1)]}ﬁ and Z,; =
{k/[k— (06— 1)]}ﬁ 22+ The share of exporting firms is Ny ¢ /Ny = 1-G (204) = (2min/Zz) " {k/ [k — (6 — 1)]}67E

Finally, the zero profit condition that determines the productivity cutoff z,; satisfies d,; =

k/ k=0 =D fer

Firm Entry and Exit

In every period there is an unbounded mass of prospective entrants in both countries. Potential
entrants are forward looking and correctly anticipate their future profits ds(z) in any period s > ¢
as well as the exogenous probability ¢ of incurring in the exit-inducing shock. Entrants at time ¢

will start producing only from ¢ + 1.

19The assumption of a Pareto distribution induces a size distribution of firms that is also Pareto.
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When entering the market, each producer has a stock of zero workers. I assume that each new
entrants post vacancies immediately upon entry to build its stock of labor. In Appendix C I show
that firms with a relative technology z are all identical regardless of their timing of entry, i.e., they
all have the same number of workers at any point in time and the sole difference among these firms
is that they produce different varieties. It follows that upon entry new firms with productivity z
must post vacancies to match the size of incumbents that have the same productivity level z. As a
result, the average representative producer entering at time ¢ posts vgt =1 / (1 — A\¢)q] vacancies.

Prospective entrants compute their expected post-entry value - é; - defined as the present
discounted value of the expected stream of per period profits ds:

& = Et< 3 5555) . (16)

s=t+1

Prior to entry, firms face a sunk entry cost f.; to be paid in order to serve the market. This
entry cost is made by two components: fe; = frs + th /(1 = At)qe]. The first term represents the
real costs of regulation and technological requirements associated to product creation. Like the
fixed export cost, f;; is expressed in units of consumption. The second term appearing in equation
(16) represents the cost of recruiting workers to start production. Entry occurs until firm value is

equalized to the entry cost, leading to the following free entry condition:

€t = fet-

Given the time to build assumption, the law of motion of firms is given by Ng; = (1—6)(Ng—1+
Ne,—1). The number of producing firms represents the stock of capital of the economy. It behaves
much like physical capital in a standard RBC model, but it has an endogenously fluctuating price
given by (16). In particular, the key interaction between labor and product market dynamics is
captured by the stock market price of investment e; which summarizes the interdependence between

product and labor market dynamics.

Household Budget Constraint and First Stage Budgeting

The representative household can invest in two types of assets: shares in mutual funds of firms
and non-contingent bonds that are traded domestically and internationally.? Investment in the

mutual fund of firms in the stock market is the mechanism through which household savings are

20For simplicity, I assume extreme home bias in equity holdings and rule out international trade in firm shares.
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made available to prospective entrants to cover their entry costs. International assets markets
are incomplete as only risk-free bonds are traded across countries. Home bonds, issued by Home
households, are denominated in Home currency. Foreign bonds, issued by Foreign households, are
denominated in Foreign currency.

Let z; be the share in the mutual fund of Home final-sector firms held by the representative
household entering period ¢. The mutual fund pays a total profit in each period (in units of
currency) that is equal to the total profit of all firms that produce in that period, PtNdytcﬁth, where
c?t = cflvdyt + %th During period ¢, the representative household buys x4 shares in a mutual
fund of Ng¢ + Ny firms (those already operating at time ¢ and the new entrants). Only a fraction
1 — ¢ of these firms will produce and pay dividends at time t + 1. Since the household does not
know which firms will be hit by the exogenous exit shock § at the end of period t, it finances the
continuing operation of all pre-existing firms and all new entrants during period ¢. The date ¢ price
of a claim to the future profit stream of the mutual fund of Ngy; + N firms is equal to the average
nominal price of claims to future profits of Home firms, P;¢;.

21 To in-

Let By41 and B, 41 denote real holdings of Home and Foreign bonds respectively.
duce steady-state determinacy and stationary responses to temporary shocks in the model, I follow
Turnovsky (1985) and assume a quadratic cost of adjusting bond holdings. The cost of adjust-
ing Home bond holdings is ¢ (Byy1)? /2, while the cost of adjusting Foreign bond holdings is
§(B*’t+1)2 /2. These cost are paid to financial intermediaries whose only function is to collect

these transaction fees and rebate the revenue to households in lump-sum fashion in equilibrium.

The Home household’s period budget constraint is:

Bii1 4+ QiBy 41 + g (Bi1)? + th (B*,t+1)2 + Ci+e(Ngt + Neg)xiyr = (17)

= (14 7)By + (1 +17)Byy + (dy + &) Nagy + WLy + b(1 — Ly) + T + TF. (18)

where r;41 and rf, ; are, respectively, the real interest rates on Home and Foreign bond holdings
between t and ¢ + 1, known with certainty as of ¢. Moreover, b(1 — L;) represents aggregate
unemployment benefits, 7} are lump sum taxes from the government and th is a lump-sum rebate

of the cost of adjusting bond holdings from the intermediaries to which it is paid. The Euler

21 Foreign holdings of home bonds are denoted with B;, while Foreign holdings of foreign bonds are denoted by
B; ..
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equations for bond holdings is:

C; 7 (14€Bs1) = B (1+re41) By (Cfﬁl) ;

C; (14 €Bur1) = B (1 +7111) By <QCZICHWI> '

The Euler equations for share holdings is:

€ =B (1—-90)FE;

(%) (@)

As expected, forward iteration of this equation and absence of speculative bubbles yield the ex-

pression for firm value used in the free entry condition above.??

Equilibrium

I can now characterize the equilibrium of the model. First, the welfare-based price index implies
that:
1-0 g 1—0
1= Pa Na + P;,t N;,t’ (19)

Denote with L; the aggregate employment at the end of period t. L; is equal to the sum of

total employment in domestic and export production plus the matches created by new entrants:

~ Ny~
Li = (Ngt + Neyt) {zd,t + 5 ot zw,t] .
d.t

)

The number of unemployed workers searching for jobs at time ¢ is given by U; = 1—(1 — §) (1 — X) Ly,
while total vacancies V; are the sum of the vacancies posted by incumbents and the vacancies posted
by new entrants to build their stock of labor: V;=Ng vy + Ne [l:/ (1—=X) qt}.

Aggregate demand in the domestic market is given by:
Y;C = C’tjw + Ne,tfe,t + N:p,tfx,t + KV,

where CM = C; — hy, (1 — L;) represent market consumption, i.e. total consumption net of home
production.

Bonds are in zero net supply, which implies the equilibrium conditions B;y1 + Bf,; = 0 and

221 omit the transversality conditions that must be satisfied to ensure optimality.
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Bit+1+ B ;11 = 0 in all periods. Home net foreign assets are determined by:

Bii1=(1+7t) Bt + Qt (1 +7%) But + Nutpg Yat — Nyt Qg1 Ynt-
The change in net foreign assets between t and t + 1 is determined by the current account:
Biy1 — By = CA; =1y By + Quri Byy + T'By,
where T'B; is the trade balance: TB; = N;E?tpdiyx,t — N;"tQth’ty;t.

3 Calibration and Model Properties

Calibration

Iinterpret periods as quarters and calibrate the model to match selected targets of the U.S. economy
in the period 1954:1-1980:1.23 I set the discount factor 5 to 0.99, implying an annual real interest
rate of 4 percent. The value of the risk aversion coefficient 7 is equal to 2. As in Ghironi and Melitz
(2005) the elasticity of substitution across product varieties @ is set to 3.8 following Bernard, Eaton,
Jensen, and Kortum (2003), who find that this value fits U.S. plant and macro trade data. Also
following Ghironi and Melitz (2005) I set k = 3.4, normalize 2z, to 1 and calibrate the fixed export
cost f, to match the share of exporting plants, equal to 21 percent. I set 7 = 1.8 so that total
trade (imports plus exports) over GDP is equal to 12 percent, the average value observed in the
sample period.?* To calibrate the entry costs related to product market regulation, I follow Ebell
and Haefke (2009) and set f, so that regulation costs amount to 5.2 months of per capita output.

I set the elasticity of the matching function ¢ equal to 0.5, consistent with Blanchard and
Diamond (1989), and 7 = ¢, so that the Hosios conditions is satisfied. To calibrate the exogenous
within firm separation, ), and the exogenous exit of plants, ¢, I target the portion of job destruction
due to the exit of plants and the overall job destruction due to endogenous separation. Davis,
Haltiwanger, and Schuh (1996) report that the portion of job destruction due to plant exit is 20
percent in the U.S. Following den Haan, Ramey, and Watson (2000), I assume that 32 percent
of job destruction is due to endogenous separation. I set unemployment benefits, b, so that the

replacement rate, b/w, is equal to 0.54, as reported by OECD (2004). Firing costs are set to zero.

231 calibrate the model to match U.S. macroeconomic data before trade integration. The sample splitting is quite
arbitrary but none of the result is sensitive to this choice.
24This value is in line with the estimates of trade costs reported by Anderson and van Wincoop (2003).
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As common practice in the literature, I calibrate the cost of vacancy posting «, home production,
hp, and matching efficiency, , to match unemployment rate, probability of filling a vacancy and
total separation rate in steady state. The unemployment rate is 5.5 percent, computed from
quarterly data on U.S. unemployment. Total steady-state separation, A" = 1 — (1 —X)(1 —
A) (1 —9), is 5.5 percent, as reported by Davis, Haltiwanger, and Schuh (1996). The probability of
filling a vacancy is 70 percent, as reported by Fujita and Ramey (2007).

Following den Haan, Ramey, and Watson (2000), I assume that the idiosyncratic, job-specific
productivity shocks are lognormally distributed with zero mean and standard deviation o4 chosen
to match the volatility of employment relative to GDP. For the bivariate productivity process, I set
persistence, spillover parameters and covariance of innovations consistent with evidence in Baxter
(1995) and Baxter and Farr (2005), implying zero spillovers across countries, persistence equal to
0.999 and covariance equal to 0.259. I refer to this as Baxter calibration below. I perform sensi-
tivity analysis by considering also values in Backus, Kehoe, and Kydland (1992) (BKK calibration
below), with lower persistence (0.906) and positive spillovers (0.088). The benchmark, symmetric,
calibration is summarized in Table 2.

To introduce heterogeneity in labor market characteristics I assume that a rigid country features
higher costs of hiring and firing workers, together with larger unemployment benefits. The target
is the Euro Area.?>. Following Thomas and Zanetti (2008) I assume that firing costs F' amount to
20 percent of the average steady state wage. Unemployment benefits are 60 percent of the average
wage, as reported by OECD (2004). The cost of posting vacancies is calibrated so that the steady
state unemployment rate is 8.3 percent. This implies that vacancy costs are 30 percent higher in
the more rigid economy, a value in line with the evidence provided by the World Bank “Doing
Business Report” (2007).26 All the other parameters are identical across countries, including the

bivariate productivity process and the variance-covariance matrix of productivity innovations.

25The choice of the Euro Area as a benchmark rigid trading partner is quite natural since the model abstracts from
cross country asymmetries in factor endowments (which can be assumed to be similar across the two economies).
Moreover, Botero, Djankov, Porta, and Lopez-De-Silanes (2004) and OECD (2004) report substantial differences in
terms of labor market characteristics between the U.S. and the Euro Area.

20Tn the rigid labor market the cutoff of workers’ productivity, a, is lower than in the more flexible economy
(due to the presence of firing costs). This implies that A*** = 0.037, i.e. steady state separation and job flows are
lower compared to the flexible economy. The implied value for A** is remarkably close to what observed in countries
belonging to the Euro Area (see Christoffel, Kuester, and Linzert (2009)).
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Model Properties
Symmetric Labor Markets

Since the purpose of the paper is to provide a quantitative assessment of the role of labor market
frictions for the consequences of trade integration, I validate the model by testing its ability to
reproduce the cyclical behavior of key macroeconomic variables in the U.S. (long-run targets are
matched by construction because of the calibration startegy).

Figure 1 shows the impulse responses to a one-percent innovation to Home productivity when
countries have symmetric, flexible, labor markets. Higher productivity increases profitability of
existing matches at Home, incumbents post more vacancies and reduce job destruction, jd; =
At [Tt /(11— )\t)} (Ngt + Net). The larger present discounted value of future profits generates higher
expected return to product creation, stimulating producer entry and investment (I; = Npte;) at
Home. Employment and GDP (Y; = @tLt+Nd7tcEt) increase. The number of producers able to cover
the fixed export cost f;; also rises, further boosting job creation, jc; = ¢;vi Ny +Z& /(1 —X) Neyg.
Employment and GDP increase in Foreign, implying positive comovement across the two economies.
There are two mechanisms at work. First, aggregate demand at Home increases for all existing
goods, domestic and foreign ones. Producers abroad anticipate that the increase in demand for their
products will persist in the future: The expected profitability of existing and future matches rises,
more vacancies are posted and to more low productive workers survive to job destruction. Second,
endogenous producer entry and firm heterogeneity mitigate the depreciation of Home terms of trade
(price of exports over price of imports, Q:p, ;/ps.)- When new producers enter the market and
recruit workers to begin production, the labor market becomes tighter: The average marginal cost
of production increases for all the producer on the market because since the cost of filling a vacancy
is higher due to congestion externalities. Moreover, the reduction in Z,; due to the selection of
Home firms in the export market raises the average price of exported goods p, 4, further weakening
the Home terms of trade depreciation.

Home and Foreign positively co-move despite the presence of international trade in financial
assets. The current account deficit run by the Home economy - domestic households borrow from
abroad to finance entry of new firms - does not imply an asymmetric response of GDP across
economies, differently from standard international real business cycle models.

Table 3 presents the model-implied, HP-filtered second moments under the Baxter calibration

of the bivariate productivity process (normal fonts) and the alternative BKK calibration (italics).
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Bold fonts denote data moments.?” In the presence of endogenous producer entry and preferences
that exhibit “love for variety”, the variables measured in units of consumption do not have a direct

t.28 To resolve this issue, I follow Ghironi

counterpart in the data, i.e. they are not data-consisten
and Melitz (2005) and construct an average price index P; = (Nas + N;t)l_e P, that is the data-
consistent Consumer Price Index implied by the model. In turn, given any variable X; in units of
consumption, its data-consistent counterpart is given by Xr: = (X P;) / P,.

The absolute standard deviations of aggregate output and the relative standard deviation of
consumption and investment are close to the data. While employment volatility is matched by
construction, the model correctly predicts that job destruction is more volatility than job creation,
even though both are more volatile than in the data. The correlation between job creation and
destruction and their contemporaneous correlations with output are very close to the data. With
respect to the international business cycle, the cross-country correlations of output and employ-
ment are positive and comovement in consumption is smaller than comovement in GDP. These
are significant improvements with respect to a standard international business cycles models. As
explained, product and labor market frictions are crucial to generate these results.

I perform sensitivity analysis by considering also the BKK calibration of exogenous shocks.
Table 3 shows that all results are unaffected with the exception of magnitude and ranking of cross-
country correlations in output and consumption correlations. Consumption is now more correlated
than output. The result is entirely explained by the positive, and large, productivity spillover across

countries.??

Asymmetric Labor Markets

Empirical work has shown that differences in labor market regulation affect domestic labor market
fluctuations. For instance, Gomez-Salvador, Messina, and Vallanti (2004) and Messina and Vallanti
(2007) documented that more stringent firing laws dampen the response of job destruction to the
cycle, thus making job reallocation less counter-cyclical. Estimates for the US, Canada and the UK
show that the increase in job destruction during economic downturns tends to be stronger than the

increase in job creation during upturns, resulting in counter-cyclical movements in job reallocation.

*"Data cover the period 1954:1-1980:1. Cross-country correlations are averages of bilateral correlations between
the U.S. and Canada, Japan, West Germany and UK.

?8See Ghironi and Melitz (2005) for a discussion.

29Tt is important to notice, however, that the model generates a positive and sizable output comovement regardless
of the productivity parametrization. Standard international business cycle models instead predict a negative or at
best zero cross-country output correlation under the parametrization of Backus, Kehoe, and Kydland (1992). In
those models, the resource-shifting motive has a first order effect over the cycle.
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The cyclical behavior of job reallocation is instead less clear for countries in Europe, where job
reallocation tends to be acyclical or slightly procyclical.

Table 4 shows that the model is able to capture these stylized facts. In the rigid labor market
firing costs make job destruction less volatile and job reallocation becomes more procyclical. The
reduction of labor market flows over the business cycle translates into smaller output and employ-
ment volatility. Specifically, the standard deviation of output and employment are, respectively, 10
percent and 13 percent lower than in the flexible country. However, both GDP and employment are
more persistent in the rigid economy, consistent with the evidence in Balakrishnan and Michelacci

(2001) and Duval, Elmeskov, and Vogel (2007).

4 Long-Run Effects and Adjustment to Trade Integration

I begin the analysis about the consequences of trade integration by studying long-run effects and
dynamic adjustment that follow reductions of trade costs. I consider a symmetric reduction of
trade barriers 7 and 7%, capturing a decrease in all the impediments to trade across countries. To
pin down the change in trade costs I re-calibrate 74 and 7} so that in the new steady state the ratio
of trade to GDP is 22 percent, the average value observed in the period 1980 — 2011. The required
reduction in trade costs is 22 percent. Throughout this section I abstract from the presence of

aggregate uncertainty.

Steady State Analysis

The link between trade integration and labor market outcomes has been the primary focus of
important contributions in the trade literature.?’ Before discussing the general implications of
increased trade linkages, it is worth investigating how openness to trade can affect equilibrium
unemployment in a model featuring firm heterogeneity and endogenous job creation and destruction.
Consider first the case in which countries have symmetric and flexible labor markets.?! In Appendix

D I show that the steady-state unemployment rate is given by:

A (a)

-4 20
T+ A@) (20)

30Numerous papers have investigated the channels through which trade can affect long run unemployment abstract-
ing from the role of country-specific labor market characteristics. See, among others, Davis and Harrigan (2007),
Davidson, Martin, and Matusz (1999), Egger and Kreickemeier (2009), Felbermayr, Prat, and Schmerer (2011),
Matusz (1996) and Helpman and Itskhoki (2010).

31 For this reason I set F' = 0 in the following analysis.
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where A (a°) = A''/(1 — A*'). Changes in a° reflect variations in job flows, summarized by the
reservation productivity a®. The term Xﬁtl_s in equation (20) corresponds instead to the inverse of
unemployment duration 1/p. The effects of trade openness on equilibrium unemployment depend
on the impact of 7 on ¥ and a€, i.e. on the relative shifts of job creation and job destruction. In

steady state, equation (13) and (14) imply that:

g |1pZa—a’)(1 - A) ¢

; (21)

c__ 1 BY —€
a—W{nb—i-(1—/\)(1—(5),6’[(1—77)1129—14;19 1} (22)

In both equations it appears ¢, the average marginal revenue of a match, and so we need to

jointly determine how variations in 7 affect ¢, ¢ and a®. In appendix D I show that:
1
¢ =uNy"Z, (23)

where 1 = (0 — 1) /0 is the inverse of gross markup. Equation (23) shows that ¢ positively depends
on the stock of varieties available to consumers, Ny, and average firm productivity Z. The relation
between N, and ¢ captures a variety effect: When more products are available to consumers,
the relative price of each individual good increases since the welfare-based price index falls as
households derive more welfare from spending a given amount. As a result, the average marginal
revenue of a match increases. The boost in average productivity Z, instead, makes workers on
average more productive, also increasing the average marginal revenue of a match. For any realistic
parametrization of the model, trade openness always increases both N; and Z.3?

I can now discuss the implications of trade integration for the long-run unemployment rate. As ¢
increases, equation (21) reveals that, other things equal, labor market tightness 1 increases, lowering
unemployment. Intuitively, the reduction in trade barriers implies that the cost of vacancy posting
decreases relative to the productivity of the average firm and employers intensify recruitment efforts.

From equation (22) we can also see that, ceteris paribus, the workers productivity cutoff a¢ falls

32 As 7 falls, the reallocation of market shares toward exporting firms is enough to generate an increase in average
productivity, despite the absence of endogenous exit of least productive plants. Some among the most productive
non-exporters begin to export and the market shares of the domestic producers shrink due to increased foreign
competition. This implies that more efficient firms have a bigger weight in the definition of Z. Even if the average
productivity of exporters Z, is falling after openness, the gain in market shares of new exporting firms is enough to
guarantee that Z increases.
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in response to an increase in : the average firm keeps a larger pool of relatively less productive
workers because of the increased marginal revenue of existing matches. In general equilibrium,
however, variations in ¥ and a® affect each other and the response of ¢ cannot summarizes the
effects of trade integration on long-run unemployment.?® A tighter labor market puts pressure
on the aggregate wage and low productive matches become less attractive, potentially increasing
a® and unemployment. Once again, for any realistic calibration a¢ always falls if countries have
symmetric, flexible labor markets. More low productive matches survive in the new steady state
and the overall flows into unemployment are reduced.

When countries have heterogeneous labor markets, equation (23) does not hold anymore. In
this case we have that:

= MN;%I z®,

1
where ® = (1 - ﬁ;l_gN *) =% %4/% is a term introduced by heterogeneity in labor market charac-

b
teristics. The effects of trade integration on the average marginal revenue ¢ now also depend on
the response of Foreign export prices and Foreign exporters. In other words, the effects of trade
on unemployment, mediated by the response of ¢, now depends on cross-country differentials in
average firm productivity.

A growing number of studies in the trade literature focuses on the long run relationship between
trade integration and unemployment. Those contributions differentiate themselves with respect to
the assumptions about the trade structure or the mechanisms leading to equilibrium unemploy-
ment. Papers focusing on the role of firm heterogeneity in presence of frictional unemployment
yield different predictions. Helpman and Itskhoki (2010), the closest study to the present work,
find that unemployment is not unambiguously lowered by trade openness. The symmetric ver-
sion of their model can feature a negative trade-unemployment link under some parameterization.
Differently from the present model, they assume a two country - two sector setup: trade boosts
average productivity in the differentiated goods sector, making employment more attractive in
that sector. This yields a reallocation of labor from the distortion-free numeraire sector into the
friction-ridden differentiated good sector. Importantly, the impact of trade on unemployment op-
erates only through the reallocation of labor across sectors, because sectoral unemployment rates
do not change in their model in response to trade. Felbermayr, Prat, and Schmerer (2011) find

instead a monotonic, negative long run relationship between trade integration and unemployment

33 Absent endogenous job destruction it is possible to show that the increase in the marginal revenue of a match is
a sufficient condition for unemployment to fall in response to trade integration.
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in a static trade model that abstract from endogenous job destruction.

Turning to the overall consequences of trade integration, Table 5 shows that when countries
have symmetric labor markets, the long-run response of productivity, employment and aggregate
welfare is positive. In particular, the model predicts that the increase in trade observed in the last
twenty years raised aggregate welfare by 8 percent. At the same time, Table 5 shows that for the
benchmark asymmetric calibration described in Section 2, employment increases everywhere and

so does welfare.?4

However, while gains from trade are always positive, the country with a more
rigid labor market gains less then its flexible trading partner. The difference is sizable, as the rigid
economy gives up 1.3 percent of long-run welfare.

To better understand the results about long-run effects of trade integration and the role of

country-specific labor market frictions I now inspect the adjustment to the “integration shock”that

leads to the new long-run equilibrium described above.

Dynamic Adjustment

In the context of the paper, trade integration is best interpreted as a reduction of all impediments
to trade. Thus it seems more appropriate to assume that the integration shock consists in a gradual
reduction of trade barriers over time.?® I assume that the reduction in trade costs gradually phases
out in 15 years. Given the large size of the shock, I do not rely on approximation methods. Instead,
exploiting the absence of aggregate uncertainty, I exactly solve the model using a Newton-type
algorithm, first proposed by Laffargue (1990).

Figure 2 presents the dynamic adjustment when countries have symmetric, flexible labor mar-
kets. Consumption and aggregate welfare increase monotonically along the transition.?® House-
holds reduce current savings to smooth consumption in anticipation of future productivity gains,
immediately increasing C. Trade integration, however, triggers substantial gross job flows. As
observed in the data (see Levinsohn (1999) and Haltiwanger, Kugler, Kugler, Micco, and Pages

(2004)), import-competing, domestic employment, I4;, drops while employment in export activi-

31 There exist parameterizations of the model for which long-run unemployment increases in the more rigid country.
However, welfare effects are always positive as the more rigid economy still benefits because of positive terms of trade
effects and increased availability of varieties to consumers.

35 Transportation costs felt slowly through time. Moreover, a notable feature of many recent trade agreements is the
gradual, rather than immediate, reduction of trade barriers. For example, European, Japanese and U.S. average tariffs
have declined by over 90 percent since the first GATT round. These gradual reductions are partly attributable to
deeper tariff cuts in successive GATT rounds. Many regional and bilateral agreements exhibit these same incremental
reductions and well-detailed phase-in periods.

30Notice that part of the increase in consumption is due to variety effects. The data consistent consumption
(measured by statistical agencies) still increases but to a much smaller extent.

24



ties, Iz ¢, rises. Unemployment and net producer entry are negatively affected in the initial phase
of integration. Entry of producers falls because of fiercer competition from abroad (along the
intensive margin), while selection of relatively more productive firms in the export market takes
time. Moreover, the average producer in the economy find profitable to fire more of the relatively
less productive workers, resulting in higher job destruction. These two effects combine, generating
frictional unemployment. The pattern of adjustment in the labor market is consistent with the
empirical evidence provided by Trefler (2004) for the Canada - U.S. Free Trade Agreement.

Figure 3 presents instead the dynamic adjustment to trade integration when countries have
asymmetric labor market characteristics. Two key differences emerge. First, in the more rigid labor
market domestic producers downsize more slowly compared to the flexible country. This is the case
since firing costs dampen job destruction. At the same time, however, production gradually shifts
toward the more flexible economy. Higher cost of creating jobs and larger unemployment benefits
dampen incentives to create jobs in the more rigid country. Along the transition unemployment
increases more in the rigid labor market and it reduces less in the long run.

As the dynamic adjustment described below will show, when countries become more integrated
production shifts towards countries with more flexible labor markets, where the costs of creating
and destroying jobs are lower. In other words, the flexible economy becomes a relatively more

profitable business environment.

5 Business Cycle Implications of Trade Integration

A robust conclusion from empirical work is that, among industrialized economies, business cycles
become more synchronized when trade linkages are stronger. In particular, by running cross country
regressions, Frankel and Rose (1998) and Clark and van Wincoop (2001) find that countries with
3.5 times larger trade have a correlation that is 0.125 and 0.089 higher, respectively. Kose and
Yi (2001) - reestimating the Frankel and Rose (1998) regression with updated data - find that a
doubling of the median (across all country pairs) bilateral trade intensity is associated with an
increase in the country pair’s GDP correlation of about 0.06. I now study how stronger trade
linkages impact on the domestic and international propagation of business cycle shocks. 1 first
explore whether the model can account for the observed increase in comovement that follows trade
integration and discuss the role of labor market frictions in this context. Then I analyze the model

predictions for output volatility.
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Output Comovement

Table 6 shows that the model predicts an increase in output comovement of 30 percent when trade
costs are reduced from 1.8 to 1.4. The absolute change in the cross-country GDP correlation is 0.10.
This number, however, is not readily comparable with the empirical evidence described above since
the estimates reported by Frankel and Rose (1998), Clark and van Wincoop (2001) and Kose and
Yi (2001) refer to the effects of increasing average bilateral trade volumes. The latter are smaller
than the bilateral trade share implied by my initial calibration of trade costs. Table 6 presents
results relative to the case in which the initial value of 7 and 7* is chosen to reproduce the average,
bilateral trade share of the U.S. in the period 1954 : 1980. This value corresponds to 0.5 percent
and it requires 7 = 2.5. The change in trade cost is pinned to increase bilateral trade by a factor
of 3.5, implying a 28 percent reduction of trade costs. In this case the model predicts that output
comovement increases by 21%, with an absolute change in GDP correlation of 0.06 percent, in line
with the estimates of Frankel and Rose (1998).

The ability of the model to account for the synchronization observed in the data has often
eluded standard international business cycle models that typically predict too small or negative
comovement in response to trade integration - the so called trade-comovent puzzle.>” For example,
Kose and Yi (2001) show that the Backus, Kehoe, and Kydland (1992) model augmented with
transportation costs yields the counterfactual prediction of a smaller cross-country output corre-
lation following reductions in trade costs. The reason is that in the benchmark model demand
complementarities generated by reductions of trade barriers are too weak and the reallocation of
production towards more productive locations over the cycle has a first order effect. Benchmark
models lack of sufficient internal amplification and domestic shocks generate too small and short
lasting effects on output fluctuations abroad.

The present model is able to match the observed increase in business cycle synchronization, and
it does so in presence of financial integration across countries. The result is due to the joint pres-
ence of endogenous producer entry and labor market frictions. First, impulse responses presented
in Section 3 highlighted the central role of product and labor market frictions for the domestic and
international propagation of shocks. Aggregate disturbances generate spikes in job creation and

destruction and employment remains persistently higher on account of matching frictions. Prof-

37This puzzle is distinct from the puzzles that Obstfeld and Rogoff (2001) document; in particular, it is different from
the consumption correlation-puzzle. The trade-comovement puzzle is about the inability of the standard international
RBC models to generate a strong change in output correlations from changes in bilateral trade intensity.
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itability of entry responds to aggregate labor market conditions and the sluggish adjustment in the
number of producers on the market feeds back into employment dynamics magnifying the future
output effects of the shock. As trade barriers are lowered, this amplification effect translates into
larger and more persistent effects of domestic shocks on Foreign output dynamics. Intuitively,
a given shock abroad has larger and more persistent effects on the present discounted value of
a domestic match. At the same time, the domestic present discounted value of entry responds
more strongly to Foreign aggregate conditions because of the larger share of export revenues in the
average profit of domestic firms.

There is also a second mechanism at work in the model: endogenous entry and firm heterogeneity
mitigates terms of trade effects of aggregate shocks. Therefore, reductions in trade barriers do not
automatically amplify the importance of expenditure switching effects.

Table 6 shows that labor market characteristics of trading partners affect the intensity of the
change in comovement, but they do not change the positive effect of trade on business cycle syn-
chronization. Asymmetries in labor markets dampen the increase in output comovement. The
reason is twofold. First, when trade opens up between countries with heterogeneous labor mar-
kets, there is an asymmetric propagation of external shocks which is absent if the economies are
symmetry. Second, the resource shifting motive is stronger when countries have asymmetric labor
markets. Lower trade barriers increase the incentives to shift resources towards the more flexible
(rigid) economy in good (bad) times. During worldwide expansions households in the rigid econ-
omy invest abroad, attracted by the relatively higher returns in the flexible economy which exploits
its greater ability to reallocate labor (reflected in higher profitability of entry). On the contrary,
during worldwide downturns, incentives are reverted and resources tend to shift toward the more
rigid economy which is somehow more protected in the aftermath of negative aggregate shocks as

firing costs imply that employment and aggregate demand do not fall abruptly.

Output Volatility

The traditional arguments linking output volatility and trade refer either to the increased impor-

tance of external shocks or to changes in the degree of diversification of production across sectors.??

Indeed, while there is consensus about the relationship between trade and comovement, the empir-

38For instance, aggregate volatility could increase if production specializes in sectors characterized by more elastic
product demand and factor supply as in Kraay and Ventura (2002) or in sectors characterized by higher idiosyncratic
volatility Cunat and Melitz (2007). At the same time, if trade changes the comovement properties of the trading
sectors with the rest of the economy, volatility might decrease.
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ical relationship between trade and macroeconomic volatility is debated. For instance di Giovanni
and Levchenko (2009) and Kose, Prasad, and Terrones (2003) find that trade openness increases
output volatility (in particular in developing countries). Bejan (2006) and Cavallo (2007) document
instead an opposite results.

This model highlights three other channels through which trade integration can affect the size
of domestic fluctuations. First, firm heterogeneity and fixed export costs imply that a reduction
of 7 lowers the export productivity cutoff z,. Under the Pareto parametrization, the density of
firms with productivity z, is bigger and more producers are in the neighborhood of the marginal
exporter. As a consequence, any given shock triggers a bigger variation in the number of exporting
firms, which tends to increase output volatility.

Second as trade opens up, idiosyncratic, job-specific shocks are less important for aggregate fluc-
tuations. As the average firm in the economy is larger and makes bigger profits a given shock triggers
smaller variations in expected profits, reducing the sensitivity of job creation and destruction to
aggregate disturbances. Smaller variations in job flows tend to reduce aggregate fluctuations.

Third, when countries have asymmetric labor market characteristics there are differences in the
relative volatility of aggregate demand. Since the flexible economy is more responsive to shocks,
stronger trade linkages imply that demand in the more rigid country becomes relatively more
volatile. The more flexible economy experiences an opposite effect.

Table 6 shows that when countries are fully symmetric there is a moderate reduction of output
volatility. With symmetric labor market characteristics, the mild decline in output volatility is
explained by the reduction in profit volatility. When countries have asymmetric labor market
characteristics the result changes. Volatility increases in the rigid country and it falls in the more
flexible trading partners. Notice that the domestic country experiences a smaller reduction of
output volatility compared to the increase that occurs in the rigid economy. Post integration, there
is a shift of production toward the relatively more flexible economy: The importance of foreign
demand fluctuations for domestic business cycles is smaller in the flexible economy compared to
the more rigid one. The result is quite suggestive given that I have considered two large economies
and assumed symmetry in the structure of exogenous shocks. If the more flexible trading partner
were larger or it were characterized by more volatile shocks, the implications of relative differences

in labor market characteristics could become even larger.

28



6 Conclusions

I have developed a two country, stochastic, general equilibrium model of trade and macroeconomic
dynamics with search and matching frictions in the labor market. I have used this model to study
the effects of trade integration between countries with potentially heterogeneous labor market
characteristics. In so doing, I contribute to the trade literature, which typically abstracts from the
effects of stronger trade linkages on aggregate fluctuations, and the international macroeconomic
literature, by exploring the role of labor market frictions and trade in explaining international
business cycles.

The key message of the paper is that labor market frictions and their heterogeneity across
trading partners play an important role for the short- to long-run effects of trade integration. The
model predicts that more flexible labor markets are a source of competitive advantage following
reductions of trade barriers and gains from trade are dampened in more rigid trading partners.
Trade is beneficial for welfare at any point in time even if labor market outcomes can be negatively
affected along the transitory adjustment. Business cycle implications of stronger trade linkages sug-
gest that the trade expansion from reduced trade frictions increases comovement across countries.
Results also indicate that this effect is stronger if trade integration is preceded by harmonization
of labor market structures. The effect on output volatility depend on labor market characteristics
of integrating partners.

From a theoretical point of view this paper makes two contributions. First, the model in-
troduces a source of amplification and propagation of shocks not investigated before, as typical
model of international business cycles assume Walrasian labor markets and they abstract from the
endogenous determination of the number of firms serving domestic and foreign markets. The inter-
action between product and labor market dynamics in presence of sunk entry costs and search and
matching frictions turns out to be very important in explaining the effects of stronger trade linkages
across countries. Second, I have shown that the original Melitz (2003) aggregation procedure can
be extended to a dynamic model featuring search and matching frictions in the labor markets with
endogenous job creation and destruction.

The model abstracts from a number of important features which are left for future research.
For example, the role of comparative advantage is ignored, as the focus is restricted to within
industry trade. If trade promotes production specialization across countries, relative labor market

characteristics might contribute to shape the nature of comparative advantage. As a consequence,

29



there could be additional consequences for sectoral and aggregate unemployment and implications

for business cycle dynamics not captured by a one sector model.
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TABLE 1: MODEL EQUATIONS
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endogenous variables determined by these equations. The other variables are defined in the text.
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TABLE 2: SYMMETRIC CALIBRATION

Risk aversion

Variety elasticity of substitution

Discount factor
Entry cost

Export cost

Iceberg trade cost
Pareto support
Pareto shape
Bargaining power
Matching elasticity
Firing costs
Unemployment benefit
Firm exit rate
Exogenous separation
Home production
Matching efficiency

Vacancy cost

Parameter Value Source

ol 2 Literature

0 3.8 Literature

B 99  Literature

fr 4.68 Data

fe 011 Re=21%

T 1.8 Literature

Zmin 1 Literature

K 3.4 Tsales

n D Literature

¢ 5 Literature

F 0 Literature

b .54 Literature

b 0.11 2P = 20%
X 026 I = 68%
hyp 092 U=6%

X .69 q="170%

K 49 N'=1%
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TABLE 3: BUSINESS CYCLE STATISTICS

Variable X ox ox/oy corr(Xprt,Yrt)

Yr 1.76 1.63 1.54 1 1 1 1 1 1

Cr 1.20 132 1.13 0.68 0.84 0.73 0.74 098 0.96
Ir 5.38 5.02 6.45 3.05 3.17 4.10 0.89 090 0.8
L 0.91 0.66 0.67 0.42 042 0.42 077 098 0.98
JC 2.11 3.27 3833 1.19 207 2.15 0.47 040 0.47
JD 3.10 520 5.28 1.76 3.29 5.41 -0.46 -0.61 -0.62

corr(JC, JD) -0.36 -0.30 -.36
corr(Crt,Ck,) 0.44 030 0.79
corr(Ype,Yi,)  0.51 031 045

Note: bold fonts denote data moments, normal fonts denote moments for the Baxter

productivity process, and italics denote the BKK calibration

TABLE 4: BUSINESS CYCLE - ASYMMETRIC LABOR MARKETS

Variable X o x —Baxter ox—BKK

Flexible Rigid Flexible Rigid

Yr 1.63 1.47 1.54 1.39
L 0.69 0.60 0.65 0.56
JC 0.35 0.55 0.33 0.51
JD 0.54 0.03 .52 0.022
JR -0.09 024 —-0.07 0.028
corr(Cry, Ch ;) 0.30 0.80

corr(Yrt: Y7 1) 0.30 0.45
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TABLE 5: TRADE INTEGRATION - LONG RUN

A% T =20% Symmetric  Asymmetric

Flex Flex  Rigid
%A Welfare 8.40 8.33 7.01
%A Unemployment —1.28 -1.26 —0.21
%A TFP 2.84 2.86 3.69
%A Wage 7.84 770 6.12

TABLE 6: TRADE INTEGRATION AND BUSINESS CYCLE

To =17 (AT =20%) To =25 (A1 =28%)

Symmetric ~ Asymmetric =~ Symmetric Asymmetric
Y%oAcorr(Yryt, Yg,)  30.52 28.4 21.37 21.17

Flex Rigid Flex  Rigid

%Aay&t —5.4 -5.8 1.51 —5.98 —6.4 3.28
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Figure 1. Symmetric Trade Integration Shock. Variables are in percentage deviations from the steady state.
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Appendix

A  'Wage Equation

I assume Nash bargaining between each firm and each worker. Without loss of generality consider
a worker with idiosyncratic productivity a and a domestic producer with productivity z. The bar-
gaining solution splits the surplus of their match in shares determined by an exogenous bargaining

weight 7. The sharing rule is such that:

(1 —n)SZ(a) = ST (a).

where SZF7 +(a) is the value of the match for the firm and S% (a) represents the worker’s surplus from
the job. The outside option for the firm in wage negotiations is firing the worker and pay firing
costs. Thus, the firm’s surplus equals SE';(a) = I';¢(a) + F (see Mortensen and Pissarides, 2003),

where I'; ¢(a) is the value of the job for the firm :

Foa(0) = 922200+ (1= VB [Brr (Tt (0= Asit) = Ao F) | + w2 0(a).

o0

The term T, = /Fm(a)dH(a)/ (1 — X, ) corresponds to the Lagrange multiplier associated to

c
az,t

the output constraint in the firm cost minimization problem and it represents the average marginal
value of a match for the producer. The value of a job, I',;(a), depends on the per-period real
revenue generated by the match, augmented by its discounted continuation value, net of the wage

bill. Using equation (4) in the text, we have:
— K
Sgt(a) = P, 122101 + (1=XNE— 4+ F —w,(a).

qt+1

The surplus of the worker is given by:

SY(a) = wsz(a) — @y + (1 — N Efy 01501, (24)

o0
where glﬁ = /Szyt(a)dH(a)/ (1 —A.¢) is the average surplus accruing to the worker when em-
ag,t
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ployed in a firm with productivity z and w; is the worker outside option, defined as:

o0

_ Vot ~
@y = hy+ b+ (1= NEBy 1Pt %S‘K 1dG(2).
Jr

Zmin

Since the surplus-sharing rule holds in every period, I can write the average worker’s surplus in
firm z as:

~ 1—pr~
g = T” [Toi (1= 2e) + F (1= As)].

From equation (4) we have that:
~ K
(1 - >\z,t> Fz,t = g + )\z,tF>
t

which implies:

~ 1—
ClA— [; + F} (25)
t

Inserting the definitions of workers surplus into the sharing rule (25) I obtain:

(=) [enesian = wegl@) + (= DB 4 F| = nlueet@) = @b =) 0-DE B (4 F )]

The above expression implies that the wage of a worker with productivity a employed in firm z is

equal to:

way(a) = (L—n){@.z2Za + [1 = (1 = N EBy 11| F} + oo (26)

Thus, the wage differential between a generic worker a and the marginal worker af is given by:

wzp(a) —wep(as,) = (1—n)p, 122 (a —aly) . (27)

B Symmetry in Wages and Job Destruction Cut-off

Here I show that each incumbent has the same marginal workers regardless of the specific produc-
tivity z and that all firms pay the same average wage w;. Combining the job creation equation (7)

and equation (27), we have:

o0

K
a: Ne.,.+2 24 f (a — a‘;t) dH (a)—F. (28)
ai,t
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Equation (28) can be restated as:

pose | (0 af)dH (@) = AJC. (29)

az,t

where A/¢ = (k/nq:Z;) +F only includes aggregate variables, i.e. A/¢ does not depend of the
firm’s specific productivity z. Then combine the job destruction equation (8) with equation (26)

evaluated at the cut-off productivity af to obtain:
Soz,tza;t - A;SJD (30)
where A/P = (1/nZ;) [(1=n) (1 = (L = N)EBy41) F +nwe — Ey (By4415/a:+1)] also depends on

aggregate variables. From (30) we have that:

9o = (31)

z,t

Plugging equation (31) into equation (29), I obtain:

: J( t)dH (a) fgc
a—a a) =
ag,ta;’t o ;f]D

o)

where the right hand side only depends on aggregate variables. Define F(a$,) = (1/a$,) [ (a —

c

a’z,t

a$¢)dH (a). I now show that a$; = af is the only solution to

. AJC
F(az,t) = ASD
t

To do so it is enough to show that F'(a$ ;) is monotonic in af; Applying the Leibniz rule, we have

¢ 2
ey _ ( ! ) —Gla,) <0,

c c
az,t az,t

that:

Since af ; = af, it follows that ¢, ;2 = A/P Ja§. Defining ¢, = A/P /a$, firm z marginal cost is given

by:

Pt
Soz,t = ?

From equation (26) we have that a$, = af together with ¢, , = %t imply that w, (a) = wi(a):
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each worker with productivity a receives the same wage regardless of the firm specific productivity:

w;¢(a) = wi(a) = (1 —n) {gptZtat + (1 - 5\) Etﬂt’th?tH + [1 - (1- X)Etﬁt’tﬂ] F} + nwy.

It follows that all firms pay the same average wage, i.e. w,; = w;. Finally, if the wage rate is
independent on firm characteristics, equation (24) implies that 5% = SV. Hence, the worker’s

outside option becomes:

@ = hp+b+(1-NE </Bt,t+1pt+1§E/H> =

_1-
= Dyt (=X)L B (5001 + e F)]
Using the equilibrium value of w;, the average wage becomes:

wy = (1 —n) {psZiar + (1 — N EBy 411 [1— (1= XNE; (1 —pi1) Bt,t—i—l] F}+n(hy+0),
which is the expression presented in the text.

C Symmetry Between Incumbents with Productivity z

Here I show that, upon entry, a new producer with productivity z post vacancies to match the
end-of-period size of all the incumbents that have the same productivity level z. The result stems
from the fact that new producers correctly anticipate that when they will start production their
marginal cost will be identical to the marginal costs of incumbents with the same productivity z.
As a result, the dynamic problem that a newly created firm solves when it begins production is
identical to the problem solved by all the other incumbents.

Without loss of generality, consider incumbents and new entrants with productivity z. First
notice that each firm with technology z has the same marginal cost ¢, ;. To see this it is enough
to rewrite (30) as ¢, , = A/ /zaf. Once again the result follows from the fact that af and the
wage rate are identical across producers. Then, if all the producing firm with relative technology
z have the same marginal cost ¢, it must be that any producing firm 2 has the same stock of
labor. To see this, notice that if ¢, , is identical among z-firms, then all of them are charging the

same domestic relative price pg;(z) and - if exporting - the same export price p, ;(2).*? It follows

39 This follows from the fact that pai(2) =(0/(0—1))¢,, and p, ,(2) = (T¢p4,(2)) / Qs
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that each producer with productivity z faces the same domestic and foreign demand schedules
. - 0-6 - 0=0 )
since yaa(2) = (1 — a)pgs(2) (Paa/P) T8 Yi and ypa(2) = (1 — @)t () (Pog/ ) 9 V", But this

implies that:

Yzt (Z)

Yd t(z) 1
& 7,5(2) VAT,

zZtZit

ld,t(Z)

which implies that each firm with productivity z producing at time ¢ has the same stock of labor,

regardless of when it entered the market.

D Steady State Analysis

Unemployment Rate

To find an expression for steady state unemployment, notice that total employment L; = (N + N¢ 1) l~t
can be written as Ly = L! + LF where L = Nyl; is the stock of labor of incumbents and

LF = Ne,tft = (Net/Ny) Li is the stock of labor of new entrants. Using equation (1) we have:

L= (=) [0 =Dy

t—1

Lz{fl + Qtv;‘,I] )

where ‘/tl = Ntit.

Since L; = L{(1+ N.;/N;) then L; can then be written as:

Li=(1-X) [(1 - [N]tvjl <1 + ]]\Z—tl)] Ll +q (1 + %f) Vf} : (32)

Each new entrant post on average l;/ [(1 — A\¢) q¢] vacancies. Hence the total number of vacancies
posted by newly created firms is given by V;¥ = N@Jt/ [(1—A)q]. Recall that I/ (1—X) =

E_1 + q:vy. It follows that:
‘/tE _ Neyt Lftl ‘/tl

- M 33
Neo1 “'N; (33)

Using equation (33), we can substitute out q; (Ne;/N;) V! from equation (32). Also, making use of
the fact that V; = V{ + V,¥ we have:

Li=(1-X) [(1—)\) il < N

L Vil . 34
N1 Nt+Ne,t> t—1 1+ qt t:| (34)
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Notice that in steady state %]Ve = 1— 4. Hence the steady-state version of equation (34) implies:

11N (1=X)(1-90)
M= (1-2N) L,

where M = ¢V is the aggregate number of matches. Moreover, since p = M /U, p = Xz?%*‘a and
L=(01-U)/[(1=X)(1-46)], we obtain:

_ A
X0 Ade)]

ey _ 1=(1=M)(A-N)(1-¢8) _ 1 _
where A (a€) = I—N(1—0)1=3)  (1—N(1-N)(1-3) L.

Marginal revenue

First notice that symmetry implies that @ = 1, p, = p,. and N, = N}. Moreover, equation (19)
can be combined with the pricing equations that determine p,, and p, ; to derive an expression for

o: It follows that equation (19) becomes:

_1-6

1-0
1-6 ~ 0—1
@ ~9—1 Zx N,
= — N, — —
(u) | +<T> A%]7

where pn = ( —1)6. From the definition of the average productivity Z, we have that 20~

_\0-1
[52_1 + (Z—‘> %g] Hence:
0—1
(“’) = Nay 27!,
i

pm

1

-1
t

o =pNg

1 =

which implies:

Z.

When countries have asymmetric labor markets instead, it is no longer the case that Q = 1, p, = p.

and N, = N*. Thus we have py Ny =1—75 ' N*. It follows that:

1

~x1—0 1-6
[ 1=p, Ny _
¥y = /J»’«“d< N, =

1
= uN] 'z0,
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where ® = (1 — ﬁ;@l

—0

N*

xT

)5
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