From the holdings of the Department of Special Collections , Princeton University Library,
Princeton, NJ

These documents are either in the public domain, or can only be used for educational and research
purposes (Fair use) as per U.S. Copyright law (text below). By accessing this file, all users agree that their
use falls in the public domain or within fair use as defined by the copyrightlaw. We do not charge any
permission or usage fees for the publication of images of material inour collections, including those provided
by Princeton University Library, via our website, catalog, or directly from staff.For more information
regarding copyright, credit, and citation please review the information onthe Copyright, Credit and Citation
Guidelines page of our website.
https://library.princeton.edu/special-collections/policies/copyright-credit-and-citation-guidelines. If you have
any questions, including how to order higher-quality images from the collection, contact Special Collections
Public Services via our Ask Us! Form. https://library.princeton.edu/special-collections/ask-us

Doctoral Dissertations, 2011-2026 Economics

2020

ESSAYS ON THE EFFECTS OF
INTERNATIONAL TRADE ON LABOR
MARKETS AND ECONOMIC GROWTH

Trottner, Fabian Guenter Werner

Princeton, NJ : Princeton University

http://arks.princeton.edu/ark:/88435/dsp01h989r613b

U.S. Copyright law: The copyright law of the United States (Title 17, 8108, United States Code) governs the
making of photocopies or other reproductions of copyrighted material. Under certain conditions specified in the
law, libraries and archives are authorized to furnish a photocopy or other reproduction. One of these specified
conditions is that the photocopy or reproduction is not to be used for any purpose other than private study,
scholarship, or research. If a user makes a request for, or later uses, a photocopy or reproduction for purposes
in excess of fair use that user may be liable for copyright infringement. This institution reserves the right to
refuse to accept a copying order if, in its judgment, fulfilment of the order would involve a violation of copyright
law. https://www.copyright.gov/title17/title17.pdf



ESSAYS ON THE EFFECTS OF INTERNATIONAL TRADE ON LABOR
MARKETS AND ECONOMIC GROWTH

FABIAN GUENTER WERNER TROTTNER

A DISSERTATION

PRESENTED TO THE FACULTY

OF PRINCETON UNIVERSITY

IN CANDIDACY FOR THE DEGREE

OF DOCTOR OF PHILOSOPHY

RECOMMENDED FOR ACCEPTANCE

BY THE DEPARTMENT OF ECONOMICS

ADVISOR: STEPHEN REDDING

SEPTEMBER 2020



© Copyright by Fabian Trottner, 2020.

All rights reserved.



Abstract

I study how international trade affects labor market outcomes and economic
growth. In the first chapter, I study how international trade affects wage inequality
within and between firms. Using matched employer-employee data from Germany,
I document that the firm-size wage premium is higher for skilled compared to less-
skilled workers and that larger firms disproportionately employ more skilled work-
ers. I show, using a new quantitative framework, that non-homothetic production
and monopsonistic competition in labor markets can rationalize these reduced-form
findings. To estimate the model, I propose a new econometric method to identify
non-homotheticity in the presence of upward-sloping labor supply curves separately.
Counterfactual exercises quantitatively show that the mechanism implies sizeable
distributional effects of trade.

The second chapter, co-authored with Yann Koby, combines reduced-form evi-
dence with a new model of a dynamic multi-country and multi-sector economy to
study the link between trade and structural transformation. The model accounts
for major drivers of structural change - including sector-biased technological change
and income effects, as well as technological and factor-driven motives for trade. We
provide a characterization of the existence and uniqueness of the equilibrium. We
quantify the model to the years 1995 to 2011 and then use it to discuss the decline
in U.S. manufacturing and the role of service trade in influencing employment in the
manufacturing sector.

The third chapter, co-authored with Bastian Krieger, studies the effect of trade in
services on firms’ innovation activities. We combine unique micro-data from Germany
with a simple theory of international trade and innovation to provide causal evidence
that trade in innovation services increases innovative activities in firms, accounting

for market size and competition effects of trade integration.
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Chapter 1

Who Gains from Scale?” Trade and
Wage Inequality Within and Between

Firms

1.1 Introduction

What are the distributional effects of international trade? Much of the research
seeking to answer this question focuses on aggregate returns to skill, e.g., mean wage
differences between college and high school educated workers. However, aggregate
returns to skill mask systematic variation in skill premia across firms: Larger firms
exhibit higher pay inequality between skilled and less-skilled employees. Meanwhile,
modern trade theory emphasizes that trade liberalization reallocates economic activ-
ity to large firms. This suggests novel mechanisms for trade to impact wage inequality
through the reallocation of labor towards firms paying higher skill premia and through
changes in pay inequality within firms. Most models of international trade and wage
inequality, however, assume a common wage for each type of worker across firms or

a firm wage premium that is common across worker types. This chapter develops a



framework featuring variation in skill premia across firms and uses it to reevaluate
the distributional consequences of international trade.

I combine German matched employer-employee data with a new heterogeneous
firm model of trade and wage inequality to inform and quantify the mechanisms
linking trade, wage distributions within firms, and aggregate earnings inequality. The
analysis proceeds in four steps. First, I document that relative wages and employment
shares of skilled compared to less-skilled workers are higher at larger firms. Second, to
account for these features of the data, I develop a model in which firms operate a non-
homothetic production technology and face an upward-sloping supply curve for each
type of worker. An increase in firm size raises the relative productivity of more skilled
workers, thereby changing both their relative wages and employment as the firm
moves along the labor supply curve for each type of worker. Third, I develop a new
method that separately identifies non-homotheticities from heterogeneous production
technologies and labor supplies. Fourth, I conduct counterfactuals showing that trade
substantially raises wage inequality both within and between firms, and evaluating
how taxes that correct distortions from monopsonistic labor markets affect inequalities
and the welfare gains from trade. I now describe each of these steps in greater detail.

I begin by establishing three stylized facts from German matched employer-employee
data about relative wages and relative employment for different types of workers
across firms. Specifically, the data show that while larger firms pay higher wages to
workers of all skill levels, A large empirical literature documents that larger firms pay
higher wages (e.g. Brown and Medoff (1989), Oi and Idson (1999)), and that firm-size
wage gaps are potentially important for aggregate inequality (e.g. Card et al. (2013),
Alvarez et al. (2018), Helpman et al. (2017), Song et al. (2018)). wages of more skilled
workers are more strongly associated with firm sales. Within firms, larger firms pay
higher relative wages to more skilled employees. Further, the relative employment

shares of more skilled workers are positively related to firm size: High skill workers



are more likely to be employed by larger firms. These features suggest that a firm’s
decision to scale production, e.g., the decision to export,! is connected to within-firm
distributions of skill and wages.

I develop a model that accounts for these features of the data by combining non-
homothetic technologies (Hanoch (1975), Sato (1975)) with an upward-sloping labor
supply function for each type of labor. Non-homotheticity in technology implies that a
firm’s level of output explicitly has effects on the relative productivity of different skill
groups.? As a result, firms jointly decide the skill composition and their scale,® and
relative labor demands for skill types differ across firms with different levels of output.
An upward-sloping labor supply function for each skill type introduces monopsonistic
competition into the labor market. Workers receive heterogeneous preference shocks
over non-wage job characteristics that are unobservable to firms. A firm seeking to
expand employment has to post higher wages so that more employees choose to accept
the job. As firms cannot price-discriminate, all employees benefit from an increase
in the wage, and workers earn rents from employment relationships. Consistent with
the reduced form facts, the model predicts that skill premia and skill intensity vary
systematically with firm size.

In the model, the relationship between firm size, skill composition, and the skill
wage premium depends on both the degree of non-homotheticity in production and
on the relative curvature of type-specific labor supply curves. Because the elasticity

of labor supply determines marginal hiring costs and worker rents, the model predicts

Tt is a well-established empirical fact that exporters are more skill intensive, and pay higher
wages (e.g. Bernard and Jensen (1995), Bernard et al. (2007), Verhoogen (2008)).

2T provide several microfoundations for this technology. In particular, I show that the non-
homothetic CES captures a continuous generalization of the binary technology choice model in
(Bustos (2011a)).

3The cross-sectional predictions are similar to models based on skill-bias in technology (Harrigan
and Reshef (2015), Burstein and Vogel (2017)). In contrast to these models, here market size is itself
a determinant of skill composition. Thus, a firm’s production efficiency is jointly determined with
its skill composition and output, similar to knowledge-based models of production hierarchies Lucas
(1978), Rosen (1981), Garicano (2000), Garicano and Rossi-Hansberg (2015), Eckert et al. (2019)),
and models of technology adoption (Yeaple (2005), Atkeson and Burstein (2010), Bustos (2011a)).



that workers in less elastic supply receive disproportionately higher wages at larger
employers. Further, firm size determines the relative productivity of skill groups,
and thereby impacts the relative wages that skill types earn across employers - skill
types whose relative productivity increases in firm size receive relatively higher wages
at larger firms. Similar forces determine the relationship between size and workforce
skill composition: Ceteris paribus, larger firms hire relatively more skill types who are
in more elastic supply, and whose relative productivity is increasing in firm size. The
model parsimoniously captures these forces through two sets of structural parameters.

To assess the aggregate distributional consequences of a trade-induced shift in
the firm size distribution, it is critical to separately identify the parameters that
govern non-homotheticity in labor demand and the elasticity of the labor supply
for different skill types. I achieve this by developing an estimation strategy that
identifies the elasticities of labor demand independently of the curvature of labor
supply. To address the simultaneity bias that arises from upward-sloping labor supply
curves and to separately identify non-homotheticities from exogenous differences in
labor demand, I build on approaches to partial identification from Leamer (1981)
and Feenstra (1994). I show that an exogenous shock to firm demand is sufficient
to provide partial identification of the production function’s output elasticities and
the elasticity of substitution, which in turn fully characterize the elasticities of labor
demand. To the extent that regional labor markets (i.e., East and West Germany)
are subject to different shocks, the additional cross-regional variation provides full
identification of the labor demand elasticities. The estimates of the production
technology are then used to infer labor supply elasticities by matching simulated
moments of wage distributions to their empirical counterparts.

The resulting parameter estimates imply that more skilled workers earn dispro-
portionately higher wages at larger firms for two reasons. First, their productivity is

more complementary to scale. Second, their labor supply curve is less elastic, implying



that finding skilled workers is more costly to firms, and thus, these workers earn
higher rents from employment relationships. By allowing for firm-varying returns to
skill, the model quantitatively matches many dimensions of earnings inequality not
typically featured in frameworks of international trade: Wage inequality between-
and within-firms, as well as empirical patterns in within-group wage dispersion. FEven
though labor demand is estimated on firm-level outcomes and not explicitly targeted
in the structural simulations, the model matches aggregate patterns of worker-to-firm
sorting in the data well.

To assess the model’s aggregate implications, I consider counterfactual changes in
trade costs implied by the observed changes in the share of exporting firms, export
shares, and total import shares between the periods 1993-2002 and 2003-2014. I find
that the associated decrease in trade costs increased wage inequality by 4.2 percent,
which captures 22 percent of the total increase in wage inequality observed in the data.
I find that trade accounts for 30 percent of the observed changes in aggregate skill
premia. In part, this reflects that within-firm effects, which account for 30 percent of
counterfactual changes in earnings inequality, amplify the change in aggregate skill
premia. Between firms, wages of skilled workers employed at exporting firms see
the most significant increase. As a consequence, counterfactual changes in inequality
are largest within high skill types and occur predominantly at the top of the wage
distribution.

This theoretical mechanism also implies new welfare effects of trade. Imperfect
competition in labor markets distorts the equilibrium allocation in both labor and
product markets and hence influences the gains from trade. To quantify the associated
welfare effects, I analytically derive a set of correcting proportional income taxes.
The tax rate varies by skill type and the tax revenue funds wage-bill subsidies
that induce firms to ignore rent-sharing concerns when making hiring decisions, to

produce at a more efficient scale, and to reduce their profit margins. As a result



of the tax reform, more high skill workers sort into the growing firms upon trade
liberalization. As a consequence of the reallocation in the labor market, the tax
decreases wage inequality within skill groups by 20 percent, relative to the effect of
trade without intervention. Worker welfare rises for all skill types and on average, by 6
percent. These findings highlight the interaction between trade frictions and domestic
distortions in influencing the distributional consequences of trade liberalization and

the welfare gains from trade.

Related Literature Traditionally, the literature on trade and inequality em-
phasizes between-sector reallocation and studies changes in mean wages of broadly
defined worker groups. While quantitative frameworks based on this approach (Parro
(2013), Caron et al. (2014, 2017), Cravino and Sotelo (2017), Burstein et al. (2019),
Caliendo et al. (2019), Eckert (2019)) have yielded valuable insights, I depart from
this literature by focusing on reallocation between firms, and by allowing for imperfect
competition in labor markets.

As part of the recent literature on heterogeneous firms and trade (Melitz (2003)),
one line of research highlights the importance of trade liberalization in changing
the relative demand for skilled workers within and between firms (Yeaple (2005),
Verhoogen (2008), Bustos (2011a), Davis and Harrigan (2011), Harrigan and Reshef
(2015), Burstein and Vogel (2017), Fieler et al. (2018)). I contribute to this literature
by providing a model of firm-varying labor demand that explicitly accounts for the role
of firm size, and remains tractable even with arbitrarily many worker types. Contrary
to these papers, I highlight wage dispersion within skill groups, firm-varying skill wage
premia, and imperfect competition in labor markets.

Labor market frictions were introduced into models with firm heterogeneity in
the form of efficiency wages (Davis and Harrigan (2011)), fair wages (Egger and
Kreickemeier (2012, 2009),Amiti and Davis (2012), Egger et al. (2013)) and search



frictions (Davidson and Matusz (2006), Felbermayr et al. (2013, 2011), Helpman and
Itskhoki (2010), Ritter (2015), Helpman et al. (2017, 2010)). All of these papers
focus on wage dispersion across firms for ex-ante similar workers. In contrast, I
provide an integrated framework that also accounts for within-firm wage dispersion
and worker-to-firm sorting.

This paper also contributes to the literature studying the gains from trade in
heterogeneous firm models (e.g., Arkolakis et al. (2012), Arkolakis et al. (2019))
by quantifying the welfare effects of distortions in worker-to-firm sorting.* While
previous research has emphasized this channel theoretically (Davidson et al. (2008),
Helpman et al. (2010)), and via reduced-form evidence (Davidson et al. (2014, 2012)),
this paper is the first to quantify its relevance.

A mechanism not explored in this paper is competitive assortative matching
(Ohnsorge and Trefler (2007), Costinot and Vogel (2010), Sampson (2014)). Recent
papers in this literature featuring endogenous firm sizes predict that firms match
with a single worker type (e.g., Grossman et al. (2017)), and that within-firm wage
dispersion is a sign of inefficiencies, i.e., search frictions in the labor market (Eeckhout
and Kircher (2018)).> Accounting for matching based on unobserved worker ability
might constitute an interesting extension of my model.®

The non-homothetic CES was first studied by Sato (1975) and Hanoch (1975), and
recently re-introduced by Comin et al. (2017) to analyze income effects in preferences
in a growth model. Matsuyama (2015) uses the same model of utility in the context of

a home market effect model of trade. This paper is the first to use it in production to

4To the best of my knowledge, this paper is also the first one to quantify the welfare effects of a
correcting tax in the context of imperfectly competitive labor markets and international trade.

®Eeckhout and Pinheiro (2014) provide a model with many-to-one matching, where, interestingly,
departures from a homothetic CES are necessary to generate different skill mixes across firms.

My paper relates more broadly to the literature on labor market sorting (e.g., Shimer (2005),
Gautier et al. (2010), Gautier and Teulings (2015), Lise et al. (2016)). While much of this literature
describes worker-to-jobs sorting, I develop a model that determines equilibrium firm size and
generates wage inequality, both between firms for a given worker type, and within firms across
different worker types.



study wage inequality and labor market sorting. In recent work, Bauer et al. (2019)
analyze non-homotheticity in firms’ demand for IT, and Blaum et al. (2019) study
non-homotheticity in firms” import demand for quality.

This chapter also contributes to a broad literature arguing that employer hetero-
geneity is important for aggregate wage inequality. The model of the labor supply
side is related to Card et al. (2018), Haanwinckel (2018), Lamadon et al. (2019) and
Berger et al. (2019), although I consider a different specification for labor demand
and output markets. Since my framework features reduced-form wage expressions
featuring log-linear interactions between skill and firm effects, it also relates to a large
reduced form literature built around two-way fixed effects models of wages (Abowd
et al. (1999), Card et al. (2013), Alvarez et al. (2018), Song et al. (2018), Bonhomme
et al. (2019), Borovickova and Shimer (2019)).

1.2 Motivating Facts

In this section, I establish three key stylized facts about the relationship between
relative wages and relative employment across firms that guide the theoretical model

developed below.

1.2.1 Data Description and Definition of Skill Types

This study uses the Linked-Employer-Employee Data (LIAB) (longitudinal model
1993-2014 (LIAB LM 9314)) provided by the Institute for Employment Research
(TAB) in Germany.” The data contains information on the complete workforce of a

subset of German establishments. The sample establishments are the ones selected - at

"Data access was provided via on-site use at the Research Data Centre (FDZ) of the German
Federal Employment Agency (BA) at the Institute for Employment Research (IAB) and subsequently
remote data access. A detailed documentation of the data can be found in Heining et al.
(2016),Fischer et al. (2009) and Heining et al. (2014). Data access was provided under project
FDZ1440.



least once - in an annually conducted survey between 2000 and 2008. The employee
information contains employment biographies from 1993 to 2014 of all individuals,
which were, at least one day, employed at one of the sample establishments. I organize
the resulting dataset as an annual panel.

The data provides detailed information on individual workers - daily wages, days
worked, age, gender, nationality, tenure at the firm, education, and occupation. The
information on employers includes revenues, the sector of economic activity, spending
on intermediate inputs, and exports. Throughout, I use the term firms to refer to

establishments. A more detailed overview of the data is presented in the appendix.

Definition of Skill This chapter associates the skill of a worker with the average
wage that workers of her type earn. A worker’s type corresponds to her sector of
employment, occupation, and educational attainment. For each sector, I calculate
age- and gender-adjusted average wages across all workers of a given type and rank
types according to their average wages. Skill group 1 consists of workers who belong

to a type that falls into the first decile, and henceforth until skill group 10.

1.2.2 Facts

Fact 1.1. Compared to less skilled workers, the wages of more skilled workers are

more strongly related to firm size.

A canonical feature of labor markets is that larger firms pay higher wages to their
employees. Here, I document that firm-size wage premia differ across skill types. I
regress the wage of an individual worker ¢ in year ¢, log W;,, on a vector of worker
controls @;;, a vector of employer controls y;; ), fixed effects w(i,t) for sector of
employment, occupation, education, federal state of employment and year, as well as

log revenues, log REV(; 4):



Figure 1.1: The Relationship Between Firm Sales and Worker Wages by Skill Type
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Notes: This figure displays the coefficient estimates 85 in the empirical model in (1.1), which measure the relationship
between worker wages and the sales of their employer for different skill groups. Standard errors are clustered at the
establishment level. All regressions include fixed effects for a worker’s age-group, gender, nationality, occupation,
sector of occupation, the federal state of residence and years. Firm controls include the revenue share of intermediate

inputs, and average skill intensity of all full-time employees.

log Wi = Bsgiyylog REVyig) + 0'x; 4+ + ’Y”yf(i,t) +w(i, t) + €, (1.1)

where s(i,t) and f(i,t) denote the skill level and employer of worker i.

Figure 1.1 displays the coefficient estimates for Js. The results indicate that the
earnings of high skill workers are more strongly related to employer revenues. On
average, high skill workers are paid five percent more when working for an employer
with twice the sales volume. In contrast, among the lowest skill group, a doubling of
employer sales is associated with a one percent increase in wages earned.

shows this pattern is robust to using value-added or sales to total worker ratios
to measure firm size and performance, as well as to the inclusion of worker and firm

fixed effects.

Fact 1.2. Within-firm wage inequality between skill groups is systematically related

to firm size.
10



Figure 1.2: The Relationship Between Firm Size and a Worker’s Relative Wage Within
the Firm by Skill Type

=)
2
1

=]
ot
1

—_
1

e Wage Premium Rel. to Coworkers
o
1

17

—.024

S

T T

5 6
Skill Group

R

oo
o

10

=
o

Notes: This figure displays the coefficient estimates 3, in the empirical model in (1.2), which measures the relationship
between a worker’s pay relative to the mean pay at the establishment and the establishment sales by skill group.
Standard errors are clustered at the establishment level. All regressions include fixed effects for a worker’s age-group,
gender, nationality, occupation, sector of occupation, the federal state of residence, years and control for the revenue

share of intermediate inputs.

To show how size relates to the earnings within the firm, T consider the same
explanatory variables as before but instead use a worker’s wage relative to the average

wage Wf(i,t) paid at her firm as a dependent variable:

lOg Wi,t — IOg Wf(i,t) = ﬁs(i,t) IOg REVf(i,t) + (5’X¢,t + ’7ny(1~¢) + (.U(Z, t) + E@t. (12)

Differences in the coefficient § across skill types indicate that within-firm in-
equality between worker groups is systematically related to firm revenues. Figure
1.2 displays the coefficient estimates and indicates that within firm-pay inequality
is increasing in firm sales. High skill workers are paid 2 percent more than their
coworkers when working for an employer with double the sales volume. In contrast,
low skill workers are paid 1.5 percent less than their coworkers when working for an

employer with double the sales volume.
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Figure 1.3: Employment Distribution of Skill Groups Across The Establishment Sales
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Notes: This figure displays the distribution of skills across the firm size distribution. Firm sales ranks denote quintiles

of sector-specific sales distributions.

Table 1.11 provides detailed regression results and shows that the patterns hold
for alternative measures of firm scale and are qualitatively robust to the inclusion of

individual firm and worker fixed effects.
Fact 1.3. Larger firms employ disproportionately more skilled workers.

Figure 1.3 compares the skill distribution of the workforce across the firm sales
distribution distribution and shows that more skilled workers tend to work for larger
firms.

To supplement the graphical evidence, I regress an index measuring a firm’s skill
intensity, compy; = Wz‘e F(1)> O firm revenues, a vector of firm controls y¢;, and

fixed effects wy, for industry, geographic location and years:

compgy = Blog REV; 4 + ’)/yf,t +wpyt+epy (1.3)

Table 1.12 displays the estimates. Firm size is positively related to skill intensity,
suggesting that the skill composition of labor demand is heterogeneous across firms

and systematically related to firm size.
12



1.3 Theory

This section develops a theoretical framework that rationalizes the reduced form facts
in the previous section and highlights a new theoretical mechanism through which

international trade affects wage inequality within and between firms.

1.3.1 Economic Environment

A small open economy H (Germany in the application) trades with an aggregate
rest of the world F. Foreign variables, denoted with an asterisk, are exogenous.
Workers and firms populate the economy, and all agents have CES preferences over
differentiated goods with an elasticity of substitution 1 > 1. Product markets are
monopolistically competitive.

Workers differ in skill s € S = {1,..., S}, and there is a continuum of workers
of each skill type of measure L,;. Workers derive utility from consumption and job-
specific amenities. Section 1.3.3 describes the role of amenities and the problem of
workers in detail.

As in Melitz (2003), there is a large, unbounded pool of prospective entrants into
the industry. Entrants pay a fixed cost Fg to enter and gain monopoly rights over a
single differentiated variety. Active firms are indexed by f, and F denotes the set of
active firms. Upon entry, firms draw the demand for their product ¢, and non-wage
amenities A that they can offer to employees, from a joint cumulative distribution
function G (¢, A). The draw ¢ determines the demand schedule faced by the firm.
Firms incur a fixed cost F'x to export, and exports are subject to an iceberg trade

cost 7.

13



1.3.2 Technology

Each firm f produces output )¢ by combining labor inputs [ ; according to a non-

homothetic CES production function (Hanoch (1975), Sato (1975)):

1l og-1 es—o
1=) Q71,5 Q," . (1.4)

seS

Qs denote skill-specific productivity shifters that are common to all firms. o
governs the elasticity of substitution between worker types. The parameter £, controls
the complementarity of skill type s with firm output (). As the index () rises, the
productivity of skill type s varies at a rate controlled by parameter ;. To see this,

consider the relative marginal products of labor M P L, for two skill types:

log (—]\]\jgfjj;) = %log (g:,) - %log <ll:/];> + (55 ;68/> log Q. (1.5)

It is evident that the non-homothetic CES nests both the homothetic CES and
Cobb-Douglas functional forms. If e, = e, = 1, the production function is equal to the
standard CES. Additionally, if ¢ = 1, then the production function is Cobb-Douglas.
In the general non-homothetic case, the relative productivity of worker types depends
explicitly on the size of the firm.

Appendix 1.B.2 provides two microfoundations for the technology. The link
between output and relative productivities of workers is implied by any model where,
in order to expand production, firms make costly investment decisions in new tech-
nologies with differing relative productivities of skill types. In particular, I show that a
generalization of the technology-choice framework in Bustos (2011b) provides a micro-

foundation for the non-homothetic CES functional form.® Further, non-homotheticity

8Specifically, I demonstrate that the technology-choice model implies the same cost function as
the general class of non-homothetic CES functions (Sato (1975)).
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in firms’ labor demands for skilled workers arises in the context of a task-assignment
model, where it captures the extent to which scale affects the relative comparative
advantages of skill types in performing a given task.’

The following parametric restrictions ensure that the production quantity index
defined by equation (1.4) is strictly increasing and quasi-concave in all labor inputs.
Appendix 1.B.1 provides a detailed overview of the properties of the non-homothetic
CES production function.

Assumption 1For all s € S, (0 —&5) (0 —1) > 0.

1.3.3 Labor Supply to Individual Firms

Workers derive utility from consumption and non-wage amenities offered by jobs.
They view jobs as imperfect substitutes and have random utility over employment
opportunities, which generates upward-sloping labor supply functions to firms because
a higher wage induces more workers to accept a job (Card et al. (2018)).

The utility of worker ¢ working at job f is given by:

1
Ui (f,s) =logC; +log Ay +

EEi’f’ (16)

n/(n=1)
where C; = (Zfe]—‘ (orera) V" + (cf)(”_l)/n) is a CES consumption index

defined over domestic varitieties, cs, and foreign varieties, ¢*. Ay denotes non-wage
amenities that are enjoyed by all employees of the firm. ¢;; is an extreme-value
distributed taste shock with variance 1.

The idiosyncratic taste shock gives rise to horizontal employer differentiation as

workers differ in their preferences over the same set of job opportunities. Individual

9Beyond these particular microfoundations, several models in the literature provide qualitatively
similar predictions. Models of organizational hierarchy (Lucas (1978),Rosen (1981), Garicano (2000),
Garicano and Rossi-Hansberg (2015)), or CEO-compensation (e.g. Gabaix and Landier (2008))
feature environments where the relative productivity of different worker groups varies with the scale
of a firm.
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workplace preferences ¢, y are private information to workers. Thus, firms cannot
price-discriminate and offer wages W ; conditional on worker type s, but not on
realizations of ¢; ;.

To characterize the labor supply to a firm offering wage W, ¢, note that (1.6)

implies the following indirect utility:*°
1
Ui (f,s) =log (Ws,f/P)+logAf+B—ei7f, (1.7)

where P is the standard CES price index P = <Zfef 90?_1]9}_” + (P*)l—n)l/(ln)'
Firms post wages, and each worker ¢ chooses a job opportunity f/ to maximize
her indirect utility in (1.7). The labor supply to an individual firm is proportional
to the probability A, ; that workers of type s chooses to work for f. Provided that
Bs > 1, Ay depends on the wage offered by the job, on wages offered by all other

jobs as well as firm-level amenities:!!

o (Wpap” '
Y per WepAp)™

Mg =P (fo = S1AWar A} s ) (1.8)

The labor supply to a firm equals the mass of workers that choose to accept its job
offer:
log L (W3 A) = log (As.sLs) = BslogW + Sslog A + log Ay, (1.9)

-1
where A, = <Zf€]_. (AW r) ﬁs) L captures aggregate labor demand.

Firms view themselves as infinitesimal within the market and compete monop-

sonistically for workers. The elasticity of the labor supply to an individual firm thus

dlog Lo

Tlos T = Bs. Bs captures the degree of competitiveness of the labor market.

equals

If 8, — oo, the labor market for skill type s is perfectly competitive, and firms can

10Gee Section 1.B.3 for the derivation.
1Gee Appendix 1.B.3 for the derivation.
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hire any number of workers at a fixed wage. Lower values of s, in turn, capture less
competitive labor markets.'?

The information asymmetry between workers and firms gives rise to rent-sharing
between workers and firms, and rents R,y measure workers’ average willingness to

pay to remain employed at job f (Rosen (1987)):

R, ;=E {R Ui (f,s) —logR/P = max, Ui (f,s)|isfis = f} : (1.10)

The following proposition illustrates that worker rents are inversely related to the

elasticity of labor supply.

Proposition 1.1. The average rents earned by employees of type s at firm f equal

Ry = Wt

_1 .
1+Bs
Proof. See Lamadon et al. (2019). O

For intuition, consider a firm wanting to expand production. The firm cannot ob-
serve the idiosyncratic workplace preferences of its current employees and, therefore,
has to raise wages for all workers to increase hiring. An increase in wages raises the
value of the job for workers that already enjoyed working at the firm. If labor supply
is less elastic, then to increase production, firms have to raise wages, and hence the

value of jobs to workers, by more.

12Manning (2003) notes that upward-sloping labor supply curves to the firm arise within models
of directed search or convex vacancy posting cost. Appendix 1.B.4 illustrates that upward-sloping
labor supply curves can be microfounded through a model with search frictions (e.g. Burdett
and Mortensen (1998)). This illustrates that [, is conceptually related to the job-finding to
job-destruction ratio in search models of the labor market. Further, Appendix 1.B.4 shows that
a model with random matching in labor markets, convex vacancy posting cost, and multilateral
bargaining between workers and employers (Stole and Zwiebel (1996)) gives rise to similar
implications for wages.
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1.3.4 The Relationship Between Firm Scale, Wages and Em-

ployment Composition
Cost-Minimization

To derive the relationship between a firm’s scale, its wages, and workforce composi-
tion, I solve for the (variable) cost function C (Qs, Af), which minimizes labor cost

at any given target level of output @ :

1 o—-1

C(Qy, Af) = ming v S W (g Ap)ly st 1=, Q07 Q. (L11)

where W (I, A) denotes the inverse of the labor supply curve in equation (1.9).
Under assumption 1.1, this problem has a well-defined interior solution.
Cost-minimization implies that wages equal a mark-up over the marginal product

of labor, M PL,, and marginal cost:

Bs
Bs+1

log (W ) = log ( ) +log (MC(Qf, Af) MPL, (Qy)) . (1.12)

In equilibrium, a monopolist maximizes profits by equating marginal cost and
marginal revenues. Hence, wages correspond to a mark-down over the marginal
revenue product of labor, as in classical Monopsony Theory (e.g., Robinson (1933)).
The mark-down S/ (s + 1) is decreasing in the elasticity of the labor supply faced
by the firm. Further, proposition 1.1 and the solution for wages in (1.12) jointly imply
that skill types who are in less elastic labor supply earn higher rents, relative to their

marginal product of labor.!3

3Denoting marginal revenue products by MRPL,, worker rents equal: Ry =
sy MRPL, (Qf, Ay) -
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The Determinants of Wage Outcomes

A key outcome of the analysis is how firm size determines the wages paid to different
skill types. The following proposition illustrates the channels that determine this

relationship.
Proposition 1.2. Denote logged variables by lower-case letters.
1. Wages are given by:

€s o Bs
— X + X —
R ) v o+ B,

ws,f:Xs_l' X ay,

where xs = ﬁ log (2s/ (LsAy)) and ¢y = log (]WC’f/ (ZS Qi/glgffﬂ)/aQ%fU)/g%)).

2. If By = B, and e, = ¢, then wages are given by:

+- 2 9 X
Ws f = Xs - 5 - 5 ayg,
where Jf = log (]WCf' Q/ (Zé Q;/Oliff_l)/ai:—g)) )
3. If Bs — oo, then wages are given by:
Ws,f = Xs — Qf-
Proof. The result follows from inserting (1.9) into (1.12). O

Statement 1 shows that two intuitive channels determine the effect of firm size on
relative wage outcomes within skill groups and firms. First, firm size directly impacts
relative productivity of skill groups. Workers whose relative productivity is increasing
in firm size receive larger firm-size wage premia and receive a relatively larger firm-size
wage premium. Second, proposition 1.2 shows that workers that are in less elastic
labor supply receive a higher firm-size wage premium and receive relatively higher

wages than their coworkers when working for larger firms.
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Proposition 1.2 further highlights that the model accommodates the standard
model with a firm-size wage premium common to all skill types and homogeneous skill
wage premia across firms as a special case (statement 2). If the labor supply curve for
each skill type has the same elasticity, and if skill types are equally complementary
to output, then firm wage effects are common to all skill groups, and relative wages
between skill types are equal across firms.'* If labor markets are perfectly competitive
(statement 3), then wage differentials between firms are only driven by compensating

differentials and, in particular, invariant to firm size.

Firm Size and the Skill Composition of the Workforce

In a perfectly competitive labor market, firms can hire any number of workers at a
given wage. In this case, differences in workforce skill composition indicate relative
productivity differences of workers across firms. In the presence of upward-sloping
labor supply curves, however, workers command rents, and hiring decisions by firms
are subject to two concerns. First, firms wish to hire the most productive workers,
given their scale. Second, firms prefer to hire workers that are in more elastic labor
supply. The relationship between skill composition and output depends on how firm
size changes the relative productivity of workers, as well as on the rents that skill
types command.

To illustrate the productivity channel, Figure 1.4a assumes that skill types only
differ in their complementarity to output. In this case, the relative employment for
different skill types is not affected by rent sharing concerns. Due to their relative

technological advantage, the relative labor demand for skill types more complemen-

4The model does not feature wage effects on the individual worker level and, therefore, does not
directly relate to common reduced-form empirical models that are log-additive in worker and firm
fixed effects (e.g. Abowd et al. (1999)). In Appendix 1.B.4, I consider an extension of the model
that introduces heterogeneous efficiency units for a given type of worker. Armed with this simple
extension, the model rationalizes a log-additive wage model with individual and firm effects under
the parametric restrictions provided in statement 3. of Proposition 1.2.
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Figure 1.4: Workforce Composition and Firm Size
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Notes: This figure illustrates the model-implied relationship between employment, wages, and firm size when labor
supply elasticities are equal across skill types. Worker types that are more complementary with firm scale are hired

relatively more by larger firms and receive relatively higher wages at larger firms.

(b) The Role of Labor Supply
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Notes: This figure illustrates the model-implied relationship between employment, wages, and firm size when labor
supply elasticities differ across skill types. Workers that command larger rents (lower labor supply elasticities) are

hired relatively less by larger firms, but receive higher relative wages at larger firms.
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tary to scale increases in firm size. Relative wages paid by firms reflect differences in
relative worker productivity only and, therefore, also increase in firm size.

Figure 1.4b focuses on the alternative case when the relationship between skill
composition and firm size is driven only by the rent-sharing channel. Workers that
command higher rents become increasingly expensive to larger firms, which reduces

their employment shares.

1.3.5 Closing the Model

Thus far, the analysis took a firm’s output as given. This subsection closes the model
by characterizing firms’ profit-maximizing choices of output, as well as the equilibrium

conditions for market-clearing.

Profit-Maximization

Domestic and foreign demands, Qp (p; ¢) and Qr (p; ), at price p, are given by:

Qu (p;p) = " 1p71P17Y, Qr (p;p) =" 1p71Y™, (1.13)

where Y denotes domestic consumption expenditures, P is the CES price index,
and Y™ is the foreign demand shifter.
Firms choose whether to enter foreign export markets and how much to produce

in order to maximize operating profits :

T (s, Ap) = maxy, ooy H{Qn ;@) ) + LQr (pr; ) — C(Qy, Af) — 1xFx}

s.t. Qf = Qu (pu;p) + 7QF (pr;¢)
(1.14)

22



where py and pp denote prices charged in the domestic and foreign markets. C (Q, Ay)
denotes the total operating cost that solves the cost-minimization problem described
in (1.11).

Optimal pricing implies that firms charge a constant mark-up over their marginal

cost. In the domestic market, a firm therefore charges:
n
pHf = FMC(Qf,Af). (1.15)
The price of a firm exporting to market F' is given by:

n
n—1

PRf=T MC(Qy, Ay) (1.16)

Marginal costs are non-constant and depend on the overall quantity produced.
Hence, the decision to export affects the cost of production of the goods sold in
the domestic market. In contrast to the standard model, an exporter chooses its
overall output to maximize profits in all markets jointly.!> Appendix 1.B.3 shows
that marginal costs depend directly on output and are equal to a wedge W; over

average cost:

A — A
MC(Qy, Af) = C(QQ#;J‘) {Zw(&f) 555+1<€15_;7} _ C(Qé; f)Wf7 (1.17)

S

where w(s, f) = W, #ls.1/C (Qf, Af) denotes the wage bill share of skill group s.
Appendix 1.B.3 derives sufficient parameteric restrictions that ensure convexity of

costs in output.

15This is the case in any model featuring non-constant marginal costs of production (e.g. Caliendo
and Rossi-Hansberg (2012a), Almunia et al. (2018)).
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Operating profits 7 (¢, As) are increasing in the demand shifter ¢; and increasing
in firm amenities Ay. Exporting increases operating profits, and as a result, there is

selection into exporting. The following proposition summarizes these properties.

Proposition 1.3. Operating profits w(p, A) are (i) strictly concave in output @,
(i1) increasing in a firm’s demand @, and (iii) increasing in amenities A. Given
expenditures and aggregate labor demands for all skill types, the partial equilibrium in

product markets is unique.

Proof. See appendix 1.B.3. m

Domestic expenditures

Fixed costs use a separate factor of production that is in perfectly elastic supply at
a price that is normalized 1. Domestic expenditures Y equal the aggregate income

from wages, profits, and fixed cost payments:'6

Y = Z |:/ft€]:W57fls’fdf:| +Fx + /fe}_ﬂ'(gof,AF) df, (1.18)

SES

where Fx = ffef 1x s Fxdf denotes aggregate spending on fixed cost.'”

Free Entry

Free entry implies that equilibrium expected profits for entrants equal the fixed cost

of entry Fg. The free entry condition determining the equilibrium number of active

16] assume that the aggregate factor used for the production of fixed cost is owned by an
anonymous agent that has the same CES preferences. An alternative assumption that would leave
the distributional implications of the model for wages unchanged is to distribute ownership of this
factor equally among skill types according to their relative measures (e.g., as in Fieler et al. (2018)).
As the counterfactual trade-liberalization considered later leads to an increase in entry and exports,
this alternative assumption implies larger, yet proportional, gains from trade for skill groups than
the ones presented in the main text.

"Labor market clearing, L, = f]_. ls, rdf, is ensured by the fact that firms’ optimal choices of wages
need to be consistent with labor supply.
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firms is given by:

Fi = Eq [ (4, A)]. (1.19)

1.3.6 Pass-Through of Foreign Demand Shocks into Wages

Not all firms export, and therefore an aggregate change in foreign demand consti-
tutes a heterogeneous demand shock across firms. To accommodate an idiosyncratic
demand shock, a firm increases employment and therefore raises wages for all its
employees. However, the rate at which a demand shock affects wages differs across
worker types. In general, a change in trade costs has different effects on within-firm
inequality for employers that expand, and for employers that contract, upon trade
liberalization.

The following proposition considers the effect of a change in the variable trade
cost 7 to characterize the forces that shape the response of within-firm inequality to

a change in a firm’s output demand.

Proposition 1.4. Consider a reduction in variable trade cost, dlogT < 0.

1. If e, = € and By = B, then within-firm inequality changes proportionally across

all firms:

dlog W, dlog W, .. . . dlo
2. If By =P and €5, > €y , then =27=L L s increasing in St

dlog T dlog T dlog T
o d]ogwsyf legWs’,f . . . . dlong
3. If e, =€ and Bs < By then dlogr — “dlogs 18 increasing in —g =
Proof. See Appendix 1.B.3. O

The first part of proposition 1.4 implies that idiosyncratic shocks to firm product
demand have no direct effect on within-firm inequality between skill groups in the
particular case where labor demand is homothetic, and labor supply functions are

equally elastic for all skill types.
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Statements 2. and 3. show that, in general, skill types whose relative productivity
increases in output, or whose labor supply is less elastic receive relatively higher wages
at firms that expand after trade liberalization.'® As a result, a change in trade costs
has heterogeneous effects on within-firm wage distributions across firms that trade,

and those that do not.

1.3.7 Policy

Differences in scale create relative productivity differences for worker skill types across
employers. In a competitive labor market, differences in skill composition across firms
would only reflect differences in productivity. However, if labor supply curves are
upward-sloping, and if their elasticities differ across types, the relative costs posed by
rent sharing factor into firms’ hiring decisions. Instead of hiring the most productive
workers, given their scale, firms have an additional incentive to hire workers that
demand lower rents. Therefore, hiring at the firm-level is distorted, relative to a
competitive allocation, and there is misallocation in labor markets.

Simultaneously, upward-sloping labor supply curves raise marginal costs, con-

sumer prices and therefore reduce the equilibrium scale at which firms operate:

C A s s 7A
MC(Qy, Ay) = —(Qé; 2 {Zw(s,f) 6;181_::} = —C(Qéf f)Wf-

s

Upward-sloping labor supply curves increase the wedge between average and

marginal cost, which, relative to an economy with competitive labor markets, reduces

the average firm size, and increases the average share of profits in national income.”

8Through the lens of my model, heterogeneous pass-throughs of firm-specific demand and
productivity shocks into wages across worker types, as documented by Cho and Krueger (2019)
and Chan et al. (2019), thus can be rationalized through both labor demand or labor supply related
channels.

19This effect is similar to the distortion caused by imperfect competition in product markets (e.g.,
Arkolakis et al. (2019)). Indeed, in both cases, firms operate at a higher profit to revenue ratio than
in the respective perfectly competitive benchmark.
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If labor supply elasticities differ across skill types, monopsonistic competition in labor
markets also affects the relative sizes of firms and, therefore, the shape of the firm
size distribution.

Therefore, the model leaves room for policy to improve upon the allocations in
product and labor markets. The following proposition shows that under a specific set
of employer wage subsidies, funded by proportional income taxes, wages are equal to

compensating differentials.

Proposition 1.5. An employer payroll subsidy 7, = funded by proportional

1
14857
wage income taxes, eliminates the monopsonistic wedges belween marginal revenue

products and wages.
Proof. See appendix 1.B.3. O

An employer wage subsidy incentivizes employers to hire more workers and un-
does the effect of rent-sharing concerns on relative hiring decisions between worker
groups. To fund the subsidy, the government levies higher proportional taxes on skill
groups that command larger rents. While the subsidy is not firm-specific by design,
since firms differ in workforce composition, and allocate different wage bill shares to
different workers, the subsidy is de-facto firm-specific.?’

Assessing the net welfare consequences of such a tax reform from the perspective
of workers requires weighing the potentially adverse welfare effects from labor in-
come taxes against the welfare gains from improved allocations in product and labor

markets.

20The logic is reminiscent of the literature in economic geography that argues that place-based
hiring subsidies can help alleviate the adverse effects of hiring cost on unemployment (e.g., Kline
and Moretti (2013)).
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1.4 Estimation

In this section, I discuss my approach to estimating the relevant structural parameters
of the model. T do so in two steps. First, I develop and implement a new strategy
to identify non-homothetic CES production functions. I then calibrate the remaining
parameters to match empirical moments in German manufacturing in the period 1993

to 2002.

1.4.1 Production Function Estimation
Challenges to Identification

The identification of the non-homothetic CES production function is subject to two
challenges. A common approach to estimating a CES production function (e.g.,
Goldin and Katz (1996), Oberfield and Raval (2014)) is to estimate relative factor
demand directly. Changes in relative labor demand between two skill types s and s’

can be written as:

dlog (Is.f/ls.f) = —odlog (Ws /Wy §) + (65 — €5) dlog Q¢ + V.5 ¢, (1.20)

where v, = dlog (s s/ - Bsy/ (Bsp +1) - (Bes/Bs,y +1)) is an unobserved

error. To illustrate potential sources of bias, I allow the elasticities of labor supply
B, and skill-specific technology shifters ), to be firm-specific.!

The identification of the parameters €, and o is subject to two independent
challenges. First, output ()s is endogenous to changes in unobserved changes in labor

demand 7, ¢y, irrespective of the assumptions placed on labor markets.?? Second,

2In addition, this illustrates that the approach to estimating the production function does
not depend on the particular microfoundation adopted to generate upward-sloping labor supply
functions, so long as the elasticity of labor supply faced by an individual firm is exogenous.

22This threat arises for any production function that is not separable in all inputs.

28



Figure 1.5: Identification Through Exogenous Changes in Wages, Employment and
Output

log(ls/ls) €s — Ey

~
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Set
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Notes:This figure illustrates the logic of the identification argument. The left figure considers a change in observed
labor demand and wages from point A to point B. The right figure illustrates the space spanned by the elasticity of
substitution o and relative output scale elasticities €5 — eg.

upward-sloping labor supply curves introduce simultaneity bias, and shifts in relative
labor demand need to be separately identified from shifts in relative labor supply.
Thus, both simultaneity, as well as potentially unobserved changes in labor demand,
pose a threat to identification.

To deal with these challenges, I propose an estimation strategy that combines one
instrumental variable for partial identification with variation across labor markets for
full identification of the structural parameters of interest. I proceed by illustrating
the idea of partial identification by way of a graphical argument, followed by a formal

derivation.

Identification Strategy

Informal Graphical Argument The central insight of the argument is that changes
in wages, employment, and output in response to a shock that is exogenous to unob-
served changes in labor demand can provide partial identification of the elasticities

of labor demand. Figure 1.5 illustrates the underlying logic of the argument.
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The left graph in Figure 1.5 shows changes in wages and employment from point
A to point B. Assuming a value for the elasticity of substitution o, two lines with
slope —o through points A and B recover the old and new labor demand. This,
in turn, allows computing by how much labor demand has shifted vertically. Given
that the initial shift from A to B is assumed to be independent of unobservable
shocks to labor demand, equation (1.20) implies that the vertical shift equals the
non-homothetic effects of output on labor demand, (5 — e4)AQ. Since one observes
changes in output, and given an assumed elasticity of substitution o, one can compute
a unique (¢, — £y) that rationalizes the observed changes.

Repeating this procedure over alternative guesses for the elasticity of substitution,
one can compute a set of parameters that are consistent with the observed changes.
If one can observe another change similar to the one from A to B depicted in Figure
1.5 (for example, in another regional labor market or another period in time), one
can construct another set of partially identified parameters. If these hyperbolae, in
turn, do neither lie on top of each other nor intersect - and production technologies

are invariant across regions/time - their intersection recovers both o and (g5 — ).

Formal Argument The formal argument follows the same logic as the graphical
one. First, I use changes in wages, employment, and output in response to an iden-
tifying shock for partial identification of the structural parameters. I then formalize
the conditions, under which cross-regional variation provides full identification of the
labor demand elasticities.

Denote ls g 5t =1ogls p1/ls 510 and wy g 5 = log (W 1 /Wy 1) and qpr = log Q..
Letting dx; = x;,1 —x;, changes in labor demand between skill types s and s’ between

periods ¢ and ¢ + 1 are given by:

dls,s’,f,t = —od (ws,s’,f,t) + (58 - 58’) de,t + Vs,s', fit (121)
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where v, o ¢+ is the unobserved structural shock to labor demand. The covariance
between observed changes in relative labor demand and an empirical shock &, - that

is assumed to be orthogonal to changes in the error ws ¢ ;- across firms f equals:

Cov (dlse 1.4, dst) = —0Cov (dws,o 1.¢, dEp1)+ (85 — Esr) Cov (dgyz, d€p)+Cov (dys,o, 1.6, dEpt) -
(1.22)
Provided that 7, is correlated with changes in relative employment levels, one

can derive the following restriction on the technological parameters:

_ Cov (dws g 1.1, dEs ) Lo Cov (dqy,dlog&ry)
COV (dl37s/7f,t, dé’f,t) s COV (dl573/7f,t, dlog fﬁt)

F Vs, (1.23)

where ¢ = —0, 0, = e, — ey and v, ¢, is an error given by:

= Cov(dyss g dpe)
ST Cov (dlg o 1, dEsy)

Stacked for all skill groups, equation (1.23) defines a set of moment conditions

that provide partial identification of the structural parameters:

Gg(©) =0, (1.24)

) _ CO\/(de,S/’f’t,dgf,t) Cov(dqf,t,dgf,t) _
where G (©) = (¢ Cov(dly g ;s ) + HSCov(dlS’S/J’t,dff’t) tlssa—1 568\8/'

To see why this provides partial identification, first, note that the covariance ratios

are computable by way of two-stage regressions. Cov (dqy, dEs) /Cov (dls g p1, dEss),
for example, is the coefficient estimate of a two-stage regression that first regresses
changes in employment on changes in £y, and then regresses the fitted values for
employment on changes in output. Given an empirical shock £¢,, these quantities can,
therefore, be computed using observed changes in wages, employment, and output of

firms. As changes in £;, are assumed to be uncorrelated with the unobserved error, the
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term v, ¢ 4 is equal to zero.?® Therefore, equation (1.23) provides partial identification
of the parameters.?*

Given observed changes in separate regional labor markets r, one can compute
sets of analogous moment conditions G, (©) for each labor market . The estimator

of the technological parameters is given by:

0" = argmin g (©)Y WG (), (1.25)

where G (©) = [G, (0)], collects moment conditions across regions, and W is a
weighting matrix.

©* identifies © under three conditions. First, changes in {;; need to be correlated
with firm-level wages, employment, and output (relevance). Second, changes in &y,
need to be uncorrelated with changes in unobserved sources of heterogeneity in labor
demand across firms (orthogonality). These conditions ensure that for each region,
G, (©) provides partial identification of ©.%° Further, full identification requires that
the hyperbolae computed across different regions do not lie on top of each other. A
sufficient requirement for full identification is that for worker groups s and s’ and

regions r and 1’ :

COVT (dl57517f,t7 dff’t) COVT/ (dls,s’,f,ta dff,t)
COV,« (dqu’t, dgﬁt) COVT/ (dq]f,t, dgf’t) .

(1.26)

The condition stated in equation (1.26) is reminiscent of heteroskedasticity based
conditions for partial identification in Leamer (1981) and Feenstra (1994). Appendix

1.D.1 provides a more detailed discussion of this identifying assumption and argues

Z3Formally, the probability limit taken with respect to firms f equals zero: plimys_, o Vs 5+ = 0.

Z4Note that these steps are conceptually equivalent to the logic underlying Figure 1.5.

25For example, idiosyncratic shocks to firms’ product demands satisfy these conditions. However,
these shocks would not satisfy this condition if the elasticity of the labor supply faced by individual
firms were endogenous to, say, the size of the firm. Appendix 1.D.1 gives more details on how to
augment the approach to partial identification in this case.
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that it holds in the empirical application if for example the share of exporting firms
differs across regions.

The estimator defined in equation (1.25) fits in the class of Classical Minimum
Distance estimators. Appendix 1.D derives its asymptotic distribution that is later

used to construct standard errors.

Implementation To obtain identifying shocks that affect firm-level wages, output
and employment, and are not systematically correlated with unobserved shocks to
labor demand, I construct Bartik-type (Bartik (1991)) firm-level shocks to output
demand that are a variant of firm-level export shocks constructed in earlier papers
(Hummels et al. (2014), Berman et al. (2015), Caliendo et al. (2017), Garin and
Silvero (2018)).

The Bartik instrument generates exogenous variation in product demand between
otherwise similar firms that is based on where rather than which products a firm is
selling. To define the instrument, let £X PS%ER_*C denote the aggregate exports of the
German manufacturing sector s to country c. For each firm observed in the data, let
to denote the year where the firm was first observed exporting, if at all. Denoting the
sales share of firm f in region r at time ty by wy,4,, the firm-level demand shock for

time ¢ > tg is defined as:
Dy = wam,toEXPﬁER_w- (1.27)

As pointed out in Garin and Silvero (2018), even though the shock Dy, is firm-level
in construction, it may nonetheless contain demand variation that also affects other
firms that sell similar products to firm f. However, in this case, so long as Dy, does
vary across firms and is exogenous to unobserved changes in labor demand, it identifies

the parameters of interest.
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Identification requires that Dy, is not systematically correlated with unobserved
firm-level changes that affect labor demand between worker types - such as factor-
biased technological change. Recent literature points out that exogeneity in Bartik
instruments can stem from two sources. Borusyak et al. (2018) or Adao et al. (2018)
argue that variation in changes in export demand across sufficiently many regions
alone can be sufficient to generate asymptotically consistent estimates. Goldsmith-
Pinkham et al. (2018), on the other hand, point out that exogeneity in the “shift
shares” alone can also sufficient to yield consistent parameter estimates.

I observe firm-level export shares of firms across most three regions.?6 Therefore,
[ augment the standard Bartik instrument with an estimated exogenous probability
of exporting. I fit a probit model that projects a firm’s current exporter status on its
lagged exporter status, its past position in the domestic sales distribution as well as a
dummy for whether it is located in a formerly East German state. Denoting pft the
resulting estimated probability that firm f exports in year ¢, the empirical demand

shifter £, is defined as:

& = v} Dy (1.28)

I implement the estimation strategy for three skill groups. I refer to these groups
as high skill, medium skill, and low skill, respectively, for the remainder of the chapter.
High skill workers are those in jobs that pay on average more than the 70th percentile
of jobs in their sector, while the jobs of low skill workers fall into the bottom three
percentiles. Firm size @) is measured by value-added. To estimate a medium-term

production function, I use changes across all available lags.

Results Individual moments used in the minimum distance estimator are shown in

Table 1.13. The coefficient estimates and standard errors are displayed in Table 1.1.

26The firm survey, in most years, provides only export shares to the rest of the world. For selected
years, export shares to Eastern Europe and the Euro area are also featured in the data.
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Table 1.1: Estimates of Technology Parameters

Description Parameter Estimate Standard Error
Elasticity of Substitution o 1.92 0.45
Scale Complementarity € — €M 0.31 0.21

EL, — &M —0.40 0.09
Observations 122,842

Notes: This table presents the parameter estimates of the non-homothetic CES production function. H, M, L denote
high, medium, and low skill workers, respectively. Estimates are obtained by implementing the estimation strategy
outlined in Section 1.4.1. The construction of the standard errors is detailed in Appendix 1.D. The sample includes
all manufacturing firms in the Linked-Employer-Employee Data longitudinal model 1993 - 2014 from the Institute for
Employment Research (IAB), and differences are estimated across all available lags.
I estimate that worker groups are gross substitutes with an elasticity of substitution
equal to o = 1.92. High skill types H have the highest scale elasticity, while low skill
workers are least complementary with firm scale.

These estimates qualitatively rationalize the sorting patterns displayed in Section
1.2 as being driven in part by non-homotheticities in production. Thus, the estimates

imply that trade liberalization will tend to shift labor demand towards more high

skill worker types.

1.4.2 Calibration of the Remaining Structural Parameters
Parameters & Simulation

Table 1.2 summarizes the parameters that require estimation. I normalize the total
labor force of the Home economy and choose the total stock for each skill group s
to reflect the distribution of types in the data. The elasticity of substitution across
goods - 1) - is set to b from Broda and Weinstein (2006). T parameterize the underlying
distribution of firm heterogeneity in demand shifters and amenities by a multivariate

log-normal distribution.
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Table 1.2: List of Parameters

Description Parameterization Parameter
Firm Heterogeneity (p, A) ~ MVlog — normal w,x
Labor Supply Elasticity Bs
Shifters in Productions Qg
Size of the Foreign Market Y*
Domestic Price of Foreign Varities pP*
Fixed Cost Fx,Fg

Note: Parameters not estimated: n =5, L for all worker groups s, e2 = 0.6, 7 = 1.3.

To solve the model for a given set of parameters, I discretize the joint distribution
of demand shifters ¢ and amenities A. Here, I sketch the solution algorithm, and
Appendix 1.D provides further details.

The initial step is to guess the equilibrium number of firms that choose to enter.
Upon entering, firms learn about ¢ and A and maximize profits taking aggregate
equilibrium outcomes - the price index, aggregate labor demand, and expenditure -
as given. Hiring and wage decisions depend on a firm’s output, which, in turn, affects
marginal cost and, therefore, prices and demand. Taken aggregates as given, firms’
profit-maximizing choices of scale, wages, and hiring can be solved for as a fixed point.

The optimal pricing decisions of firms yield marginal costs, which aggregate to the
domestic price index P. The individual employment decisions of firms on the other
labor demand aggregate to labor demand A, for each worker type. Therefore, both
the price index and aggregate labor demand solve fixed points.

Optimal firm choices that are consistent with aggregate prices and labor market
clearing provide firm-level wages and profits. Wages and profits across firms aggre-
gate to domestic expenditure Y. The algorithm iterates over updated guesses for
expenditure Y until convergence.

The final step is to derive expected profits, which updates the mass of entering

firms. For a new guess for the number of entering firms, I return to the initial step
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Table 1.3: Targeted Moments and Associated Parameters

Description Parameters Moments

Firm Heterogeneity u,x Sales distribution
CoV (log Wy, logly)
Residual Inequality (levels)

Labor Supply Elasticitiy Bs Residual Inequality (relative)
Firm Wage Premia
Shifters in Productions Qs Mean Skill Wage Premium
Foreign Demand Shifter Y Export share
Price of Foreign Varities P* Import Share in GDP
Fixed Cost Fg Mass of firms,
Fx Share of exporters

Notes: This table provides an overview of the empirical moments used for the calibration of the model.

and re-calculate optimal firm choices that are consistent with product market clearing

and labor market clearing. This procedure is repeated until convergence.

Targeted Moments

Table 1.3 presents the list of moments targeted in the estimation.?” For guidance, the
second column of Table 1.3 lists parameters and their associated target moments. I
briefly elaborate on the underlying logic for key parameters.

B, affects the firm-level elasticity of wages with respect to sales, as shown in
Proposition 1.2. For a given distribution of firm sales, the level of g, affects the
aggregate dispersion of wages within worker group s. Therefore differences in wage
dispersion between worker groups as well as the relation between firm sales and wages
are directly informative about f;.

The parameters of the variance-covariance matrix X are associated with the dis-
tribution of sales, the level of wage dispersion, and the covariance between wages and

employment at the firm level. A higher (lower) covariance between demand shifters

27 Appendix 1.A.2 details the construction of the empirical moments.
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and amenities weakens (strengthens) the correlation between wages and employment
along the firm sales distribution in the model. T include the correlation between
wages and employment across all firms, as well as those in the top quintile of the
sales distribution, as targets in the estimation.

The productivity shifters €2, affect the relative technological advantage and there-
fore mean differences in log-wages between worker types. For the estimation, I
normalize 29 = 1.

The identification of the parameters related to international trade is standard.
An increase in the fixed cost of exporting Fy weakly decreases the share of firms
that find it profitable to export. Exporting fixed cost F'x thus govern the share of
exporting firms. The (relative) size of the foreign market Y* governs the export

share of exporting plants. Export shares in the structural model are constant and

PrQFr

Lo =T Y/ (P771Y) . The export share in sales across exporting firms

given by
informs Y*. The structural expression for domestic spending on foreign relative to
home goods is given by (%)1777. P* directly affects domestic consumption shares.

Reductions in P* increase domestic competition from abroad and tend to increase

consumer spending on foreign varieties.

Parameter Estimates and Model Fit Table 1.4 presents the calibrated param-
eters. Labor supply elasticities [, are estimated to vary across skill groups, and
the model assigns lower labor supply elasticities to skill types that display higher
levels of within-group wage inequality in the data. The estimates imply that low skill
workers receive a mark-down of 13 percent on their marginal revenue product. High
skill workers, in turn, receive a mark-down of 20 percent. Equivalently, the estimates
imply that workers in group 1 would be willing to sacrifice 13 percent of their earnings
to remain employed at their current firm. Conversely, high wage worker types would

be willing to sacrifice 20 percent of their earnings to keep their current job. The
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Table 1.4: Calibrated Parameters

Parameter Estimate Parameter Estimate
O, 6.9 99 0.14
Bu 5.5 Om 1
Bu 3.9 Qn 1.75
1 0.03 Fg 0.002
A 0 Fx 0.004
ai 2.3 P 0.005
o3 0.10 Y* (x1076) 1.3
O Ay 0.08

Notes: This table presents the calibrated parameters. (s is the elasticity of labor supply for skill group s. H,

M, L denotes high, medium, and low skill, respectively. p, and pa are means of the multivariate log Normal that

2

parameterizes the underlying distribution of demand shifters ¢ and amenities A. o7,

is the variance of demand shifters,
02 is the variance of amenities and oqy, is the covariance between amenities and demand shifters. Parameters Q are
technological productivity shifters. Fy and F denote the fixed cost of exporting and entry, respectively.
estimated labor supply elasticities are similar in magnitude to estimates from studies
that rely on similar models of the labor market (Lamadon et al. (2019), Haanwinckel
(2018)).

The estimated parameters of the distribution of firm heterogeneity implies that
amenities are moderately positively correlated with demand shifters. The parameters
related to international trade - fixed cost of exporting, foreign prices, and foreign
demand shifters - compare closely to similar models.?

To assess the model fit, Table 1.5 displays empirical targets and the associated
simulated moments. Overall, the model manages to fit the targeted moments well.
The model adequately captures relative wages at different percentiles of worker-group
specific distributions and relative mean wages between groups, as well as the targeted

moments related to international trade.

Z8Note that Y* corresponds to the foreign demand shifter and is not equal to foreign relative
income, but also includes information on the foreign price index.
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Table 1.5: Model Fit

Moment Model Data Moment Model Data
Wage Inequallity Within Skill Types Sales Distr.
sd (log W) p25-p10 (logs) 0.76  0.63
Low 0.27  0.27 pb0-pl0 1.51 1.39
Medium 0.28  0.29 pT75-pl0 251 247
High 0.34 034 p90-plo 3.52 3.7
50 — 10 ratio (log) Trade
Low 0.34  0.37 Exporter Share 0.18  0.18
Medium 0.37 041 Export Share Sales (.22 0.22
High 048  0.50 Import Share 0.26  0.26
90 — 10 ratio (logs) logW = a + 75 log Rev
Low 070 069 L 0.02  0.02
Medium 072 073 ym 0.04  0.03
High 0.88 087 ~g 0.08  0.05
Mean Wage Differences Corr(log W, log L)
Low to Medium -0.14  -0.13 Sample 0.16 0.19
High to Medium 0.26  0.27 p80 Sales 0.04  0.07

Notes: This table presents simulated targeted moments and their empirical counterparts. H, M, and L denotes high,
medium, and low skill, respectively. Empirical moments capture manufacturing firms and are calculated for the period

1993-2002.

The largest mismatch between empirical and simulated moments occurs in the
domestic sales distribution. This, in part, may reflect that a log-normal distribution
is only partially suited to fit the entire distribution of firm sales (see, for example,
Nigai (2017)).

To check for over-identification, [ now assess the model’s implications for moments

that were not directly targeted by the calibration procedure.
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Model Fit for Non-Targeted Moments

Employment Distribution The parameters of the production function are di-
rectly estimated from firm-level responses in employment and wages to demand
shocks. Therefore, the overall distribution of workers along the firm size distribution
was not directly targeted. Figure 1.7 plots the simulated and empirical distribution
of workers along the quintiles of the firm sales distribution. The model adequately
captures that the employment share of high skilled workers is increasing, while that

of low skill workers is decreasing along the firm size distribution.

Within-Firm Inequality The estimation procedure did not explicitly target the
relationship between firm sales and within-firm inequality. I test the model’s ability
to account for this fact by comparing the relationship between within-firm wage
dispersion to firm revenues in the simulated model to the empirical relationship in the
data. Further, high skill worker types are paid relatively more than their coworkers
in larger firms. I also test this prediction using the data simulated by the model.
Table 1.14 compares the model generated regression coefficients to their empirical
counterparts. The model adequately accounts for the empirical relationship between
within-firm wage dispersion and revenues. While it qualitatively fits the relationship
between wage differentials within the firm and firm sales, the effect of firm sales on
the relative wages of high skilled workers is larger than in the data, albeit it is only

off by a small margin.

Wage distributions for exporting and non-exporting firms Demand shifters
@ are the primary predictor of exporting decisions. However, firms of different
sizes pay different wages due to heterogeneity in amenities. As opposed to models

with a single dimension of firm heterogeneity, some domestic firms, therefore, pay
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higher wages than exporting firms. This is an important feature of empirical wage
distributions.

Figure 1.8 displays simulated kernel density plots of log wages across domestic and
exporting firms. Consistent with the data, wages paid by domestic firms generally
more dispersed. While exporting firms on average pay a wage premium, high skill
workers receive higher firm-exporter wage premia, mirroring the fact that firm scale

has unequal effects on wages by skill group.

1.5 Trade and Policy Counterfactual

[ now come to the primary concern of my analysis: How does trade affect the distribu-
tion of wages, within and between firms, and within and between skill groups? Wage
inequality in German manufacturing, as measured by the variance of log earnings, has
increased by 19% from 1993-2002 to 2002-2014. Simultaneously, the transformation
of former socialist countries in Eastern Europe, and the integration of China into the
world economy led to new trade opportunities.?? In this section, I use the estimated
model to study how trade shocks have contributed to the observed increase in wage
inequality. I then evaluate the effect of a tax intervention that was theoretically
derived in Proposition 1.5, and that aims to improve equilibrium allocations in trade

and product markets.

1.5.1 The Distributional Consequences of Trade

Changes in German Trade Participation

Between the 1990s and the first decade of the 2000s, Germany increased its trade

participation significantly, which reflects both the expansion into new Eastern markets

For an analyis of the reduced-form effects of these events on German labor markets, see Dauth
et al. (2018, 2014, 2017).
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Table 1.6: Empirical Changes in Trade Related Moments

1993-2002 2003-2014 Change

Share of Exporting Firms 0.18 0.25 +7 p.p.
Firm Export Share in Sales 0.24 0.29 +5 p.p.
Import Share in GDP 0.25 0.36 +11 p.p.

Notes: This table displays empirical changes in trade-related moments. p.p. denotes percentage points. The share of
exporting firms and the export share in sales in manufacturing firms are calculated from the IAB firm panel. Average
import shares are taken from the World Bank’s World Development Indicators.
in Europe as well as the entry of China into the World Trade Organization. Table
1.6 shows that the share of exporters has increased by 40 percent during the two
periods. The average foreign sales share among exporters in turn increased by 25
percent, while the aggregate import share has increased by 35 percent.

For the counterfactual analysis, I consider changes in variable exporting trade cost
7 (-11 percent), fixed cost of exporting Fx (-9 percent), and the foreign price index

P* (-15 percent), which match the empirical changes displayed in Table 1.6.

Counterfactual Effect of Trade on the Distribution of Earnings

The counterfactual exercises indicate that trade had a sizeable effect on overall wage
inequality. Table 1.6 shows that overall wage inequality increases by 4.2 percent,
which accounts for 22 percent of the overall 19 percent increase in wage inequality in
the data.

The majority of studies focusing on the effect of international trade on residual
inequality abstract from within-firm inequality (e.g., Helpman et al. (2017), Egger
et al. (2013) and Amiti and Davis (2012)). Table 1.6 shows that within-firm inequality
accounts for one third of the total counterfactual distributional changes.®® The last

column of Table 1.6 shows that 16 percent of the overall counterfactual change in

30Here, I use the fact that the aggregate variation in wages can be decomposed as: Var (log W y) =
Var (log W, 5 — log Wf) + Var (log Wf) ,where W denotes the mean wage paid by employer f.
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Table 1.7: Counterfactual Effect of Trade on Aggregate Farnings Inequality

Overall Change %
Aggregate Inequality VAR(log Wy ) +4.2
Decomposition % of total
Within Firm Inequality VAR (log Wy, — log W) 34
Between Firm Inequality VAR(log Wf) 66
Heterogeneous Skill Wage Premia VAR(log Wf,s — log Wf — log WS) 16

Notes: This table displays the simulated counterfactual effect of trade on wage inequality. log W denotes mean log
wages of firm f. log W denotes mean log wages across all workers belonging to skill group s.

inequality is due to heterogeneous changes in firm wage premia between worker
groups, indicating that both a worker’s employer, as well as his type, are important
determinants of his wage exposure to international trade.

Table 1.15 provides a more detailed overview of the counterfactual effects on wage
inequality. Counterfactual changes imply that trade explains about a third of the
observed increase in average wages between groups. This reflects that aggregate
labor demand shifts toward workers in high wage worker groups as firms increase
their scale in response to the export demand shock.

Table 1.15 further shows that trade has the largest effect on wage inequality within
high skill workers. The standard deviation of wages within high skill workers increases
by 2.8 percent, while the data shows an increase of 14 percent for the same period.
This, in turn, is partly driven by the fact that between-firm inequality within high skill
workers is rising, as indicated by the increase in the 90-10 pay ratio. In comparison,
counterfactual wage inequality within low skill workers in group 1 increases by 1.4

percent, compared with an empirical increase of 7 percent in the data.

1.5.2 Policy Counterfactual

The parameter estimates imply that labor market sorting is inefficient in equilibrium.

As a consequence, the gains from trade might be affected by inefficiencies in the
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Table 1.8: Optimal Tax Reform

Skill Group Payroll subsidy/Income Tax

Theory Implementation
Low 13%
Medium e 15%
High 20%

Notes:This table displays the set of income taxes that, according to 1.5, restores the Walrasian
equilibrium allocation in labor and product markets. In the Walrasian equilibrium, workers earn
their marginal revenue product of labor, rather than a monopsonistic mark-down on their marginal
revenue product.

labor market and product market outcomes. Proposition 1.5 implies that the size of
these losses can be quantified by implementing an optimal tax reform to reevaluate
the same trade counterfactual. Table 1.8 displays the set of correcting proportional
taxes. The correcting taxes are progressive in skill: Since the labor supply of skilled
workers is less elastic, incentivizing the best firms to hire more such workers requires
larger wage-bill subsidies. As discussed previously, the net welfare effects of the tax
reform depends on allocative gains in labor and product markets and direct losses in
labor income stemming from taxation.

The model-implied changes in welfare, relative to the initial counterfactual trade
equilibrium, are displayed in Table 1.9. The results suggest that imperfect compe-
tition in labor markets creates significant distortions that undermine the gains from
trade for workers. Relative to the trade counterfactual, the tax reform increases
worker welfare on average by 6 percent. The gains associated with improved market
allocations, therefore, outweigh potential wage losses stemming from taxation.

The remaining columns in Table 1.9 give further insights into the channels through
which these gains materialize. Relative to the initial counterfactual allocation, the tax
reform reduces the profit share in income by 17 percent. The tax reform redistributes
national income from firms to workers, which reflects that firms produce at more
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Table 1.9: Effect of a Tax Reform on Counterfactual Changes from Trade

Change to Trade

Outcome Counterfactual (%)
Worker Welfare ElogU

Low Skill +7

Medium Skill 46

High Skill +5
Profit Share of Income Iy -17
Share of Exporting Firms +3
Overall Wage Inequality Var (log W) -0.3
Within Group Inequality sd (log W)

Low Skill -0.5

Medium Skill -0.3

High Skill -0.3
Between Group Inequality log W, /Wy

Low to Medium Skill +0.4

High to Low Skill +0.1

Notes: This table shows THE percentage change in the estimated effect of a tax reform relative to the trade

counterfactual. log W s denotes mean log wages across all workers belonging to group s.

efficient scale. The ratio of variable profits to total wage cost of a (domestic) firm

before the tax reform is given by:

L@ =Cr (1 . L) : (1.29)

where Wy = > ws ¢ (% %) is the previously defined wedge between average

and marginal cost. After the tax reform, this wedge reduces to Wf =D  Wsr (815__;’) )
The tax reform, therefore, increases the gains from trade for workers by reallocating
profits from workers to firms.

The tax reform also increases the share of exporting firms. The exercise thus

illustrates that imperfect competition in labor markets reduces the gains from trade
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Figure 1.6: Tax Induced Reallocation of High Skill Workers

—— After Tax Reform

—— Before Tax Reform

Firm Kernel Density

0.15 0.20 0.25 0.30 0.35
Employment Share of High Skill Workers

Notes: This figure displays simulated kernel density plots of firm-level employment shares of high skilled workers after
trade liberalization. Blue indicates the employment shares before the tax reform, while red indicates employment

shares after the tax reform.

through an extensive margin by reducing the number of firms that reach sufficient
scale to find it profitable to export.

The effects of the tax reform on labor market allocations reduce wage dispersion
within groups. Within-group inequality decreases for all groups under the tax reform.
Relative to the initial increase in inequality induced by trade, the tax reform decreases
within-group inequality on average by 20 percent across worker groups.

Between groups, wage inequality increases. This reflects that the sorting of high
skilled workers to large firms strengthens, which is illustrated in Figure 1.6 After the
tax, mass in the distribution of the employment share of skilled workers across firms
shifts from the left-tail into newly exporting firms.

In sum, wage inequality decreases after the tax reform, implying that the increase
in aggregate skill premia is offset by a more than proportional decrease in within-group
inequality.

To summarize, the results imply that imperfect competition in labor markets

affects the gains from trade for workers through at least three channels: The allocation
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of national income to profits and wages, the share of firms that export, and the sorting

of workers to firms.

1.6 Conclusion

The distributional consequences of trade liberalization is one of the most hotly-
debated issues of our time. In this chapter, I outline a hitherto neglected mechanism
through which international trade affects wage inequality. The key to this theoretical
mechanism is that larger firms pay higher wages and have higher employment for more
skilled workers, which induces wage inequality between firms for a given worker type,
and wage inequality within firms between worker types. As international trade costs
fall, more productive firms expand as they enter export markets, while less productive
firms contract in the domestic market, which increases the dispersion in employment
across firms. As contracting firms reduce their relative wage and employment for more
skilled workers, and expanding firms increase their relative wages and employment
for more skilled workers, this increases overall wage inequality through both higher
between and within-firm wage inequality.

To provide microfoundations for the observed differences in relative wages and
employment across firms of different sizes, I develop a theoretical model in which
firms operate a non-homothetic production technology and face an upward-sloping
labor supply function for each type of worker. The non-homotheticity in production
implies that firms of different sizes have different relative productivities and relative
demands for workers with different skills. Combining these differences in relative
demand for more and less-skilled workers with an upward-sloping supply function
for each type of worker induces the positive comovement between relative wages and

relative employment across firms of different sizes.
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To quantify the importance of this mechanism for the distributional consequences
of trade liberalization, I structurally estimate the model using matched employer-
employee data and a new method that separately identifies the elasticities of labor
demand and labor supply. I show that the estimated model can account for the
reduced-form patterns in the data not only qualitatively, but also quantitatively.
[ show that the model is successful in matching both targeted and non-targeted
moments, including the observed patterns of wage inequality both between and within
firms.

In counterfactuals, I show that this new mechanism is quantitatively relevant for
understanding the impact of trade on wage inequality. The changes in trade costs
implied by the observed data raise overall wage inequality by 4.2 percent, which
corresponds to 22 percent of the overall increase in wage inequality in Germany
during my sample period. I find that the imperfect competition introduced into the
labor market by upward-sloping labor supply curves leads to quantitatively relevant
distortions in the allocations of skilled and unskilled workers across firms of different
sizes. Implementing the optimal tax scheme to eliminate these distortions, decreases
wage inequality within skill groups by 20 percent, raises worker welfare by 6 percent

on average, and therefore increases the magnitude of the welfare gains of trade.
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Appendix

1.A Data Appendix

1.A.1 Data Overview

All data in this chapter is taken from the LIAB, a linked employer-employee data set
provided by the German Institute for Employment Research (IAB). The firm-level

variables used in this chapter include:

e Sales, as measured by overall revenues. Values before 2001 are reported in

Deutsche Mark and converted to EUR using an exchange rate of 1.95.
e Intermediate input share in sales.

e Value-added: Calculated using information on intermediate input shares and

sales.

e Exports: Export share in sales. Across all years, the overall export share in
sales is available. For selected years, this is broken down into sales in countries
added in the course of the EU 2004 expansion and sales in countries belonging

to the EURO monetary currency union.
e Industry affiliation.
e Land (Federal state), or Kreis (municipality)
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To calculate aggregates, I use the provided sampling weights.

The data on workers are drawn from a sample of administrative, social security
records in Germany It contains information on daily earnings, unemployment spells,
education (no high school, high school, technical university, university), training
(completed vocational training, university degree), gender, age, tenure at the firm
and occupation at the three-digit level. Throughout, I focus on full-time workers and
exclude trainees or voluntary workers from the sample.

An important limitation of the dataset is the top coding of wages. In particular,
about 9% of wages of the overall sample in each year are censored at the reporting
maximum. Therefore, I impute wages of top earners following the approach in Card
et al. (2013) and Dustmann et al. (2009). I estimate censored regressions for each
year and a total of 25 age-training cells, allowing the variance to differ within each
cell. For each year, censored wages are imputed as the sum of the predicted wage
and a random component, drawn from a normal distribution with mean zero and a
separate variance for each year-age-training group, obtained from the standard error
of the forecast for uncensored wages. This imputation procedure increases the mean
of log wages by about 0.03 and the standard deviation of log wages by about 0.05 in

each year.3!

1.A.2 Construction of Empirical Moments for Model Estima-
tion

To estimate the model, I construct the following empirical moments for manufacturing

firms

e Normalized distribution of log sales: Sales of establishments are normalized by

average sales of their sector of production. Both averages and the resulting firm

31For affected wages, wages on average increase by 0.5 with a standard deviation of 0.4. This
corresponds to an average increase of 10% over the reporting maximum.
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sales distribution are weighted using the sampling weights provided by the IAB

establishment panel.

e Wage distribution by worker types: Moments related to workers’ wages are
constructed by constructing wages W, ; at the worker group, and establishment
level. The provided establishment sampling weights are used to construct
aggregate wage distributions. To control for heterogeneity among that is not
captured by the model, W ; is defined as establishment-worker-group-year fixed
effect of a Mincer wage regression of individual log wages on worker observables
fixed effects for age groups, occupations, sectors of employment, federal state
that the employer is located in and years. Wages W ; are then used to construct
aggregate wage distributions, using the establishment panel weights provided

by the survey.

1.B Theoretical Appendix

1.B.1 Properties of the Non-Homothetic CES Functional Form

Following the exposition in Comin et al. (2017), consider the following generalization

of the production function in the main text:

> ol (ﬁ)(g% = 1. (1.30)

S

£i—

The production function in the main text is a special case for g5(Q) = @~ =

Thus, g;(Q) < 0 corresponds to the case where —== < 0, that is == > 0.

o—1

Lemma 1.1. If 0 > (<)1 and ¢.(Q) > (<)0, then Q(L) as implicitly defined by

(1.30) is strictly increasing and concave.
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Proof. Establishing monotonicity is straightforward. To show concavity, suppose for
the sake of a contradiction that there exist Q" and Q" such that @ = Q (aQ’ + (1 — @)Q")

is strictly smaller than both @’ and @Q"”. For the case ¢ > 1 and thus ¢.(Q) > 0,

_ 1/o L; L; o
L= 2,0 (O‘gs(g) (1_&)gs(g)>

+
o—1
_l_

/o i _ L; o
> 20 (O‘gs@') ((1 y @) 5 ")) .y
1o _ o—1)/o 1o ‘ o—1)/o
> oy, 6 <g.g<Lé'>> +(1-a)X, 6/ <gs(Lé">) ’

where in the first inequality we have used monotonicity of gs(.) and in the second we
have used the assumption that ¢ > 1. The last line implies a contradiction to the
initial assertion. For the case that o < 1,the inequalities are reversed, also implying

a contradiction. ]

This implies that =2 > 0 for all s are a sufficient condition to ensure that the
implicitly defined production function is strictly increasing and concave in all its

arguments.

1.B.2 Microfoundations for non-homothetic Production Func-

tions
Multinomial Choice with Scale Effects

Random utility models may microfound CES utility if an appropriate unobserved
underlying shock to preferences taking the form of a Frechet or logit distribution
is assumed (McFadden (1973)). Here, I demonstrate how this argument extends to
production in the context of a task-based theory of input choice.

A firm has to complete a unit interval of tasks j € [0,1] to produce a unit of
output. For each task s, the firm can hire a unit of time of a worker of type s € S at

wage ws to complete the specified task. The overall cost of having a task j completed
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by occupation s is assumed to be log-linear and is specified as follows:

5_1
logc(j,s,Q) = Ulogws —logei/a _ i

log @ + v; s, (1.31)

— 0

where v; ¢ is an idiosyncratic cost-shock that is assumed to be Frechet distributed

according to

G)=e*"" (1.32)

Minimizing cost for a given target level of output, the firm then chooses for each

task 7 a worker type s that can complete this task most effectively:

s*(j) = argminlogc (s, 7, Q)

The probability that a given worker type is chosen to complete task j therefore
depends directly on firm scale @ if ¢, # 4. An alternative interpretation is that the
nature of the tasks themselves change as firms grow larger, given that organizational
needs and production arrangements need to vary accordingly. The following result
confirms that the resulting cost function will be equivalent to the cost function implied

by the non-homothetic CES.

Proposition 1.6. The mized random cost task assignment model defined by the cost
functions (1.31) and Type-II Extreme Value distributed idiosyncratic cost shocks is
isomorphic to a non-homothetic CES model in which firms produce according to a non-
homothetic production technology with respect to output and elasticity of substitution

o between worker groups.

Proof. The proof is a straightforward application of the well-known Frechet algebra.
O
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Technology Choice

Here, I show that a non-homothetic CES production function can be derived from a
model of technology choice. Firms optimally choose technologies from a menu. Firms
trade off the fixed cost of adopting the technology against potential savings in variable
costs of production. Technologies might thereby vary in factor intensities and use, for
example, different proportions of high skilled workers.

For simplicity, I assume that firms only hire two types of workers of either high
or low skill. Firms choose a technology ¢ from a menu of technologies 7. Individual

technologies are characterized by their cost function:

T = {t € R, : TO(t,Q) = (fh(t) + Qq(t)) (a(t)w; ™" + (1 - a(t))w;—v)ﬁ} ,

where f denotes a fixed cost of production. Firms thus trade off fixed cost, as
governed by h(.) agains variable cost governed by ¢(.). Further, a (¢) governs the
relative technological advantage that high and low skill workers have across different
technologies. Conditional on a desired level of output ), firms choose t*(Q)) so as to

minimize total cost:
t"(Q) = mtin {TC(t,Q) - TC €T)}. (1.33)

Note that for o = 1 and h(t) = 1+ (n— 1) L=y, and g(t) = L= + =11 this
reduces to the production function in Bustos (2011a).

Under the condition that this problem has a unique solution, the optimal choice
reduces to a total cost function that is equivalent to the one uniquely associated

with the non-homothetic production structure. Given an optimal choice t*, the cost
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function can be written as:

TC(g,w) = (fh(t"(Q)) y Qu(t*(Q)) (ot (@)} + (1 - alt"(Q)))w} ) ==

=A(q)

—(a(@ul " +(1-a(Qut ") 17

Lemma 1.2. Assume that h(.),9(.), a(.) € C?. If (i) h(t) and g(t) are log-concave
and (ii) a(t) is log-convez if o > 1 and log-concave if o < 1, then VQ, there exists a

unique technlogy t*(Q) that solves the cost-minimization problem in equation (1.33).

Proof. The first-order condition with respect to ¢t implies that the optimal technology

choice t is characterized by:

J) 1 ¥
o6 1= ()

0=

where a(t) = fh(t)+Qg(t) and b(t) = a(t) (w; 7 — w;, ") 4w, 7. By the assumptions
stated in the lemma, the RHS is monotonously decreasing. By the Intermediate Value

Theorem, a unique solution to the firm’s optimal technology choice exists. O]

This implies that that cost can be written as:
l—0c l1—0o =
C (i, wp, Q) = A(Q) ((Q)w; ™ + (1 = (Q)) wy, ™) =7, (1.34)

where A(Q) = fh (t*(Q)) + 9q (t* (Q))

To derive the resulting production function, I use the fact that the cost function is
homogeneous of degree 1 in prices. Shephard’s lemma implies that the input demand
for type i € {H, L} is given by L; = %jj”@. These two facts allow us to write

labor demands:

L= A@Q) {1 —a(Q) +a(Q) (—) } (1.35)



and

L = () {<1—a<@>> () +a<@>} (136)
Combining both equalities gives:
1= A@Q [0(@L,7 +(1-a(Q) L7 ] (1.37)

(1.37) corresponds to the general functional form of the non-homothetic CES
derived in Sato (1975) which in turn generalizes the technology used in the main

text.

1.B.3 Derivations & Proofs

Consumption Problem

All workers i of a given skill type have Cobb-Douglas preferences over consumption
and jobs that take the following form:

1
Ui, f) =log C; +log Ay +

BEi’f, (138)

n
— n—1 n—1

n—1 n—1 n—1
where C; = <Zfe}' " cpi T+ (cf)”> is a CES consumption aggregator over
domestic and foreign varieties.

Workers supply one unit of labor inelastically to the firm that maximizes their

utility. This utility maximization problem can be solved in two steps. First, workers

maximize utility from consumption, subject to the following budget constraint:

prCf = Ws,f-
feF
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This yields the following demand schedule for domestic varieties:
Cf,i — gpn_lp;npn_IW&f.

Aggregated over all domestic individuals, this yields the demand schedules for workers

in the main text:

Dy (p,) =" p 1P (Z /f Ws,fls,fdf) .
s eF

The indirect utility of an individual worker working form firm f, in turn, can be

written as:

1
U(i, f) = log (Ws s /P) +1log Ay + —loge; ;.

S
In the second step, workers choose the job that maximizes their indirect utility.

This is described in the next section.

Logit Choice Probabilities

I derive the probability A, s that workers of skill type s chooses to work for firm f.
The idiosyncratic preferences ¢; ; over jobs are independently, identically distributed

extreme value with cumulative distribution function:

Following McFadden (1973), the probability that a worker chooses job f is given
by:
Piji = P(BslogWs s Ap+ €y > BslogW pApr + €1, V' # f)
= Plegs < o + B (logWep Ay — log WapAp) Vf 4 f)
Taking €; ; as given, this expression equals the cumulative distribution function for

each ¢; ; evaluated at €; f+ 5, (log Wy Ay — log Wi s/ Apr) . Since the preference shocks
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are independent, this cdf can be calculated for each ¢; ;:

_ _(Ei,f+ﬁ3<10gWs,fAf_IOgW,g’f/Af/))
il =T e .
['#f
The choice probability integrates this expression over all possible realizations of

€; f+[33 log Wg fAf log W yf,Af,)) d
7f7 e Eihf‘

F'#f

€ f-

Calculating this integral gives the choice probability for an individual worker:

ePslog Wi s Ay (W fAf)/J’s
slog W, w1 Ay
Sy P S W Ag)”

-Ps,f,i -

This choice probability is the same for all workers ¢ belonging to type s.

Derivation of the cost function

Throughout the derivation, I suppress amenities A.
The Lagrangean solving the firm’s cost minimization problem defined in equation

(1.11) is given by:

L= ZW l+)\<1—ZQl“ )

where it is understood that Wj (I,) is given by the inverse of labor supply given by
equation (1.9). The uniqueness of the solution follows from the fact that we are
minimizing a strictly convex objective over a convex set, given that the production

function is globally quasi-concave in labor inputs.
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Taking first-order conditions with respect to [, and solving for the multipliers on

the labor supply equations, we obtain:

1 -1 1 _1 .
Bot Ly 7= Lo,
B o

dlog[l

Tioe is the elasticity of labor supply. The wage bill share of skill group

where (3, =

s is given by:

B W.l, Bs Q%lgT_lQ%
e Wele 5 Ol Q%

85-1—1 s'"s!

N

By the envelope theorem, marginal cost are given by:

55 es—c Eg — O
:—AQZQZ —.

Solve for the multiplier A and substitute this term into the first-order condition to

obtain the expression for wages given in the main text:

) 0Tl T O™
g MC(@) UIQE

W, =

) —0 *
Eg—0

To derive marginal cost, multiply both sides of this expression by [, and sum over all

s to obtain total labor cost C'(Q):

) MQ Rl
Zs’ Qg/ S/U QSTETL;U

5/7063—0 Q = £s—0a
Zﬁs’ -0 C(Q) (ZBS 0zl Q")
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Rearrange to solve for marginal cost:

1 o—1 e j—0
C Q;lT scf Eg — O
s o 59 — 0
s/ ngHQ l Q v
1 o—1 P
. . . Q51,7 Q o _ Bs+1
Using the expression for wage bill shares, note that T — = wsTg

Zq Bs +1Q l s 7 Q
Plug this back into the above expression to derive the expression for marginal cost

given in the main text:

MC Z ﬂs"i_lgs_a

Bs 1—0"

It is immediately evident that total cost are increasing if =2 > 0. Lastly, note that
using the first-order condition for wages and the constraint posed by the production

technology, the multiplier A equals:

Bs +1 0—1
Z(WSZS 7 >_>\ -

s

Therefore, an alternative expression for wages that will be handy in the next proof is

given by:

Bs+1
W, = 5S+1{ZW1 7 }Ql QY (1.39)

Convexity of Marginal Cost

Proposition 1.7. Suppose 511—_;’% > 1. If 0 < 1, then (variable) cost are convex. If
o > 1,then cost are convex if there exists a worker type s € S such that for all s # s,

c.>eu and ss o Bs+1 T Uﬁ/Jrl 32
s s

—o Bs — 1— By
s Bstles—o
Proof. Define 0, = %. Define the wage bill share of worker group s by ws.
The the elasticity of cost with respect to output equals: %gg” =>  ws(1+0) 85?@% =
32If 0 > 1, a sufficient condition for locally convex marginal cost is given by: Vs, % > ws,

where w, denotes the wage-bill share of worker type s.
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Yo Ws Z 6+1 £=7. The first equality follows from 1.39. The superelasticity of total cost

with respect to output is given by

9?1log C(Q) S (Eﬂog Wil,  dlog O(Q))
dlogQ? s 0log Q) dlog Q)

Assumption 1.3.2 implies that ws%gﬁ—’; > 0 and thus a sufficient condition for

increasing superelasticity of marginal cost is given by:

OlogW, s+ 1es— 0 0log W, 2
208 g 1~ (20 W i) >

This condition can be restated as:

OlogWs Bs+1es—0 0log W Bs+1les—o
gws(l_‘_ﬁs) 9logQ s 1_U_<¥ws(1+ﬁs) 810gQ) (;Ws 3, 1_(7) >0
(1.40)

This condition can be understood as a restriction on the covariance between labor

supply elasticity adjusted wage growth and increases in cost:

(1.41)

1 1 _
Cov,, {(1+55)a ogW, 1+5¢s 0} > 0.

dlogQ’ By 1—o0

This condition will be satisfied if ¢, and [, are sufficiently negatively correlated -
that is, if workers that are more productive are on average harder to hire.
Finally, I show marginal costs are increasing under the conditions stated in the

proposition. Consider the elasticity of marginal cost with respect to output:

dlog MC (Q) 0logC(Q) N 0*log C

dlogQ  0logQ 0log Q%
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Using the above derivations, this can be rewritten as follows:

s Es—0 dlo s
dlog MC (Q) — 14 EwsHﬁ -0 {(1 + Ps) alfgvg }
dlogQ ZW{MJ} ’

Bs 1—0o

A sufficient condition for increasing marginal cost is given by:

Zws{lgfsgf__a (1+8s) (910gg } > Zw{ﬂﬁﬂi__;} (1.42)

The elasticity of wages equals:

0log W Wklkgk 8log Wk BS +les—0 &4
1 _2
dlog Q ,Bs—i-a z;(ZlVVlllﬂ (Be + ) Z Bs 1—o0o +o

Ws

Let a, = aal‘fg W The wage elasticities then can be written as the following system
of equations:

Aa = ¢,

where the matrix A is given by:

_%—wl(ﬂrﬁl) —(Ba+ 1Dy ... —(Bs+ 1) &g
63#_@2(14‘52)

—(B1+ 1)@ Iste — 05 (1+ Bs) |

If ﬂ# — ws (1 + Bs) > 0 for all s, then Gershgorin’s circle theorem implies that
A is a M-matrix, and thus that a >> 0. If %%g‘gg > 0 for all worker types, then

condition (1.42) holds under the parametric restrictions stated in the proposition.
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6s+0' _
g

For o < 1, Ws (1 + Bs) > 0 since w; < 1,and thus, marginal cost are increasing

globally under the conditions stated in the proposition.

For o > 1, note that since MC(Q) = > ws (14 5s) dalffgvgs > 0, there exists at

least one s such that alog% > (0. Without loss of generality, let s = 1 be that

810g Wi >

worker group. Since marginal cost are positive, we know that: w; (1 + (1) 9log Q

— > e Wi (14 Br) 5 alog W’“ . This is equivalent to:

8logW1 (ﬁl—l—oalong 53—51)
; - wp(1+ + :
) iogq >~ 2 A G5 B0 * it

The increase in the wage by worker group 1 can be bound as:

Olog W 1
a?ngl{ 1+ 51) +Zwk +6k U)} >k2#wkﬁ:+ﬁg (61 —en)

0dlog Wy
dlog Q

Next, turning again to equation (1.42), we can apply similar steps to isolate

and write the condition for increasing marginal cost as the following inequality:

1+ﬂk Ep—0 1
) l1—0o
1+,61 51 o 1}

(B
( —o ) (1.43)
(5=

dlo, (1
;@3{m0+ﬂn+z#s G

(1+8
> D ke Wh Bwi) (1 —&s)

—0o
0_1}

There exist two possibilities. Either, the term on the right-hand side is negative, in

which case the inequality holds as %Ef_—_; > 1. If the terms on the RHS are negative,

in other words, if wages were decreasing for all other worker groups, then given that

148y e —0o 1
the proposition implies that w < 1. Given that we can bound the wage
B1 l—0o

growth by worker group 1, we have that the inequality must hold and therefore have

shown a sufficient condition for increasing marginal cost if o > 1. [

0]



Proof of Propositionl1.3

Proof. To show concavity of the profit function, consider the second derivative of

operating profits with respect to output @ :

O*m (¢, A)

T - _ (nn—_zl) Q~/n1 ((gpy)% po=1/n (@Y*)%> _ OMC(Q, A)

oQ

<0,

since 17 > 1 and marginal cost are convex.

The profit function is given by:
]
T (o, A) = (#MC (@Q, A)) (YP" '+ 1x77Y") = C(Q, A) — 1xFx.

Cost and marginal cost are not directly affected by ¢, and thus  (p, A) is increas-
ing in . Marginal cost and cost are decreasing in amenities A, implying that 7 (¢, A)
is increasing in A.

If there is no international trade, that is if P* = Y* = 0, the fixed point theorems
in Kennan (2001b) apply and imply a fixed point exists. Consider now the case where
P* >0, Y*>0. Using the CES demand structure, the fixed point can be written
as a system of equations in quantities, prices, and the aggregate price index.

1
1-n

fi(p:Q.P) =P~ ( /f _epy "+ (P*>1">

fie(0:Q. P) = i — (Qul{" + (rQrn) ") /7 (Y P4 ),

-----

P*Y* > 0, f(0) < 0 and limy_,o f (Ax) > 0. The intermediate value theorem

thus implies the existence of a fixed point. To prove uniqueness, I show that gross

substitution holds. aijgy = 0, for all z # y. Also, a‘;if;’b = 821233 = 0. Lastly,
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% = 17;—1]3”_2%@;;/"71 > 0 for i € {H, F'}. Therefore, gross substitution holds,

and standard arguments imply that a unique fixed point exists. O

Proof of Proposition 1.4

Proof. The relative change in wages in response to a change in trade cost can be

expressed as:

dlogWs () _dlogWy (p) _ 1 (dlogls(p) dlogly (9)) (es—ev) dlogQ(y)
dlog T dlogr o dlogT dlog T o dlog T

(1.44)
To show the first statement, assume that §;, = [ and €, = . In this case, the
relative change in wages for two skill groups s and s depend only on aggregate

outcomes common to all firms:

dlog W (¢)  dlogWy () 1 (dlog As,  dlog AS/)

dlog T dlog T :_0+6 dlogT dlog T

Therefore within-firm wage inequality changes proportionally across all firms.
To show the second statement, assume that labor markets are equally competitive,
that is 8; = . Using the expression for labor supply, we can then express the relative

pass-through of a trade shock as:

dlog Wi (p) dlog Wy (¢) 1 (_ <d10gAs B dlogAsx) A )dlogQ(gp))

dlog T dlog T :a+6 dlog T dlog T dlog T

(1.45)

For firms that see an increase in market size, (flll((’)—gQ > 0, employees with larger
g T

technological scale complementary will, therefore, see larger relative wage gains.
To show the third statement, consider now the case where 5, = €y. Heterogeneous

changes in firm-level wage premia across firms now reflect differences in labor supply

7



elasticities:

dlogWs(¢)  dlogWy(p) 1 ﬁ dlogW, B ldlogWS/ dlog Q(¢)
dlog T dlog T - o S dlog Q s dlog Q dlog T (1 46)
1 (dlogAs _ dlogAy )
o dlog T dlog T

A lower labor supply elasticity B, in the labor market will put larger upward
pressure on wages at firms that grow in scale in response to a change in trade cost. [
Proof of Proposition 1.5

Proof. In a competitive labor market, firms act as wage takers and wages equal the

marginal revenue product of labor, that is:

W, ;= MRPL,,. (1.47)

In the following, I drop the dependency of cost and wages on amenities from the
algebraic expressions. Following the steps from the previous derivation of the cost

function, marginal costs are given by:

l1—0

MO Q) = ggws ( ‘“), (1.43)

where w, denotes the labor cost share of worker group s in the competitive allocation.
Showing that the proposed tax policy achieves the same worker allocation with
competitive labor markets is equivalent to showing that labor demand and cost
correspond to (1.47) and (1.48) respectively.

Under the proposed tax reform, firms pay a fraction 1—7; of the wage bill while the
government subsidizes the remainder. The first-order condition for a firm’s optimal

employment of worker type s then becomes:
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Bs
Bs+1

(1—7) Wy = MRPL,.

If 7, = ﬁ, labor demand is equal to equation (1.47).

I now show that marginal costs are equivalent to those of a firm that sets wages

equal to the marginal revenue product of labor. The gross wage-bill share is given by

1 o—-1 c4—0¢

Wy = QEZL Ug;cf . Marginal costs are, by the envelope theorem, given by:
S Q5l,7 QT
1 e Es— O
MC(Q)=-A=> Q71,7 Q77 . (1.49)
@4
5" nee
Wages can be expressed as: W, = MC(Q) Q71 79 — and total cost are

1 o1 o 2 €l — 7
Q ZS/ Qs’ ls/ Q 7 l—0o

1 o—1 <, o

given by C(Q) = >, (1 —7) Wily, = QMC(Q) 2. Ti,)?fgl‘;,? “—. This can be

s e.1—

rearranged as follows:

> (1 —QTS) Wil Zwsisf_—ga = MC(Q) (1 - Zw578> : (1.50)

Noting that (1 — ) wsTs) = D> ws (1 —7) = %, marginal cost are there-

fore given by MC(Q) = :% >ws (5=2).

Consequently, marginal costs are equivalent to the competitive case that is char-
acterized by equation (1.48). Finally, the labor allocation is not distorted, given
that non-progressive income taxes enter log-additively into workers’ optimal choice of
employment. As a result, the allocation of workers to firms and output in the equi-

librium with labor market frictions equals that of the equilibrium with competitive

labor markets, where wage differences reflect compensating differentials only. O
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1.B.4 Theoretical Extensions

Upward Sloping Labor Supply Curves in a Model of Directed Search

While the model presented in the main text microfounds upward-sloping labor supply
curves by means of idiosyncratic employment preference shocks to individual workers,
another microfoundation is given by standard search models, as in Burdett and
Mortensen (1998).

Labor markets are segregated by worker type s and the mass of workers of type
s is given by Ls. Workers have linear indirect utility in income. Unemployed workers
search for employment, receiving wage offers at Poisson rate A;. Workers can choose
to accept a wage offer, in which case they work for their chosen employer until the
match is terminated, which happens at exogenous Poisson rate y;.

This setting gives rise to upward-sloping labor supply curves. The following
proposition shows that the labor supply elasticity, albeit not constant, is closely
related to the elasticity in the main text if the underlying source of heterogeneity

across firms is drawn from a Pareto distribution.

Proposition 1.8. Assume that the underlying firm productivity distribution is Pareto
with shape parameter p. Denoting labor supply by Ly (W ¢) ;we have that the elasticity

of labor supply to an individual firm f with respect to wages is given by

dlog W, PN (L= F, (W, 1))

)

dlog £, (Wyy) _,  As/xs (1= Fs (Way))
f

where F(.) is the equilibrium distribution of wages.

Proof. In this set-up, the steady state mass of workers L, that accept jobs at a firm

posting wages WW; ¢ can be shown to equal:

As/Xs
Lo[14+ \/xs (1= Fy (W )]
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where F; (W) is the share of firms that offers wages less than W ; in equilibrium.
The labor supply function in equation (1.51) thus displays similar behavior to the
expression for labor supply presented in the main text. In particular, firms that offer
higher wages attract more workers, and upward shifts in the wages offered by all
other firms decrease the labor supply to firm f. Further, the distribution of wages is
a sufficient statistic for the labor supply to the firm.

Ignoring issues of differentiability, the elasticity of a firm’s labor supply takes the

following form:

OFs (W, r)

dlogWiyp  (1+As/xs (1= Fs (Wey)))
If firms are only heterogeneous in productivity, then the wage offer distribution inher-
its the shape of the underlying productivity distribution, as wages are monotonous in
productivity. If productivity is drawn from the Pareto distribution, that is F (W f) =

p
1-— (%) , then in equilibrium, the above expression simplifies to:

dlogL, _, M/Xap (¢
i

) (- E W)
oY T = R W)

Extension: Heterogeneous Ability within Worker Types

The baseline model assumes that workers of a given type s are homogeneous inputs
in production. As a consequence, wages in the baseline model are pinned down at the
level of worker types and firms. In this section, I show that the framework readily
extends to allow for variation in wages at the level of individual workers and firms,

while still preserving the key implications displayed in the main text.
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To this end, I allow for exogenous differences in labor efficiency units - or ability
- across workers 7, denoted e;.

Firms production technologies are as described in Section 1.3, however labor inputs
are now aggregates of efficiency units. Denoting by Z, ; the set of workers of type s

employed at firm f, labor inputs are now given by:

Iy = / e;di. (1.52)
Z‘EISJ

Firms’™ wages reflect efficiency wages w; 5 = e;W, s that closely resemble the
wages in the main text, adjusted for efficiency units.

The total number of workers of worker type s is given by Lg, while the (type-
specific) distribution of efficiency units is denoted by Fs(e). Workers still receive
idiosyncratic preference shocks and choose their optimal employer, subject to being
eligible to their rejection cutoffs. As a result, the total number of efficiency units

supplied to a firm posting a wage W ; and non-wage amenities a,, is now given by:

ls s :Lsas,fwf; / eP Ale) 1 dF,(e). (1.53)

Es

and Ag(e) = f@, a5, (€W, )™ is a measure of aggregate demand for worker type
s that is similar to the one given in the main text.
To pin down wages, we can solve for the cost minimization problem of the firm,
as in the main text. In particular, the problem can now be written:
J— 3 1+6s A -1
TC(Q) = wnfngnf Z W, ;LA fAT
o=l X (%)
subject to 1 =3, QYl,7 @/~ and A, = [ €PN e)dFy(e).
Following similar steps as in Appendix 1.B, it is simple proof the following propo-

sition, which generalizes the results in Proposition 1.2 to the current setting:

82



Proposition 1.9. The following structural expression gives wages:

log W s, = log ejws 5 = Xs + M, %s + N, Apa + Mg Af1 + Vi (1.54)

If Bs = B and €5 = €, wages are log-additive in a worker fized effect, worker type

fized effect and firm fived effect:
10g UNJLS’f = Xs + % + )\f + Vfs- (155)
Proof. The first order condition pinning down wages w; , is given by:
Bs o—1 %

1 eEs—0
W= Qels Q7 .
f bs+1 o @

The earnings of employee ¢ with efficiency unit e; are then given by

R B o—1 _1 es—0c
6,8, f — i lsa 7 )\ .
Wit 53"‘16 o Qf /

Solving for s and rearranging yields the following expression for efficiency wages:

1
. o Qs Bs (LSAS f>_° o Es— O o
log w; = lo — + loge;+— 1o + log A¢.
& Wis.f U+ﬁs g(ﬁs"i_l A U+Bs 8 U""Bs ng U+Bs 8

]

The proposition shows that the model, under the same conditions as stated in
Proposition 1.2, rationalizes a reduced form model for wages that is log-additive in

individual worker and firm type fixed effects.
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Multilateral Wage Bargaining and Convex Vacancy Posting Cost

The model in the main text employs a simple model of monopsonistic competition in
labor markets to generate wage differences for similar workers across firms. Here,
[ show that the key implications of the model for wage outcomes are robust to
alternative assumptions on the structure of labor markets and are not dependent
on the type of competition that is assumed in product markets.

Labor markets are segregated by worker type s € §. Workers match randomly
with firms. Upon matching, firms multilaterally bargain with all worker types over
wages. Let (35 denote the bargaining weight of worker group s,while the outside option
of a worker of type s is equal to W,. The cost of posting V vacancies equals V7 per
unit of time, the (equilibrium) probability of being matched with workers - taken as
given by firms - is ¢, and the job desctruction rate is ys.

As shown in Stole and Zwiebel (1996), wages are described by a set of differential

equations. Suppressing firm subscripts, wages {W,}, ¢ solve:

Wo(L) = (1= B)W,+ 8 (MRPL, - X L95) | vs€s. (1.56)

where L = [L,] s and M RPL, is the marginal revenue product of workers of type
s. The solution to this set of differential equations can be derived from minimally
adjusting the results in Cahuc et al. (2008).

The following proposition shows that this alternative model gives rise to near
equivalent structural expressions for wages. It also highlights that labor supply elas-
ticities are closely related to inverse measures of the convexity of iso-elastic vacancy

cost, as shown for simple cases in Manning (2011).

Proposition 1.10. Assume that outside options are equal to zero for all worker types,

that is Vs, W, = 0. A model with multilateral bargaining, random search and convex
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vacancy posting cost then implies the following structural expression for wages:

logWep = as+ = (7 +U>long—i— (v +U)log (Pffo 5z e e (LA, (z))dz)

— Qs+ Ne 1, p + Ny 2,y
(1.57)

155

and 1y = 2. A;(2) is a S x S diagonal matriz

|
where v, = - 1, a, = 7 -

BJ 1 ﬂt
with entries a;; = z'~% % and P, is the equilibrium price that firm ¢ charges in
1
o-1qo
equilibrium. G4 denotes the function G4 = — Q:S

Y7L QT g

Proof. The result will follow from the following lemma. O

Lemma 1.3. Under non-homothetic technologies given in equation (1.4), wages in

the multilateral bargaining model are given by:

1 1 1-B8s 1
W, =(1—B,) W, +PQ%I " / 2 oGy (LA; (2))dz, (1.58)
0

Bi 1-8;
where A;(z) is a S x S diagonal matriz with entries a;; = z'~% % and P is the price

that firm f charges.

Proof. The result is a direct consequence of the result stated in appendix B.4. in
Cahuc et al. (2008), generalized to allow for non-competitive input markets. Denote
by F' the implicit production function defined by the non-homothetic CES. Imposing
that the p'th derivative of lﬁp) X MRPlg =P x ls al in continuous at zero and that
limy_0 Nw(N) = 0, replacing g—fs in Cahuc et al. (2008) by M RPL, and following

the steps of the proof implies that wages in equilibrium to satisfy

S8 Odlog F'
0log Ly

Wy =(1-8,) W, + P/ (LA;(2)) dz (1.59)

Taking derivatives and pulling out the term involving output @, and redefining

the remainding term to be equal to G gives the result stated in the lemma. O
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In steady-state, firm-level employment of each type s is equal to the ratio of match
and separation probabilities multiplied by the number of vacancies that a firm posts:
ly = V 2= Under convex vacancy posting cost, the optimal number of vacancies solves

the following first-order condition:

MRPL,=W,+ Y zs% o

where ¢y = 2. Following the same steps as in in Cahuc et al. (2008), labor demand

s{s

can be shown to solve:

/ SR (LA (2) de = W + 0l (1.60)

Assuming that outside options are normalized to zero, that is W, = 0, combining

equation (1.58) and equation (1.60), implies that labor demand equals:

e Tate
Bs o Gg (LA; (2)) dz) ;

_ (l_ﬁs) £ 1i16
ZS_( Ls e /oﬁsz

where 7, = vi — 1. Plugging this expression into the expression for wages, we

obtain the result.
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1.C Table and Figure Appendix

Table 1.10: The Effect of Firm Sales on Worker Wages by Skill Group

(1) (2) (3) (4) (5) (6)

Skill Group Sales Rev/L VA Sales Rev/L VA
1 0.016***  0.007 0.012 0.002  —0.008** —0.009*
(3.57)  (0.88)  (1.37)  (0.27)  (-2.45)  (-1.79)
2 0.021***  0.014* 0.017* 0.005 —0.004 —0.007
(4.73)  (1.72)  (1.94)  (0.78)  (=1.07) (—1.25)
3 0.024***  0.019**  0.020***  0.008 0.002 —0.003
(5.37)  (224)  (227)  (1.32)  (046)  (-0.63)
4 0.026***  0.022***  0.023***  0.012* 0.006* 0.001
(5.97) (2.66) (2.55) (1.76) (1.73) (-0.1)
5 0.028***  0.025***  0.025"**  0.015**  0.011*** 0.002
(6.48)  (3.06)  (2.81)  (2.24)  (3.11) (0.5)
6 0.030***  0.029***  0.027***  0.018***  0.017*** 0.006
(6.91)  (3.48)  (3.06)  (2.72)  (4.61)  (1.18)
7 0.033***  0.032***  0.029***  0.022***  0.022***  0.009*
(7.31)  (3.92)  (3.32)  (3.21)  (6.12)  (1.88)
8 0.036***  0.037*** 0.033*** 0.026***  0.029"**  0.014***
(8.24) (4.71) (3.77) (3.71) (7.68) (2.75)
9 0.041***  0.045***  0.038*** 0.032***  0.038***  0.020***
(9.87)  (5.51)  (4.24)  (4.51)  (9.92)  (4.13)
10 0.051***  0.060***  0.049***  0.042***  0.053***  0.03***

(10.45)  (7.58)  (5.26) (5.5) (12.02)  (8.19)

Within R? 0.32 0.33 0.33 0.31 0.31 0.31
Firm Controls v v v

Worker Controls v v v v v v
Industry FE v v v

Occupation FE N v v

Year FE v v v

Education FE v v v

Worker FE v v v
Firm FE v v v
Observations 5061226 5061226 5061226 6483778 6483778 4902074

Notes: This table presents the estimated relation between firm sales on individual worker wages across skill groups, as
in equation (1.1). Skill groups are defined in section 1.2. Firm controls: revenue share of intermediate inputs, average
skill intensity. Worker controls: age, gender, and nationality. Standard errors are clustered at the establishment level.
t-statistics are in parentheses. *** indicates significance at the 1%, ** at the 5% and * at the 10% level.
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Table 1.11: The Effect of Firm Size on Worker Wages Relative to the Mean Wage of
Their Employer by Skill Group

(1) (2) (3) (4) (5) (6)
Skill Group Sales Rev/L VA Sales Rev/L VA
1 —0.014***  —0.020*** —0.015*** —0.007* —0.012***  —0.006
(-13.36)  (-11.25)  (-12.92)  (-1.79)  (-14.8)  (-1.43)
2 —-0.011*** -0.014*** —0.011*** —0.007* —0.012*** —0.005
(-1045)  (-848)  (-10.28)  (-1.79)  (-12.2)  (-1.41)
3 —0.008***  —0.009***  —0.005*** —0.007* —0.012***  —0.005
(-7.69) (-6.04) (-7.54)  (-1.80)  (-12.2)  (-1.40)
4 —0.005**  —0.006***  —0.006** —0.006* —0.011*** —0.005
(-5.44) (-3.88) (-5.31)  (-1.78)  (-11.4)  (-1.39)
5 —0.003***  —0.003*  —0.003*** —0.006* —0.011*** —0.005
(-3.09) (-1.79) (2.99)  (-1.71)  (-10.7)  (-1.35)
6 —0.001 0.001 —0.001 —0.006 —0.010"**  —0.005
(-0.83) (0.24) (0.69) (-1.59) (-9.77) (-1.28)
7 0.002 0.004** 0.002 —0.0056  —0.009***  —0.004
(1.38) (2.30) (1.58) (-1.39)  (-8.29)  (-1.11)
8 0.005** 0.009*** 0.005** —0.004 —0.07*** —0.003
(4.51) (5.48) (4.92)  (-1.08)  (-6.68)  (-0.72)
9 0.009*** 0.002*** 0.009*** —0.002 —0.003***  —0.00
(8.12) (9.18) (8.77) (-0.44) (-2.75) (-0.01)
10 0.018*** 0.029*** 0.018*** 0.004 0.01*** 0.01*
(13.70) (15.72) (14.77)  (1.13) (2.7) (1.7)
Within R? 0.22 0.23 0.22 0.06 0.06 0.05
Firm Controls v v v
Worker Controls v v v v v v
Industry FE v v v
Occupation FE v v v
Year FE v v v
Education FE v v v
Worker FE v v v
Firm FE v v v
Observations 5061226 5061226 5061226 6483788 6483788 4902074

Notes: Coefficient estimates of estimating equation (1.2). Firm control: Revenue share of
intermediate inputs. Worker controls include age, gender and nationality. Regressions (1) to (3)
include fixed effects for a worker’s occupation, sector of occupation, the federal state of residence, and
years. Standard errors are clustered at the establishment level, and t-statistics are in parentheses.
*** indicates significance at the 1%, ** at the 5% and * at the 10% level.
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Table 1.12: Workforce Composition and Firm Performance

Skill Intensity

Log Revenue 0857
(24.01)
Firm Controls v
Fixed Effects v
Within R? 0.11
Observations 69004

Notes: This table presents the regression results of projecting a firm’s skill-intensity, measured by the average wage

rank of its employees, on log revenues, firm controls, and fixed effects. Standard errors are displayed in parentheses

and clustered at the level of employers f. Fixed effects are included for sectors, federal states, and years. Firm controls

include the share of intermediate inputs in total revenues, the total number of workers, average employee age, the

share of female employees, and the share of german employees.

Table 1.13: Moments for Production Function Estimation

Moment Skill Group s Region
East West
O e S
(0.85) (5.96)
High 0.59** 0.95%**
(1.98) (5.97)
Cov[d 1og(v(lj/j;,[ifi 3{4;; ;i‘fjj;}t),dlog &rt] Low 3.76 —5.07
(0.53) (-6.6)
High 1.33 5.65"*
(0.98) (6.80)
First Stage F 24.3
Groupx Year x Lag Fixed Effect v
Observations 123,082

Notes: Estimated moments used for the estimation of the production function parameters. t-

statistics are displayed in paentheses. *** indicates significance at the 1%, ** at the 5% and * at the

10% level.
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Figure 1.7: Sorting: Employment Shares of Medium Skilled Workers in Blue, of Low
Skilled Workers in Red
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Notes: This figure plots model simulated employment distributions along the firm sales distribution on the left and

the empirical distribution on the right. Firm ranks correspond to quintiles of the firm sales distribution.

Table 1.14: Over-Identification Check: Returns to Skill and Firm Size

Wage Relative to Mean Firm Wage

Model Data
Log Sales x
Skill group L -0.04 -0.02
M -0.003 -0.001
H 0.05 0.02
sd(log Wy)
Model Data
Log Sales 0.01 0.01

Notes: The first panel displays the coefficient estimate 85 of estimating: log Wy ; — long = a+BslogSaless s +ey ;.
H, M, and L denote high, medium, and low skill worker groups. The estimation results reported from the data point
are based on individual worker observations and control for worker heterogeneity not captured by the model: Age,
gender, tenure, sector, occupation, education. The second panel displays the coefficient estimate 8 of estimating:
sd (log Wy s|f) = o+ BlogSalesy + vlog Ly, + €f. The estimation results reported from the data control for firm

heterogeneity that is not captured by the model: Sector and intermediate input share.
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Figure 1.8: Simulated Wage Distributions Across Exporting and Domestic Firms
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Notes: This figure displays simulated wage distributions by skill type and exporter status of a worker’s employers.
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Table 1.15: Detailed Counterfactual Effects of Trade on Wages

Change

Model Data, % Explained
Low Skill
sd(log W) 0.003 0.017 17
90-10 ratio 0.019 0.03 62
Medium Skill
sd(log W) 0.004 0.02 21
90-10 ratio 0.011 0.13 9
50-10 ratio 0.03 0.05 61
High Skill
sd(log W) 0.008 0.05 16
90-10 ratio 0.03 0.12 26
50-10 ratio 0.03 0.05 61
Mean Wage Differences
Between High and Medium Skill  0.01 0.029 32
Between Medium and Low Skill  -0.008 -0.031 24

Notes:This table displays a detailed breakdown of the counterfactual effects of trade liberalization on earnings

inequality in Germany between 1993-2002 and 2003-2014.

1.D Estimation Appendix

1.D.1 Production function estimation
Estimator Properties

The estimation approach leverages a classical minimum distance estimator. This is
natural, given that the estimation procedure first estimates regional pass-throughs of
firm-level demand shocks into relative employment and wages and then uses these
moments to a system of moment equations.

Denote by Bff é the coeflicient estimate of a two-stage IV regression of an outcome

X on a dependent variable Y instrumented by changes in é as a first stage. The set
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of moment condition in equation (1.24) can then be written as:
G (@,B) —0. (1.61)

For a weighting matrix W and set of estimates B , the minimum distance estimator

for the parameters of interest © then solves the following problem:

~

6 = argming (o, B)lwg (6.5). (1.62)

The estimate will thus solve the following first-order condition:

wg (6,8) =0, (1.63)
B is a consistent estimator of 5. Then the continuous mapping theorem implies
that © is a consistent estimator of the true underlying set of parameters, that is
6 -2 O. To construct standard errors, note that the estimates inherit any imprecision
stemming from the set of two-stage IV estimates B . To derive the variance-covariance
matrix, define a mapping H that maps the estimates of reduced form moments into
the structural parameters of interest by way of the first-order condition (1.63):
H [B, o (5) ;W] - WG (é,@) — 0. (1.64)
Denoting by P the total number of observations used to compute the moments [,
the asymptotic distribution of © can be derived by applying first the implicit function
theorem and then the Delta method. The asymptotic distribution of O is then given
by:
VP (2 _ 2) N (0, ﬁ’vﬁﬁ) , (1.65)
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~ A -1 A A
where H = (Hz [6, O; WD H, [ﬁ, O; Q} . Hy and H; denote multivariate deriva-
tives of % WG (©,5) with respect to © and 8 respectively. Vj denotes the
variance-covariance matrix of the estimates of 8. The standard errors of the parame-

ters depend directly on the variance-covariance structure obtained from the estimation

of 5.

Identification

Endogenous elasticity of labor supply to the firm The identification argument
laid out in Section 1.4.1 allows the elasticity of the elasticity of labor supply to be firm-
specific. However, it assumes that the elasticity to labor supply is exogenous to the
actions of the firm. However, in many models of monopsony, the elasticity of the labor
supply to the firm depends on the wage that it offers (e.g. Burdett and Mortensen
(1998), Manning (2011), Manning and Petrongolo (2017), Berger et al. (2019)). Here I
lay out sufficient conditions under which the estimation approach outlined in the main
text can be augmented to accommodate endogenous heterogeneity in labor supply to
the firm.

Counsider an (equilibrium) labor supply function £ (W, 2) to an individual firm
(omitting subscripts for skill types) and assume that £ is continuously differentiably.

W denotes the wage, and €2 denotes general equilibrium objects, such as wages paid

by all other firms and the stock of total workers. Denote g (W,Q) = gll(fggé, the
elasticity of labor supply to individual firms. Wages are be given by equation (1.12)
with labor supply elasticities being given by 5 (W, ).

The estimation approach outlined in the main text requires partial identification

of the parameters of the production function from a shock that is exogenous to

unobserved sources of heterogeneity in labor demand. If changes in the mark-down

on wages M () = 5(5%21 in response to the shock are estimable, partial identification

can be attained. Intuitively, changes in the mark-down term are estimable, if 5 (1)
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admits “sufficient statistics” in the sense of Chetty (2009). £ (W, Q) is said to admit

sufficient s tatistics, if there exist statistics t = (¢, ..., tx) such that
N
dlog 5 = a,,dlogW + Z anydlogt,.

n=1

Changes in the mark-down on wages can be written:

N
dm = dlog M (8) = (awdlogW + ZloéNdlogtn> (_—Bi 1) :
n= ) e’
~ ag

The covariance between changes in the mark-down and an exogenous shock ¢ can

be written:
Cov (dm,d¢) = E (dz) Cov <M, df) +FE (M) Cov (dz,d) + v,

where v = E [(M _E <M>> (dz — E(d2)) (6 — E (g))} .
If changes in £ are independent from initial levels in mark-downs M, then C'ov (M, df) =

0 and v = 0. Then the above expression simplifies to:
Cov (dm,d§) = E (M) Cov (dz, df) .
Identification requires that the following term is estimable, up to structural constants:
E(M,)Couv (dz,, d€) — E(My)Cov (dzy, d€) + (g5 — £4) dg.

If the statistics t = (1, ...,ty) can be observed, then Cov (dz,d€) is computable,

up to the constants ay,, (o). If B > 1, the last term in turn can be expanded:

E(M) - 1ib+ <1jb)2E(dz)+O(—(1ib)3),
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for some constant b. Thus partial identification to first-order is ensured.
Sufficient statistics are admitted in many models. An extension of the present
framework where firms internalize their effect on aggregate labor demand admits the

sufficient statistic ¢, 5 = %, as in Berger et al. (2019).
f/ s, ! S, ) !

Variation across regions A condition for full identification is that the system of

moment conditions is not collinear:

Cov, (dlog ({24 ) , dlogéy,)  Covy (dlog (£22) , dlogéy,)
Cov, (dlog (Qr) dlogéyy) ~ Cov (dlog (Qr) . dlogér,)

Using the structural expression for labor supplies, the equilibrium change in

relative labor supplies is given by:

Cov, (dlog (52¢) . dlogéyy) = A.Cov, (dlog (Wes,) . dlogé,)
—  By.Cov, <d log (W ), dlog éf,t>
+ Cov, <d log (As/Ay),dlog éf,t)

+ Cov, (d log (As,f/As ¢), dlog gf,t)

The effect operating through aggregate labor demand can be written as:

A Wi sls s W, s
Cov, (dlog(AS),dloggf,t) S s 0oV <dlog<As ) dlogfft>
fef Sf f 7f 7f

These terms will differ across regions so long as employment shares and shock
exposure, as measured by the covariance term on the RHS, are not perfectly correlated
across regions. As the empirical implementation uses a foreign demand shock, this
condition will be satisfied if, for example, the market wage bill shares of exporting
and domestic firms differ across both regions. Given the sizable structural differences
between former East and West German federal states, this is likely to be the case in

the data.
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The covariance between changes in a firm’s output and some structural shock is

given by, suppressing region subscripts:

2 TQF, dlog MCy, X 3
Cov (dlong,t,dloggf,t) = Cov( Gk (— Tkt —ndlogT + dlogY ),dlogfﬁt

g .
+Cov <Qf,t (_n% + dlog P”_lY) ,dlogff,t> :

Qr.t dlogéf’t

If the equilibrium distribution of export-shares in output TQQ—E? (over firms) differs
across regions, then Cov, (d log (Qr4) ,dlog ¢ f,t) will differ across regions.

To summarize, the set of partially identified parameters across regions will inform
the technological parameters if the regions differ in the characteristics of exporting

firms, export shares of firms, and/or the distribution of workers across firms.

1.D.2 Model Solution Algorithm

I first discretize the joint distribution of demand shifters ¢ and amenities A by cal-
culating nodes and their associated weights through a quadrature routine (qnwlogn)
that is supplies as part of both the “QuantEcon.jl” and “CompEcon.jlI” packages in
Julia.

The solution algorithm of the model is detailed below.
1. Guess the aggregate number of firms.
2. Guess aggregate income D = Labor Income + Profits - Fixed Cost

3. Loop: Solve for equilibrium in product and labor markets, given the guess for

D.

~1
a) Guess labor market tightness for all worker groups s : A, = WP df

i. Loop: Solve for price index P

A. Guess P.
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B. Given guesses for A,, D and P, solve for profit-maximizing wages,
labor demands and market entry decisions of firms.

C. Use the marginal costs obtained in step B. to calculate an updated
guess for the aggregate price index. Update guess for P until
convergence.

ii. Use wages from step ii. to update the guess on aggregate labor

demand. Update guess until convergence.

4. Use wages, profits, and market entry decisions obtained in step 2. to update
guess of income D. Update guess with step-size halfway between the old and

new guess and return to step 1. Repeat until convergence.

5. Given the implied expected profits, calculate the mass of entering firms. Update
the initial guess by taking a convex combination of initial and implied mass of

firms and return to step 1 until convergence.

1.D.3 Calibration Algorithm

To calibrate the model, define the loss function:

where M (©) is a vector that contains the simulated moments for parameter values
O, m denotes the vector of empirical target moments, and W is a weighting matrix.
I weight moments by the square of their inverse target value.

To find the set of parameters that best fits the target moments M (), I implement

the following algorithm.

1. Initialize guess for the parameter space. ag = [@O,@O}
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2. Evaluate the objective function at points given by a Sobol sequence with 500

elements through the parameter space.

3. Keep the guesses falling into the 30th percentile of Loss function evaluations
and update the guess of the parameter space through keeping the respective

highest and lowest values.
4. Return to step 2 and increase the number of elements in the Sobol sequence.
5. Repeat this procedure until convergence.

A Sobol sequence (Sobol (1967)) generates quasi-random numbers through A C R”
that fill the space of possibilities more evenly than pseudo-random numbers and
therefore allows for faster convergence of the algorithm. To implement the algorithm,

I use the “Sobol.jl” package in Julia.
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Chapter 2

Trade and Structural Transformation:
Assessing the Decline of U.S.

Manufacturing Employment

2.1 Introduction

In this chapter, we quantitatively investigate how trade affects a country’s structural
transformation. Structural change has been a robust feature of economic develop-
ment, significantly affecting the allocation of productive factors across sectors and
places. This structural transformation of economic activity affects a vast array of
outcomes, including relative factor returns such as the skill wage premium, and pat-
terns of international specialization. Further, this structural change affects how people
live and organize their lives as productive capacities shift from manufacturing-focused
production patterns towards the needs of a service-oriented economy. In this chapter,
we study quantitatively how international trade interacts with a country’s structural

transformation.
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The previous literature focusing on economic growth and structural change has
gone a long way in identifying and structurally assessing key drivers of secular trends
but has mainly focused on closed economy frameworks.! While the assumption of a
closed economy may have been appropriate for the larger part of the relevant time
series, seeing that trade volumes in both intermediate and final goods have nearly
tripled over the past 20 years suggests that a quantitative re-assessment is in order.
Indeed, a country’s ability to decouple its production patterns from its domestic
consumption needs may have become increasingly consequential for the recent decades
amid rising trade.

To motivate the potential role for international trade in understanding domestic
sectoral shifts in economic activity, we provide reduced-form evidence suggesting
that international trade accounts for about a third of the overall decline in the
manufacturing employment share from 1995 to 2011 in the United States. This
chapter seeks to understand quantitatively to what degree changes in trade frictions
have contributed to these trends. Further, recent decades have seen an increase in
the tradability of services. Services are traditionally assumed to be non-tradable,
mainly due to issues related to the precise classification of service activities or the
reliability /availability of the data. We make use of the fact that recent international
input-output tables allow tracking bilateral trade flows in goods as well as services,
and ask to which degree decreasing trade frictions in services interact with a country’s
pattern of structural change.

To give quantitative answers to these questions, we develop a new framework to
study the impact of international trade on structural change. To disentangle the
role of international trade from classical forces considered in the structural change
literature, we incorporate demand effects into our model, modeling intra-temporal

preferences across sectors following the Generalized CES formulation first put forward

1See for example Herrendorf et al. (2013) for a comprehensive review.
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by Hanoch (1975) and Sato (1975). As recently shown by Matsuyama (2015) and
Comin et al. (2017), this class of preferences will give rise to non-homothetic demand
curves. In contrast to the class of preferences used in Swiecki (2017), these preferences
allow us to separate the impact of income and price effects on a country’s structural
transformation. In contrast to the Stone-Geary formulation used, for example, in Uy
et al. (2013), our chosen class of preferences do not become homothetic in the limit,
allowing us to account for a wide variety of observed expenditure shares.

On the production side, we incorporate multi-sectoral production with input-
output linkages as in Caliendo and Parro (2015) into a quantitative framework of
international trade a la Eaton and Kortum (2002), allowing for multiple factors of
production, sector-varying factor intensities as well as sector-varying productivity
dispersion parameters. Accounting for both sector-biased technological growth as well
as varying factor intensities, thereby accounts for both Ricardian and Heckscher-Ohlin
forces of international trade. We fully estimate all relevant parameters in the model,
including the technological dispersion parameters, and provide first estimates for the
services sector.

Endogenizing the evolution of investment, we allow capital to be optimally chosen
within the model. Unlike Kortum et al. (2016), however, we are able to formulate
the competitive equilibrium of the model rather than the social planner’s problem,
owing to the fact that our modeling assumptions imply that whilst capital is chosen
optimally by forward-looking agents, investment is fully pinned down by the current-
period equilibrium. In contrast to Anderson et al. (2015), our setup also implies a
closed-form solution to the investment problem of the household, while still being able
to account for a rich multi-sectoral setup with intermediate input trade. However,
unlike Reyes-Heroles (2016), we do not endogenize external imbalances, which, as
shown in Reyes-Heroles (2018), is a quantitatively important channel for the effects

of international trade on structural transformation.

102



Our modeling choices preserve many desirable features of recent quantitative
models of international trade. In particular, we can fully solve our model in relative
changes, greatly reducing the data requirements for counterfactual exercises (Dekle
et al. (2007)). We provide restrictions on trade cost under which the existence and
uniqueness of the equilibrium is ensured. Specifically, our uniqueness proof establishes
a condition under which Gross Substitution for the implied excess factor demand
system holds. We provide a way to check this condition using only observables
numerically.

Further, we show that given preference and production function parameters, using
only data on expenditure shares, trade shares as well as factor compensation and
investment, the model can be uniquely inverted to yield the changes in technologies
and trade costs that rationalize observed allocations as an equilibrium of the model.?
We use the invertibility property of the model to calibrate trade costs and patterns
of comparative technological advantage for ten countries and five sectors from 1995
to 2011.

We use our fully estimated model to understand the role of changing trade frictions
for the recent decline in US manufacturing. Using our reduced-form benchmark of
trade accounting for a third of the loss in US manufacturing jobs, we use the model
to infer changes in trade costs for manufacturing goods that would counterfactually
save that many jobs, taking the estimated paths of technologies and trade costs as
given. We find that a yearly uniform increase over the observed change in trade
costs in manufacturing goods of 2.3% would have saved about 1.5 million jobs in the
manufacturing sector, while reducing aggregate welfare. Over the period from 1995
to 2011, this corresponds roughly to the global reduction in tariffs since 1995 brought
about by multilateral WTO agreements and lends further support to the hypothesis

that increased competition from, for example, China contributed significantly to the

2To do so, we require the assumption that the CES weights in demand are fixed.
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drop in US manufacturing.® We undertake the same exercise but asking instead
whether a change in trade frictions in services could have saved the equivalent of
1.5 million jobs over these 17 years. We find that a 5.5 percent decrease in trade
costs in services would have saved the same number of jobs in manufacturing as the
corresponding increase in manufacturing trade costs. Two forces are key to this result.
First, decreasing services trade costs reduce prices for services relative to manufac-
turing, which increases manucturing employment since services and manufacturing
are estimated to be complements.* Second, decreasing trade costs raise real income,
which increases employment in manufacturing sectors with high income elasticity. A
key finding of this chapter, therefore, is that trade in services has the potential to
interact with structural transformation in a perhaps surprising way.

We conclude by undertaking predictive exercises beyond our sample period, imply-
ing that in our baseline scenario, US manufacturing employment will decline another
0.7% in its share by 2023, or the equivalent of about 800.000 jobs. Decreasing trade
costs beyond the fitted trends similar to the changes that would have saved 1.5 million
US jobs between 1995 and 2011, we predict that this loss would be mitigated by about
fifty percent through the increased tradability of services. This finding leads us to
the perhaps surprising conclusion that one tool to revive manufacturing employment
in the future can be the reduction of trade costs in services. Increases in tariffs in the
manufacturing sector can have a similar effect, but likely at the expense of domestic
price levels and welfare.

The structure of this paper is as follows. Section 2.2 presents facts that motivate
our modeling choices and will guide our counterfactuals. Section 2.3 describes the
model in full detail. Section 2.4 discusses the estimation of all parameters relevant

for counterfactuals as well as the inversion that we undertake to recover trade costs

3Caliendo et al. (2019) focus specifically on the role of falling import trade costs from China.

4Similarly, Cravino and Sotelo (2019) find that manufacturing trade reduces the price of
manufacturing relative to services, which reduces manufacturing employment if services and
manufacturing are complements.
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Figure 2.1: Growth in Labor Compensation and Increased Trade in the US
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Notes: The left panel displays growth rates in labor cost in manufacturing and non-manufacturing
sectors. The right panel plots the value of US manufacturing imports. Data sources: World Input
Output Database.

and technological paths from the model. Section 2.5 presents the counterfactual and

prediction exercises and section 2.6 concludes.

2.2 Motivating Facts

The U.S. manufacturing employment compensation share fell by 31.5% between 1995
and 2007, corresponding to about 5 million jobs. Figure 2.1 depicts the relative growth
in labor cost for the manufacturing and non-manufacturing sector and illustrates the
decline in the labor compensation share of US manufacturing industries. The right
panel displays the growth in manufacturing imports over the same period.
Economists and politicians alike have proposed a host of explanations, including
increased import competition in output markets (Autor et al. (2013)), or changes
in the labor-cost share (Neiman and Karabarbounis (2014)). To motivate our work,
we start by conducting novel reduced-form decompositions of the relative decline

in US manufacturing employment. Simple accounting allows us to write total labor
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compensation in the manufacturing sector across its industries Sy in country , w, L},

as:

7 i L 7
wy, LYy, = E g, Y. , (2.1)
sMESM Labor share Gross Output

where aﬁ s denotes the labor cost-share in manufacturing sector sy, and y% denotes
gross output of industry s in country i. The following remark shows that the growth
of labor compensation in US manufacturing industries can be decomposed into a level,

a compositional, as well as a labor-cost-share effect.

Remark 2.1. The growth rate in labor compensation, g,r, denoting next period values

of variable x by 2’ and g, = % — 1, can to a first-order be decomposed as follows:

Ye
/ Ol =25
sy, ZS S kYl
Gur = ) YsGy, + Y T S (2.2)
S ke VY s %S
S—— ~~ 7N ~~
Level Labor-Cost Share Sector Composition

The first term captures a pure level effect: Part of changes in labor compensation
will be driven by the output growth in the sub-industries of the US manufacturing
sector. The second and third term capture the contribution of changes in the labor
cost-share as well as compositional effects within the manufacturing industry.

Further, the gross output of industry s in country ¢ is given by:

yo =Y "Dy,

n
where A" denotes the share of counry n’s total expenditure on sector s goods that
is sourced from country ¢, and D? denotes the gross value of country n's demand
for sector s goods. Using this, we can exactly decompose the growth rate of sectoral

output as follows:
9y =D oxp + 9oz (2.3)
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Figure 2.2: Decomposed Growth of the US Labor Compensation Share of Manufac-
turing

Demand
Trade

Composition

Labor Cost-Share

Error

2 4

o

-14 -12 -10 -8 -6 -4 -2
Change in %

Notes: This figure decomposes the change in the US manufacturing labor cost share between 1995
and 2011 according to equations (2.2) and (2.3). Data Sources: World Input Output Database,
KLEMS.

Armed with equations (2.2) and (2.3), we undertake an accounting exercise that
decomposes changes in the manufacturing labor compensation share into (1) changes
in the labor cost-share, (2) compositional effects, (3) changes in demand and (4)
changes in world market shares.?

Figure 2.2 displays the results of this decomposition: Losses in market shares
(trade) account for 9 percent of the total decrease of 31.6 percent in the manufacturing
employment share. In comparison, shifts in relative demand for manufacturing goods
decreased the labor compensation share of manufacturing by 13.2 percent. This
simple exercise suggests that accounting for changes in trade shares - absent in most
closed-economy models of structural change - is essential for understanding the recent

U.S. experience of structural change.

SWe use the World Input Output Database and KLEMS to implement these decompositions.
Please see section 2.4. for a detailed description of our data sources.

107



2.3 A Quantitative Model of Trade and Structural
Transformation

This section describes our structural framework and presents key results regarding the
existence and uniqueness of the dynamic equilibrium. We construct a multi-sectoral
model of trade suited for quantitatively studying the impact of trade on structural
change. Major drivers of models of structural change in closed economies — price
effects, income effects, dynamic capital paths — are explicitly modeled, as are both
technological and factor-driven motives for trade. Our framework thereby nests many
previous models in the literature as special cases while preserving the tractability of
recent quantitative trade models.

Time is discrete and indexed by ¢, an index we often omit for clarity of exposition.
There are N countries, indexed by indices n,l,k € N. In each country, the output
of S sectors, indexed by s,s” € S, can be either used as an intermediate input in the
production of other goods and services or for final consumption. Investment goods
are produced using goods from all other sectors. All sectors use both capital and

labor as primitive factors of production.®

2.3.1 Production

Sectors combine primary factors of production as well as intermediate inputs pur-
chased from other sectors to produce their final output, which can be used as an
intermediate input, consumption, or for the production of investment. We impose no
restrictions on the tradability of sectoral output. That is, all output can potentially
be traded internationally, in both goods and service sectors. Also, departing from

Caliendo and Parro (2015), we allow the model to account for differing trade shares

50Qur model easily generalizes to F factors of productions, plus capital.
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in intermediates and final goods by allowing trade costs to vary depending on what
kind of good is shipped.
Technology

A continuum of final good producers in each sector indexed by w employ factors and

intermediate goods to produce final goods according to a Cobb-Douglas technology:

197
v (@) = 2 (w) (@) R @) ) (H Mﬁswa?”) ,

where 7 denotes the labor share in value added, ¥} denotes the value added share
in production and «f,, denote the cost shares of sector s’ intermediate goods in the
production of sector s goods in country n. M/, in turn denotes an aggregate of sector
s intermediates used in the production in sector s in country n over the unit interval

of available intermediates in that sector and is given by:

1 P
M7 (w) = (/ mzs(w,w)uvldw) .
0

We follow Eaton-Kortum (2002) and model 2 (w) as a variety-specific productivity

draw from to a Frechet distribution:

We assume that efficiency draws are independent across goods and countries. As-
suming that markets are perfectly competitive, the price ¢(w) of sector s variety w

supplied to the domestic market is simply equal to the marginal cost of production.
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where g7 is is the cost of an input bundle in country n in sector s. This in turn can

be characterized as:

¢ =" ((wn)m(rn)lfﬁ:)ﬁ? (H( g,s)a?;‘/,s> . (2.4)

s/

Here, U” is a constant of technology parameters,”, w™ and 7™ respectively denote the
wage and rental rate in country n, and @7, is the price index of the composite of
intermediate goods shipped from sector s’ to s.%

Producers serve final-good consumers, other producers of final goods and services
as well as investment goods producers around the world. Trade across national
borders is assumed to be frictional. We assume that the trading costs that a good
incurs when crossing a border are different depending on whether it is shipped as an
intermediate, final, or investment good.® In particular, we denote by 7F" the trade
costs of shipping a final good in sector s from country k to n, and by 757 the trade
costs of shipping a sector s’ intermediate good from country & to sector s in country n.

Finally, 777

denotes the cost of shipping a sector s good intended for the production
of investment goods from country k to country n. All trade costs are assumed to
satisfy the triangle inequality.

Suppliers compete on world markets and thus the price of a consumer located

in country n, shopping for a variety w in sector s is the price set by the most-cost

effective producer and thus given by:

Pl (w) = min {7{"g(w)} .

Specifically, ¥ = (9757)"" % (07 (1= )" PO T, (1= wp)ag,) "

8We will characterize this price index, which will implicitly carry information about the entire
input-output network, in the next subsection.

9This assumption will allow us to rationalize the rich bilateral trade pattern across countries and
across final, intermediate and investment goods.
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Equivalently, the price actually paid for final goods used as intermediates for either

investment or production, denoted respectively p} (w) and ¢f,(w), are given by:

() = min {7F205(w)
and
() = min {74205}

We now turn to describing the production of investment goods used for the

accumulation of capital in each country.

Investment Goods

[nvestment goods in each country are produced by combining domestic final goods

according to the following Cobbb-Douglas production technology:

n

v =10 ] (vrs)™"

S

Where y7 , is a CES aggregate over final goods sourced from world markets, given

by:

n n v—1 Tz:l
y[,s = (/ql,s<w) v dw) .

Denoting by P7, the ideal price index of the aggregate bundles of final goods
from sector s used to produce in investment goods in country m, unit costs in the

investment goods sector can then be written as:

1 a”
@ = = 0 IT (e .. (2.5)
I S
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Having described the supply side setup of the model, we now turn to the description
of the demand side, spelling out preferences as well as the optimization problem that

consumers face.

2.3.2 The Demand Side - Workers and Investors

Each country is populated by an exogenously evolving mass L} of inhabitants. We
assume that a fraction y of them are workers, and a fraction 1 — y are investors.!?
Workers supply labor, while investors accumulate and rent capital to domestic firms.
The initial stock of capital in country n is denoted by K. Investors can purchase
investment goods for Py, to increase their capital stock according to the following

law of motion:

Kpy = (1 8)K7 + 17, (2.6)

where 0" is the depreciation rate of investors’ capital in country n. Agents take the
prices for the factors that they supply to the economy as given.

We model investors as a dynasty that jointly decides the optimal allocation of
aggregate capital and distributes the proceeds to all its members in order to max-
imize per-capita consumption over the lifetime of the dynasty. Preferences over

inter-temporal consumption bundles are assumed to take the following form:

CmK
lo )
ZM & ( Xt)Ln>

with p € (0,1) denoting the discount factor. Each worker, in turn, is endowed with

a unit of labor that is supplied inelastically at a wage wy'.

1°Tn line with some papers in the Public Finance literature — where investors are often called
capitalists, e.g. Judd (1985) or Chamley (1986) — we don’t allow workers to invest. As explained in
Moll (2014), this combined with log-utility for investors implies simple saving rate rules, and hence
renders a simple analytical solution to each country’s dynamic problem.
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Intra-temporal preferences are captured by the aggregate consumption index C}' g
for j € {L, K}. Specifically, we assume a nested demand system over the S sectors
of consumption goods. Following Comin et al. (2017), preferences over CZ;j take the

following generalization of the CES utility function:

n—1

1 Cn7] n
> (%) =1 (2.7)

seS Otnd 1=n

where C}' 7 is the implicitly defined aggregate consumption and C:f denotes sectoral
aggregate consumption. Note that we allow the sector-specific elasticity of income ¢,
to vary across sectors; this preserves the special case of a homothetic demand system
when ¢, is constant for all s. Moreover, we allow the shifters (; at the aggregate level
to be sector- but not country-specific, implying that technological differences will

drive differences in sectoral compositions across countries over time.'!

We impose
the empirically relevant case ¢, > 7 for all s and n < 1. Given this assumption, the
aggregate consumption index C" is increasing in income, as well as weakly increasing
and quasi-concave in all its arguments. Note, as well, that we are free to normalize
e = 1.

Each sector-specific consumption good C;f;fj is a CES aggregate over a continuum

of sector-specific varieties, consumed in amount ¢} (w):

Os
nj 1 n] os—1 os—1
s,;f = Cs,’t (Ld) o5 dw

0

In each period ¢, consumers in country n then maximize aggregate consumption

subject to the following budget constraint:

1
3 / P (@) (w) = B,
0

seS

HFor most of our empirical exercises, this assumption is innocuous as these shifters will be
absorbed in the empirical consumption expenditure shares.
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where pi!,(w) is the price of variety w of sector s in country n, and Ef’ 7 is the income
dedicated to consumption by a worker or a capitalist. The latter’s consumption
spending equals their income from capital less their spending on investment goods.
Workers disposable income equals the sum of their labor income and their share in
the countries trade deficit D}’. The trade deficit is assumed to be exogenous, and is
divided equally among all workers. Hence we can write:

Dy
xr LY,

L
Bt =up +

nrn n,I rn
Ky — Pl

EH,K — ’
! (1 —xp)Ly

where I} denotes the investment decision of the dynasty of investors. Note that we
define the relevant income to be in per-capita terms as income per capita is relevant
under a non-homothetic demand system while it carries the same implications as
using aggregate income in the homothetic case.

As is common with nested preference structures, the intra-temporal problem can

be solved in two stages. In the first stage, the consumer chooses the expenditure EZ;j

n?j

that is to be allocated to sector s goods. Then, given sectoral expenditures, E},

in the second stage final good expenditures within sector s are optimally chosen.
Investors, in addition to that have to solve a dynamic problem, which can be solved
in another stage: Investors first choose consumption and investment so as to allocate
resources across periods optimally. Taken this as given, they then solve the intra-
temporal allocation described above. In the second stage, given Eg;j , we obtain the

usual demand schedule for available varieties in sector s:

(p?,t(w)) o n.j

CZ;t(W) = (Pn )170.5 ERR)
s,t
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where the ideal consumption price index P!, in sector s and country n is:

Pee = (/01 (pro(w) dW> - : (2.9)

We now turn to the problem of choosing sector expenditure shares E;f’tj given the
price indices P, and consumption spending E} 7. All derivations can be found in the

appendix. The Marshallian demand for sectoral aggregates is given by:

. pr) " .
o™ = CS( s,t) (Enj) s

s - Eo— 210
)t (Ptn“]) s—N t ( )

P/ is the consumer price index of consumer j, and is given by:

1

P = (Z ¢ (epy= (P;?t)M) - : (2.11)

seS

where C}"’ is the aggregate consumption index of consumer j. C;"’ solves:

(B) = Do) () (212)

SES

Note how, owing to the assumed preference structure, aggregate income and
income per capita no longer affect aggregate demand in the same manner. For
instance, changing labor income per capita will shift expenditure shares from low-
to high-income elasticity goods. For the case of standard CES preferences, such
change will leave expenditure shares unchanged. We can express sectoral expenditure

shares as follows:

oI — Cs (O?j)srn (Psrft)lin
st T n.i\ €s! — —n "’
S G ()T (P )

(2.13)
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2.3.3 Equilibrium Characterization

We first derive the static equilibrium taking the endogenous current-period investment
decision as given. Therefore, we drop time indices for ease of notation and re-introduce

them for the dynamic part of the equilibrium.

Static part

To characterize the optimal behavior of both final and intermediate goods produc-
ers, we split the problem in two stages. In the first stage, we use the problem of
intermediate goods providers to characterize the marginal cost function of final good
producers. These cost functions will relate to final goods prices through the pricing

expressions given above.

Prices Our distributional assumptions regarding the productivity parameters of
producers across countries and sectors imply that we can follow steps similar to Eaton
and Kortum (2002) to characterize price indices and trade shares. In particular,
the production price index Q7. faced by producers in sector s, country n using

intermediates from sector s’ takes the following well-known form:

o\ Va=y)
where 6, is the sector-specific dispersion parameter, vy = (F (%#)) is

a constant, ®% . = >, Th(g,,7)~% is a country- and sector-specific technological

index, and ¢7 are unit costs given in expression (2.4).
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Analogously, our setup implies that the consumer price index for the final aggre-

gate consumption good in sector s in country n can be written as follows:

1/(1—0s)
pr— ( / pzw)”sdw)

1/60s
n
(I)Fs )

1/(1-0s)
where 6, is the sector-specific dispersion parameter, v, = (F (%%)) is a

E]

constant, 7 = >, T! (¢, 7!")~% is a country- and sector-specific technological index.

Finally, the price of investment goods can be shown to be equal to:

= i [ (7)™

where

. 1/(1-0s)
Py, = ( [ —Usdw)

~1/65

_’YISCI) 9

1/(1-v)
with 77 = (I‘ <—GSE*”>> and 7 = 3", Tl(qiT}”S)

Trade shares Our framework yields the usual straightforward characterization of
the relevant trade shares in intermediate, final goods as well as investment goods,
which in turn will facilitate the formulation of the equilibrium’s market clearing

conditions.
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In particular, the share of sector s’ goods used in the production of sector s in

country n originating from country [ can be written as:

In

in ]s’s

s's — 1n

]s
(.0 =l —0
Ts’(q’Tsn;s> o

Ié”s is the intermediate good expenditure of sector s in country n in sector s’

intermediates from country [, and I7 . are the total expenditures of that sector s

)8
from sector s'.
Similarly, for a given sector s and destination country n, the expenditure share
on final consumption goods sourced from country [ is given by:
Ty (qymy") "
> TE(gkrhm)=0

!

Ay =

Further, )\15 measures the fraction of sector s final goods shipped by country n
for investment purposes in country n and can be written:

Ti(drft) "
° Zk TH(qk skn)

)\1

Next, denote by F!' the total gross output of final goods in sector s - that is goods
either used for investment or consumption - in country n. F7' can be expressed in

terms of the world expenditure on these goods:

Fr = A (eb" (w'x' L'+ DY) + b (WK — PY)) + ) " MNLalh P (2.14)
leN leN

Next, denote by Z7' the total gross output goods produced for the purpose of further
usage as intermediate inputs in sector s in country n. This can be split into what

sector s in country n sells to final as final goods, 7y, and what it sells to produce
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other intermediate goods around the world Z?. The latter is given by:
TP =) ) (1= y)almly (Fy +I0) (2.15)
leN s'eS

Using these components, we can define the market-clearing income conditions for

labor and capital. For labor, we have:

w'x"L" =Y Bt (I) + FY) (2.16)
seS
For capital, we have:
rKT = (1= B (T + FY) (2.17)
seS

This concludes the description of the static equilibrium. Taking this as given, we can

characterize the optimal dynamic choices of investors in each country.

Dynamic part

Our assumptions regarding the inter-temporal preference structure, as well as the
assumption that investors only care about one asset, implies, as is a known result
pointed out in, for example, Lucas and Moll (2014), that the solution to the dynamic
problem of the dynasty results in simple saving rules. As we show in the appendix,
these policy rules imply that the aggregate capital stock in country n evolves according

to the following law of motion:
n T n n
Ky =n (P_tn +(1-0 )) Ki'. (2.18)
It

The solution to the investor’s problem implies that the growth rate of the capital

stock depends solely on the rental rate of capital and the price of investment goods
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in the current period. Thus, our setup implies that agents are optimally not forward-
looking and base investment decisions solely on the current state of the world. This
renders our model tractable, which has the additional advantage that establishing the
existence and uniqueness of static equilibria implies the existence and uniqueness of

a dynamic path.

Equilibrium definition

Putting all the pieces together, we are now in a position to define a competitive

equilibrium.

Definition 2.1. Given factor endowments {L?}f;\/,\/ and K, a competitive equilib-

rium is a sequence of wages and rents {w},r} ?§N, aggregate consumption indices
n,J Nje{L,K .

{C, ’]}::N TR and capital stocks {Kf}?&v such that consumers and firms solve

their optimization problems and markets for factors and goods clear.

2.3.4 Equilibrium properties

In this section, we discuss the properties of our equilibrium and derive conditions
under which the existence and uniqueness of a competitive equilibrium are ensured.

Our first proposition is that the model can be re-written "in changes,” despite
having non- standard preferences over sectoral goods as well as a dynamic capital
choice. To be more precise, a key feature of many recent quantitative models of
international trade and economic geography is that they allow the researcher to
solve for changes in endogenous variables after changing exogenous variables such
as technologies or trade costs (Dekle et al. (2007)). This feature is desirable as
it dramatically reduces the data requirements needed to undertake counterfactual
exercises. Instead of having to know trade costs or technologies in levels, knowing
changes in these variables is sufficient to study endogenous responses in reaction to

this change.
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Proposition 2.1. Given trade shares m, A\, A\j,investment I, expenditure shares e,
incomes wL,rK, the current period change in the capital stock, as well as data on
deficits, counterfactuals can be undertaken without having to know the underlying
elasticities o, v, the expenditure shifters ¢, the levels of technologies T, the levels of

trade cost T, or the levels of factors L, K.

All proofs are relegated to the appendix. Appendix 2.A displays the equations for
the model in changes.

Next, we demonstrate that the existence of the general equilibrium can be estab-
lished for any reasonable parametrization. Uniqueness for the dynamic equilibrium
is ensured once we have established uniqueness of the static equilibrium. How-
ever, the uniqueness of the static equilibrium is harder to establish for two reasons:
non-homothetictiy and the presence of production linkages. We present sufficient
conditions to deal with the former, while Allen et al. (2015b) provide conditions
sufficient to deal with the latter. These conditions might appear fairly restrictive,
but we will explain in detail why there are reasons to believe uniqueness is to be
expected nonetheless.

Assumption 2.1. All parameters except trade costs are greater than zero and

finite. Trade costs are larger than or equal to one.
Proposition 2.2. Under Assumption 2.1, a competitive equilibrium ezists.

Next, we provide sufficient conditions for uniqueness. As in Alvarez and Lucas
(2007b), the proofs provide sufficient conditions under which the excess-demand
functions for factors of production possess the Gross-Substitution (GS) property.
GS holds if raising a factor price in one country raises excess demands of all other
countries.

We first define simple cases of our economies for which uniqueness is easily ob-
tained. We then explain how sufficient conditions can be found that relax these

restrictions.
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Proposition 2.3. Suppose Assumption 2.1. holds, preferences are Cobb-Douglas,
and = 1. Then, there exists a finite T such that if %gsl > T, then the equilibrium is

UNLQUE.

This proposition provides the first proof for uniqueness for this class of models with
intermediate inputs in a general setting.'> The bound T can be computed numerically.
Intuitively, sufficiently high trade costs in intermediates avoid the following scenario:
An increase in factor prices in Germany might reduce excess demands in the US
if, due to intermediate input linkages, the input price increase reduces the overall
competitiveness of the US relative to Germany. Constant sectoral expenditure shares,
as implied by the Cobb-Douglas demand system, ensure that shifts in demand do not
counteract GS by undoing France’s gain in competitiveness driven by increases in a
factor price in Germany.

We now assume no intermediate input linkages and examine more general con-

sumer preferences.

Proposition 2.4. Suppose Assumption 2.1 holds, that there is no international trade,
and = 1. Then 30, such that if 6, > 0 for all s, then the competitive equilibrium
is unique. Further, 3n € (0, 1), such that if n € M, 1] ,the competitive equilibrium s

UNLQUE.

The conditions in the proposition ensure that the gains in competitiveness in
country m in response to an increase in factor prices in country n through international
trade dominate any potential losses in competitiveness from shifting sectoral goods
demands through changes in prices and income. Then, we can show that increase in

factor prices in one country will raise excess factor demands in every other country.

12 Allen et al. (2015b) provide other conditions for the same result by assuming enough symmetry
between countries’ trade costs and production functions, so that an increase in another country’s
costs of production changes the comparative advantage of every country in an uniform-enough way.
However, the imposed restrictions are clearly violated in the data, while ours in principle allow for
rich empirical patterns of trade costs and production technologies.
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Finally, we can combine both types of assumptions to guarantee the uniqueness
of an equilibrium in our general model. We also relax the assumption of constant
nominal investment — this can be easily dealt with by a sufficiently high discount

factor p.'3

Proposition 2.5. Suppose Assumption 2.1. holds. Then, there exist a finite T, a
n € (0,1) indpendent of T, and a sufficiently high i independent of T,ﬂ, such that if

=nl

™ >Tne [Q, 1] and p € [H’ 1} , the competitive equilibrium is unique.

Of course, this proposition is only interesting empirically to the extent that these
bounds can be computed as a function of certain observables and parameters. The

next proposition ensures that this is indeed the case.

n
587

Proposition 2.6. Suppose that production parameters o, V7, B2, preference parame-

ters u,m, €s, X, trade elasticity parameters 05, as well as the mazximum possible decrease

W Then, the bounds T and 7 can be numerically

i factor returns are all known.
computed as a function of observables. Moreover, one can directly verify a sufficient

condition for GS to hold globally.

The intuition is simple: Using the current equilibrium as well as knowledge about
the maximum dispersion in factor returns, we can use the fact that computing changes
in endogenous variables in our model generally does not require knowledge of levels
in technology and trade costs to bound the response in unit costs and prices to any
given shock. This, in turn, can be used to check a simple sufficient condition for
gross substitution of the excess factor demand system. In principle, this provides an

easily implementable way of checking a sufficient condition for uniqueness. It is useful

13Tn fact, we only need (1 —4)(1— u) to be sufficiently low. Intuitively, the reason we require that
is that nominal investment can decrease after a positive shock to foreign factor prices, due to higher
prices, and hence lower factor demand.

4That is, one needs to observe or estimate what could be the maximum wage or rent drop a
country could experience while staying consistent with equilibrium. For certain simple cases of our
models, these can be computed by hand. For the full model, where such computations are harder,
one can assume that the observed data is the equilibrium with the largest dispersion in factor returns.
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to remember that these conditions are only sufficient and potentially unnecessarily

restrictive.

2.4 Estimation

In order to be able to fit our model to the data and conduct counterfactual exer-

n
ss’

cises using our model, we estimate cost shares {aZ,,, 97, B}, preference parameters

{1,m,65,x} , as well as technology parameters {6,,T.", T}, 7F", 757, 7f%}. In this
section, we lay out our strategy to recover these parameters from the data, using
structural equations delivered by our model. We begin by giving a brief description

of the data used throughout the empirical exercises, before turning to each subset of

parameters.

2.4.1 Data & Aggregation of Sectors

Our main data source is the World Input Output Database, providing data on cross
bilateral trade flows in intermediates and final goods for 35 sectors and 40 major
countries as well as a Rest of the World, covering years 1995 to 2011. Where needed,
we supplement this data from the EUKlems Sectoral Productivity Database, the
World Klems Project as well as the Penn World Tables.

Trade in services captured by the data encompasses modes 1, 2, and 4, following
the General Agreement on Trade in Services (GATS). Mode 1 corresponds to cross-
border supply. Mode 2 captures service consumption abroad - a member of territory
A provides a service to a member of territory B within the borders of territory B.
Mode 4 also captures services that are delivered within the territory of the member,

with the difference that the supplier is present as a natural person.
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We calibrate the model to five sectors. Table 2.1 below summarizes our grouping
of sectors in the ISIC Rev. 3 2-digit classification into a primary sector, basic and
advanced manufacturing goods, as well as basic and advanced services.

Table 2.1: Sector Aggregation used in Empirical Exercises

Sector Classification ISIC Rev. 3 Sectors

1 Primary Sector Agriculture and Mining

Food, Textiles, Wood Products, Printing,
Rubber & Plastics Basic Metals

Petroleum & Nuclear Fuel, Chemicals,
3 Advanced Manufacturing  Electrical, Optical & Transport Equip-
ment

Construction, Wholesale & Retail Trade,
4 Basic Services Hotels, Restaurants, Inland & Water
Transport, Travel Agencies

2 Basic Manufacturing

Telecommunications, Financial Interme-
diation, Health, Real Estate, Renting of

5 Advanced Services Machinery & Equipment, Business Activ-
ities, Education, Public Administration &
Defence

The sector grouping is motivated by the empirical regularity that countries that
are more advanced in their development path tend to concentrate consumption ex-
penditure in those sectors that we associate with the label "Advanced." Meanwhile,
countries further behind on their development path tend to spend larger shares of

their income on the sectors labeled "Basic."

2.4.2 Estimation of Structural Parameters Required for Coun-

terfactuals

3 n n n n
Production cost shares {97, a7, 5}

ss’

Our assumptions regarding the functional forms of technologies allow us to read the

n
ss’

intermediate input costs shares {af,,,af } as well as value-added shares ¥} directly
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from the available WIOD tables. To obtain the labor cost share within value-added,
"', we combine data on sectoral labor compensation from the KLEMS database and
the OECD STAN database. We compute averages over the years available in our

data.

Trade Elasticity Parameters: 6

We now turn to estimating the trade elasticity — or technological dispersion in the
Eaton and Kortum (2002) framework — parameters 6 for all sectors. As we want to
abstract from the general approach of treating only goods as tradable, we have to
provide estimates for our service sectors. To our knowledge, this is the first paper
to do so. The approach follows the following logic. We will exploit the fact that
tariffs affect trade costs in goods one-to-one in order to estimate elasticities for the
first three sectors. We will parametrize trade costs up to several fixed effects and
then assume that the marginal effects of the factors explicitly accounted for — that is
those who are not absorbed by fixed effects — on trade costs are symmetric across all
sectors s. This parameterization, in turn, will allow us to recover the trade elasticity
for the service sectors, for which equivalents of tariff data is not available.
Empirical Strategy We build on two prominent approaches in the literature:
The Head-Mayer and the Head-Ries approach.'® Both approaches bear the advantage
that they are consistent with a wide class of models that give rise to a gravity equation
and thus do not depend too crucially on the assumed microstructure of the model. The
Head-Mayer approach uses variations in the trade shares with other countries relative
to the own trade share to disentangle technologies and cost effects from trade costs.
In particular, the Head-Mayer statistic for final goods - an equivalent formulation,

of course, holds for intermediate goods - for an origin country k£ and a destination

15Gee Head and Mayer (2014) for a detailed review.
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country n in sector s can be written as:

kn
log (;fm) = —0;log (Tfn) + log (Tf (qf)_95> ~log (Tsn (q:)795> (2.19)

S

The Head-Ries statistic reads:

log AR = —0,log (TS T, ) (2.20)

We adopt the following parametrization of trade costs in final goods in the primary
sector as well as the manufacturing sectors. That is for s € {1, 2, 3}:

log (") = tariffl® + X 4+ 570 4 G, (2.21)

symm

where Xlszmm are symmetric observed characteristics between two countries, in
particular a dummy indicating whether or not two countries share a common border,
a common language, are both members of the GATT1995 trade agreement, share a
common currency, share a common legal system as well as the distance between both
countries. Note that the parameter vector 3 is not allowed to vary by sector, country,
or type of good that is being shipped. This assumption will allow us to identify 6
for the service sectors for which we have no tariff data. Importer and exporter fixed
effects are allowed to vary by sector and country as well as depend on whether the
good shipped is a final or intermediate good. We assume that tariffs apply equally to
intermediate and final goods.
Equivalently, trade costs in intermediates are assumed to take the following form:
log (7_'81’;,) = tariff" + BXISme + (52’25?” + (5?;5,0“. (2.22)
As both approaches are equally valid in theory, we will provide estimates using both

the Head-Mayer as well as the Head-Ries approach. To do so, we stack the relevant
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statistics for both final and intermediate goods for all available years and estimate
01,605,053 as well as 5. As we exploit both the cross-sectional as well as the time
variation of our data, we add time fixed effects as is appropriate. In particular, we
interact time fixed effects with the export and import fixed effects for the Head-Mayer
approach to absorb the variation in technologies and unit costs in equation (2.19) over
time.

We then estimate the corresponding specifications using our data on trade shares
in the two service sectors. From the obtained estimates on the symmetric character-
istics of trade costs, we can then recover 64 and 05, using our estimates for S from
the previous step.

Data. We use the WIOD to construct the Head-Mayer statistics for major
economies as well as an aggregate rest of the world for years 1995 to 2011. Bilateral
tariff data for the primary and manufacturing sectors is taken from the WTO/WITS
tariff database and the relevant gravity variables are extracted from the CEPII.

Results. Table 2.2 reports the results of our estimations across both approaches.
As is evident from the results, the estimates have the correct sign and vary quite
significantly across sectors in terms of magnitude. It is reassuring to observe that
the magnitudes do not seem to depend very much on the particular approach that
is chosen to obtain these estimates. Further, the estimates are in the range trade
elasticities estimated in the previous literature for sectors traditionally considered in

the trade literature and appear to be of a reasonable magnitude for the service sectors.

Preference Parameters: ¢,7, y

Empirical Strategy Comin et al. (2017) make use of the same class of preferences
and estimate the relevant preference parameters of the utility function. However, we
provide our own estimates. This is because our model requires us to know how the

population in each country is split between workers and investors, as captured by the
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Table 2.2: Trade elasticities estimates

0 Head-Ries Head-Mayer Head-Ries Head-Mayer
Primary Sector 6.3 6.6"*
(0.7) (1.3)
Basic Manufacturing 3.67* 3.7
(0.4) (0.4)
Advanced Manufacturing — 10.3*** 11.8%
(0.7) (0.9)
Basic Services 7.8 7.67*
(0.1) (0.1)
Advanced Services 8.1 7.8
(0.1) (0.1)
Fixed Effects osi, dsi otsi, dtsi osi, dsi otsi, dtsi
Observations 7335 25868 6418 12040
Adjusted R? 0.884 0.524 0.810 0.679

Notes: Standard errors in parenthesis. p-values indicated by asterisks: *p < 0.05, **p < 0.01,
**p < 0.001. Key to fixed effects: 0=Origin, s=sector-(pair), i=intermediate or final good,
t—=year.

parameter x.'® As we will demonstrate below, we will use the solution of the intra-
temporal problem of the household, observed aggregate consumption expenditure
shares, sectoral price data, as well as the evolution of incomes of both investors and
workers to identify the preference parameters as well as the appropriate share of
workers that best rationalize the observed expenditure shares. As a robustness check,
we will provide the estimates of the preference parameters that would have been

obtained under the assumption of only a single class of households.

6We make y non-country specific to ease the computational burden. However, identification is
not threatened by letting this parameter vary by country.
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Denote by wg; the aggregate income share of investors. We can then write the

total expenditure share in country n on sector s goods in year ¢ as:

log(egt) = log(ez’tK Wit + e?,}LwL,t)

= (1 —n)log (PL,) +log ((CJZ"K)EM7 + (C?’L)as_n> + cst

Relative expenditure shares can then be written:

o] Egr—M
€y Qs Py, (t ) +<t )
log | =) =log | = |+ (1 —n)log{ =) +log

sit <S P;t (CZLK)ES*U n <Ctn7L> Es—1
(2.23)

It is easy to see that under the assumption of a single type of agent, this collapses
to the estimation equation in Comin et al. (2017). Our set-up turns this log-linear
specification into a non-linear one. In our model, consumption indices relate to
observed prices, X, and aggregate incomes of our two groups preference parameters

through the following equations:

n.j\ 11— n,j\&s— n\1— ;
(Et J) "= Z Gs (Ct J) ! (Ps,t) ! Jfor j € {K, L}, (2.24)
seS
Labor C tion),” + D}
B (Labor omiezfa ion), + D; 7 (2.25)
P Py (2.26)
! (1—x)Ly |

Given data on capital and labor compensation, deficits as well as investment,
we jointly estimate equations 2.23 and 2.24 via a non-linear least square regression.

We include country-sector-pair fixed effects. As we use all available countries in our
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estimation, the system is over-identified. We interpret the resulting error terms as
measurement error (in prices, for example).

Data. Sectoral prices are taken from the EU-Klems Database, where we aggregate
sectors into our five categories by taking value-added averages across the relevant
sectors. The labor share in each sector is constructed from the EU Klems database,
and total labor and capital compensation are constructed by splitting value-added
implied by the WIOD accordingly. Consumption expenditure shares, as well as
investment, are also constructed from the WIOD. In order to maximize power, we do
not restrict our country sample and include all years and countries for which we can
construct all required time series.

Results. We implement the estimation of the preference parameters running a
constraint non-linear least-squares procedure. As a robustness check, we run the
same procedure, but assuming only one type of household, making the worker share
parameter y redundant.

As evident in equation (2.23), preference parameters are identified up to a nor-
malization. We choose the primary sector as our normalization, and when reporting
the results, we order sectors by increasing income elasticity and report the estimated
difference in income elasticities to the respective next lower ranked sector. Table 2.3
reports the results.

We find that the primary sector has the lowest income elasticity, followed by basic
manufacturing and basic services goods. For this pair, we cannot reject the null that
the difference in the income elasticity in these sectors is 0. Advanced manufacturing
exhibits an income elasticity that is higher and significantly different from basic
services - and basic manufacturing for that matter. The highest-ranked sector in
terms of its income elasticity is advanced services.

Our estimates imply that we cannot reject a non-homothetic preference structure

in our data. That is, the estimated demand system implies non-homothetic Engel
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Table 2.3: Estimates of Preference Parameters

Parameters Estimates

1 0.7
(0.14)
X 0.80***
(0.02)
EBM — Ep 0.35%**
(0.1)
€EBS — EBM 0.16
(0.1)
€AM — €BS 0.75%**
(0.13)
EAS — EAM 0.27
(0.12)

Observations 1420
Adjusted R? 0.984

Notes: Standard errors in parenthesis. p-values indicated by asterisks: *p < 0.05, **p < 0.01,
***p < 0.001. P=Primary Sector, BM= Basic Manufacturing, AM= Advanced Manufacturing, BS
= Basic Services, AS = Advanced Services

curves. In particular, with constant relative prices, an economy that is growing ex-
ogenously richer will transition from spending most of its income on the primary sector
towards basic goods and services and eventually start consuming an increasingly large
share of its income in advanced manufacturing and advanced services goods.

Our finding of a non-homothetic preference structure is in line with a growing
literature that relies on other demand systems with non-homothetic properties (Fieler
(2011), Herrendorf et al. (2013), Uy et al. (2013) Caron et al. (2014), Caron et al.
(2017)).
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2.4.3 Inverting the Model: Changes in Technology and Trade

Costs

In this subsection we demonstrate how we can use observed allocations to uniquely
back out the change in sectoral technology levels in consumption goods {77} and
investment goods {77, } as well as trade costs across intermediate, final and investment
goods that make the observed allocations an equilibrium outcome of the model. In
particular, we will back out the paths of these variables in order to exactly match the
following moments in the data over the period 1995 to 2011: (1) changes in sectoral
expenditure shares in each country, (2) changes in the Head-Mayer statistics for final
goods and intermediates, and (3) changes in investment in each country.

The following proposition states that this inversion can be done and is furthermore

unique. The proof is provided in the appendix.

Proposition 2.7. Assume that preference parameters {u,n, s, x}, production cost

shares {a”,, 9%, 5"} as well as dispersion parameters and the capital depreciation

ss’
rate {0s,0} are known. Then given time series on investment growth, population
growth, labor and capital compensation as well as expenditure and trade shares, there
exists a unique set {7k 7R %}"’Z,Tf T”}f:ig, such that the observed allocations are

consistent with an equilibrium of the model.

We can, thus, calibrate our model so that it exactly replicates observed paths
of observable moments, in particular sectoral labor compensation shares and the
evolution of value-added. Naturally, the proposition implies that our structural
estimates of preferences and trade elasticities are consequential for the inversion.

Figure 2.3 illustrates one outcome of our estimation. We plot for the manufac-
turing and services sectors the relative growth in technological efficiency in China
and the U.S., where efficiency is defined as 77/% /q". Besides trade costs, these are

CHN US
the relevant variables entering the trade share expressions 7 and \YINUS - Ag
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expected, during the Chinese export boom, Chinese efficiency growth was higher in

the manufacturing sectors, while the opposite is true for services sectors. The more

recent trends, however, are less sharp.

Figure 2.3: Relative efficiency growth: China vs U.S.
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For the following exercises, we will rely changes in trade costs, which we can fully
infer from the data. However, it is also interesting to get a sense of the relative levels
of trade costs for manufacturing and service sectors. Figure 2.4 shows the evolution
of the average bilateral trade costs between China and the U.S. in manufacturing and
services sectors.!” We observe that trade costs in services remain significantly higher

than those in manufacturing, but interestingly, these costs have decreased at a faster

pace.'8

TKnowing the trade elasticities, this average can be easily computed from the Head-Ries statistic.

8Eckert (2019), in line with out estimates, finds that trade costs in business services have declined
sharply over the last decades.
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Figure 2.4: Trade Costs in Manufacturing vs. Services, U.S. and China

3.2

3k

28

26

241

22

oL

181

16

14 I . . . . . . .
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
year

Notes: Red: Average trade costs in manufacturing industries between the US and China. Blue:
Average trade costs in services between the US and Cina.

2.5 Application

In section 3.2., we undertook a simple reduced-form exercise suggesting that changes
in trade shares accounted for a third of the observed decrease in US manufacturing,
the equivalent of more or less 1.5 million jobs. Of course, the exercise undertaken
there by nature was only suggestive, as the drivers of the changes in the underlying
trade shares will affect other allocations through general equilibrium effects. Hence,
in this section, we revisit our reduced form exercises from section 2 by asking to which
degree changes in trade costs can rationalize the suggestive evidence that increased
competition in international markets contributed significantly to the recent reduction

in manufacturing employment.

2.5.1 Changes in Trade Costs of Goods and Services and the

Decline of US Manufacturing

Having estimated all structural parameters of the model and having backed out

the paths of technologies and trade costs that exactly rationalize the evolution of
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expenditure shares, trade shares and investment in the data, we are now undertake
counterfactual exercises.

In particular, we ask by how much do global trade costs in manufacturing or
services have to change compared to their observed path in order to save the 1.5
million U.S. manufacturing jobs that the reduced-form exercise attributed to trade?
That is, taking the backed out paths of technologies as given, we assess the impact
of uniformly changing trade frictions on the observed US structural transformation.
To do so, we match the 1995 equilibrium observed in the data and then solve our
model forward in changes until 2011, aiming to match the final employment shares in
manufacturing that would have prevailed if trade shares had remained at their 1995
level, but demands and incomes had evolved as in the data. To this end, the first
exercise uses the measured technological paths as well as the paths for trade costs and
allows for uniform yearly changes over the observed changes in trade costs in basic
and advanced manufacturing goods around the world. The second exercise allows for
uniform changes in the observed changes in trade frictions related to both basic and
advanced services. Undertaking this exercise, we find that the equivalent of a global
increase over the observed changes in trade costs in manufacturing goods of 45% over
these 17 years achieves this goal. This accumulated increase corresponds to a yearly
increase of 2.2%. Noting that developed countries decreased their tariffs by about
40% on industrial products in the five years following the 1995 multilateral WTO
agreements alone, this provides further support for the well-established hypothesis
that falling trade costs in manufacturing goods have increased the competition that
US manufacturing faced both at home and abroad, driving employment into the
services sector.

The results of the second exercise suggest that accelerated decreases in service
trade costs could have saved the same number of manufacturing jobs. It suggests

that an overall uniform decrease over the observed changes in trade costs in the
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services sector of about 60% would have resulted in saving the equivalent number of
manufacturing jobs. This decrease in trade costs corresponds to a yearly decrease of
about 5.3% over these 17 years. That is, falling trade costs and thus increased levels
of trade in services have the potential to slow down the decline in manufacturing
employment. This occurs through two effects: On the one hand, decreasing trade
costs in services, similar to increases in trade costs for manufacturing goods, put
downward pressure on prices of services relative to manufacturing. Given that our
parameter estimates of preferences imply that sectors are complements, this, in turn,
drives relative nominal expenditures out of the services sector, towards manufacturing
goods. The other channel works through the income effects. While rising trade costs
in manufacturing reduce real incomes in the US, falling trade costs in services increase
real incomes. Through income effects demand shifts out of basic services into sectors
with high income elasticities - advanced manufacturing goods and advanced services.

The results of our exercises are depicted in Figure 2.5. Both the increase in
trade costs in manufacturing goods as well as the decrease in trade costs in service
goods help US manufacturing recover an aggregated 1.5 million jobs. However, both
exercises differ in terms of their effect on the service sector. While an increase in
trade costs in manufacturing goods reduces employment in advanced services, it leaves
employment in basic services virtually unchanged. These pattern partly reflect the
discussed income effects and price effects: The increase in trade costs in manufacturing
goods increases the price of manufacturing relative to services while increasing the
trade share of the US with itself. As a result, both expenditures on final and
intermediate goods, as well as production patterns shift towards manufacturing. The
decrease in the labor compensation of advanced services results from income effects in
demand and the effect of input-output linkages. On the one hand, as real incomes fall
in the counterfactual, consumers demand less high-income elastic goods, causing them

to abandon advanced service goods in favor of less income-elastic goods. On the other
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Figure 2.5: Counterfactual Exercises: Change in the Employment Share Relative to
1995
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Notes: Red: Data, obtained through solving our model for the implied evolutions of trade cost
and technology. Blue: uniform increase of 2.2% yoy over observed change in trade frictions in
manufacturing goods. Black: Uniform decrease of 5.3% yoy over observed change in trade frictions
in in service goods.

hand, as shown in Johnson and Noguera (2012), sectors that we classify as advanced
services are increasingly integrated into global value chains. Therefore, rising trade
costs in manufacturing effectively reduce the demand for advanced services.

A decrease in trade costs in services, on the other hand, while having virtually the
same effect on employment shares in manufacturing, dramatically reduces employ-
ment in essential services and instead increases employment in the advanced services
sector. While falling relative prices in services tend to decrease expenditure shares

for these sectors, income effects and increasing demand for advanced services from
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abroad disproportionally increase the labor compensation in advanced relative to
basic services.

While both rising trade costs in manufacturing and falling trade costs in services
have comparable effects on sectoral labor demands, the welfare consequences differ
across both scenarios. Falling trade costs in services increase real incomes in the US
while rising trade costs in manufacturing reduce real incomes.

Together, these findings provide a novel perspective on the role of trade in services
in structural transformation: If some parts of services are likely to become increasingly
more traded in the future, then this may act as a force countering the observed decline
in US manufacturing. It also suggests that those who wish to revive US manufacturing
may have two options: On the one hand, they could close the economy up to foreign
trade in manufacturing goods, reducing competition for the domestic manufacturing
sector, but simultaneously reducing domestic welfare. On the other hand, they may
try to increase trade in services through further supporting research in technology or
removing other barriers, such as taxes on banking transactions, which according to

our results, would increase both manufacturing employment and welfare.

2.5.2 Predictive Exercises: Structural Change in the US up

to 2023

In this subsection, we undertake various preditive exercises. In particular, we assume
the recent trends in change of technologies and trade costs continue and study how
the US economy will evolve for 12 years beyond our sample -- 2011 to 2023 --assuming
that deficits and population growth around the world follow their past trends. This
will constitute a baseline prediction. We then revisit the hypothesis that decreases in
the change in trade costs in the service sector have the potential to recover parts of
the US manufacturing sector. To do so, we assume an additional 5.3\% year on year

decrease over the trend in the change in trade costs in services from 2011 onwards and
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study the evolution of US sectoral employment shares. Figure 2.6 plots the results of

our exercise.

Figure 2.6: Predictive Exercises: Structural Change in the U.S. up to 2023
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Notes: This figure depicts prediceted changes in employment shares. Blue: Data, obtained through
solving our model for the implied evolutions of trade cost and technology. Red: Using past trends in
technologies and trade costs to predict the future evolution. Black: An additonal uniform decrease
of 5.3% yoy over predicted change in trade costs in services.

In the baseline scenario, we predict that US manufacturing will decrease further in
its employment share by about 0.7%, or the equivalent of about another 800.000 US
jobs. Advanced manufacturing, due to income effects stabilizes around its 2011 level,
whilst basic services decrease by another 4%. In our baseline analysis these losses are
largely absorbed by the advanced services sector which benefits from income effects

as well as relative declines in the prices in the manufacturing sector.
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Under the assumption of accelerated decreases in the change in trade costs in
services in magnitude equivalent to the decrease that would have saved 1.5 million
US manufacturing jobs in the previous subsection, we find that this decline in man-
ufacturing slows down by about 48%, implying that a further decrease in trade costs
in services would save about 400.000 US jobs by 2023. This finding is in line with our
observation from the previous section. Under such a scenario, advanced services would
gain an extra 3% in employment share, with basic services declining considerably,
transferring jobs into the advanced manufacturing sector.

These findings reconfirm the perhaps surprising conclusion that further increases
in the tradability of services have the potential to slow down the decrease in US
manufacturing employment, even if the magnitudes required to bring about such a

change are considerable.

2.6 Conclusion

In this chapter, we have been interested in explaining the interactions of structural
change and trade in the two recent decades. We started by conducting decomposi-
tional exercises suggesting that about one-third of the reallocation of labor compen-
sation shares from manufacturing to service sectors in the US is due to changes in
trade patterns.

We constructed a dynamic, general equilibrium model of trade that accommo-
dates both classical forces of structural change -- price and income effects, as well
as dynamic accumulation of capital and sector-biased technological progress -- and
multi-sectoral, multi-country frictional trade. We estimated the model and showed
in particular that there exists a unique way to "invert the model” in order to obtain
paths for changes in technologies as well as trade costs that rationalize the evolution of

observed expenditure shares, trade shares and investment decisions as an equilibrium
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outcome of the model. We showed, in line with conventional wisdom, that Chinese
technological growth in the manufacturing sector has outpaced the U.S. in these recent
years, while the opposite is true for services. Moreover, trade costs -- as measured by
the Head-Ries statistic -- have decreased in the latter faster than in manufacturing,
suggesting that trade in services plays or is likely to play a more important role in
trade.

We then went back to our reduced-form exercise and asked the following question:
by how much do global trade costs in manufacturing have to increase in order to save
the 1.5 million U.S. manufacturing jobs that the reduced-form exercise attributed to
trade? We showed that calibrating our model to 1995 data and taking the estimated
paths of technological change as given, a uniform increase of 2.2 percent year on year
over observed changes manufacturing trade costs is enough to recover 1.5 million jobs.
We then asked a more innovative question: can an equivalent change in trade costs
in services bring about the same result? We find that a decrease of about 5.3 percent
year on year over the same period generates a similar recovery. Intuitively, rising
trade in services acts as a technological boost for that sector, pushing it’s the relative
price and hence relative demand down, amid a negative substitution effect. Predictive
exercises suggest that in our baseline scenario, another 800,000 jobs in the US will be
reallocated from manufacturing to service sectors between 2011 and 2023. A decrease
in trade costs in services over the fitted trends of 5 percent would save a little less
than half of these jobs. This leads us to conclude that the opening of trade in services
can be seen as a potential tool to revive manufacturing, with the likely additional

benefit of raising welfare -- as opposed to increasing tariffs in manufacturing.
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Appendix

2.A Equilibrium Equations

We re-state here the main equations of the model. Then, we re-write the same
equations but in changes between two equilibria, in the spirit of Deckle et al. (2007).
Note that this way of writing the model in changes can be used not only to conduct
counterfactuals but also to solve the model over time, given paths (exogenous or

endogenous) of parameters and factor allocations.

2.A.1 Main equilibrium equations in levels
1—97
g = W (") ) (H( >> . (2:27)

Q? = _\II? H (Plrfs)a?ys ) <228>

P, = </ p?vs(w)ll’dw) - (2.29)

=y, 07,"" (2.30)
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For capital, we have:

rKT =) (1= B0 (T + )

SES

2.A.2 Main equilibrium equations in changes

A / .
Denote & = Z, where 2’ denotes the next period’s value of z.

—1/6
{Z )\ImTk Ak kn 05}
keN

—1/65\ “I.s
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Next, we can compute the changes in shares:

Where the changes in per capita income are:

A~ s 'n
- wn,LannLn + g]n 1
n? JR—
E - n,L [ n D r'n
w™ + N L

puc _ PEUK - PP 1
rlKU— P ]

And the change in invesment is:

it PP — (1= 8)(1 — p)

ur [P — (1= 8)(1 - p)

(2.54)

(2.55)

(2.56)

(2.57)

(2.58)

(2.59)

(2.60)

Given this we can compute the new demands for final and intermediate goods:

Fr = SOAA (ehPelt (atul L1L + D'DY) 4 b eb R (#RNY — BRI ) + 30 AfApLal PP
!

/ N ’ /
7 =31 - 9 )a, A, (st + Ij)

l,s
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And hence the changes in wages & incomes are:

L=y o (B4 2

s

PR = 3 (1= B <F8'" + I;”>

s

Finally, changes in real consumption aggregates Cmid solve:
~ N\1-m /A NEs—T / A 1-n
(£) =2 () ()

2.B Derivations and Proofs

2.B.1 Nonhomothetic CES Demand

(2.63)

(2.64)

(2.65)

Under the parametric restrictions given in the main text the Marshallian demands

can be derived by solving the following Lagrangran:

L=C+)\ <ZC§C:"1055"" —1> +p<E—ZPsCs>,

seS

where A and p denote Lagrangean multipliers. Taking the derivative with respect to

C yields:

1 1 o

—1 1 _1
N " 2cnoy ot = pps.
7

Multiplying by C and summing over all s, we obtain:

pY PC, = /\777_12(0(1

Es—M

Since 3,¢/C." O =1 and Y2, P,C, = E, this implies that E = 21 Substi-

tuting this into and rearranging the first-order condition we obtain the Marshallian
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demand for C :
Cs = (PTETC™T. (2.66)

Define the ideal price index as P such that PC' = FE. Substiute this into equation
(2.66) to obtain the expression for sectoral demands in the main text:

P

Cy =, =

E®. (2.67)

To derive the price index P, we note that ) P,Cy; = PC and use equation (2.67):

1

PC = Z CSPslinPnCES & P = (Z Cspslnpncssl> -

To obtain sectoral expenditure shares, we use equation (2.66):

PCs _ GPTICeT

es - ZS/ Ps’cs/ o Zs’ Cs’Pslx_nO‘SS’_n. (268)

2.B.2 Capital Accumulation
Proposition 2.8. Taking prices P, and 1} as given, investors optimal decisions

imply that next period’s aggregate capital stock in country n, K, is given by:

o (P Pp(1-9))
t+1 — M PIn,t

Kr (2.69)

Proof. Taking FOC results in the following Euler equation:

n, n, n n, I
1 — Py CCt K <Tt+1 + (1 - 5>Pt+1>

=K mK n, I
Pt"rlct-i-l Pt
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Guess and verify the following policy function:

PROCHE = (1= p) (r + (1 = 0P ) Ky

P Ky = (4 (1= )P ) K

Plug the consumption policy function into the Euler equation and re-arrange to

obtain:
(2 + (L =0y Ky
1 T =1.
PMKE,

Clearly, under the conjectured investment policy rule, this equation holds, as desired.

]

2.B.3 Proofs
Analytical Tools

The following results will be used repeatedly throughout the proofs.

Theorem 2.1 (Schauder’s Fixed Point Theorem). Let K be a nonempty convex subset
of R". Then any T which is a continuous mapping of K such that T(K) C K is

compact has a Fixed Point.

Theorem 2.2 ("Inada" Fixed Point Theorem). Let T': R — R" be a mapping that

satisfies the following assumptions:
1. T(0) > Opyy
2. T()eC!
3. Let VT'(x) the n x n matriz of partial derivatives. Then:
(a) VT(z) > O0pxn
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(b) VT (0,x1)i; > 1 for all i [ That is, all diagonal elements of VT evaluated
at 0. /

(¢) There exists vo € R’ such that lim, m = oo for all j
Then T'(x) has at least one fized point x* > 0,,%1.

Proof. By 1., 2., 3a. and 3b. there exists x such that T(z) > z. By 2. and 3c, there
exists Z such that 7'(z) < z. Denote K = {z: 2z <z < Z}. By continuity T'(K) is
a compact subset, and because T'(-) is increasing given 3a, T(K) C K. Hence we

conclude by Schauder’s FPT that there exists a fixed point T'(z*) = z*. O

Now suppose we're looking for a solution f(z*) = 0 to an equilibrium system char-
acterized by f(-). The following results borrow from Allen et al. (2015b), henceforth

AAL.
Corollary 2.1 (AAL existence). Suppose F: RIT — R™ satisfy the following:

1. Foralli={1,..,n}, fi(x) = Fi(z, ;)
2. For all ' € R, there exists x; such that Fi(2',2;) =0

9 an-gi’i,wi) 3Fi%’vmi) <0 for all j

4. There exists ©' such that for x; defined in F;(sa',xz;) =0, x; = o(s).

Then f(x) has a solution f(xz*) = 0.

Proof. Define T : 2/ +— x where z; satisfies F;(2', ;) = 0. It is easily checked that T'(+)

given the assumptions satisfy all the assumptions of the "Inada" FP theorem. m

Theorem 2.3 (AAL Uniqueness Theorem). Assume (i) f(x) satisfies gross substi-

tution and (i) fi(z) can be decomposed as fi(x) = Z;ilgf(x) — >0 h¥(x), where

gl (x),hl(z) > 0 are homogeneous of degree a; and [y with max ; < min . Then
e there is at most one up-to-scale solution to f(x) = 0.
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e if for some j,k, a; # By, there is at most one solution.
Proof. See AAL. O

Lemma 2.1. Define S to be a n x n diagonal matriz with strictly positive diagonal

elements. Define T to be a weakly positive n x n matriz. Let A :==S —T.
1. If Zj tij < si;, then the inverse A1 exists and A=t > 0.
2. If furthermore T > 0, then A1 > 0.

Proof. See AAL (2014). O

Existence and Uniqueness of the Equilibrium

The structure of our model ensures that for any time ¢t and K; and L;, the existence
and uniqueness of the static trade equilibrium for that period ensure the existence

and uniqueness of the entire path.

Proposition 2.2, Eristence. We prove the result in multiple steps.

Step 1: Given (w,r), prices are unique.

Lemma 2.2. Givenw andr, there exist unique functions Q% (w,r), ¢ (w,r), P{Hw,7),
Pr(w,r) and that solve equations (2.27), (2.81), (2.33) and (2.35). Moreover, these

functions are continuous.

~1/0,

Proof. Consider Q7 =, (3, TL(qL 7)) ~0") . Substitute in for the unit cost and

write:

0
n [ A n Bl 1-pL 9% A *s's _ip, n\—0s
¢ (Q.Qr) =y (((w’> (') " TI (@) T;,s)> - Q)"
l s’
Proving the existence of a (w,r) solving for () amounts to verifying that the scaffold

function Gy satisfies the conditions of corollary 1. (i) and (ii) holds as by definition,
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G?(Q,Qm) =0, for all &'. (iii) is easy to verify. For (iv), note that we can write

—0,
n ny _ 1, —(1=9.)0s NBs (1185 o Nl, Ys's 431 _ (s
G 000 = St (@ () T () 75)) -

S/

which implies Q7 o s** with ¢; € (0,1), implying that Q7 = o(s). Corollary 1 then im-
plies the existence of a fixed point Q”. To ensure uniqueness, define f(Q) = g%(Q) —
S B (Q), where g2(Q) = (Q2) " and AL, = 7,T! (((w’)“ <r’>lﬁi)% I, (@)
Gross substitution holds and ¢’ is homogeneous of degree —0, hls’n is homogeneous
of degree —(1 — ¥.)f,. 9" < 1 then ensures that —0, < min; —(1 — 9¥.)f,. These
steps ensure that given (w,r), there exists unique functions Q7,q” satisfying the
postulated equilibrium conditions. Given that all other prices and unit cost functions
are functions of first stage production prices and unit costs, this simultaneously
ensures their respective existence and uniqueness. Continuity follows directly from

uniqueness. O

Step 2: Given (w,r), consumption indices exist and are unique.

Lemma 2.3. Suppose we normalize ), w" + r™ = 1. Then, given any set of

parameters, all endogenous variables are bounded.

Proof. Wages and rents have to be strictly positive. Otherwise, a country with a
zero factor cost will necessarily have a positive demand for its product and hence
receive payments for them. Hence the set of prices under the above normalization is
bounded, w™, r™ € (0,1) for all n. Thus prices solving equations (2.27), (2.31), (2.33)
and (2.35) are necessarily bounded, as Lemma 2.2 above and the proof of Theorem
2.2 shows. Therefore, C™7 solving equation (2.40) is also bounded above and away
from zero. The market-clearing conditions then ensure that quantities produced are

also bounded above and away from zero for any country n and sector s. O]
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Lemma 2.4. Given w,r there exist unique C™ that solve equation (2.40). Moreover,

these functions are continuous.

Proof. Given the assumption and Lemma 2.3, the RHS of equation (2.40) is strictly
increasing in C' with C € [0, 00) mapping into [0,00). As it is also continuous, the
Intermediate Value Theorem ensures that there exists a unique C" € (0, 00) solving
each equation. Moreover, since it is unique and equation (2.40) is continuous, C™(w, r)

is also continuous for all n. O

Step 3: Given (w,r), there exist unique output functions

Lemma 2.5. Given w,r, there are exist unique functions T"(w,r), F(w,r) and
I™(w,r) that solve equations (2.46) and (2.45). Moreover, these functions are con-

tinuous.

Proof. Tt is obvious that any (w,r) maps into a unique F! (since it maps directly
into prices and consumption indices), which in turn maps into a unique I3 .. We can

then, as in AAL, stack and re-write the expressions for gross intermediates as
II = AII + bv

where Iy is a NJ x 1 vector with {I;}m—1)ws4s = I, Ais a NS x NS matrix with
entries a(n—1)sts,(i—1)s+k = (1 — v ) 4o, b in turn is a NS x 1 vector of strictly

positive constants. The summation along the column of matrix A is:

DD amvsts-nsth = > > (1=l )ad ymi = (1—vf ol =1-vi, <1

S

Lemma 2.1 then implies that there exists a unique I; = (I — A)~'b for any set of

wages and rents. O
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Step 4: Existence of wages and rents solving the market clearing con-

ditions

Proposition 2.9. Given the price functions, the consumption functions, and the
output functions, there exists w,r that solves equations (2.47) and (2.48), and hence

an equilibrium exists.

Proof. The excess demands for factors L and K in country m are given by:

v (T + TR + BT E

ZSGS |:/8 ( s 7T, ) /8 j| _ Lm (270)
wm

Pes [(1 = BIWE (T + T7,) + (1 — B0y FY']

rm

21 (w,r) =

Zg(w,r) = — K™ (2.71)

WeW verify conditions i) to v) of Proposition 17.C.1. in Mas-Colell et al. (1995).
Zm(w) is continuous given that all functionals entering the above equation were proven
to be continuous. Next, all prices are homogeneous of degree 1 and hence Z,,(w) is
homogeneous of degree 0 in w, as no shares move. iii) is immediate as is iv) given
Lemma 2.3. We are left to prove v), namely that if wages converge to a point where
one wage is zero, at least one excess demand goes to infinity. Intuitively, this is clear
in the current setting, since as the wage of a single country goes to zero, prices also
go to zero while its trade shares converge to one. Rewrite the model in changes as in
appendix 2.A.2. Let n index the elements of a sequence. Without loss of generality
assume ™ ~ n~ while " = O(1) for m’ # m and #™ = O(1). Now it is clear that
Qn — 0, and by the uniqueness shown in Lemma 2.2, it is enough to find just one rate
of convergence that works given the sequence w,. Observe that nQ, converges to
constants bounded away from zero, showing that Qn ~ n~t. This is intuitive: as the
cost of country m converge to zero, every country sources their intermediates from
m, meaning that only its unit costs matter for the price indices, which hence inherit
the speed of convergence of @w™. Also observe that P, ~ n~! too. Now using this in

the expression for q,,, one observes that qf”,;/lf’g}; — 0o for m’ # m, meaning that the
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final good trade shares of every other country goes to zero, and hence that those of
country m goes to one. Intuitively, its unit costs converge faster to zero than that of
the others. This immediately implies that its excess demand exploses to infinity, as
the numerator equation (2.70) stays bounded while the denominator goes to 0, which

concludes the proof. O

The above results ensure the existence of an equilibrium under the stated param-

eter restrictions. O

Proof of Equilibrium Uniqueness. In the previous proof, we have demonstrated
that given (w,r), C* and C¥, all prices and output functions are uniquely determined.
Treating equations (2.47) and (2.48) as an excess demand system in 2N variables,
we then show that there exist unique wages and rents clearing this excess demand
system. First, observe that this system is homogeneous of degree 1 in (w,r). Hence
one proof reduces to showing that under the stated assumptions, gross substitution is
satisfied: that is, rising one factor price while keeping others constant raises all other
excess demands. For formal intuition, note that it is sufficient to show that dZ7', dF}
are all strictly positive for n # k where dw”* > 0 or dr* > 0. Consider for concreteness

the change in F'. Write & = dlog(z). We have:
A7 = el B (N el B9) + 30 Akl P (L PITY) . (2.72)
Lj I

To obtain dF™ > 0, it is hence sufficient to show that A\™ 4 é > 0 as well as
;\?fs + f/’}?l > 0 for n # k. We first focus on the first inequality. Note first that with
constant expenditure shares ¢/ = 0. Next, note that with no-linkages, the increase
in another countries’ factor costs does not affect unit costs of productions at either
stages of other countries. Hence the trade shares of these countries necessarily all rise,
SO 5\;‘1 > 0. Therefore dF!* > 0, but then the demand for all intermediates within the

country raises too, as there are no-country linkages in intermediate inputs. Now look
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at the second inequality. Again, with no-linkages, the rise in ;\?fs is unambiguous, and
moreover, with p = 1, the change in 15}7 'is weakly positive. From there, it is easy
to realize that, because all endogenous variables are continuous in all parameters,
and moreover are bounded if such parameters live in compact sets, equilibrium
uniqueness will follow immediately by limiting the strength of the three problematic
forces (varying expenditure shares, linkages, and moving investment). This can be
formally seen by "unpacking" the derivatives \? + &b/ and A7l + ]5}7 L >0, but it is

immediate to see and we omit it. O

Proof of Proposition 2.6: Checking Gross Substitution Numerically. The logic of
the proof consists in bounding endogenous variables and changes therein using the
observed equilibrium as well the assumed knowledge of the maximum dispersion in
factor returns. Intuitively, we make use of the fact that our model can be re-written
in changes and hence, should more than one equilibrium exists, one should be able
to "switch" between them using the model written in changes despite no changes in
structural parameters. Using the fact that the observed data is one such equilibrium
— whose existence is insured — this allows one to compute the minimum values of
many endogenous variables, and hence to check of gross-substitution hold globally
— or, alternatively, compute the bounds 7', 7, u that insure the latter.'® Denote by

w,w, 7, r the minimum and maximum observed relative wages and rents. We are
interested in bounding the endogenous levels of trade shares, expenditure shares as
well as changes in prices and unit costs. First, we chain two changes to the observed
equilibrium to get to the largest and lowest possible increase stemming from a wage
increase in one other countries. This can be done by using the current intermediate

trade shares and by plugging respectively the change it would take to get from the

current factor prices to the maximum and minimum values respectively. This can

9These will necessarily be looser, however, because one would require that ;\?l + é. holds for each
n, for a given change in w™ for all m # n and all n and s.
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be done uniquely since we know that the price fixed points can be solved uniquely.
For gross substitution we will be interested in the impact of one single wage increase.
This one has to be given by starting from the lowest possible wage and increasing this
other country’s factor cost to the highest possible level. To get there, we use the new
trade shares implied by the previous undertaken changes (which can be obtained from
knowing the current levels as well as the implied change in unit costs) and compute
the corresponding change. It is easy to see that this has to be the maximum possible
increase in unit costs for country n in sector s coming from a singular wage (or rent)
increase in any other country. This way, for each supposed change, we can bound

the responses in unit costs in all countries for that change above and below. Using

these, we can use the fact that d}i}? = pr = S AP and the obtained minimum

and maximum values to bound the highest and lowest increase in each price index,
again.
Thus, we can bound 158” globally for any individual change. We use these to

obtain bounds on the minimum and maximum feasible levels in trade shares. In

particular, note that we can write d/\’\?%l =\ = 0,1 = Mg+ 3, QSi—ng. Using
the bounds on changes in unit costs obtained in the previous step, we can bound the
maximum change in A and given that we know the current level, we can compute the
upper and lower bounds in levels. Similar steps will allow us to bound intermediate
and investment trade shares using the observed equilibrium as well as the known
maximum dispersion in wages and rents. Finally, we are interested in finding upper

and lower bounds on the change in expenditure shares. Note that the change in

expenditure shares can be written:

~ Z,/ er, (55 _ES/)) ~ ~
ey = — = e, P+ P! (1—n).
((2 ) 2 =)
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Using the previously obtained bounds, we can bound this change again from below
and above. Then, taking the observed lower bounds, we can empirically compute the

differentials in (2.70), as in (2.72), and check whether GS holds globally. O

Uniqueness of Parameter Inversion

Proof of Proposition 2.7 (Uniqueness of inversion). The proof consists of two
steps: The first is to establish that for a given observed change in aggregate ex-
penditure shares, there is a unique set of domestic price indices ]5: rationalizing
this change. Given this, the required change in technologies and trade costs an be
calculated uniquely in closed-form, as we will demonstrate.

First note that from observed changes in incomes we can use market clearing
conditions to solve for the changes in wages w"™ and rents 7" that the equilibrium
will have to respect. Here uniqueness is immediate from the fact that our model
will perfectly match value-added data as well as investment growth — and hence the
implied capital growth.

Step 1: Given changes in expenditure shares and incomes, there exists
a unique set {P"} rationalizing these changes.

From our model in changes, the observed expenditure shares e, are jointly deter-

mined by the following sets of equations (omitting time subscripts for simplicity) for

j€{K,L}:

() =S () o)

A Es—M ~ Es—N
s ((60) ()
—1_,7657 InCShare’K + T N1
(En,K) (En,L)

First, fix consumption indices. It is then not hard to see that there exists a unique

n,L )
e“IncShare’y,

set Pj consistent with the observed change in expenditure shares. Then it is easy to

show that holding the consumption index of workers fixed, the right hand side of the

161



change in investors income is a strictly increasing function of the consumption index
of investors. The last step then has to establish that the right hand side relating to the
change of income for workers is an increasing function in the aggregate consumption
index of workers. But again, for the sake of a contradiction, suppose that it was not.
Then for a given increase in workers income, prices would have to decrease — which
cannot be. With this established, we next show of we can uniquely pin down changes
in technologies and trade costs.

Step 2: Given {P"} and changes in the Head-Mayer statistics, there
exist unique changes in trade costs and technology shifters rationalizing
these as an equilibrium outcome of the model.

The key here is to realize that we can, using the required change in price indices,
back out the change in technologies independently of the change in trade costs. The
change in trade costs can then be separately solved for to match the change in the
Head-Mayer statistics. This clear separation greatly facilitates the proof. The key is
to realize that we can write:

()" - Ty (g5) "
Ann

Using the observed changes in trade shares A, we can calculate the required 77 (¢™) %

consistent with that change. To disentangle T 7 from c};‘_es, we can first calculate:
N
(w )98 _ 19 (G)

s's ~nn ’
s's

Note that we have wages and rents from market clearing and the observed equilibrium,

bs

we computed 77 (§")”% in the previous step and know the change in trade shares in
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intermediates. Thus we can solve for g7

1—97
- ~n\BL (any1—BR 9T An ) %9s
@ = ()% () ) (H (@) .
3/
And then back out Ts". None of this used knowledge of the change in any trade cost,
as this is summarized in the change in trade shares with oneself, which is a sufficient
statistic for that. Using this, we can write the Head-Mayer statistics, which for final

goods are given by:

N TR (gh) "
~ — ~ N _95
A T (gy)

7kn is the only unknown in this equation, given that the other elements are either

taken from the data or pinned down in the previous steps. In a similar way, we

can uniquely solve for the changes in trade costs in intermediates 757 as well as in

investment goods, %}“:;. Knowing all of this, the change in the price in investment
goods is pinned down and we can pick investment technological changes TF uniquely

so as to match the evolution of investment P/I”FL observed in the data, which completes

the inversion. O
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Chapter 3

Trade 1n Services and Innovation

3.1 Introduction

Trade integration not only provides firms with greater access to foreign export mar-
kets but also improves their access to foreign output of research, innovation, and
development activity. While the effect of the first channel on the innovation activities
of firms is well studied, the latter aspect has received little attention, partly due to a
measurement problem. In this paper, we assemble a unique data set that allows us
to track firm-level international transactions of German firms related to the purchase
and usage of foreign technology and knowledge, patents and innovation output, as
well as an array of measures of firm-level innovation as well as firms’ exports and
input cost structure. Our data allow us to document and test for the impact of trade
on innovative activity through technology access relative to traditional channels such
as export market size and competition. A key contribution of this chapter, therefore,
is to assess theoretically and empirically how international trade affects innovation
incentives by altering both the cost and returns of innovative activities.

We combine our data with a new theory of trade and innovation tailored to connect

with we can observe in the data to provide insights into how services trade and
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innovation effort interact at the firm level. Given that the formation of platforms for
the mutual and simplified exchange of property rights protected technology, business
services, and other non-tangible goods appear equally important in the negotiation
and formulation of recent trade agreements, an assessment of the effects of these
policies on firm-level innovation is of high interest to policymakers.

This chapter merges confidential firm-level data from the Deutsche Bundesbank
(German Central Bank) and the ZEW — Leibniz Centre for European Economic
Research. The data allow us to track firm-level imports and exports of innovation
services and contain detailed information regarding firms’ innovation activities, sales,
and exports of final goods. Beyond providing information on a firm’s R&D and overall
innovation expenditures, we observe a broad set of outcomes related to innovative
activity: reductions in unit cost, increases in product quality, and the sales accounted
for by improved and new products.

As a first step, we document several salient empirical facts about the nature of
firm-level innovation activities and trade in innovation services that motivate our
theoretical and empirical analysis. Similarly to prominent empirical patterns found
for trade in goods in e.g. Bernard et al. (2007), few firms import innovation services.
Importing firms tend to import these services every year, and appear to be more
productive, as indicated by higher revenue to labor ratios, higher wages paid, and
higher skill-intensity.

Innovation expenditures are a more comprehensive measure of innovation activity
than R&D expenditures, which capture less than two-thirds of overall innovation-
related expenses. This suggests that common innovation measures based on R&D
spending miss a sizeable share of innovation activity. Variance decompositions of ag-
gregate innovation activity further suggest that within-sector differences in innovative
activity between firms are the dominant driver of aggregate trends in innovation activ-

ity. This fact motivates our focus on studying how international trade interacts with
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the determinants of within-industry differences in innovation outcomes across firms.
Lastly, we document that there is suggestive evidence of selection complementarities
between innovating, importing innovation services, and exporting.

To guide our empirical analysis, we develop a heterogeneous firm model that is
consistent with these facts and features trade in final goods, imperfect competition
in product markets, and trade in innovation-related services.! In the model, firms
devote resources separate from production to innovative activities, which aim to
improve profitability. The model remains parsimonious as to whether innovation
primarily affects demand (product innovation) or costs (process innovation). In
final good markets, the incentives to innovate depend negatively on endogenous
profit margins (competition) and positively at the size of output markets scaling
the returns to innovation. The efficiency at which firms generate innovation outcomes
increases through the integration of foreign innovation services. By integrating foreign
innovation output, through trade in innovation services, some firms thus gain a
competitive advantage in their innovation efficiency. Our model of innovation service
imports adopts the model developed in Halpern et al. (2015).

The model makes testable predictions mapping directly into quantities that we
can observe in the data. Specifically, the model predicts that firms with access to
larger markets via exports, exposed to less competition, and higher imports of foreign
innovation services are more innovative. Further, the model admits measurable
sufficient statistics for the firm-level pass-throughs of trade shocks into innovation
efforts: The levels of output in each destination market, sales shares in output

markets, and the share of innovation service imports of total innovation expenditures.

!The model is designed to speak directly to the data and is closer to models of oilgopoly and
innovaton in industrial organization, e.g. Spencer and Brander (1983), Bloom et al. (2013), than
to the literature that deploys Schumpeterian growth theory to understand how innovation interacts
with competition and trade - see, for example, Aghion et al. (2005), Aghion and Howitt (1992), and
Grossman and Helpman (1991). See Aghion et al. (2014) for a review of this literature.
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To test the core predictions of the model, we investigate how differences in in-
novation service imports, exports, and exposure to competition affect differences
in innovative activity and outcomes between firms. To do so, we construct novel
firm-level instruments using a shift-share design building on Bartik (1991) and recent
work in Lileeva and Trefler (2010); Garin and Silvero (2018). The instruments, which
are valid within our structural model, allow us to identify the causal effects of access to
foreign innovation services, market size, and competition on the innovation activities
of German firms within the same industry.

Our estimates confirm the key predictions of our model and provide direct evidence
on the impact of trade in innovation services on firms’ incentives to innovate. We
find that firms who are more exposed to positive supply shocks in foreign innovation
services undertake more substantial innovation efforts, as measured by both overall
innovation spending and total R&D spending. We also find that these firms achieve
better innovation outcomes across all our measures relating to product and process
innovation. As our core theoretical mechanism postulates that foreign innovation
services improve the efficiency with which firms produce innovations, we interpret
these findings as lending direct empirical support to this assumption.

The empirical results further indicate that firms’ incentives to undertake costly
innovation activities are positively affected by market size. We find that relatively
larger exposure to foreign export markets incentivizes firms to spend more resources
on both overall innovation activity and R&D. We find that these efforts translate
into better product innovation outcomes - as measured by the revenue generated by
new and significantly improved products. However, we cannot detect any statistically
significant effects of foreign demand on the incentives to innovate on processes. Our
results therefore confirm the positive effect of exports on firms’ incentives to innovate

documented found in recent studies (Lim et al. (2018), Aghion et al. (2018), Stein-
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wender (2015)). However, our results indicate that the effects might differ across
process and product innovation, as in Dhingra (2013).

Our results also provide evidence on the effects of competition on firm-level inno-
vation incentives. We find that higher competition in product markets disincentivizes
firms from innovating, as measured by their overall innovation expenditures. We find
that this primarily reflects that firms are disincentivized to innovate on production
processes. This finding is consistent our model, where innovation incentives, in part,
depend on the responsiveness of firms’ profit margins to changes in unit cost of
production. In the model, higher levels of competition may lower the ability of
firms to achieve higher profit margins by increasing their market share. However,
we also find that higher levels of competition increase firms’ incentives to invest in
R&D and product innovation. This is consistent with recent findings by Fieler and
Harrison (2018), who argue that firms may aim to escape higher levels of competition
by introducing new products.

How important might firm-level responses in innovative behavior be for the ag-
gregate effect of changes in trade costs on a country’s innovation activity? To answer
this question, we re-visit our model and show that the effect of trade on aggregate
innovation activity depends on the microstructure of the economy. To make this
point, we characterize the elasticity of firm-level innovation activities with respect to
various trade shocks. We show that our model admits the following sufficient statistics
as determinants of how firms’ relative innovation incentives respond to change in
trade costs: Initial output shares in final goods markets, initial output levels across
all markets, as well as initial import intensities of foreign innovation services. This
result highlights the interplay between complementarities in selection into innovating,
importing innovation services and exporting, and the aggregate effects of trade on

innovation.
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Literature Our study is related to a large and growing literature on the inter-
linkages of trade and innovation, and in particular, to Steinwender (2015), Aghion
et al. (2018), Fieler and Harrison (2018) and Lim et al. (2018), all of which study the
effect of trade in goods on firm-level innovation activity. Shu and Steinwender (2019)
provide a comprehensive overview of the empirical literature, which the interested
reader is referred to. Relative to the existing empirical literature, we make two
contributions. First, we provide the first causal evidence on the impact of trade in
services on firm-level innovation activity. Second, much of the literature, including
Aghion et al. (2009, 2005) relies on patents or inferred total factor productivity
to measure innovation activities of firms. This chapter complements the empirical
literature by providing direct measures of innovation activities.

Similarly to our theoretical framework, in Aghion et al. (2005, 2015) and Akcigit
et al. (2018) the gains from innovation are non-monotonic in firm productivity. While
these models feature homogeneous goods and production by the most productive firm
only, our framework is closer to quantitative frameworks with differentiated varieties,
market size effects, and international trade in goods and services.

A large early literature on positive knowledge spillovers from innovation, reviewed
in Griliches (1992), argues that a firm’s innovation effort might impose positive
externalities on other firms. Bloom et al. (2013), in turn, argue that since product
market rivalry creates negative effects from innovation efforts of one firm on the
profits and value of another, knowledge spillovers and product market rivalry need to
be analyzed jointly. We do not explicitly model product market spillovers. However,
our quantitative model can be extended to accommodate strategic complementarities
and external spillovers between firms’ innovation behavior.

While previous work has largely considered market size and competition effects
to operate in isolation, our findings suggest that aggregate effects crucially depend

on the interaction of these channels at the micro-level. Our results indicate that the
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potentially detrimental effects of import competition depend on the extent to which
the most innovative firms are simultaneously large exporters. Taking into account
the role of selection complementarities, we provide a new perspective on ambiguous
findings regarding the relationship between innovation and import competition in the
literature. Accounting for the role of these micro-level channels for the aggregate
impact of trade on innovation is a novel contribution of this chapter.

Our paper further relates to a small but growing literature on the effect of trade
in services on aggregate and firm-level outcomes. As data and reliable measurement
of firm-level trade in services have only recently become available, previous studies
are mainly concerned with establishing empirical and conceptual differences between
trade in goods and trade in services (e.g.,Breinlich and Criscuolo (2011), Ariu (2016),
Ariu et al. (2017), Eaton and Kortum (2018)). Few, in contrast, have related changes
in trade cost in services to aggregate outcomes. Two exceptions are Eckert (2019)
and Eckert et al. (2019), who argue that changes in trade costs of business services
are key to understanding the geographic variation of changes in the skill premium
across the US. Relative to this literature, we are the first to provide direct evidence

on the effect of tradable innovation services on innovation activity.

3.2 Trade in Services

3.2.1 Background

According to the General Agreement on Trade in Services, services trades are classified

across four modes:

1. Mode 1 corresponds to classical cross-border supply — a service is provided from
the member of territory A to a member of territory B across borders. A French
firm based in France providing innovation services for a German firm based in

Germany constitutes such an instance.
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2. Mode 2 captures service consumption abroad — a member of territory A provides
a service to a member of territory B within the borders of territory B. An
example for such a case is when a French firm based in France providing

innovation services to a subsidiary of a German firm located in France.

3. Mode 3 - commercial presence - captures if a service is provided from the member
of territory A to the member of territory B within territory A, for instance, the
subsidiary of a French firm providing innovation services to a German firm

within Germany.

4. Mode 4 corresponds to services provided through individual persons: a service
that is provided by a person living in territory A to a firm or person located in
territory B., For example, a French freelance engineer traveling to Germany to

provide innovative services to German firms.

Within these Modes, Modes 1, 2 and 4 are captured by the official trade in service
statistics. Mode 3 is part of the statistics on firms’ multinational activities and FDI.
While the data does not allow for further disentanglement, estimates for the US

suggest that the vast majority of service trade happens through modes 1 and 3.

Aggregate Trends in Trade in Services

Services trade has increased sizeably over the last decades. We use the World Bank’s
Trade in Services Database to construct aggregate statistics on world imports of
R&D related services. Figure 3.1 shows that international flows in R&D services
have increased by nearly five-fold between 2000 and 2011. Further, world trade in
R&D is outgrowing the overall trade in services. The share of R&D imports in total

service imports has increased from one to three percent in the same period.
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Figure 3.1: World Trade in R&D services
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Notes: The right figure shows the percentage share of R& D service imports as a fraction of world
imports in trade in services from 2000 to 2010. Source: 'Trade in Services’ database, World Bank.

The left figure shows world volumes of trade in R& D services normalized to 2000.

A key hypothesis of this chapter is that the changes in the observed trade volumes
of services reflect falling trade barriers. However, in contrast to the determinants of
trade costs of tangible goods, the determinants of trade costs of services are less well
understood. Therefore, we proceed by providing examples aimed to illustrate the

various barriers to trade in services.

Barriers to Trade in Innovation Services

Significant barriers to trade in innovation services include communication costs that

affect the ease with which findings can be shared across distant locations as well as
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international copyright laws. All information in this section is taken from public data
sources (see relevant footnotes).

Improvements in information and communication technologies over several decades
have vastly improved firms’ capabilities to engage in service trade. File sharing and
cloud storage services have become easily accessible, allowing companies to implement
professional business solutions, and to heighten their security and privacy standards.
Further, all members of the WTO have committed to ensuring minimum standards of
international copyright protection that do not discriminate against foreign inventors.
We give two concrete examples of firms that engage in international R&D services
trade.

Founded in 2007, WuXi Apptec is a global pharmaceutical company with head-

2 WuXi provides services to customers primarily in the life

quarters in Shanghai.
science industries, offering R&D and testing of therapeutics, for instance, in small
molecule, biologicals, or genomics. It is located in China, the US, and Germany
and provides research services to over 3000 customers across 30 countries. In part,
this reflects China’s continued efforts to strengthen its IP protection — a process that
started mainly with its accession into the WTO in 2001. The General Provisions
of the Civil Law was, for instance, adopted in 2017 and ensures that trade secrets
are protected under civil IP law, and many preferential policies favoring Chinese IP
development are wound back to not discriminate against foreign IP.

However, IP protection is still far from perfect. Despite the developments in
communication technologies, concerns surrounding IP still pose a significant barrier

to trade in services. An anecdotal example is the experience of the German roller

coaster manufacturer Gerstlauer. The manufacturer has been expanding heavily in

2All  information on WuXi is taken from its public Wikipedia page:
https://en.wikipedia.org/wiki/WuXi_ AppTec.
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China. However, it never shares research-manufacturing plans digitally with potential

clients. Instead, a firm representative travels to China to present physical copies.?

3.2.2 Firm Level Data from Germany

We merge three confidential firm-level data sets. In total, our sample contains around
7,200 firms in manufacturing sectors, corresponding to 18,000 firm-year observations

between the years 2002 and 2011.

Firm-level service imports The Statistics on International Trade in Services
(SITS)* database, described in great detail in Biewen and Lohner (2017), provides
information on the service transactions of German firms. Access to the data is
provided through the Research and Data and Service Centre (RDSC) of the Deutsche
Bundesbank. The database is used to compile Germany’s Balance of Payments
Statistics,® and thus, each firm must report all service transactions whose joint volume
exceeds the amount of 12,500 Euro for a given month, country, and service type.
The data, therefore, practically includes all service trades of German firms. For our
analysis, we extract the yearly values of firms’ reported service transactions classified
according to its service type, its direction, and the involved foreign country. In
total, we label four types of service imports as innovation-related: (i) R&D, (ii)
patents, licenses, and innovations, (iii) artistic copyrights, and (iv) other rights (such
as franchises, trademarks, and marketing rights). R&D accounts for the bulk of these

transactions and is the main focus of our analysis.

3See  https://honestversion.com /global-roller-coaster-market-oppurtunity-analysis-competitor-
landscape-growth-trends-forecast-2018-2023/le for more details.

1DOI: 10.12757/Bbk.SITS.0116.01.01.

5 Aggregate statistics on services trade in other countries are also compiled from data collected
for Balance of Payments Statistics.
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Innovation Data The Mannheim Innovation Panel (MIP)® is gathered in the form
of yearly surveys by the ZEW - Leibniz Centre for European Economic Research
and constitutes the German contribution to the European Commission’s Community
Innovation Survey. The MIP is our primary source of information on firms’ innovation
activities and other firm-level outcomes, such as employment, goods exports, and
internal R&D activities.

The data contain information on firms’ expenditures on innovation activities
broadly and R&D in particular. Moreover, it contains data about the introduction
of new products, services, and processes and their success. Firms are asked to
declare whether their innovation activities yielded product innovations, defined in
the questionnaire as the market introduction of a new or significantly improved good
or service, as well as the revenue share accounted for by these products. Firms are
asked to distinguish further the revenue share accounted for by products that are (i)
new to the firm, (ii) new to the firm and the market, and (iii) new to the firm without
a predecessor product.” Related to process innovation, firms state whether they
introduced new or significantly improved processes and by how much these process
innovations reduced unit costs or raised revenues by improving product quality.

Further, the MIP contains data on general firm characteristics, such as revenues,
the volume of exports, total employment, wages, intermediate inputs, and internal

R&D activities.

Multinational Activity For information on FDI activity in Germany, we access
the Microdatabase Direct Investment (MiDi),® described in detail in Schild and Walter

(2017),% which contains information on all inward and outward FDI stock relations

®For more information, please see here: https://www.zew.de/en/forschung/mannheim-
innovation-panel-innovation-activities-of-german-enterprises /

"Except for (iii), the data does not allow us to distinguish between product innovation through
the introduction of new varieties (i.e., barcodes) and significant improvements on existing products.

8DOI: 10.12757/Bbk.MiDi.9915.03.04

9The data report can be found under https: //www.bundesbank.de/resource/blob /604664 /7007c46falbdad9529bd5
01-midi-data.pdf.
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that German companies are involved in and considered as economically relevant for
aggregate FDI statistics. Access to the data is provided by the Research and Data
Services Centre (RSDC) of the Deutsche Bundesbank.!”

Merging The merging of the Mannheim Innovation Panel (MIP) with the Trade
in Services Statistics (SITS) and the Microdatabase Direct Investment (MiDi) took
place at the Research and Data Service Centre (RDSC) of the Deutsche Bundesbank

and relied on the mapping tables described in Schild et al. (2017)."

3.3 New Facts on Innovative Activity and Trade in
Innovation Services in Firms

In this section, we collect novel descriptive facts that motivate our theoretical and

empirical analysis.

3.3.1 Facts on Firm-level innovation activities

Fact 3.1. Not all active firms within the same sector of production are innovators,
RED only captures two-thirds of overall innovation activity, and imnovation service

imports account for a sizeable share of innovation expenditures.

The fact motivates two modeling choices: First, in the model, firms select into
being innovators based on underlying productivity differences. Second, we model

innovation activity as a process where firms combine internal factors (for example,

19A common concern in the trade in services literature is the phenomenon of profit shifting where
firms use non-tangible transactions between subsidiaries in different countries to shift taxable income.
To tackle this concern, we use the information in the MiDi to control for a firm’s multinational status
and to test whether the presence of foreign subsidiaries predicts service trade flows.
"The technical report is available here: www.bundesbank.de/resource/blob /604828 /£3227be248777d3f414b89b395¢
data-company-data-data.pdf.
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R&D scientists) and external inputs (for example, imported innovation services) to
produce an innovation outcome that increases profits in product markets.'?
Specifically, Table 3.4 shows that sixty-four percent of firms in our sample are inno-
vators, which we define as firms that have strictly positive innovation expenditures.
Table 3.5 shows that R&D expenditures on average account for about two-thirds
of total innovation expenditures. Further, only 82 percent of firms that innovate
conduct continuous R&D. Average R&D imports of firms with positive innovation

expenditures account for 5 percent of average total innovation expenditures.

Fact 3.2. The majority of the variation in innovation expenditures across firms is

within sectors.

The above fact motivates us to focus on understanding how trade affects the
relative innovation incentives of firms active within the same sector of production. To
establish this fact, we provide a decomposition of the aggregate variation in innovation
expenditures into a between-sector and a within-sector component. To do so, we

regress innovation expenditures, I E, on a set of sector-year fixed effects o ;:

IEﬁt = Qg1+ €5y, (31)

where f denotes firms, ¢ denotes years and ¢, is an error term. The total variance

of innovation expenditures decomposes as follows:

VAR ([Ef’t) = VAR (06571/) +VAR (€f7t) + 2COVAR (Oés,tygf,t> . (32)
BETWEE;FSECTORS Withir?rSectors

We estimate the fixed effects in equation 3.1 and decompose the sample variance

in innovation expenditures according to (3.2). Table 3.1 displays the results and

2In other words, we explicitly model the cost of producing innovation outcomes. A key
contribution of this chapter is to show that international trade in services affects innovation incentives
by altering the cost and the returns of innovative activities.
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Table 3.1: Variance Decomposition of Sample Innovation Activity

Decomposition
Share of Variation Between Sectors % 1.5
Share of Variation Within Sectors 1— M 98.5
AR(IEy )

Notes: This table presents a decomposition of the overall sample variance in logged innovation expenditures. Source:
Mannheim Innovation Panel (MIP), 2002-2011, own calculations.

shows that the lion share of the overall sample variation in innovation expenditures
stems from within-industry rather than between-industry heterogeneity in innovation

activities.

3.3.2 Facts on Trade in Innovation Services

Fact 3.3. Few firms import foreign innovation services, and innovation service tm-

porters appear to be more productive.

Consistent with this fact, firms in the model select into becoming an innovation
service importer based on exogenous productivity differences. Selection is the central
mechanism in much of the modern heterogeneous firm literature on international
trade, and our model of R&D service imports inherits qualitatively similar features.!

To establish the first part, Table 3.4 displays the composition of firms in our
sample. In total, 3 percent of manufacturing firms in our sample import foreign
R&D. To establish the second part, we assess the conditional correlation between
R&D service imports and a simple empirical measure of firm productivity. We regress

IMP

firm f’s innovation service importer status in year t (1ft ) on its labor revenue

productivity (LRP ;) - the ratio of revenues to employment. We control for the share

13While Bernard and Jensen (1995) were the first to empirically document the importance of
firm heterogeneity and selection into trade, Melitz (2003) laid the the foundation for most of the
subsequent theoretical literature.
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of workers holding a university degree as a measure of skill intensity, its location (East

or West Germany) as well as sector-year fixed effects (as( f),t) :
1%“3 = a5y + SLRP, +~'Controlss, + €y, (3.3)

Table 3.6 displays the results and shows that importers of innovation services have

higher measured labor revenue productivity and are more skill-intensive.'

Fact 3.4. Foreign innovation services are a wvariable input into the generation of

mnovation.

Consistent with this fact, we model foreign innovation services as a variable input
in the production of innovation outcomes.'®> To establish this fact, we observe that
an average of 69 percent of firms that import foreign R&D services in one year also
import R&D services in the following year. For comparison, an average of 88 percent

of firms that export in one year also export in the following year.
Fact 3.5. Innovation service importers are more active and effective innovators.

This fact motivates how we model firms’ incentives to import foreign innovation
service imports. In the model, firms import foreign innovation services to improve
the efficiency at which they produce innovative outcomes.

To establish the above fact, we observe that importers of innovation services are
significantly more active innovators than the average firm. As shown in Table 3.5,
R&D service importers outspend the average innovating firm by a factor of five on
both total innovation and R&D expenditure. Further, R&D service importers also
outspend the average multinational firm by a factor of two on both margins.

These differences in expenditures translate into better innovation outcomes. Table

3.5 shows that revenues accounted for by new products equal 23 percent for importers

M For reference, the remaining columns of Table 3.6 display the results of estimating equation (3.3)
with exporter and innovator status as dependent variable.
15 As highlighted in the later analysis, the results are qualitatively robust to this assumption.
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of R&D services, relative to 20 percent across the whole sample of innovators, while
the revenue shares accounted for by new products accounts for 14 percent relative to

11 percent for the whole sample.

3.4 A Model of Foreign Knowledge Imports, Trade,
and Innovation

We develop a new model of trade in goods, innovation services, and innovation
featuring oligopolistic competition in product markets, heterogeneous firms, and
selection into exporting, importing R&D, and innovation. The model captures the
role of competition, market structure, and market size as central determinants of the
returns of innovation while featuring innovation service imports as a determinant of
the cost of innovating. Tt is specifically tailored to connect with what we can observe
in the data, which allows to test its predictions directly and provides grounds for

quantitative analyses.

3.4.1 Model Overview

Single-product firms'® in a home market H - Germany in the application - are
associated with an industry s and have the option to purchase innovation services
as an input to their innovative activities. Firms can sell products on domestic and
foreign markets, which we denote by m. Events take place across three stages.

In the first stage, firms randomly draw a (multi-dimensional) parameter © € R
from a cumulative distribution function G (©) . © might capture exogenous differences
in total factor productivity, innovation efficiency, product appeal, and fixed cost.

Throughout the chapter, it is easiest to think of © as a one-dimensional parameter.

16 As we focus on single product firms, our model does not capture product innovation in the form
of adding new product lines. However, the model readily extends to this case without changing the
qualitative results.
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Firms incur fixed costs to enter product markets, to set up the capacity to inno-
vate, and to import foreign innovation services. Firms maximize expected profits
anticipating outcomes of the upcoming two stages.

In the second stage, firms choose their innovation efforts and import foreign
innovation services. Innovation efforts do not materialize until the final stage.

In the last stage, innovation efforts materialize, and firms compete in all product
markets that they chose to enter during the first stage.

The model constitutes a game across three periods. We proceed by describing and
solving the game through backward induction, starting with the structure of demand

and final good competition in the third stage.

3.4.2 Demand and Competition in Goods Markets

To characterize the outcome of product market competition in the final stage, we
drop subscripts for industries s and individual markets m. N is the number of active
firms, and active firms are denoted by f € {1,...,N}.

Demand is given by an invertible, homothetic demand system that can be written
as ¢ = logQ; = ¢ (pf,Ef,A) , where py = (ps;p—y) is the vector of prices of firm
f and the other N — 1 active firms, and £; = (§;,£_y) is a vector of non-price firm
characteristics affecting demand.'” A is a vector of aggregate demand shifters that is
taken as given by all firms.

We characterize the equilibrium in product markets under full-information simul-
taneous price-setting without any restrictions on the nature of competition. Amiti
et al. (2018) derived the key properties of the product market equilibrium in this

set-up, which we restate in the following proposition.

Proposition 3.1. Assume that sectoral log expenditures z are a sufficient statistic

for firm’s perceived demand elasticities, oy = Z}% =0 (pf — Z,Ef) . Then under any

17All results extend straightforwardly to the case where &; is a function of firm innovation effort.
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competition structure, the equilibrium price of firm f is a mark-up over marginal cost

MCy and solves the following fized point:

py = log ( i ) +log MCY. (3.4)
Of — 1
Further, changes in market shares Sy = ZJVPf—QPfQ are a sufficient statistic for
k=11k"k

equilibrium changes in mark-ups:

dlog( 71 ) — Q(S;) dlog Sy. (3.5)
Of — 1

Proof. See Amiti et al. (2018). O

Propposition 3.1 implies that if the log expenditure function summarizes all nec-
essary information about the pricing behavior of competitors, then market shares are
a sufficient statistic for firms’ mark-ups.

The characterization of the final goods market competition nests many existing
frameworks. In particular, the assumption hothat log expenditures are a sufficient
statistic for a firm’s perceived demand elasticity is satisfied by the nested-CES demand
structure used in Atkeson and Burstein (2008). To a first order, this assumption
holds for Kimball demand Kimball (1995) or the broad homothetic family of demand
functions considered in Matsuyama and Ushchev (2017). Hence, the results derived
in the upcoming sections apply to a broad set of models that study the implications

of market power and imperfect competition in product markets.

3.4.3 Innovation Decision and Import of Foreign Innovation

Services

In the second stage, firms have incurred fixed costs to serve final goods markets,

and to set up their capacity to innovate. Firms that did not choose to set up
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innovative capacity move on to the next stage. Innovating firms simultaneously
choose the optimal amount of innovation x; non-strategically and without spillovers.
That is, there is no external knowledge spillovers and no direct complementarities
in innovation efforts. Firms simultaneously choose their intensive margin sourcing
strategy for foreign innovation services, which directly affects the cost of innovative
effort 'y (x; ©y).

A firm with access to a set of markets My, and unit cost of serving market m

given by C,, ; chooses innovation intensity  to maximize profits II:'®

(2;07) = Y {PnsQm (2,05) = Crn (;0) Q@ (2;0)} = Tf (27:05),  (3.6)
meM;

subject to the outcome of the product market game summarized by the optimal
pricing decision in (3.4). C,, (z;6;) denote the cost of selling a unit of output in
market m. It is understood that I'f (z;©;) is conditional on an importing strategy
for innovation services.

Production functions are constant returns to scale for any given innovation effort

Assumption 3.1.

1. Production functions are constant returns to scale for any level of innovation

effort x.

2. Product demand is weakly increasing and concave, while unit costs are weakly

decreasing and convex in innovation effort x.

Shipping goods to market m is subject to iceberg trade cost, which are denoted by
T, 2> 1. By assumption 3.1 the marginal cost MC), ¢ of serving market m equal are

equal to MCy, 5 = 7,,CY.

8For our purpose, it is inconsequential whether innovation yields certain or probabilistic outcomes,
so long as firms hold common expectations about the effects of innovation. We, therefore,
characterize the full information case.
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By the envelope theorem, the optimal amount of innovation effort x; solves the

following first-order condition:

S (o) ot - Gl - RS

o
meM; Om,f — 1 8xf alL'f (%f

where Q) = Zmer TimQm, ¢ 1s total output of firm f.
It is worth pausing to discuss how this simple condition relates to the channels that

affect firms’ incentives to innovate. Focusing on the first term, we observe that higher

1

Omyp—1

unit costs C'y and profit margins increase the returns to innovative activity that
operate through increasing the demand for a product.!® The second term, on the other

hand, summarizes the returns to process innovation - summarized in the reduction

in unit cost ag?;,;f . These scale with a firms’ total output @,,. Lastly, the impact
of foreign innovation services on innovation materializes through the marginal cost
of innovation, which is firm-specific and depends on the sourcing strategy of foreign

R&D. We now turn to describing the cost of producting innovative activity x.

Production of Innovative Activity and Intensive Margin Sourcing Choice
Firms produce innovation x by combining factors F', and intermediate inputs M

according to a Cobb-Douglas production function:

ZEf =X (@f) M(me}_d). (38)

X (©f) governs firm heterogeneity in innovation efficiency. The factor F' can be

purchased at a price W that is taken as given by firms.

19 As discussed earlier, product innovation in our data captures both the introduction of new prod-
ucts, but also significant improvements with respect to a product’s capabilities or user-friendliness.
The latter effect is captured by our model as an innovation that directly raises the demand for a
firm’s product.
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Intermediate inputs in innovation production consist of a bundle of innovation
services indexed by j € [0, 1]- for example, basic research or product testing - which

are aggregated according to Cobb-Douglas technology:

1
My = exp {/ a; 1ong,jdj} : (3.9)
0

where fol a;dj = 1.
Each innovation service can be produced at home or imported from market m &€
M. Home and foreign innovation inputs are combined through to the following CES

aggregator:

1+¢
¢ ¢
Xpj= 2,5+ o 1+< {;;1] : (3.10)

meM

where Z;; and Mjy ;,, denote the quantities of domestic and imported varieties from
source country m. a,,, is a measure of technological advantage that foreign services
may have over domestic ones.

Firms pay fixed cost f,, in units of the domestic aggregate factor of production F
for each foreign innovation input that they wish to import from country m. Further,

firms pay variable trade cost 7P

on top of the foreign price Uj,,. The domestic
price of innovation activity j is denoted by V;.
In stage 2 firms have chosen the set of varieties that they wish to import, J; =

{7 €[0,1],m € M : My,, >0}, and are left with choosing the quantities M7 ; .,

Z;hj
and F}. The cost of innovation is given by:
[ (x¢|J}) = WF* +/ ViZidj+ ) / (TREPU M + W i) . (3.11)
meM

In Appendix 3.B, we show that the variable part of total innovation cost, condi-

tional on a set of imported varieties J} is given by:
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_c
BYx (©y)

C' is a cost-index for firms that do not import innovation services as part of their

Izl J}) = Ty, (3.12)

innovation activities.?® By is a cost-reduction factor that summarizes how foreign in-

novation services improve the efficiency at which a firm produces innovation activities:

By = B(Jy) = exp{ [, ajlogb; (Jn) dj } and b given by:

1/¢

b (Jw) = |1+ Yy (U ) V)
{jm}eJs

A contribution of the model is to characterize innovation responses to changes in

trade costs 71%

Din terms of few easily computable sufficient statistics. The import
intensity of foreign innovation services from country m is a key statistic for this
purpose and defined as follows:

f TmU"mM* vmdj I5 - .
Sof,m = J ]_—‘(Jx ij;j’ = Qﬁ/(; ajaj,m (Trg&DUj/‘/}7m) dj (313)

The following proposition relates overall import shares of foreign innovation services to
the variable and marginal cost of innovation. Further, it shows that ¢;; is a sufficient

firm-level statistic to characterize how the marginal costs of innovation respond to

changes in 77D

Proposition 3.2. (i) Within sectors, firms with larger total innovation expenditures
have a larger overall import intensity ¢r = > @rm. () The partial elasticity of

marginal innovation cost with respect changes in the variable trade cost of foreign

dlogT"(zs|J})

. . . R&D _ . . T
Mnovalion Services T, equals “DlogrEED = Pfm if the set of imported varieties is

m

[ 1-¢ )
20This index is given by: C = (%) (%) with U = fol ajlog (g—j) dj.
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fized and % = K@t m to a first order if the set of imported varieties adjusts as

well. k is a constant specified in the appendiz.
Proof. See Appendix 3.B. O]

Figure 3.2 visualizes the key implication of Proposition 3.3. The effect of changes
in service trade costs on the marginal cost of innovation depends on the initial
import intensities of firms. So not only do firms with higher import intensity of
innovation services have larger total innovation expenditure they will also respond
more to changes in trade costs for these services.?!

Figure 3.2: Import Intensity of Innovation Services and Innovation

dlogl',
Phm < @fm = dlog 77D
F.Z’ (x7 Pfs T'r]fL&D7 TZ&D)

N Pl @'y | D)

7. (T)

Ty T Innovative effort x

Notes: This figure visualizes the key implication of Proposition 3.2. m, denotes the marginal benefit of innovation,
and is given by the LHS of equation (3.7). ¢y ,, denotes the import intensity of innovation services sourced from
country m of firm f, and I'; denotes the marginal cost of innovation activity. The graph shows that firms with higher
import intensity innovate more, and that the marginal cost of innovation activity respond more to changes in trade
costs the more a firm sources innovation services.

3.4.4 Selection and Entry

In the first stage, an exogenous number of firms M each choose which subset M of

the markets { H, M} to enter and whether or not to build the capacity to innovate,

21The implications for fixed costs are simple and in particular first-order invariant across firms:
The partial elasticity of marginal innovation cost with respect to a change in fixed cost is equal to
Alog I (zf) _ —
—= L =K

some constant: — = R1.
Olog fm 1
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1;. The associated fixed costs, F'%, FZ and F!, respectively, are produced by an
aggregate factor with price normalized to 1. Firms also choose the set of innovation
services J; that they would like to import by anticipating the outcomes of the second
and third stages of the game.
The problem of each firm in the first stage reads:
max IT(My, J;,150p) = > 1{m e M} Ff — 1, ,F", (3.14)

MeTpls meMy

where II denotes profits in the final stage.

As a last step, we characterize Jy, the set of imported innovation service varieties.
Firms foresee outcomes at later stages of the game, and hence the envelope theorem
implies that firms choose their set of imported innovation services J to minimize their

expected total cost of innovation.

« . C
Jj = argminE (I (a7]J7) = B | 2y =W 3 fim)
! r JjeJf
In the appendix, we show that this choice can be uniquely characterized. and that

firms with higher innovation effort x a larger set of innovation services.

3.4.5 Key Predictions

We collect key predictions that we will take to the data in the following proposition.

Proposition 3.3. The model implies the following relationships:
1. Imports of innovation-related services: Firms with higher levels of foreign
innovation imports have larger overall innovation expenditures and innovate more.
2. Exports: Firms with higher levels of exports (both on the extensive and intensive
margin) innovate more.

3. Competition: Firms with higher profit margins innovate more.
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Proof. Please see Appendix 3.B. O]

Proposition 3.3 provides testable implications for the relationship between firms’
innovation activity, foreign innovation service imports, exports, and competition. The
first prediction is borne out of the relationship between foreign innovation imports
and the cost of innovation. The second prediction stems from a standard market
size effect. The last prediction implies that increased levels of competition reduce

innovation activity if profit margins respond negatively to competition.??

3.5 Empirical Evidence

In this section, we test the key predictions of the theoretical model. We investigate
the effect of our three variables of interest — innovation service imports, exports, and

competition — on firms’ innovation activities.

3.5.1 Specification

The model predicts that firms with higher imports of foreign innovation services,
larger market size, and higher profit margins undertake greater innovation efforts.
The following empirical model directly tests these predictions. Letting f index firms,
s index 2 digit NACE Rev. 1 manufacturing industries and ¢ index years. We consider

regressions of the following form:

yrr = a-log (14 Innovap)f7t+ﬁ- log (1 + Expfvt) +7- Compy,+6- Xy +ws i +epg, (3.15)

22However, mark-ups and in particular, their elasticitiy with respect to more innovation activity
may be non-monotone in sales market shares. As a consequence, the model predicts no linear
relationship between changes in competition and changes in innovation activity. Fieler and
Harrison (2018) stress that increases in competition may cause more innovation through an
import-competition escape effect. While we don’t model this excplicitly, our model does not rule
such mechanisms out.
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where ys, denotes innovation-related outcomes of interest: innovation expendi-
tures, R&D expenditures, and measures related to innovation outcomes. Innovimpy,
and Exp;, are the values of firm-level innovation service imports and exports. In the
model, profit margins depend on a firm’s market share in product markets (though
the nature of this dependence is theoretically ambiguous). Compy; is a measure
for a firm’s competitive environment that we describe shortly and captures this
relationship.

Industry-year fixed effects are denoted by w, . X ¢+ is a vector of time-varying firm
characteristics. It contains three binary variables: one indicating if a firm is part of an
FDI relation, one indicating if a firm is located in a state formerly belonging to East
Germany, and one indicating if a firm performs internal R&D at least occasionally.
Moreover, it includes a firm’s number of employees as a proxy for size as well as the
average wage of a firm’s industry within East- or West Germany as a proxy for cost
shocks.

The coefficients of interest are «, 3, and v which measure the impact of trade in
innovation services, exports and profit margins on firm-level innovation activity. The
identification of these parameters is threatened by reverse causality: For example,
large volumes of exports might be driven by succesfull innovation efforts. To identify
causal effects, we construct firm-level instrumental variables for goods exports and

service imports.

3.5.2 Instrumental Variables
Imports of Foreign Innovation Services

Firms might be more innovative because they import more innovation services. How-
ever, firms might also import more innovation services because they innovate more.

To address this reverse causality, we construct a firm-level supply shock.
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To construct the shift-share instrument, we consider a firm f that is observed

Innovimp

importing foreign innovation services for the first time in year ¢o. Denote by w; "

the share of innovation expenditures that is sourced from origin country n. Further,
denote by IMPZ‘;?”““O" the total value of year ¢ imports of foreign innovation by
all German firms from country n that are not in the same NACE Rev.1 two digit
industry as firm f.

The instrument for firm f’s imports of foreign innovation services in year t is
defined as the sum of the aggregate innovation imports by all firms not in firm f’s

industry over all countries, weighted by firm f’s initial import share from country n :
Z?thOVImp _ Z w‘lf‘?;l;\;lmpIMpi?ﬁfvation‘ (316)
n

Aggregate innovation service imports serve as a measure of aggregate supply
shocks. The initial shares provide variation in firms’ exposure to these supply shocks.
The exclusion restriction requires that the instrument is not systematically correlated
with unobserved heterogeneity in firms’ innovation import capacities. The model, in
turn, implies that initial import intensities are sufficient statistics for the relevant
dimensions of heterogeneity among firms, and, to the degree that aggregate supply
shocks are exogenous to an individual firm’s behavior, motivates the construction of
the instrument.

To this end, the aggregation of innovation service imports for firms not in the
same industry as firm f aims to ensure that the aggregate supply shock is exogenous.
Earlier, we have shown that large firms account for a large share of total innovation
services. Aggregate changes in innovation imports of f’s own industry could thus
reflect changes in the behavior of f itself. By excluding a firm’s own industry when

constructing the supply shocks, we aim to minimize this threat to exogeneity.

191



Exports

Firms might export more because they are more successful innovators relative to firms
with less exporting activity. Therefore, we construct firm-level demand shocks that
are exogenous to firms’ innovation efforts. The logic of the instrument is symmetric
to the supply shocks constructed in the previous section.

Consider a firm f that is first observed in year ty3. and denote by w?ﬁf) the share
of its total revenues that is accounted for by exports. Let IMPX{%{? denote the value
of world imports of industry s in year ¢. The instrument for exports for firm f in year
t is then defined as:

bartik '} = Wil IMPY (3.17)

The exclusion restriction requires that the instrument is neither systematically cor-
related with firm’s innovation efforts in year ¢, nor with unobserved changes to firms’
capacities to innovate. To this end, the changes in the aggregate import demand of a
given industry intend to proxy for export demand shocks. Borusyak et al. (2018) show
that the exclusion restriction requires that aggregate shocks are exogenous to changes
in the innovation activity of individual German firms. Weighting the industry-level
shocks with a firm’s initial export shares generates variation in exposure to the
export demand shock across firms.?® Goldsmith-Pinkham et al. (2018) show that
the exclusion restriction is satisfied if initial export shares are a sufficient statistic for
unobserved dimensions of heterogeneity that drive differences in a firm’s exporting

behavior and not correlated with future changes in these variables.

Competition Measure

Following Lim et al. (2018), we measure competition in an industry by the number

of active domestic firms in a given two-digit NACE Rev. 1 industry. To generate

23 Again, this construction is consistent with the structural model.
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variation in competition exposure across firms within a given industry, we interact
with this measure a firm’s position in its industry’s domestic sales distribution in
the year ty where we first observe it in our data. Firms located in higher deciles of
their industry’s sales distribution have higher market shares, which, according to our
framework, directly affects their exposure to competition.

Let Jf,&t denote a variable that takes the value 1 if firm f is in the top decile
of the domestic sales distribution in industry s in year t, the value 2 if firm f is in
the second-highest decile and henceforth until it takes the value 10 for a firm in the
lowest decile. Denoting by n,; the number of active firms in industry s in year ¢, the

competition variable combines both measures as follows:
compy, = dp,s gy % 10g (). (3.18)

Our empirical competition measure of competition takes higher values for smaller
firms that are active in industries with more competitors. If firms take the total
number of firms in any given year as given, and past sales shares are not correlated
with unobserved future shocks to productivity, then this measure is exogenous. As
we observe industries at the two-digit level, we think that the former requirement is
likely to be satisfied. Further, to ensure that a firm’s position in its industry’s sales
distribution is not correlated with unobserved factors affecting innovation, we hold
this variable’s value fixed at the value that it attained in the first year ¢ty in which f

is observed and exclude the firm-year observation in ¢y from the sample.

3.5.3 Results
OLS

Table 3.2 presents the results of estimating the full specification in (3.15) via OLS

across all innovation outcomes of interest.
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Innovation Inputs Our theoretical framework predicts that firms with higher
levels of innovation service imports and exports are more active and successful in-
novators. The first two columns of Table 3.2 show that this prediction is borne out
of the conditional correlations in the data. Firms with higher levels of innovation
imports and exports spend larger overall amounts on both innovation activities as a
whole and R&D in particular.

Competition correlates negatively with overall innovation expenditures. Simulta-
neously, we find a statistically significant positive relationship between competition
and R&D expenditures. As we will see below, only the former effects remain statis-

tically significant in the second-stage IV estimates.
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Table 3.2: OLS Results

Inputs Outcomes

Expenditures Sales Products New to Processes

Firm & Fi
Innovation R&D Firm Hm Hr WO Unit Cost  Quality
Market  predec.

Innov. Imports ~ 0.10°*  0.12***  0.09  0.15**  0.21*** 0.11 0.11
(4.84) (6.25)  (1.55)  (2.01)  (2.79) (1.52) (1.46)

Exports 0.06***  0.03**  0.11***  0.09"**  0.08** -0.01 -0.01
(7.57) (7.30)  (852)  (8.61)  (7.53)  (-0.76)  (-0.95)

Competition —0.005***  0.004***  -0.003  0.008*  -0.002  —0.01**  -0.006

(-2.63)  (2.75)  (-0.76)  (1.92)  (-043)  (-2.12)  (-1.81)

Controls
Labor Cost -0.05 —0.06 -0.22 -0.09 -0.25 0.57 0.53
(—0.24) (—0.46)  (-0.56)  (-0.21)  (-0.60) (1.39) (1.33)
Employment 0.53"** 0.47*  0.58***  0.48**  (0.35*** 0.71%**  0.26%**
(12.2) (13.14)  (7.25) (5.29) (3.99) (7.87) (3.68)
Cont. R&D 9.28*** 10.45%%F 1127 6.21***  6.93*** 4.45%%F 414
(101.31)  (101.31)  (67.63)  (40.73)  (45.08) (30.37)  (29.91)
East -0.01 0.02 0.19 -0.37 0.56** —0.66*** -0.01
(—0.08) (0.30) 0.77)  (-1.43) (2.13) (-2.67) (-0.03)
Multinational —-0.01 0.44 0.42 0.17 0.05 0.58 -0.13
(—0.05) (0.10) (1.31) (0.51) (0.16) (1.67) (-0.44)
Observations 17890 17890 17890 17890 17890 17890 17890
Firms 7222 7222 7222 7222 7222 7222 7222
R? 0.65 0.85 0.49 0.22 0.24 0.16 0.11
Year-Ind FE v v v v v v v

Notes: This table presents the OLS results of estimating equation (3.15) on the baseline sample of German
manufacturing firms. t-statistics are in parentheses and clustered at the firm level. *** indicates significance at
the 1%, ** at the 5% and * at the 10% level. Source: Reasearch Data and Service Centre (RDSC) of the Deutsche
Bundesbank, Trade in Service Statistics (SITS), Microdatabase Directinvestment (MiDi); Leibniz Centre for European
Economic Research Mannheim Innovation Panel (MIP), 2002-2011, own calculations.

Innovation Outcomes Higher levels of innovation service imports are positively
related to all measures of innovation success. Exports correlate positively with

revenues generated by new products. However, we cannot detect a statistically
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significant relationship between higher levels of exports and better process innovation
outcomes.

Exposure to competition correlates with better product innovation outcomes, but
is negatively correlated with process innovation outcomes. As such, these results
may shed light on the ambiguous effects that the literature assigns to competition
as a determinant of firm-level innovation activity. As argued in Fieler and Harrison
(2018), competitive pressure might induce firms to innovate on products in order
to escape competition. Interpreted through the lens of our model, higher levels of
competition may reduce the incentives for firms to invest in cost-saving technologies

in order to gain market shares and increase profit margins.

Second Stage

Table 3.8 displays the first-stage regressions of the full set of instruments on innovation
service import intensities and exports. We find a strong first stage for both, as evident
by the F-statistics.?*

Table 3.3 presents the estimates of the second stage. We find support for the hy-
pothesis that access to foreign innovation services leads to higher innovation activity,
as well as overall better innovation outcomes. We find statistically significant effects
on near all innovation outcomes. This finding also lends support to our modeling
assumption that foreign innovation services provide firms with greater overall innova-
tion efficiency, independently of whether innovative efforts target product or process

innovation.

24The correlation structure between the instrumented variables is displayed in Table 3.9.
Evidently, the fitted values entering the second stage regression are far from collinear.
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Table 3.3: Second Stage Results

Inputs Outcomes

Expenditures Sales Products New to Process

Firm & Fi
Innovation  R&D Firm o HHL WO Unit Cost  Quality

Market  predec.

Innov. Imports 0.09*** 0.13%** 0.09 0.21% 0.27** 0.19* 0.25%*
(3.79) (5.01)  (0.97)  (1.85)  (2.40) (1.72) (2.17)
Exports 0.07*** 0.06***  0.14***  0.14*** 0.08*** -0.01 -0.04
(4.59) (6.32)  (4.65) (4.49) (2.67) (-0.42) (-1.27)
Competition —0.006* 0.003 -0.006 0.004 -0.005 -0.008 -0.001
(-1.89)  (1.31) (-1.19)  (0.77)  (-0.89) (-1.31)  (-0.11)
Observations 10666 10666 10666 10666 10666 10666 10666
Firms 3974 3974 3974 3974 3974 3974 3974
R? 0.67 0.85 0.45 0.22 0.24 0.17 0.11
Year-Ind FE v v v v v v v

Notes: Second stage IV results of estimating equation (3.15) on our baseline sample of German manufacturing firms.
t-statistics are displayed in paentheses. Standard errors are clustered at the firm level. *** indicates significance at
the 1%, ** at the 5% and * at the 10% level. Source: Reasearch Data and Service Centre (RDSC) of the Deutsche
Bundesbank, Trade in Service Statistics (SITS), Microdatabase Directinvestment (MiD1i); Leibniz Centre for European
Economic Research Mannheim Innovation Panel (MIP), 2002-2011, own calculations.

In line with previous findings in the literature, we find that firm-level export
demand shocks lead larger innovation efforts. We find that higher exposure to demand
shocks incentivizes firms to adopt or develop new products, as indicated by increased
revenues from these product categories. Conversely, we do not find that market size
has a statistically significant effect on process innovation.

Competition has a statistically significant negative effect on innovation expen-
ditures. The effect on R&D expenditures is positive, as in the OLS regression,
however not statistically significant. In line with the OLS estimates, we find that
higher levels of competition disincentivize firms to invest in cost-saving innovations.
However, we cannot detect a statistically significant effect on product innovation. Our
findings are thus consistent with the theoretical model’s predictions: Higher levels of
competition may reduce the responsiveness of profit margins to market shares and
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therefore disincentivize firms to undertake innovations that allow them to undertake

competitor’s prices.

3.5.4 Robustness

We check the robustness of our baseline results across multiple dimensions. First, we
augment the construction of our instruments. Second, we show that our empirical
results are robust to variations in the baseline sample, and remain effectively unaltered

when only years before the financial crisis are considered.

Alternative Instruments

A recent literature investigates the sources of exogeneity in shift-share instruments.
First, Goldsmith-Pinkham et al. (2018) show that if the shift-shares are exogenous
to current unobserved factors affecting the outcome of interest, then the instrument
will indeed be valid. Second, Borusyak et al. (2018) and Adao et al. (2018) show that
the necessary exclusion restriction can be satisfied even if shift shares are correlated
with unobserved factors affecting the outcome of interest. Applied to our setting, the
arguments in these papers imply that so long the aggregate shocks are exogenous to
the individual firm, sufficient variation over destination and origin countries provides
valid exogenous variation.

In our set-up, we rely on the shift shares as a source of exogenous variation. Thus,
we augment our baseline instruments by constructing probabilities of exporting and
importing innovation services at the firm-level to generate an additional source of
exogenous variation. The probability that a firm exports/imports innovation services
in year t aims to capture the impact of exogenous shocks that prevent a firm from
taking advantage of export and import opportunities.

Consistent with the evidence that firms select into exporting based productivity,

we include a firm’s past position in the distribution of labor revenue productivities,
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as a predictor for a firm’s propensity to export/import. Further, consistent with the
existence of initial fixed cost to participating in international trade, this probability
also depends on a firm’s history of exporting. Further, we consider sectors and regions
as potential determinants of trade participation. Using these predictors, we run a
Probit model to estimate a firm-specific predicted probability of exporting, denoted
Py

Salesy ¢, )

1 {Exports; , >0} = ® (aEast + BPosy ( 7 + 1 {Exports;, ; >0} + 5f7t> . (3.19)

fito
We estimate the probability p?t that a firm is an innovation service importer
analogously by regressing a firm’s import status on its lagged importer status and a

similar set of dependent variables in the following Probit model:

Salesy ¢,

1 {Imports}ﬁ”"“ > U} =® (aEaSt + BPosy ( T ) + 1 {Importsf{ﬁof’ > O} + ef7t> . (3.20)

fito

Our augmented firm-level instruments for exports and innovation service imports
combine the Bartik part described in the previous section with the estimated proba-

bility of exporting or importing:

Zvﬁfp’“ = p},log (1 + bartik};") . (3.21)

N;?tnovlmo _ pf”,t 10g (1 + bartiklfrj;lovlmP) . (322)

We re-estimate our empirical model using this new set of instruments. The results
are displayed in Table 3.10. We again find a strong first stage and second stage

estimates that are qualitatively and quantitatively similar to our baseline estimates.

Financial Crisis

The financial crisis in 2008 was followed by a global decrease in international trade

volumes (Kortum et al. (2016)). However, trade volumes in services trade have seen a
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significantly lower decrease during the financial crisis, as documented in Ariu (2016).
We investigate whether our results are driven by the impact of the great recession
by re-estimating our baseline specification on a restricted sample that only includes
years before the financial crisis. Table 3.11 displays the results and confirms that our

baseline results are robust to this sample restriction.

3.6 Selection Complementarities and the Effect of
Trade on Aggregate Innovation Actvity

In section 3.5 we have shown that a significant share of the variation in innovation
expenditures occurs within sectors. In the previous section, we have confirmed the
key prediction of our theoretical model. Here, we show how firm heterogeneity
might shape the aggregate relationship between international trade and a country’s
innovation activity.

We compare changes in firms’ innovation activities in response to trade shocks
predicted by the model. Changes of equilibrium outcomes that are beyond the
control of the firm in the model - such as aggregate income levels, factor prices,
demand shifters, and prices of innovation services - are treated as realizations of
random variables. We take expectations over the joint realizations of these random

variables and characterize the expected pass-through of changes in trade costs into

dlogzy | 95
dlog T

firms’ innovation efforts, E [
The following assumption provides restrictions on the correlation of trade costs

with other model parameters and outcomes.

25 As we condition on firms that do not change decisions on the extensive margin - whether or not
to export, innovate or import innovation services at all - we do not characterize the entry margin
effect of falling trade cost. Naturally, the extensive margin of firm entry may be important for
quantitative magnitudes.
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Assumption 3.2. Changes in trade cost are uncorrelated with changes in relative
firm characteristics ©f and import prices for foreign innovation services of any two
firms within the same industry.

This assumption allows arbitrary correlation structures between changes in trade
costs and changes in aggregate general equilibrium objects. Note that relative import
prices for foreign innovation services between any two firms might differ because firms
import decisions differ on the extensive margin.?

The following proposition summarizes the effects of changes in trade cost on firm-

level innovation activity.

Proposition 3.4. In addition to assumption 3.2, assume that the elasticity of demand
and unit cost with respect to innovation effort x is constant. Then market shares,
import intensities and output size in each market {{Sn%f, me}mer ,gof} are first-
order sufficient statistics for the firm-level elasticity of innovation activity with respect

to trade cost E {%}.
Og’?’

In particular, for T € {1, Ty} we have that, omitting sector subscripts:

E(C“ngf) Y St Y Qi (3.23)

dlog T
g mEMf mEMf

and for T = TR&D

dlog x,,
E< g ):a;vLsﬁf arf + Z BrStm + Z VT Qfm v - (3.24)

dlog T
g mEMf mEMf

The parameters {a, B,v} are constants given in the appendiz.

26 As shown in the appendix, formaly we require that the following firm-specific term is uncorrelated
with trade costs:

U Vi, U Vi
fft—C/ outyh (holnefVia) - dlog =2t — dlog 21| dj,
ikt Uy Vi

where U and V' denote some weighted average of foreign and domestic prices for innovation services.
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Proof. See Appendix 3.B. O]

Equation (3.24) shows that the effect of a change in trade costs of innovation
services on a firm’s innovation effort depends on its previous import intensity of
innovation services. Importantly, the effects of a reduction in innovation services
import cost on firm-level innovation activity also depend on a firm’s exposure to
market size and competition in final goods markets. Firms with large sales volumes
in many markets are bound to react differently from firms with only a few destination
markets.

Similar considerations hold for shocks to final goods trade costs. Equation (3.23)
shows that market shares are a primary driver of heterogeneity in firms’ innovation
responses to import competition shocks. This is intuitive: An import-competition
induced reduction in the profit margins in the home market is less consequential for
a firm that has access to other markets, potentially less competitive markets.

These results suggest that the aggregate effects of trade integration on innovation
efforts may depend on the microstructure of the economy. Further, it suggests
that understanding the effects of trade integration as a whole may require a joint
assessment of how the innovation incentives generated by trade in innovation services
interact with the innovation incentives arising from trade in goods. We leave a

quantification of this mechanism to future research.

3.7 Conclusion

This chapter has investigated the connection between trade integration and innova-
tion. We use an unusually detailed dataset that allows us to study the relationship
between trade in services, trade in goods, and firm-level innovation activity.

We provided novel descriptive statistics that suggest that firm-level differences

in innovation activity are essential for shaping aggregate trends in innovation, that
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document that trade in foreign knowledge exhibits similar properties to trade in goods
and, lastly, that suggest the existence of complementarities in the selection of firms
into innovating, exporting goods and importing foreign knowledge.

We then developed a new theoretical model of trade in services and innovation
that is consistent with these facts, and that combines the well-known competition
and market size effects of trade with a model of innovation service imports to make
testable predictions that map into quantities that are readily observable in the data.
While we have not leveraged the quantitative aspects of the model, it is well-suited
for structural estimation and quantification of the various channels.

The model predicts that firms with access to larger markets via exports, with
higher profits margins, and with higher import intensities of foreign innovation ser-
vices undertake greater innovation efforts. Further, the model predicts that the
responsiveness in innovation efforts to foreign demand and supply shocks differs across
firms according to easily computable sufficient statistics. In the empirical part of
the chapter, we took those predictions to the test and constructed model-motivated
instruments to overcome identification challenges.

Our results imply that greater access to foreign innovation services raises the
innovation efforts of firms. Similarly, greater access to larger export markets raises
innovation efforts, while our results indicate that competition decreases innovative
activity. We find that the estimated reduced-form coefficients capturing the effect of
imported innovation services on innovation efforts are of similar magnitudes to the
effects that operate through export opportunities and competition.

Further, we have highlighted that complementarities in selection at the firm-level
may amplify the aggregate effects of trade integration on innovation through dispro-
portionally incentivizing the largest and most productive firms to innovate more. We

have formalized this intuition using our structural model to illustrate its potential
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usefulness for quantifying the aggregate effects of trade on a country’s innovation

activity.
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Appendix

3.A Tables

Table 3.4: Sample Descritptive Statistics (unweighted)

Description Mean
Employment 249.48
Revenues (x103) 57,037
Share of Exporters 68.2
Share Exports in Sales 20
Share Innovators 69

Share Innovation Service Importers 3.1
Share Innovation Service Exporters 1.2
Share Multinationals 8.3

Notes: (where applicable) averages over all firm-year observations. All shares in percent. Source: Reasearch
Data and Service Centre (RDSC) of the Deutsche Bundesbank, Trade in Service Statistics (SITS), Microdatabase
Directinvestment (MiDi); Leibniz Centre for European Economic Research Mannheim Innovation Panel (MIP),

2002-2011, own calculations.
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Table 3.5: Innovation Activity in German Manufacturing Firms

Innovation Measure Sample Multinationals Innov. Importers
Inputs Innovation Expenditures 4752 13162 26129
R&D Expenditures 2950 8621 14838
R&D Imports 227 1827
Continuous R&D (%) 82 93 93
Outcomes Product innovator (%) 74 82 83
Revenue Share Products
improved/new to firm  20.4 18.89 22.8
new to market 5.8 4.9 7.6
new product 5.7 4.2 6.6
Process innovator (%) 49.9 58 61
Reduction of unit cost
Yes? 32.9 45.1
In percent 3.0 3.5 3.6
Increase in Quality
Yes? 34.2 40.2
In percent 2.8 2.7 2.5

Notes: Averages across all firm year observations with positive innovation expenditures. Revenues, innovation
expenditures and imports of foreign innovation services are in Euro thousands. Source: Reasearch Data and Service
Centre (RDSC) of the Deutsche Bundesbank, Trade in Service Statistics (SITS), Microdatabase Directinvestment
(MiDi); Leibniz Centre for European Economic Research Mannheim Innovation Panel (MIP), 2002-2011, own

calculations.
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Table 3.6: Firm Status and Productivity Measures

Innovation Imp. Exporter Innovator Innovation Exp.

Rev/L 0.03*** 0.15*** 0.09*** 0.01***
(7.97) (19.7) (11.2) (3.24)
. 1*** . 2*** . 4*** . kokok
Skill Intensity 0.00 000 0.00 0.000
(3.08) (6.0) (12.5) (3.09)
—0.01*** —0.10*** -0.002 —0.01**
East Germany
(-3.51) (-5.7) (-0.19) (-2.06)
YearxInd FE v v v v
Observations 15,605 15,605 15,605 15,605

Notes: Estimation results of regressing a dummy for a firm’s trade participation and innovation activity on controls
and a firm’s labor revenue product, denoted Rev/L. Standard errors are in parentheses and clustered at the firm level.
*** indicates significance at the 1%, ** at the 5% and * at the 10% level. Source: Reasearch Data and Service Centre
(RDSC) of the Deutsche Bundesbank, Trade in Service Statistics (SITS), Microdatabase Directinvestment (MiDi);
Leibniz Centre for European Economic Research Mannheim Innovation Panel (MIP), 2002-2011, own calculations.

Table 3.7: Conditional Sample Composition

Multinat. Imp. Innov. Serv. Exporter

Multinational

Yes 100 22.5 69
No 100 2 48
Importer Innov. Serv.

Yes 54 100 70
No 7 100 50

Notes: Conditional sample composition of innovating firms (firms with strictly positive innovation expenditures).
Read: Conditional on having status x (row), what share of firms has status y (column). Source: Reasearch
Data and Service Centre (RDSC) of the Deutsche Bundesbank, Trade in Service Statistics (SITS), Microdatabase

Directinvestment (MiDi); Leibniz Centre for European Economic Research Mannheim Innovation Panel (MIP),

2002-2011, own calculations.
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Table 3.8: Baseline First-Stage Results

Innovation Imports Exports

. 0.53*** 0.16™**
Instrument Innovation Imports
(22.11) (6.71)
-0.00 0.86***
Instrument Exports
(—0.17) (36.53)
Observations 10,666 10,666
Unique Firms 3,974 3,974
F-Statistic 253.13 728.48
Year x Industry FE v v

Notes: First Stage results of projecting endogenous outcomes on the instruments constructed in Section 3.5.2.
Standard errors are in parentheses and clustered at the firm level. *** indicates significance at the 1%, ** at the 5%
and * at the 10% level. Source: Reasearch Data and Service Centre (RDSC) of the Deutsche Bundesbank, Trade in
Service Statistics (SITS), Microdatabase Directinvestment (MiDi); Leibniz Centre for European Economic Research
Mannheim Innovation Panel (MIP), 2002-2011, own calculations.

Table 3.9: Baseline: Correlations between instrumented independent variables

Innovation Imports Exports Competition

Innovation Imports 1
Exports 0.21 1
Competition -0.14 -0.25 1

Notes: This table presents the correlation between the fitted first stage variables for innovation imports and exports,
as well as competition. Source: Reasearch Data and Service Centre (RDSC) of the Deutsche Bundesbank, Trade in
Service Statistics (SITS), Microdatabase Directinvestment (MiDi); Leibniz Centre for European Economic Research
Mannheim Innovation Panel (MIP), 2002-2011, own calculations.
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Table 3.10: Second-Stage IV Results for Alternative Instruments for Exports and

Innovation Imports

Inputs Outcomes
Expenditures Sales Products New to Process
Innov. R&D Firm Firm & - Firm wo Unit Cost  Quality
Market predeces.
Innov. Imports 0.08* 0.10**  0.021 0.09 0.27* 0.18 0.52%**
(1.71) (2.54) (0.15) (0.48) (1.66) (0.97) (2.89)
Exports 0.07*** 0.06*** 0.17***  0.17*** 0.08** -0.02 -0.04
(4.2) (4.60) (4.63) (4.19) (1.97) (-0.6) (-1.07)
Competition —0.006  0.006**  -0.005 0.004 -0.008 -0.007 -0.001
(-1.55) (2.26) (-0.75)  (0.62) (-1.05) (-0.92) (-0.11)
Observations 6361 6361 6361 6361 6361 6361 6361
Unique Firms 2659 2659 2659 2659 2659 2659 2659
R? 0.68 0.86 0.45 0.21 0.25 0.18 0.13
First-stage F’
Exports 599.0
Innov. Imp. 214.1
Firm Controls v v v v v v v
YearxInd. FE v v v v v v v

Notes:

Second stage results of estimating equation (3.15) on our baseline sample of German

manufacturing firms. Standard errors are in parentheses and clustered at the firm level. *** indicates
significance at the 1%, ** at the 5% and * at the 10% level. Firm controls include local labor cost,
total employment, and indicator variables for whether a firm conducts R&D continuously, is located

in former Eastern German States and is a multinational.

Source: Reasearch Data and Service

Centre (RDSC) of the Deutsche Bundesbank, Trade in Service Statistics (SITS), Microdatabase
Directinvestment (MiDi); Leibniz Centre for European Economic Research Mannheim Innovation

Panel (MIP), 2002-2011, own calculations.
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Table 3.11: Second Stage IV Results for pre-2008 sample

Inputs Outcomes

Expenditures Sales Products New to Processes

Fi Fi
Innov. R&D Firm rm & Hm o Unit Cost  Quality
Market predeces.

Innov. Imports 0.08** 0.11%* 0.021 0.24* 0.21 0.26** 0.15
(2.12) (3.26) (0.15) (1.80) (1.53) (1.99) (1.17)
0.07*** 0.07*** 0.17***  0.20*** 0.12%** 0.002 -0.02
Exports
(3.49) (4.82)  (4.63)  (4.02)  (2.43) (0.05) (-0.41)
.. —0.009**  —0.002 -0.005 0.001 -0.01 -0.01 -0.008
Competition
(-2.15)  (—=0.55) (-0.75)  (0.07) (-1.28) (-1.16) (-0.97)
Observations 4109 4109 4109 4109 4109 4109 4109
Unique Firms 2076 2076 2076 2076 2076 2076 2076
First-stage F'
Exports 495.21
Innov. Imp. 144.9
Firm Controls v v v v v v
Year xInd. FE v v v v v v v

Notes: Second stage results of estimating equation (3.15) on our baseline sample of German
manufacturing firms. Standard errors are in parentheses and clustered at the firm level. *** indicates
significance at the 1%, ** at the 5% and * at the 10% level. Firm controls include local labor cost,
total employment, and indicator variables for whether a firm conducts R&D continuously, is located
in former Eastern German States and is a multinational. Source: Reasearch Data and Service
Centre (RDSC) of the Deutsche Bundesbank, Trade in Service Statistics (SITS), Microdatabase
Directinvestment (MiDi); Leibniz Centre for European Economic Research Mannheim Innovation
Panel (MIP), 2002-2011, own calculations.

3.B Derivations

Proposition 3.2
We first prove the following lemma:

Lemma 3.1. The cost minimization problem for a given target level of innovation

has a unique solution.

Proof. We need to derive the entire cost function. These derivations follow closely

some of the arguments in Amiti et al. (2018), adjusted for multiple input origins. First,
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drop firm identifier ¢ for simplicity. Conditional on a set of imported intermediaries

J, the problem reads:

1
TC (z|J) = min {WF+/ vjzjdﬁZ/(rkUj,ij,k+Wfk)dj}.
0 k J

FM{Z;5,M; 1 }.X;

Denoting by A, ¥ and w the Lagrange multiplier on the constraints given by equation

(3.8), (3.9) and (3.10) respectively, this yields the following first order conditions:

W =1 — ¢)x/F

b = Abx/M
X = Ya; X/ X, j €10,1]
V} = w(Xj/Zj)ﬁa ] € [07 1]

_1
TkUﬁk =w (aj7ka/Mj7k)1+< , {]’ k‘} c J

with M, = 0 and X; = Z; for varieties {j,k} ¢ J that are not imported in the

set J. We can solve out w and 1) and rearrange to obtain:
WF=X1-9¢)x

V,X; = Aaja (X;/Z,) <

TkUj,ij,k TkUj,k <
ViZ; Y

The last expression can be substituted into equation (3.10), which yields

1+¢
<

U\~
=71+ Y 4 (V) |
J

{j,k}eJ

which together with the expression for the total spending on intermediate input
variety X yields:
VX, = Adayab,,
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\—<¢
where b; = [1 + Y es @ (#) } and b; = 1if {j,k} ¢ J for all k. We can

then solve for the lagrange multiplier on the total production function for innovation,

A

where

B =exp {/aj logbjdj}

and C' is a price index for innovation for firms that do not import any foreign
knowledge sevices.

The total cost function is then given by:
TC (z;J) =AY + ) /Wfkdj. (3.25)
e Vi
Next, we need to minimize these cost, by choosing an optimal bundle J :
mJin TC (x,J),

given a target level of innovation x. In the main text, this choice is made under
certainty, however, none of the derivations change as the timing of decisions implies
that firms minimize ET'C' (x, J). As in Amiti et al. (2018), the net change of adding

another variety {j, k} ¢ J to the set J is given by:

0B oA
a—%+Wfk:xa—Bajlogbj+Wfk=— @QZ ajlogbj+Wfk

total int cost of innovation

The optimal set J therefore must satisfy:

C/x
exp {¢ [, a;log bydl}

J:{{j,k}E[O,l]X/C:qS xxozjlogijWfk}.
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We can order a; log b; for {7, k} € [0, 1]x K so that o log b(j, k) —W fy is decreasing
(so that in principle we would first add a given j variety from the US and then another
variety j' from the US and then j from the UK). This immediately implies that the
optimal solution is an interval J;, = [0, ji] for each country k. The LHS of this equation

is decreasing and thus the solution will be unique. O]

To prove the proposition, we first note that we can write the fraction of the total

variable cost of innovation spent on imports from abroad as:

2 Ly Uik Mydi &\ 4
0= gy —/Jozj (1—bj)dj.

This share increases in the size of the set J (both in the number of countries and
varieties). By the above lemma, this set increases in x and decreases in the size of
the fixed cost f.

Lastly, to prove the property of the local elasticity (that is on the intensive margin)

of marginal cost with respect to trade cost in services in country k, denoted 7y :

dlog MC  Olog) dlog B / 810gbjd,
_ _ a;
J

Ologt,  OlogBologT, a dlog 7y, J

We also have that

dlogb; E% Tl *bl—<£ — _ay (Tk’Uj,k)_C -

Olog i b; Oy, __b_jz 7T V; i

which equals exactly the fraction intermediates in variety j that is imported from
country k. Summed over all intermediates and pre-multiplied with the overall fraction
of variable cost of innovation, this thus equals the fraction of total variable cost that
is spent on intermediates from country k, or the import intensity from country & by

firm 1.
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Thus:

dlog MC Ui\ " e .

Proposition 3.3

Proof. The first assertion follows directly from Proposition 3.2 and inspecting the
first order condition in equation (3.7). Firms with higher levels of imports of foreign
innovation services have lower marginal cost of innovating. The left-hand side of
equation (3.7) is concave in innovation effort x, which directly implies the statement.

The second part follows from a symmetric argument. Higher levels of exports raise
the value of the left-hand-side of equation (3.7), implying that x; has to increase to
satisfy the first-order condition.

The last part follows from similar considerations. Higher profit margins increase
the profitability of any given level of innovation activity. As the returns to innovation
activity are concave, the first order condition that pins down firms’ optimal innovation
effort implies that higher profit margins are correlated with higher innovation activity.

]

Proposition 3.4

First, we differentiate optimality condition (3.7). We thereby denote all aggregate
variables, such as demand shifters and factor prices by aggregate vectors A, B and
C. In the below, let Ay, = % for any variable y. This yields the folllowing

expression:
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Oszt

Blog{(é)ﬂ?tC Kt } alog{(é)m,c k,aQ”"}

o, —1 T, dx; o —1 K ox

P (d k1t71> en 0Qi,k,t ikt ATEXP 4 ikt Azt
1k,

LA ot dlog T ¢ k,t dlogx; ¢
0Qi,k,t

dlogd ( =7 ) 7k,tCli k.t —pat
9Qi,k,t {(%k t- 1) Dt O IMP
Zk (g7 © ,71) Tk:,tci,k:,t Bz, ¢ alog.,_IMP AT}C@ lp=home + Ak,sAAk,s

o0, ac,
C; 1+ 3108( S e Th Qi k t) 310&’,( Q;th't M Tk,tQi,k,t) cap
_ ( kit S Tk,tQi,k,t) Az + 2 Afrk’t

T dlogll‘t Olog T ¢

Ci ot a1og( Iktz‘ T“Q‘“) IMP
- ( Az ¢ Zk Tk, thvkst) dlogT. zmp ATk’t lk=home + Bk,sABk,s

= @7A7—11W}Q + Ck sAck s T E,L £
(3.26)

The last line uses the result in Proposition 3.2 and €;, is an error term given by:

m—C/%aJk (el Vil [ 1 Uikt _ grog 2] o,
Pkt U, Vi

with V;, = fol a; (dlog V;) dj denotes an average change in prices. The model structure
implies that market shares S, are a sufficient statistic for mark-ups. {6;,w;, x;}
as well as differences in output (); together with market shares thus completely
characterize any firm level heterogeneity in the firm-specific derivatives in the above
term. By virtue of the assumption that both product demand and unit cost are iso-
leastic in innovation effort, the inital level of innovation is no such sufficient statistic.

We can thus first order approximate all terms relating to these derivatives in each
of the variables {S;, Qi ks, 0, ws, Xxi}; . Collecting the relevant terms and solving the
resulting equation for Az;, then recovers equation (3.15) in the main text with the

firm-specific error term:

€t = e” N + Constant e,

% w7x

where €;}7" = = constant’ log - + constant® log 2t t + constant* log %
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We are left to show that this error term is uncorrelated with changes in trade cost,

which will prove the stated result. Under assumption 3.2, we have that E (¢; ;A7) =0

for all changes in trade cost, evaluating E (dﬁigﬁ‘t) then implies that E ( dfé’gt T) =0
and thus that {S;;, Qik+, @it} denotes a set of sufficient statistics that characterizes
within sector heterogeneity in the elasticity of innovation expenditures with respect

to changes in any trade costs.
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