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1 Introduction

Whether trade liberalization increases or decreases welfare has long been at the centre of

discussions on trade policy. Up to date, the literature in international trade has focused

on estimating the gains from trade using welfare formula derived from models that feature

frictionless labor markets. In a recent paper, Arkolakis et al. (2012) derive a multi-sector

welfare formula in a model with monopolistic competition, free entry and full employment.

They argue that the welfare gains from trade can be computed from shifts in domestic trade

shares using the aggregate trade elasticity. Thus, when labor markets are frictionless, the

economy adjusts to trade shocks via one single margin of adjustment.

This paper develops a theory and an empirical strategy to estimate the welfare gains of

economic integration in economies with frictional local labor markets, heterogeneous firms

and costly trade. We provide a generalization of the welfare formula in Arkolakis et al.

(2012) and show that in the presence of labor market frictions, trade liberalization impacts

the economy via an additional channel, the employment rate. Importantly, we show that

the importance of this adjustment margin depends on the magnitude of the elasticity of

substitution in consumption. Therefore, our model highlights that the welfare gains from

trade are regulated by two parameters, the elasticity of substitution in consumption and

the trade elasticity. To obtain causal estimates of these two key structural parameters,

we propose a novel, theoretically consistent identification strategy which exploits exogenous

variation in production costs driven by differences in industrial composition across local labor

markets.

A substantial literature in international trade has focused on estimating the trade elastic-

ity using gravity equations which predict bilateral trade flows between two countries based

on their relative size (e.g. GDP) and economic proximity (e.g. trade costs). An important

difficulty in estimating this trade elasticity is to overcome the endogeneity that plagues the

gravity equation. In a broad class of models that comply with the structural gravity assump-

tions (surveyed in Head et al., 2014), the trade elasticity can be identified from variation in

either bilateral trade costs (e.g. distance or tariffs) or export “competitiveness” (e.g. wages

or productivity). In both cases, the central empirical challenge is finding reliable instruments

that can be excluded from the gravity equation. The novelty of our approach is to propose

model-based instruments. Specifically, our model delivers Bartik-style instruments and sug-

gests that wage and employment variation (within country) across industries and cities can

be used to identify the elasticity of substitution in consumption and the trade elasticity.

Our model combines elements from both the trade literature on heterogeneous firms and

the search-and-bargaining literature. Specifically, the proposed framework relates to Felber-
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mayr et al. (2011), which combines a Melitz-model with standard search-and-bargaining to

theoretically examine the impact of trade liberalization on unemployment and wages. An

important result of Felbermayr et al. (2011) is separability. That is, the wage rate and the

tightness of the labor market do not affect firms’ decisions to enter the domestic nor the

export market (and as a consequence both the entry and export thresholds are independent

of labor market conditions). Separability holds because both Home and Foreign are sym-

metric. We depart from Felbermayr et al. (2011) by incorporating asymmetric locations (2

countries – Home and Foreign – and multiple cities). For empirical purpose, we also extend

the framework to multiple industries. Crucially, we show that, when relaxing the symmetry

assumption, separability no longer holds. That is, relaxing symmetry allows us to explicate

the role played by unit labor costs on the decision of firms to serve the export market and,

at the more aggregate level, on industry-city exports. We demonstrate that when firm pro-

ductivity follows a Pareto distribution it is possible to relate bilateral trade flows to sectoral

wages at the city level. An important characteristic of our gravity equation is that the wage

elasticity is a function of the two structural parameters we are interested in. Therefore, the

model highlights that estimating the gravity equation only is not sufficient to uncover the

trade elasticity. Our model suggests that the elasticity of substitution can be obtained from

the equation of firm-level revenues, implying that both elasticities can be estimated from the

revenue and the gravity equations.

Our theoretical framework then derives a welfare formula which generalizes Arkolakis

et al. (2012) to labor markets with frictions. The formula shows that shifts in the employ-

ment rate following trade liberalization may play an important role in evaluating the gains

from trade and demonstrates that changes in welfare are inversely related to the elastic-

ity of consumption. Intuitively, this happens because a higher employment rate increases

aggregate real income in the domestic economy; first, because the mass of employed work-

ers increases and, second, because real income per worker increases. A higher domestic

income/expenditure allows more firms (from all locations around the world) to make non-

negative profits in the domestic market and, hence, the variety of goods available for do-

mestic consumers increases. Since consumers have love-of-variety preferences, their welfare

increases. When the elasticity of substitution is high, new varieties will be similar to the old

ones and the value of additional product variety will be low. When varieties are closer to

being complements, adding new varieties to the choice set of consumers will be more valuable

and therefore increase the gains from trade to a larger extent.

An important implication of our frictional framework is that industry-city wages are

determined via firm-employee bargaining over match specific surplus. Thus, bargained wages

will be a function of the outside options available to workers. In our multi-industry, local
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labour market set-up, this implies that the industrial composition of cities is an important

determinant of wages; that is, a shift in the local industrial composition toward higher-

paying jobs will improve the bargaining position (and thus wages) of workers in all sectors.

We use the structure of the model to formalize this mechanism and provide guidance on

how to measure the outside options that workers face. This, in turn, allows us to construct

model-based instruments for wages in both the gravity and firm-level revenue equations.

The instruments we construct can be described as Bartik-style; they are based on local

weighted-averages of national-level industrial premia, where the weights reflect local industry

employment shares. These averages can be thought of as an index of the quality of jobs

available in a city; a high value indicates that local employment is concentrated in high-

paying industries. The model provides a framework with which to estimate national-level

industrial premia, and we borrow from the recent literature on Bartik-style instruments

to predict local industrial employment shares, based on national-level sectoral growth and

base-period industrial structure, when forming instruments. As we discuss below, a necessary

condition for the instruments to be valid is that shocks to comparative advantages (at the

local level) are uncorrelated with past industry-city-specific comparative advantages.

In essence, our empirical strategy is similar to that used in Beaudry et al. (2012). In

their paper, Beaudry et al. (2012) extend a standard search and bargaining framework to

an economy with multiple industries and cities and show that industrial composition is an

important determinant of industry-city wages. Their key contribution is the provision of

a model-based instrumental variable strategy to estimate the effects of shifts in industrial

composition on wages. Our setting distinguishes itself from Beaudry et al. (2012) by (i)

modeling firms (of different sizes) explicitly, (ii) introducing consumer love for varieties, (iii)

extending the framework to an open economy. Modeling firms explicitly implies that wages

are determined by Stole and Zwiebel bargaining. In Beaudry et al. (2012), cities have no

reason to trade as the final good is homogenous. With consumer love for varieties, cities

trade with each other and with Foreign.

Using linked employer-employee data for Germany for the years 1993-2010, we obtain a

wage elasticity of 7 in the gravity equation and an elasticity of substitution in consumption of

1.2. Combining both estimates we obtain a trade elasticity of 1.25. Since welfare is inversly

related to the elasticity of substitution, the estimates obtained highlight that omitting labor

market frictions and, thus, the effect of shifts in the employment rate, can lead to underes-

timate the welfare gains from trade substantially. Finally, we provide an application of the

welfare gains from trade in West Germany after the Fall of the iron curtain and estimate

that the fraction of the variation in welfare attributable to changes in the employment rate

(results coming soon).
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The remainder of the paper is organized as follows. Section 2 develops the theoretical

framework. The following Section discusses the empirical strategy. Data are presented in

Section 4 and results are shown in Section 5. The last Section concludes.

2 Theoretical Framework

2.1 Setup

There are two countries, Home and Foreign. Home (Germany) is composed of local labor

markets called cities, indexed by c = 1, ..., C. Since we do not observe export destinations in

the data, we assume that Foreign is a single economy with no internal barriers (the extension

is straightforward). We will use subscripts n or v to denote a particular location irrespective

of its country and subscript F when referring specifically to Foreign.

Preferences. Each location n is populated by a continuum of infinitely-lived individ-

uals of mass L̄n with identical risk-neutral preferences, represented by a time-separable

and stationary Cobb-Douglas instantaneous utility function defined over the consumption

of I differentiated goods. The normative representative consumer in market n maximizes∑∞
t=1

∏I
i=1 (Yint)

αi/(1 + ρ)t, where αi is the share of expenditure on good i, ρ > 0 is the

discount factor and

Yint =

[∫
ω∈Ωint

qint(ω)
σi−1

σi dω

] σi
σi−1

, σi > 1,

is a CES index of the aggregate consumption qint(ω) of varieties ω ∈ Ωint of good i in market

n. The set Ωint may contain varieties produced in any city (internal trade) and Foreign

(international trade). The composition and measure of Ωint will be determined endogenously.

In a standard setting with sequential trading in complete one-period Arrow securities, the

aggregate consumption and equilibrium price of every differentiated good are time-invariant

if the aggregate consumer income is time-invariant. We will verify that the latter holds in

equilibrium, thus we suppress the time subscript to ease notation. For good i in market n,

the aggregate demand for variety ω with price pin(ω) is

qin(ω) = Ainpin(ω)−σi , (1)

where Ain = XinP
σi−1
in is the demand shifter, Xin is total expenditure and

Pin =

[∫
ω∈Ωin

pin(ω)1−σidω

] 1
1−σi
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is the price index.

Product Markets. A competitive fringe of risk-neutral firms can enter industry i of city

c by incurring a sunk entry cost fEic in any period. Each firm produces a unique variety of the

differentiated good that can be sold in monopolistically competitive markets. To serve any

market n, the firm must incur an additional fixed cost ficn per period and a variable iceberg

trade cost, such that τicn units of the firm’s output must be produced per unit that arrives

in market n. We assume τicn ≥ τicc and that variable trade costs respect the triangular

inequality for any three locations. Fixed and entry costs are measured in units of (non-

production) workers hired in the domestic labor market. All payments are made at the end

of each period.

Upon incurring the entry cost (but before incurring fixed and variable costs), the firm

discovers the time-invariant productivity of its production workers, denoted ϕ, an indepen-

dent draw from a known distribution Gic(ϕ) with positive support. Firms thus operate under

constant but heterogeneous marginal returns to the variable input. All firms with the same

productivity behave symmetrically in equilibrium, hence we index firms and varieties by ϕ

from now onward.

Let πic(ϕ) denote the present value of expected profits for firm ϕ, excluding the sunk

entry cost. The free entry condition in industry i of city c can then be written as∫ ∞
0

πic(ϕ)dGic(ϕ) = fEic /(1 + ρ). (2)

Labor Market Frictions and Bargaining. The labor market in city c is characterized

by search frictions and wage bargaining, modeled as in Felbermayr et al. (2011). In each

period, firms post vacancies and all unemployed workers search. Matching is random and

determined by a linearly homogeneous matching function. mc(θc) denotes the vacancy filling

rate, a decreasing function of the vacancy-unemployment ratio (or labor market tightness)

θc. The job finding rate is θcmc(θc). Letting kic denote the cost of posting vacancies, the

recruitment cost per matched worker is [kic/mc(θc)]. Matched workers enter production in

the following period. Before production takes place, wages are determined by an intra-firm

bargaining process that assumes the absence of binding employment contracts, as in Stole &

Zwiebel (1996).1 Workers earn no income while unemployed.

1Wage agreements can be renegotiated any time before production begins. A firm may fire an employee
or the latter may quit, in which case the worker immediately returns to the unemployment pool. During the
bargaining process, the firm cannot recruit additional workers. Once production begins, wage agreements
become binding. In equilibrium, wages are immune to intra-firm pairwise renegotiations.
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At the end of each period, the labor market is hit by two independent shocks: a firm-

specific shock that forces firms to exit with probability δic and a match-specific shock that

destroys jobs with probability χic. We let sic = δic + χic(1 − δic) denote the job separation

rate.

2.2 The Firm’s Problem

We analyze the problem of a firm with productivity ϕ producing good i in city c. We proceed

in three steps. First, taking employment and export decisions as given, the firm seeks to

maximize revenue by allocating output optimally across destinations. This is a static problem

that yields firm revenue as a function of employment. Second, the firm solves a dynamic

vacancy posting problem to determine the profit-maximizing employment level, anticipating

the effect of this decision on the wage bargaining outcome. Finally, the firm makes entry

and exit decisions, supplying all locations that generate non-negative profits.

The (Conditional) Revenue Function. A firm with productivity ϕ and l production

workers allocates output to equalize marginal revenues across any two markets it serves. With

CES demand (1), the c.i.f. price in market n is then proportional to the domestic price; i.e.,

picn(ϕ) = τicnpicc(ϕ). This property enables a convenient aggregation of destination-specific

revenues that allows us to express the firm’s total revenue, ric(l;ϕ), as a function of l:

ric(l;ϕ) =

[∑
n

Iicn(ϕ)Ainτicn

] 1
σi

(lϕ)
σi−1

σi , (3)

where Iicn(ϕ) is an indicator function equal to one when the firm supplies good i in market

n.

Optimal Vacancy Posting. Firms post vacancies, denoted v, in order to maximize the

present value of expected profits. Firm ϕ currently employing l production workers solves:

Jic(l;ϕ) = max
v

1

1 + ρ

{
ric(l;ϕ)− wic(l;ϕ)l − w0

∑
n

Iicn(ϕ)ficn − kicv + (1− δic) Jic(l′;ϕ)

}
,

s.t. l′ = (1− χic)l +mc(θc)v,

(4)

where l′ is the mass of production workers in the following period. wic(l;ϕ) is the wage

bargaining outcome, characterized below. Note that we allow the firm to anticipate the
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effect of employment size on the cost of recruiting production workers. For non-production

workers, however, we assume that the firm takes w0 as given when solving (4) and impose

w0 = wic(l;ϕ) in equilibrium. This myopic assumption ensures that we can obtain a closed-

form solution for wic(l;ϕ) in the bargaining game while adhering to the usual practice in the

trade literature of measuring fixed costs in terms of domestic labor (e.g. Melitz & Redding

(2014)).2

The first-order condition in problem (4),

(1− δic)
∂Jic(l

′;ϕ)

∂l′
=

kic
mc(θc)

, (5)

equates the expected marginal profit of hiring an additional worker to the recruitment cost

per worker. Equation (5) has two important implications. First, optimal employment size

is independent of current employment l and constant over time as long as the firm is not

forced to exit the market. In other words, employment in a firm that starts with no workers

reaches its optimal long-run level in the following period.3 Second, the marginal profit of

hiring an additional worker, ∂Jic(l;ϕ)/∂l, is equalized across firms, despite heterogeneity in

labor productivity. This result plays an important role in the outcome of the wage bargaining

process.

Bargaining. The firm and its workers engage in strategic wage bargaining as in Stole &

Zwiebel (1996), a generalization of Nash bargaining to the case of multiple workers. The

value of unemployment, denoted Uc, depends on the industrial composition of the labor

market (quality of jobs) and on the tightness of the labor market (quantity of jobs). Letting

ηjc denote the share of employment of industry j in city c,

ρUc = θcmc (θc)
∑
j

ηjc

(
wjc − ρUc
ρ+ sjc

)
. (6)

Thus, Uc is increasing in city-average wages,
∑

j ηjc ·wjc. The value of employment in a firm

with productivity ϕ and l workers, denoted Eic(l;ϕ), satisfies

(ρ+ sic) [Eic(l;ϕ)− Uc] = wic(l;ϕ)− ρUc. (7)

2An alternative is to follow Felbermayr et al. (2011) and assume that fixed production costs are measured
in units of a numeraire good.

3The absence of transitional dynamics ensures that the model remains analytically tractable. This prop-
erty is particularly crucial in our derivation of sufficient statistics for welfare changes due to trade liberaliza-
tion.
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The surplus splitting rule that solves the the bargaining game can then be written as:

(1− βi) [Eic(l;ϕ)− Uc] = βi
∂Jic(l;ϕ)

∂l
, (8)

where βi ∈ (0, 1) denotes the bargaining power of workers.4 A key feature of this equation

is that the relative value of employment to unemployment, Eic(l;ϕ) − Uc, is declining in

average-city wages though (6), since the value of unemployed search is higher in cities with

higher average wages. Combining the revenue function (3), the envelope condition from (4),

the first-order condition (5) and the value of employment (7), we can express the surplus-

splitting rule (8) as a differential equation for the wage schedule. Its solution is

wic = ρUc +
βi

(1− βi)

(
ρ+ sic
1− δic

)
kic

mc (θc)
. (9)

Three remarks are in order. First, the equilibrium wage does not vary across firms within

city-industry cells. Intuitively, firms adjust their labor force until the marginal profit of hiring

an additional worker is equalized across firms. By (8), this equalizes the value of employment

across firms. Wage equalization then follows from (7). Second, the city-industry wage wic

depends on the industrial composition of the local labor market, via the worker’s outside

option Uc. By (6), cities with greater concentration of high-wage industries improve workers’

outside option and display, ceteris paribus, a higher bargained wage in any given industry i.

Finally, note that inter-industry wage differentials within local labor markets are driven by

cross-industry variation in bargaining power (βi), job separation rates (sic), firm exit rates

(δic) and costs of posting vacancies (kic).

Firm-level Outcomes. The stationarity of the vacancy posting problem implies that

firms face a constant cost per employee each period, denoted µic, equal to the wage plus the

expected cost of future vacancy postings needed to replace the worker in the event of job

separations. In the Appendix, we show that

µic = wic +

(
ρ+ sic
1− δic

)
kic

mc (θc)
. (10)

Henceforth, we refer to µic as the cost of labor in industry i of city c.

Under CES demand, the profit maximizing revenue per worker is a fixed proportion

(σi − βi) / (σi − 1) of the cost of labor.5 This property enables closed-form solutions for all

4Note that the marginal surplus of the firm, ∂Jic(l;ϕ)/∂l, accounts for the impact of employing an
additional worker on the wage of the remaining production workers, a key feature of Stole & Zwiebel (1996).

5This is a usual property in monopolistic competition models with CES demand and competitive labor
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firm-level equilibrium outcomes in terms of the cost of labor µic and demand shifters Ain. In

particular, the firm’s per-period revenue, denoted ric(ϕ), can be written as

ric(ϕ) =

(
σi − 1

σi − βi

)σi−1
[∑

n

Iicn(ϕ)Ainτ
1−σi
icn

](
ϕ

µic

)σi−1

. (11)

In turn, the present value of expected profits upon incurring the entry cost is

πic(ϕ) =

(
1− δic
ρ+ δic

)[(
1− βi
σi − βi

)
ric(ϕ)− µic

∑
n

Iicn(ϕ)ficn

]
. (12)

The profit generated by entering any particular market n is computed by switching the

corresponding entry decision on (Iicn(ϕ) = 1) and off (Iicn(ϕ) = 0) in (12). The existence

of fixed costs of market access and the monotonicity of revenue in firm productivity imply

that there is a cutoff productivity level, denoted ϕ∗icn, such that a firm with productivity ϕ

enters market n if and only if ϕ ≥ ϕ∗icn. The cutoff satisfies(
1− βi
σi − βi

)
ricn(ϕ∗icn) = µicficn ⇔ Λ0

iAin (τicn)1−σi (ϕ∗icn)σi−1 (µic)
−σi = ficn, (13)

where ricn(ϕ) denotes the sales of firm ϕ in market n and Λ0
i > 0 is a function of parameters

σi and βi.
6

It is worth highlighting that with symmetric cities/locations, productivity cutoffs would

be independent of the tightness in the labor market, a separability result established in

Felbermayr et al. (2011).7 By relaxing symmetry across cities, we can circumvent this result

and allow the cost of labor (and hence outside options and the industrial composition of

the labor market) to have a feedback effect on equilibrium productivity distributions and

firm selection into export markets. As we show below, this property plays a crucial role in

our empirical approach to identifying key structural parameters that regulate the gains from

economic integration in our model.

markets that leads to a constant mark-up pricing rule. In the Appendix, we verify that it also holds in the
current setup with search and bargaining frictions.

6More specifically, Λ0
i = (1− βi) (σi − 1)

σi−1 / (σi − βi)σi .
7To see this, assume for a moment that countries are symmetric. In this case, equation (13) pins down

the ratio of the export and domestic cutoffs in any industry independently of the cost of labor. It can then
be shown that the (industry-specific) free entry condition (2), in turn, provides a second equation for the
two productivity cutoffs that is independent of the cost of labor (e.g. the next section illustrates this for the
case of Pareto productivity distributions).
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2.3 Gravity

In this section, we show that the model delivers a sectoral gravity equation relating bilateral

trade flows to the cost of labor at the city level when firm productivity follows a Pareto

distribution. In the empirical analysis, we use the gravity equation to estimate key structural

parameters for the welfare implications of economic integration.

We start by aggregating firm sales in industry i from city c to location n, denoted Xicn.

Letting M e
ic denote the mass of entrants in cell ic, we have Xicn = M e

ic

∫∞
ϕ∗
icn
ricn(ϕ)dGic(ϕ).

To eliminate M e
ic from the gravity equation, we focus on the share of exports in sectoral

revenue, XicF/Ric, where Ric ≡
∑

vXicv. Assume that Gic(ϕ) follows a Pareto distribution

with positive lower bound ϕmin,ic and shape parameter κi, where κi > σi−1.8 Using equation

(11), we obtain
XicF

Ric

=
(ϕ∗icF )−κi ficF∑
v (ϕ∗icv)

−κi ficv
. (14)

We can simplify this expression using the free entry and cutoff conditions. The free entry

condition pins down the expected profit for producers in cell ic. Under Pareto productivity,

this fixes the denominator of (14).9 Using the export cutoff condition (13) to eliminate ϕ∗icF
from the numerator of (14), the latter becomes

XicF

Ric

= Λ1
ic

(
fEic
)−1

(ficF )
1− κi

σi−1

(
ϕmin,ic

τicF

)κi
(AFi)

κi
σi−1 (µic)

− κiσi
σi−1 , (15)

where Λ1
ic > 0 is a function of parameters δic, βi, κi, σi and ρ.10

Conditional on the demand shifter in Foreign, AFi, a higher cost of labor in industry i in

city c reduces its share of exports of this good by tightening firm selection into the export

market.11 The elasticity of the export share with respect to the cost of labor depends on

two structural parameters, the elasticity of substitution σi and the shape parameter of the

8Note that we allow for Ricardian comparative advantage by letting the lower bound vary across cities
and industries.

9With Pareto productivity, the free entry condition in cell ic becomes(
1− δic
ρ+ δic

)(
σi − 1

κi − σi + 1

)
(ϕmin,ic)

κi
∑
v

(ϕ∗icv)
−κi ficv = fEic .

10Specifically, Λ1
ic =

(
1−δic
ρ+δic

)(
σi−1

κi−σi+1

)(
1−βi
σi−βi

) κiσi
σi−1

.
11Note that if µic increases (e.g. due to higher bargained wages or recruitment costs), not all cutoffs ϕ∗icv

in a given cell ic can increase because that would reduce profitability in all destinations, violating the free
entry condition. However, if Foreign’s demand shifter does not change (e.g. if the city is small relative to
the rest of the world), the export cutoff ϕ∗icF indeed increases, reducing the city’s export share of good i.
This observation underscores the importance of controlling for the demand shifter of the export market when
estimating the elasticity of the export share with respect to the cost of labor.

11



productivity distribution κi. Note that κi is also the trade elasticity ; i.e. the elasticity of the

export share with respect to variable trade costs.

2.4 Welfare

In this section, we study the consequences of economic integration on the welfare of con-

sumers in city c. We analyze arbitrary shocks to variable trade costs, therefore spanning

various forms of intranational and international integration. We show that when frictions

in the local labor market are small, the welfare consequences of economic integration can

be approximated by a parsimonious generalization of the welfare formula in Arkolakis et al.

(2012) that features an additional adjustment margin, via the employment rate.

Consumer preferences satisfy the Gorman form, hence there exists a normative represen-

tative consumer in every city. Recall that aggregate consumption and aggregate income are

constant in every period t ≥ 1. Therefore the indirect utility of the representative consumer

in city c, denoted Vc, is proportional to the per-period real income in the city:

Vc = ρ−1

(
I∏
i=1

(αi)
αi

) ∑I
i=1 Licwic∏I
i=1 (Pic) αi

,

where Lic is the mass of workers employed in industry i.

Consider the effects of an arbitrary shock to the vector of variable trade costs, {τivn} for

any industry i and any locations n and v, on the welfare of city c. For any endogenous variable

x, let ẋ denote the ratio of x after the shock to x before the shock; i.e. the proportional

change in the equilibrium value of x. For analytical tractability, suppose that the cost of

posting vacancies in city c, kic, is small in all industries. Equations (9) and (10) imply that

the cost of labor in any industry is approximately equal to the average wage in the city,

denoted wc; that is, µic ≈ wc for all i. Then

V̇c ≈
ėcẇc∏I

i=1

(
Ṗic

)
αi

, (16)

where ec is the employment rate in city c, i.e. ec =
∑

i Lic/L̄c.

The price index of any good i in city c depends on trade costs, costs of labor, technology

and mass of producers of good i in all other locations that supply city c. We follow Arkolakis

et al. (2012) and use city c’s domestic trade share, λicc ≡ Xicc/
∑

vXicv, as a sufficient statistic

for the impact of all these external effects on Pic. The proportional change in the price index

following the shock to variable trade costs is approximately
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Ṗic ≈

(
λ̇icc
η̇ic

) 1
κi

(ėc)
− 1
σi−1 ẇc, (17)

where ηic is industry i’s share of employment in city c. Substituting (17) in (16), we obtain

the main result of this section.

Proposition 1. Suppose that the cost of posting vacancies, kic, is small in all industries of

city c. Then the welfare gains in city c associated with an arbitrary shock to the vector of

variable trade costs can be approximated as

V̇c ≈ (ėc)
1+

∑I
i=1

αi
σi−1

I∏
i=1

(
λ̇icc
η̇ic

)−αi
κi

. (18)

Expression (18) nests the multi-sector welfare formula derived by Arkolakis et al. (2012)

for monopolistic competition models with free entry and frictionless labor markets. In that

case, ėc = 1 because variable trade costs have no impact on aggregate employment. In our

model, however, frictions in the labor market generate equilibrium unemployment and hence

enable an additional adjustment margin for welfare changes, via the employment rate. Note

that quantifying welfare changes in the standard case of frictionless labor markets requires

estimating two structural parameters per industry, the expenditure share αi and the trade

elasticity κi. In our model, however, we also need to estimate the elasticity of substitution

σi, the crucial parameter that regulates the impact of employment rate changes on welfare.

3 Empirical Strategy

Ultimately, our goal is to provide a procedure to take the welfare formula to the data.

Equation (18) depends on four observable variables (the employment rate in city c, the

share of industrial employment in city c, the domestic trade share of city c and the share of

expenditures on good i) and two structural parameters (σi and κi). Therefore, estimating the

gains from trade first require recovering these two structural parameters. We identify these

two parameters from the coefficient estimates of the unit cost in the revenue and gravity

equations. In what follows, we discuss our empirical strategy in details.

Because of data constraints, we restrict our attention to the case where σi = σ and κi = κ.

Nevertheless, the validity of our empirical strategy extends to the case where the elasticity

of trade and of substitution in consumption are industry-specific. Thus, the procedure we

propose can immediately be applied to estimate industry-specific elasticities. From now on,

for clarity of exposition, we impose that βi = β, sic = s (so that δic = δ and χic = χ), with

13



the implication that inter-industry wage differentials within local labor markets stem from

differences in recruitement costs only.

To make progress towards estimating each of these equations, we parametrize kic:

kic = k̃i + k̃c + ξ̃ic

where k̃i represents a common (across cities) industry component, k̃c represents city-specific

component, and ξ̃ic is an idiosyncratic component. We assume that ξ̃ic sums to zero across

industries, within cities. Thus, k̃c and ξ̃ic can be thought of as absolute and relative advantage

cost components for each city.

In addition, it is useful to note that the unobservable log unit cost is related to wages in

the following manner:

lnµic = lnwic + ψki + ψkc + ψξic, (19)

where ψ is a constant parameter obtained from the log-linear approximation, ki = k̃i
w0

, kc = k̃c
w0

and ξic = ξ̃ic
w0

are expressed relative to an arbitrary omitted industry-city duplet.12

Using equation (19), along with taking logs of (15), and adding time subscripts (since we

use data at the city-industry-year level), one can rewrite the gravity equations as:

ln

(
XicF t

Rict

)
= dit + φ1 lnwict + εct + εict,

where φ1 = − κσ
(σ−1)

. The term dit is a full set of industry-year effects that capture, among

other things, kit, the common industry component of the recruitment costs. εct is a city-

specific component that varies over time and captures general improvements/shocks in a

city that affect all industries equally. Specifically, εct contains the absolute-advantage part

of the recruitment costs, productivity/technology shocks as well as any other city-specific

components associated with variable or fixed costs of entry and exporting. εict contains ξict,

the relative-advantage components of the recruitement costs.

First-differencing over time to eliminate time-invariant industry-city terms, we obtain:

∆ ln

(
XicF t

Rict

)
= ∆dit + φ1∆ lnwict + ∆εict, (20)

where ∆εict, the error term, is given by ∆εict = ∆εct + ∆εict.

12Details on the linear approximation of lnµic can be found in the Appendix.
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The revenue equation at the establishment-level can be obtained similarly:

∆ ln rict(ϕ) = ∆dit + φ2∆ lnwict + Tr(ϕ) + ∆εict, (21)

where φ2 = 1 − σ and Tr(ϕ) denote establishment trends to capture potential changes in

establishment-level unobserved productivity (i.e. (σ − 1)∆ lnϕt).

Importantly, equations (20) and (21) suggest that, in principle, our coefficients of interest

can be estimated using a similar identification strategy, i.e. by regressing changes in the log

dependent variable on industry-time dummies and changes in log industry-city-specific wages.

The only difference between the gravity and the revenue estimation is that the latter also

includes establishment trends.

Identification of φ1 and φ2 require isolating variation in wages that is orthogonal to

the composite error term. In this framework, wages are mechanically endogenous because

the wage, employment, revenue and the gravity equations all contain ∆ξict in the error

term. Thus, estimating equation (20) and (21) with ordinary least squares would yield an

inconsistent estimate of the φs. One appealing feature of this model is that it directly delivers

instruments that can be used to deal with the endogeneity of wages. To see why this is the

case, we start by deriving an estimable wage equation below, before turning to a detailed

discussion of our instrumental variable strategy.

3.1 Wage Determination

The outcome of Stole and Zwiebel bargaining is given by equation (8). To obtain an estimable

wage equation, we substitute equation (6) in equation (9):

wic = γ1cw̄c + γ2ckic, (22)

where w̄c =
∑

i ηicwic and the parameters γ1c = θcmc(θc)
ρ+s+θcmc(θc)

∈ {0, 1} and γ2c =
(

β
1−β

) (
ρ+s
1−δ

)
1

mc(θc)

both depend on the tightness of the labor market in city c. The latter coefficient is increasing

in labor market tightness – workers benefit more from hiring costs when firms find it harder

to hire. The equation shows that workers in any sector benefit from working in a city with

higher wages. Its coefficient, γ1c shows that this benefit depends on the quantity of jobs – it

is an increasing function of labor market tightness.

In order to turn to an empirical specification in logs, and to make the dependence of the

coefficients on employment rates explicit, we take a log-linear approximation of the wage
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equation (the details of which are left to Appendix A.3). Adding time subscripts, we obtain:

lnwict = γ0 + γ1Kct + γ2kit + γ3kct + γ4ect + γ2ξict, (23)

where the γs are constant parameters obtained from the linear approximation. The inclusion

of employment rate, ec, explicitly controls for differences in labor market tightness across

cities. γ2kit corresponds to the national industrial wage premium and Kct is a weighted

average of industrial wage premium, weighted by industry-city-specific employment shares.

Since the probability that a worker finds a job in industry i and city c is proportional

to ηict, the term Kct can be thought of as a measure of workers’ outside options in city c;

that is, the average wage a worker could earn through continued search. Thus, equation

(23) suggests that industry-city wages are not only determined by productivity but also by

workers’ outside options. This will play an essential role in our identification strategy. In

their paper, Beaudry et al. (2012) show that in the U.S., outside options (which they call

industrial composition) are important determinants of industry-city wages. Similar results

have been found by Tschopp (2015, 2017) for Germany.

The error term of equation (23) depends on the relative advantage component of the

recruitment costs, making the wage an endogenous regressor in the gravity, revenue and

employment equations. In the next section we discuss how we exploit the structure of the

wage equation to derive instruments.

3.2 Instrumental Variables

Our identification strategy uses the fact search frictions in the model imply that wages are

determined, inter alia, by workers’ outside options, which in turn depend on the types of jobs

available in the local economy. When the composition of jobs shifts toward higher-paying

industries, workers are able to extract more surplus from firms when bargaining through an

increase in their threat point. Crucially, shifts in workers outside options only influence trade,

employment or revenues through their impact on wages. Thus, our identification strategy

hinges on isolating variation in workers outside options, which, given the wage equation

dervied in section 3.1, consists of exploiting variation in the index Kct.

The instruments we construct are Bartik-type instruments, as defined by Goldsmith-

Pinkham et al. (2017). That is, the endogenous wage variable in the gravity, employment

and revenues equations has an inner product structure, where log wages are a function of
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Kct =
∑

i ηictkit. We exploit this structure in changes, with the following decomposition:

∆Kct =
∑
i

ηict−1(kit − kit−1) +
∑
i

kit(ηict − ηict−1).

This decomposition is the starting point for the instruments. The second part of the

decomposition captures shifts in national-industrial premia, weighted by the beginning-of-

period importance of an industry to the local economy (i.e. the share of employment of a

particular industry). The first part of this decomposition captures changes in workers’ outside

options from shifts in the local industrial composition, weighed by the national industrial

wage premia. An increase in the index ∆Kct captures improvements in workers’ outside

options that vary across cities and, hence, shifts the cost of labor. In order to construct

instruments using the decomposition of ∆Kct, we must confront two issues: (1) the national

industrial premia, kit, are not directly observed, and (2) the observed industrial composition

(the ηict’s) is potentially correlated with the error term in (20). Below we discuss how we

confront each of these issues in order isolate more plausibly exogenous variation.

Estimating National Wage Premia. In order to estimate national wage premia, it is

useful to rewrite the wage equation in (23) in a more compact empirical form:

lnwict = Dit +Dct + ξict (24)

where Dit and Dct are a set of industry and city fixed effects, respectively. That is, wages vary

because of an industry-specific component, an city-specific component (γ1Kct+γ3kct+γ4ect),

and an idiosyncratic term. An important feature of this equation is that the inclusion of the

city fixed-effects would allow one to recover the coefficients on the industry-fixed effects, Dit,

without directly observing Kct and kct. In fact, the estimated coefficients on the industry-

fixed effects recover k̂it, the industrial wage premia.

However, in order to take the model’s wage equation to the data, we must confront the

fact that workers are heterogeneous in our data but not in the model. Our approach is to

treat individuals as representing different bundles of efficiency units of work, where these

bundles are treated as perfect substitutes in production. We interpret lnwict in (23) as the

cost per effective labor unit and index worker characteristics by Hj. Let effective labor units

be exp(H ′jβ + aj), where aj captures unobserved worker skills. Adding industry, city and

time subscripts, workers log wages are given by:

lnWjict = H ′jtβ + lnwict + aijct.

17



This implies that we can estimate D̂it using the following procedure. First, separately by

year, we estimate:

lnWjict = H ′jtβ +Dict + ajict, (25)

where where Dict are a complete set of city-industry dummies.13 Variables included in the

vector of individual characteristics are age, the square of age, a gender dummy, a nationality

dummy, a categorical variable for education and a full set of education-gender, education-

nationality and education-age interactions.14 The vector coefficients on the the city-industry

fixed-effects, Dict, are regression-adjusted city-industry average wages, which we denote bŷlnwict.

Then, pooling across years, we estimate an empirical version of (24):

̂lnwict = Dit +Dct + ξict, (26)

where ̂lnwict are the coefficients on the city-industry dummies in (25). We weigh observations

by the size of the city-industry in the base-period so that each observations influence is

proportional to its importance in that year. The coefficients on the industry-year fixed-

effects, Dit, estimate the national-level industrial wage differentials, k̂it. Importantly, the

inclusion of the city-year fixed effects, Dict, absorb local economic conditions given by the

sum of γ1Kct + γ3kct + γ4ect in equation (24). Thus, the national-level industrial premia we

estimate are purged from local conditions that also determine wages.

Predicting Shares. Since we have many industries within each city-year, we pursue a

generalized leave-one-out method that purges a common city component from the national-

level industry growth. The procedure that we use closely follows Greenstone et al. (2015).

Consider the following equation for local industry-city employment growth:

∆ lnLict = git + gct + g̃ict, (27)

where Lict is the size of the industry in ict. The gct are city-time fixed effects and git are

industry-year effects. This equation describes local employment growth as stemming from

national-level factors common across cities (git), city-level factors that are common across

13Real wages, lnWjict, are computed using the consumer price index, base 2005, provided by the German
federal statistical office.

14Categories for the educational variable are: without vocational training, apprenticeship, highschool with
Abitur, highschool without Abitur, polytechnic, university.
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industries (gct), and an idiosyncratic city-industry factor (g̃ict). The inclusion of gct is meant

to absorb growth due to conditions in the local economy, such as demand shocks. The

vector of coefficients on the git fixed-effects are associated with national-level forces, and

these coefficients are what we use to form predicted local growth in the construction of our

instruments.

Once ĝit are estimated, we use these national-growth rates to predict local industry size

based on local base-period shares. This is done by computing:

L̂ict = Lic0

t∏
1

(1 + ĝit) ,

where Lic0 is the base-period level of employment in industry i in the local economy c. We

then convert predicted employment into shares as follows:

η̂ict =
L̂ict∑
j L̂jct

.

Constructing Instruments. With η̂ict and k̂it at hand, we construct the following instru-

ments:

IV Wct =
∑
i

η̂ict−1∆k̂it

IV Bct =
∑
i

k̂it∆η̂ict,

where η̂ict are only functions of base period shares and national growth rates. Variation in

IV Wct (the ‘within instrument’) across cities comes from initial composition, weighted by

changes in premia. Variation in IV Bct (the ‘between instrument’) across cities comes from

differences in initial industrial composition, along with national growth rates, weighted by

industrial premia. Thus, identification comes from within-industry, cross-city comparisons.

For our instruments to be valid, we require innovations (∆ξic) to be independent from

base-period industrial structure along with the relative advantage component of the tech-

nological shocks, and fixed entry/export costs. We also require that general city-specific

improvements are independent of past relative employment for base-period ηs. The liter-

ature has recently turned to data-driven tests to assess the plausability of the validity of

base-period industrial structure. Following Goldsmith-Pinkham et al. (2017), who give a

detailed treatment of the use of Bartik-type instruments and the conditions under which

they are valid, we assess (i) the relevance of our instruments, (ii) the correlation of our in-
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struments with observables in the base-year and (iii) perform a pre-trends which is analogous

to a parallel trends assessment in a difference-in-difference set-up. We perform and discuss

each of these tests in Section 5.

As an alternative to IV Wct and IV Bct we also construct instruments based on the

non-manufacturing sector only. That is, we construct industrial shares within the non-

manufacturing sector so the shares across industries within the non-manufacturing sector of

a city sums to one. The conditions under which these alternative instruments are valid are

identical to those of our baseline instruments, and alleviate any concerns that the correlation

between our instruments and manufacturing wages is mechanical by exploiting variation in

our instruments that stems from sectors outside the tradables.

4 Data

This study uses two different data sources: the weakly anonymous Sample of Integrated

Labour Market Biographies (SIAB) [Years 1975 - 2010] and the Linked-Employer-Employee

Data (LIAB) [cross-sectional model 2 1993-2010 (LIAB QM2 9310)] from the Institute of

Employment Research (IAB). Data access was provided via on-site use at the Research

Data Centre (FDZ) of the German Federal Employment Agency (BA) at the University

of Michigan, the Cornell Institute for Social and Economic Research and subsequently via

remote data access.15

SIAB Data. The SIAB data is a 2% random sample of individual accounts drawn from

the Integrated Employment Biographies (IEB) data file assembled by the IAB. These data

cover all employees registered by the German social insurance system and subject to social

security. Civil servants and self-employed workers are not covered. The SIAB provide spell-

data information on individual characteristics as such as gender, year of birth, nationality

or education, and document a worker’s entire employment history, e.g. an individual’s em-

ployment status, full- or part-time status, occupational status, occupation and daily wage.

Hours of work are not included in the IEB. Earnings exceeding the contribution assessment

ceiling for social insurance are only reported up to this limit.16 Administrative individual

data are supplemented with workplace basic information taken from the Establishment His-

tory Panel (BHP). Establishment variables represent data point valid on June 30 of each

year and include information on location, industry, year of first and last appearance of the

establishment, total number of employees, number of full employees, number of part-time

15See Heining et al. (2013), Fischer et al. (2009) and Heining et al. (2014) for further data documentation.
16We drop top coded observations.
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employees and median wage of the establishment. Establishment and individual data are

merged using employment spells which cover June 30. In this paper, the SIAB data are

used to construct adjusted wages, employment shares, instruments and any other relevant

measures representative at the local labor market level.

LIAB Data. The LIAB data matches the IAB Establishment Panel data with individual

social security data from the IAB on June 30 and comprises data from a representative

annual establishment survey, stratified according to establishment size, industry and federal

state. The survey provides information on establishment-level exports, employment and

other performance-related measures, such as sales. We construct both industry-city specific

export shares in revenues, employment and revenues using the LIAB data.

Cities and Industries. We define cities according to Kropp & Schwengler (2011) defini-

tion of labor markets. There are 24 cities; 19 in West Germany and 5 in East Germany.17

There are 58 industries (“Abteilungen”), of which 29 belong to the manufacturing sector,

grouped according to the 1993 time-consistent 3-digit classification of economic activities.

In compliance with the FDZ guidelines, each industry-city cell includes at least 20 workers’

observations.18

5 Results

Instruments Relevance. We start by checking the relevance of our instruments. We use

two types of test. The first one consists in performing an analysis of variance (ANOVA) of the

regressions used to construct industrial national-wage premia and employment growth. The

rational for this test is that our instruments are functions of base-period local employment

shares, national-level sector growth rates, and nation-level industrial premia. Therefore,

variation in our instruments stems from cross-sector, over-time variation in these national-

level objects. Simply put, in order for our instruments to be relevant, we require the national-

component, Dit of (26) to be a significant determinant of wages. Similarly, we require the

national-growth rate component of (27), git to be a strong predictor of local industry growth.

Results from the ANOVA test are shown in Table 1. The first and second columns

correspond to the estimation of equations (26) and (27), respectively. The results suggest

that national-level components explain a considerable part of the variation in industry-city

17Kropp & Schwengler (2011) correspondence table between districts, labor markets and regions can be
downloaded at http://www.iab.de/389/section.aspx/Publikation/k110222301.

18Table 5 in the Appendix provides summary statistics of export values, business volumes and employment
at the establishment level. Table 6 in the Appendix shows statistics of variables at the industry-city level.
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adjusted wages and employment growth. A necessary condition for our instruments to be

relevant.

Table 1: ANOVA of industry-city growth rates and adjusted wages

Dependent variable ∆ ln Lict ln wict

Model SS 94.21 804.76
Industry-year dummies SS 49.01 509.30
City-year dummies SS 12.74 268.19
Residual 115.26 79.22

Observations 16884 17822
R-squared 0.450 0.91

Notes: -

The second relevance test we conduct is the standard first-stage F -test. This is a direct

test of the main mechanism of wage determination in our model; that is, this tests that our

proxies for outside options in a city matter for industry-city wage growth. Columns 1 and

3 of Table 2 show the first-stages of regressing log industry-city (adjusted) wages on our

instruments and an entire set of industry-time dummies, clustering standard errors at the

city level. The first column shows the first-stage using the baseline instruments, and column

3 presents the estimates obtained with the non-manufacturing counterpart of IV Wct and

IV Bct. The F -statistics on the baseline instruments is 34 and close to 73 when focusing

on the non-manufacturing sector only, therefore suggesting that changes in workers’ outside

options, stemming from shifts in industrial composition, matter for wages. In both columns,

only the coefficient on IV Bct is statistically significant at the 1% level. This indicates that

most of the yearly variation in outside options and wages at the city level come from shifts

in industrial employment rather than national-level industrial premia.

Instruments Validity. As discussed in Goldsmith-Pinkham et al. (2017), the exclusion

restriction necessary for Bartik-type instruments to be valid is based on the exogeneity of the

base-period industrial structure. They show that, in light of this, the identification strategy

we exploit is analogous to difference-in-differences with a continues treatment exposure. The

‘treatment’ in our set-up, comes from national-level shocks in industrial growth rates (git from

equation (27)) and industrial premia (Dit in equation (26)), interacted with the exposure

to these shocks given by base-period industrial structure. Thus, analogous to difference-in-

differences, we wish to assess the ‘pre-trends’ assumption – that is, in the absence of the
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national-level shocks, would across city differences in outcomes exhibit parallel trends.

Goldsmith-Pinkham et al. (2017) develop a regression based test for pre-trends in the

presence of serially correlated, time-varying shocks. This test is implemented by estimating

the reduced form gravity equation in a first-step, and retaining the residuals. In a second-

step, the residuals in t− 1 are regressed on our instruments in time t. Finding a significant

coefficient on our instruments in this second-step estimation is evidence that future values

of our instruments predict past outcomes and that our instruments are endogenous in a

time-varying way.19

The results of this test are contained in columns 2 and 4 of Table 2. As can be seen

in the table, the coefficients on our instruments are not individually or jointly significant.

Thus, we cannot reject the null of common pre-trends. In other words, we find no evidence

that differences across industry-city gravity outcomes, due to differences in initial industrial

structure, would have evolved in a non-parallel fashion in the absence of the national-level

shocks.

In addition to this instrument validity test, we also report the standard Hansen’s J over-

identification test in all of our 2SLS estimations below. Note that we are over-identified

because the decomposition of the index ∆Kct produces two instruments: the between and

the within instruments discussed above. This test essentially asks whether each instrument,

individually, would produce the same second-stage estimate. Intuitively, each of our in-

struments are functions of base-period industrial structure, but are weighted differently by

different types of national-level shocks. If the industrial structure is correlated with the er-

ror term, we would expect each instrument would weigh this correlation differently and the

second-stage estimates to diverge. As we show below, we find no evidence that this is the

case. However, one should note, the low predictive power of the within instrument in the

first-stage might compromise the power of this test.

Second Stages. Table 3 shows our estimates of the gravity equation (20). Recall that

the coefficient on wages is an estimate of the model parameters − κσ
(σ−1)

. The first column

of Table 3 shows the OLS estimates of the gravity equation. As discussed above, wages are

mechanically endogenous in this equation and under no circumstances would we expect to

recover consistent estimates of the parameter of interest; we present them only for complete-

ness. Thus, we turn our attention to columns 2-5 which contain the second-stage results of

the gravity equation when we instrument for wages.

In column 2 of Table 3 we use the base-line instrument set of IV Wct and IV Bct, and

19For details of this procedure, see Goldsmith-Pinkham et al. (2017). As discussed in that paper, this test
has power against alternatives and performs well in the Monte-Carlo simulations they conduct.
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Table 2: First stages and pre-trend tests

First stage Pre-trend test First stage Pre-trend test
∆ ln wict residualict−1 ∆ ln wict lag residualict

IVWct 1.049 6.317

(
∑

i η̂ict−1∆k̂it) (1.081) (11.440)

IVBct 2.497∗∗∗ 0.936

(
∑

i k̂it∆η̂ict) (0.415) (5.638)

IVWct, non-manuf. 1.657 18.346

(
∑

i η̂ict−1∆k̂it) (1.078) (26.079)

IVBct, non-manuf. 4.826∗∗∗ 1.643

(
∑

i k̂it∆η̂ict) (0.441) (4.754)

Industry-year dummy yes yes yes yes

Observations 3713 3492 3713 3492
F-statistics 34.05 0.158 72.84 0.406

Notes: Both columns are weighted using the lag of the establishment size. Adjusted wage ∆ ln wageict is constructed
from the SIAB data. Standard errors, in parentheses, are clustered at the city level. ∗∗∗ denotes significance at the
1% level, ∗∗ at the 5% level, ∗ at the 10% level.

obtain an estimate of − κσ
(σ−1)

of about -6.46. This estimate is statistically significant at the

5 percent level. In columns 3-5, we assess the robustness of this estimate to using the non-

manufacturing based versions of IV Wct and IV Bct (column 3), to including city-time trends

(column 4) and to including city-time trends along with the non-manufacturing instruments

(column 5). The estimates of − κσ
(σ−1)

are statistically significant and fairly stable across

specifications. In column 5, the most demanding specification, we obtain an estimate of

about -7.5. In the panel at the bottom of the table, we report the p-value of the Hansen’s J

test. In each specification, we cannot reject the null that our instruments are valid.

It is useful to interpret these results through the lens of our model. Our 2SLS estimates

of the gravity equation instrument changes in city-industry wages with measures of the

change in the value of workers’ outside options. These outside options depend on predicted

shifts in the industrial structure (IV Bct) and shifts in the national-level industry premia

(IV Wct). Identification comes from within-industry, across city variation in predicted wages.

Improvements in workers’ outside options lead to higher bargained wages and, thus, higher
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unit costs faced by firms. Conditional on foreign demand, export shares in industry i in

city c fall because of tightening selection into the export market due to higher labor costs

induced by improvements in workers’ bargaining position. The magnitude of this effect is

governed by − κσ
(σ−1)

, and our estimates suggest that a one percent increase in labour costs

reduces export shares by about 7 percent.

Table 3: Gravity estimation

Dependent variable ∆ ln
(
XicFt
Rict

)
OLS IV IV IV IV

baseline non-manuf. baseline non-manuf.

∆ ln wict -2.010 -6.459∗∗ -7.349∗∗∗ -5.439∗∗ -7.465∗∗∗

(1.387) (2.507) (2.094) (2.474) (2.250)
Industry-year dummy yes yes yes yes yes

City trends no no no yes yes

Observations 3713 3713 3713 3713 3713
Hansen 0.746 0.323 0.835 0.578
F-statistics 34.05 72.84 36.96 73.27
AP p-value 0.00 0.00 0.00 0.00

Notes: Both columns are weighted using the lag of the establishment size.
Adjusted wage ∆ ln wageict is constructed from the SIAB data. Standard
errors, in parentheses, are clustered at the city level. ∗∗∗ denotes significance
at the 1% level, ∗∗ at the 5% level, ∗ at the 10% level.

Finally, we turn to the estimation of the elasticity of substitution in consumption, σ.

This parameter can be estimated from the revenue equation presented in (21). This table

has a similar layout as the previous one. Note that, in each specification, we include a firm

fixed effects along with industry-by-year fixed effects. In columns 3 and 4, we add to this

linear city trends. The bottom panel of the table contains the first-stage results, with the

Angrist-Pischke p-value indicating that our instruments are strong predictors of wages. The

estimates presented in the first row of the table are of σ, with p-values in square brackets

directly underneath. Our estimates of σ are remarkably stable at about 1.2 across various

specifications. This result suggests that the substitutability among varieties is low, which

is not surprising given the level of industrial aggregation in our data. Although somewhat

smaller in magnitude, this estimate is consistent with the median elasticity of substitution
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of 2.2 found over the period 1990-2001 for SITC-3 industries in Broda & Weinstein (2006).

Combining the estimate of -7.5 in the gravity equation and σ, we obtain a trade elasticity of

κ = 1.25. This estimate finds itself on the bottom side of the large range of estimates that

have been found in the literature (see Ossa, 2015 for recent estimates).

Table 4: Revenue estimation

Dependent variable ∆ ln rict(ϕ)

IV IV IV IV
baseline non-manufacturing baseline non-manufacturing

Elasticity of substitution 1.186∗∗ 1.209∗∗∗ 1.224∗∗ 1.231∗∗∗

in consumption (σ) [0.020] [0.007] [0.018] [0.006]

Industry-year dummy yes yes yes yes

Establishment dummy yes yes yes yes

City trends no no yes yes

Observations 49711 49711 49711 49711
Hansen 0.500 0.787 0.507 0.821
F-statistics 14.73 28.58 14.70 28.45
AP p-value 0.00 0.00 0.00 0.00

Notes: All columns are weighted using etablishment weights. P-values are
in brackets and standard errors are clustered at the city level. ∗∗∗ denotes
significance at the 1% level, ∗∗ at the 5% level, ∗ at the 10% level.
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6 Application of the Welfare Gains from Trade

In this section we use the estimate of both the trade elasticity κ and the elasticity of substi-

tution in consumption σ to estimate the welfare gains from trade in West Germany following

the fall of the Iron Curtain. Our goal is to highlight the importance of accounting for search

frictions in the welfare formula. We do so by estimating the fraction of the variation in

welfare that can be attributed to changes in the employment rate.

Because of data constraints, we treat West Germany as a labor market c. We construct

industrial employment share and the employment rate for West Germany using the SIAB

data. Expenditure shares for each industry are constructed using German consumer ex-

penditure surveys (Einkommens- und Verbrauchsstichprobe) provided via remote access by

Statistical Offices of the Federation and the Länder Research Data Centres in Germany.

Finally, industrial domestic trade shares in West Germany are constructed using the LIAB

data. A limitation of our data is that we do not directly observe which share of expenditures

is produced domestically. For this reason we must assume trade balance at the industry level.

This allows us to retrieve Xicc in λicc using aggregate industrial exports of West Germany

towards the rest of the world.20

7 Conclusion

We develop a model to estimate the gains from trade in the presence of frictions in the la-

bor market. Our model delivers a welfare formula which illustrates that trade liberalization

affects welfare through two channels: (i) the traditional adjustment margin which depends

on the trade elasticity and (ii) a new margin of adjustment working through shifts in the

employment rate and that inversly relates to the elasticity of substitution. Thus, our model

highlights that (i) welfare formula which omit frictions on the labor markets might under-

stimate the gains from trade and (ii) the trade elasticity is no longer a sufficient statistic to

examine welfare.

The paper then propose a novel identification strategy to uncover the two key structural

parameters needed to analyse welfare. Our identification strategy is naturally inferred from

our model and based on the use of Bartik-style instruments which exploit exogenous differ-

ences in industrial employment composition across cities of Germany. We take our model to

the data using German linked employer-employee data. Using both the firm-level revenue

and gravity equations, we estimate a trade elasticity of 1.25 and an elasticity of substitution

20The share of expenditures that is produced domestically can be proxied with Xicct =
∑
vXicvt −Xict,

where
∑
vXicvt is aggregate expenditures of West Germany on good i.
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in consumption of 1.2. These results along with the application to the fall of the Iron Curtain

suggest that omitting the effect of trade on the employment rate in the welfare formula may

lead to underestimate the gains from trade.
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A Derivation of Wage Equation

A.1 Relating unit costs to wages

The unit cost equation is given by:

µic = wic + ψckic,

where ψc =
(
ρ+s
1−δ

)
1
θc

.

In order to relate the unobservable unit cost to wages, it is useful to parametrize kic as

follows:

kic = k̃i + k̃c + ξ̃ic

where k̃i represents a common (across cities) industry component, k̃c represents city-specific

component, and ξ̃ic is an idiosyncratic component. We assume that ξ̃ic sum to zero across

industries, within cities. Thus, k̃c + ξ̃ic can be thought of as absolute and relative advantage

cost components for each city.

Using this parametrization, we can rewrite the unit cost equation as:

µic = wic + ψc(k̃i + k̃c + ξ̃ic),

where ψc =
(
ρ+s
1−δ

)
1
θc

.

Finally, taking a log-linear approximation around the point where unit costs are well

approximated by wages (which occurs at (µ̄ = w̄, {k̃i}i = 0, k̃c = 0, {ξ̃ic}i = 0, ec = ē)), we

obtain:

lnµic = lnwic + ψki + ψkc + ψξic,

where ψ are constant parameters obtained from the linear approximation, ki = k̃i
w0

, kc =
k̃c
w0

, and ξic = ξ̃ic
w0

are expressed relative to an arbitrary omitted group because of the log-

approximation. It is important to note that at the expansion point, log unit costs are not a

function of the employment rate ec.
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A.2 Solving for Wages

Stole and Zwiebel bargaining implies that wages satisfy the following surplus-splitting con-

dition:

(1− β)(Eic(l;ϕ)− Uic) = β
∂J(l;ϕ)ic

∂l
,

where Eic(l;ϕ) denotes the discounted value of a worker employed at a firm in industry i in

city c with labor l and productivity ϕ, Uic is the discounted value of an unemployed worker

in industry i and city c, Jic(l;ϕ) denotes the firm’s value. An important characteristic of

Stole and Zwiebel bargaining is that each worker is treated as the marginal worker, i.e. the

firm takes internalizes the impact of additional labor on the wage of inframarginal workers.

Thus, the firm surplus is given by the marginal value of the firm with respect to firm-level

employment. Optimal vacancy posting implies that the marginal value of the firm with

respect to employment / shadow value of employment equals the expected marginal cost of

recruitement. Since recruitement costs are constant ∂Jic(l;ϕ)
∂l

is constant too.

Both Eic(l;ϕ) and Uic are given by:

ρEic(l;ϕ) = wic(l;ψ)− s(Eic(l;ϕ)− Uic) (28)

ρUic = θcmc(θc)(
∑
j

ηjcĒjc − Uic), (29)

where ηjc is the share of industry-j employment in city c and Ējc is the average of Ejc(l;ϕ)

across firms in industry j and city c.

From inspection, Uic =
θcmc(θc)

∑
j ηjcĒjc

ρ+θcmc(θc)
only varies by c. Thus, Uic = Uc. Solving for

Eic(l;ϕ)− Uc yields:

ρUc = θcmc(θc)

(∑
j ηjcwjc(l;ϕ)− b
ρ+ s+ θcmc(θc)

)
, (30)

and substituting back into equation (28) and (29), one also obtains:

Eic(l;ϕ)− Uc =
wic(l;ϕ)− ρUc

ρ+ s
,

where ρUc is given by equation (30).

As in Felbermayr et al. (2011), we have that

∂Jic(l;ϕ)

∂l
=

(
1

ρ+ s

)[
∂Ric(l;ϕ)

∂l
− wic(l;ϕ)− ∂wic(l;ϕ)

∂l
lic

]
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Which, along with the bargaining condition, gives:

wic(l;ϕ) = β
∂Ric(l;ϕ)

∂l
+ (1− β)ρUc − β

∂wic(l;ϕ)

∂l
l

Using several substitutions, as outlined in Felbermayr et al. (2011), one arrives at:

wic(l;ϕ) = ρUc +

(
β

1− β

)(
ρ+ s

1− δ

)
kic

m(θc)
. (31)

From inspection of equation (31) it becomes clear that wic(l;ϕ) = wic, i.e. within city-

industry, all firms pay the same wage. This results holds because recruitement costs do not

depend on productivity. Equation (31) also shows that wages vary by city through ρUc and

θc, and by industry-city through kic.

Inserting rUc gives:

wic = θcmc(θc)

( ∑
i ηicwic − b

ρ+ s+ θcmc(θc)

)
+

(
β

1− β

)(
ρ+ s

1− δ

)
kic

m(θc)
,

and rewriting one obtains:

wic = γ1cw̄c + γ2ckic (32)

where w̄c =
∑

i ηicwic, γ1c = θcmc(θc)
ρ+s+θcmc(θc)

, γ2c =
(

β
1−β

) (
ρ+s
1−δ

)
1

mc(θc)
, and both parameters are

dependent on the tightness of the labor market. The latter coefficient is increasing in labor

market tightness – workers benefit more from hiring costs when firms find it harder to hire.

The equation shows that workers in any sector benefit from working in a city with higher

wages (quality of jobs). Its coefficient, γ1c shows that this benefit depends on the quantity

of jobs – it is an increasing function of labor market tightness.

Solving for w̄c

w̄c =
γ2c

1− γ1c

∑
i

ηickic,

and substituting back into equation (32), the reduced-form wage equation can be written as:

wic =
γ1c · γ2c

1− γ1c

∑
i

ηickic + γ2ckic

= γ1c

∑
i

ηickic + γ2ckic.
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Using the parametrization of the recruitement cost kic = k̃i + k̃c + ξ̃ic, one can rewrite the

wage equation as:

wic = γ1cK̃c + (γ1c + γ2c)k̃c + γ1c

∑
i

ηicξ̃ic + γ2ck̃i + γ2cξ̃ic

where k̃i is a linear function of the industrial premium and K̃c =
∑

i ηick̃i captures a weighted

city-average of industrial premia.21

A.3 Linear Approximation

In what follows we describe how we linear approximate the wage equation. The revenue and

employment equations are linearized in the exact same way.

Note that γ1c and γc2 vary by city because of equilibrium differences in rate in which

workers find jobs. With a Cobb-Douglas matching function, it is easy to show that these

coefficients can be written as increasing function of the employment rate, which proxies for

the tightness of the labor market. Making the dependence with respect to the employment

rate more explicit, we can rewrite the reduce form expression of the wage as follows:

wic = γ1(ec)K̃c + γ2(ec)k̃i + (γ1(ec) + γ2(ec))k̃c + γ1(ec)
∑
i

ηicξ̃ic + γ2(ec)ξ̃ic,

where ec denotes the employment rate.

Let wic = wic(ec, K̃c, {k̃i}i, k̃c, {ξic}i) describe the reduced form equation. We take a

linear approximation of the wage equation around the point where the employment rate is

the same across cities and where recruitement costs are zero, i.e. (ec = ē, K̃c = 0, {k̃i}i =

0, k̃c = 0, {ξ̃ic}i = 0), and where cities have an identical industrial composition (ηic = 1/I).

Since our empirical work is in logs, the approximation is log-linear. Fix an arbitrary value

w̄ (this could be an omitted group, or an average across cells, for example). Taking an

21The industrial premium is obtained as follows. First, take the differential between wic and an arbitrary
numeraire industry, say industry 1:

wic − w1c = γ2c(k̃i − k̃1) + γ2c(ξ̃ic − ξ̃1c)

Then, average across industries to obtain the national-level industry premium:∑
c

(wjc − w1c) = (k̃i − k̃1)
∑
c

γ2c.

Thus, ki is a linear function of the national industry premium.
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approximation around the point lnwic − ln w̄ = ln(wic/w̄) ≈ wic−w̄
w̄

, we finally obtain:

lnwic = γ0 + γ1Kc + γ2ki + γ3kc + γ4ec + γ2ξic

where the γs are constant parameters obtained from the linear approximation, Kc =
∑

i ηicki,

ki = k̃i
w̄

, kc = k̃c
w̄

, and ξic = ξ̃ic
w̄

.

B Additional tables

Table 5: Establishment summary statistics, based on all establishments

Variable Mean Std. Dev. Min. Max. N

Share of exporters 0.113 0.316 0 1 27845094
Share of exports on business volume (%). 2.45 10.954 0 100 27473071
Number of employees 13.197 91.05 1 55153 27859151
Median wage of full time workers 59.007 26.05 0.002 250.286 24514120
Log export values 12.174 2.2 4.600 23.698 2462180
Log business volumes 13.001 1.471 6.764 24.04 23193914
Log number of employees 1.521 1.196 0 10.918 27859151
Log median wage 3.971 0.493 -6.28 5.523 24514120

Notes: Statistics are weighted using the LIAB survey weights. Values are deflated and expressed in Euros.
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Table 6: Establishment and and employment variables, aggregated at the industry-city level

Variable Mean Std. Dev. Min. Max. N

Establishment variables (LIAB):
Log of export values 18.91 2.142 9.548 25.329 9731
Log of business volumes 20.857 1.738 11.667 26.227 15595
Export values over business volumes 0.125 0.186 0 1 15595
Share of exporters 0.293 0.383 0 1 16236

Employment variable (SIAB):
Employment (SIAB) 351.004 485.422 20 6523 17822
Adjusted indXcity wage (SIAB) -0.008 0.223 -1.021 0.498 17822

Notes: Establishment aggregates come from the LIAB data and weighted using the LIAB survey weights. Em-
ployment variables are constructed using the SIAB data. Adjusted wages are adjusted using Mincer regressions (see
below for details).
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