~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Egger, Hartmut; Kreickemeier, Udo; Moser, Christoph; Wrona, Jens

Working Paper
Exporting and Offshoring with Monopsonistic
Competition

CESifo Working Paper, No. 7774

Provided in Cooperation with:
Ifo Institute - Leibniz Institute for Economic Research at the University of Munich

Suggested Citation: Egger, Hartmut; Kreickemeier, Udo; Moser, Christoph; Wrona, Jens (2019) :
Exporting and Offshoring with Monopsonistic Competition, CESifo Working Paper, No. 7774, Center
for Economic Studies and ifo Institute (CESifo), Munich

This Version is available at:
https://hdl.handle.net/10419/202000

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/202000
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

cesifo 7774
WORKING = -~
PAPERS

Exporting and Offshoring with
Monopsonistic Competition

Hartmut Egger, Udo Kreickemeier, Christoph Moser, Jens Wrona

cesifo



Impressum:

CESifo Working Papers

ISSN 2364-1428 (electronic version)

Publisher and distributor: Munich Society for the Promotion of Economic Research - CESifo
GmbH

The international platform of Ludwigs-Maximilians University’s Center for Economic Studies
and the ifo Institute

Poschingerstr. 5,81679 Munich, Germany

Telephone +49 (0)89 2180-2740, Telefax +49 (0)89 2180-17845, email office@cesifo.de

Editor: Clemens Fuest

www.cesifo-group.org/wp

An electronic version of the paper may be downloaded

- from the SSRN website: www.SSRN.com

- from the RePEc website: www.RePEc.org

- from the CESifo website: ~ www.CESifo-group.org/wp



mailto:office@cesifo.de
http://www.cesifo-group.org/wp
http://www.ssrn.com/
http://www.repec.org/
http://www.cesifo-group.org/wp

CESifo Working Paper No. 7774
Category 8: Trade Policy

Exporting and Offshoring with
Monopsonistic Competition

Abstract

We develop a model of international trade with a monopsonistically competitive labour market
in which firms employ skilled labour for headquarter tasks and unskilled workers to conduct a
continuum of production tasks. Firms can enter foreign markets through exporting and through
offshoring, and we show that due to monopsonistic competition our model makes sharply
different predictions, both at the firm level and at the aggregate level, about the respective
effects of the export of goods and the offshoring of tasks. At the firm-level, exporting leads to
higher wages and employment, while offshoring of production tasks reduces the wages paid to
unskilled workers as well as their domestic employment. At the aggregate level, trade in goods
is unambiguously welfare increasing since domestic resources are reallocated to large firms with
high productivity, and firms with low productivities exit the market. This reduces the
monopsony distortion present in autarky, where firms restrict employment to keep wages low,
resulting in too many firms that are on average too small. Offshoring on the other hand gives
firms additional scope for exercising their monopsony power by reducing their domestic size,
and as a consequence the resources spent on it can be wasteful from a social planner’s point of
view, leading to a welfare loss.
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1 Introduction
“It is ignorance, heterogeneous preferences, and mobility costs that
are the most plausible sources of frictions in the labour market. The
consequence of these frictions is that employers who cut wages do
not immediately lose all their workers. [...] The labour supply curve

facing the firm is, as a result, not infinitely elastic.”

— Manning (2003, p. 4)
In this paper, we develop a new model of international trade and offshoring with a monopsonisti-
cally competitive labour market. In the presence of monopsony power firms face upward sloping
labour supply functions, and we show that as a direct consequence exporting of goods and off-
shoring of tasks have potentially very different effects both at the firm level and at the aggregate
level. Key to this difference is a hitherto unexplored motive for offshoring that arises if firms have
market power in the labour market: By moving offshore part of their tasks firms can reduce domes-
tic employment, and thereby the wage rates they have to pay at home, without having to reduce
their output. In contrast, if a firm chooses to export it has to increase its domestic employment,
and therefore the wage it pays its domestic workers necessarily goes up. This finding is strongly
supported by the evidence reported in Hummels et al. (2014, 2018), who show that employment
and wages of unskilled workers increase through exporting and decrease due to offshoring. The
important insight that firms can use their monopsonistic power in the labour market to lower
domestic wages by reducing their domestic employment also provides a rationale for the somewhat
counterintuitive finding of Alfaro and Charlton (2009) that the major part of vertical foreign direct
investment is observed between similar economies.!

Building on recent contributions to labour economics (see Manning, 2003; Ashenfelter et al.,
2010), we associate monopsonistic competition with an upward-sloping, firm-specific labour supply
curve. We provide a microfoundation for this supply curve in a general equilibrium framework,
by utilising a discrete choice mechanism, giving workers independently and identically distributed
preferences over a continuum of firms (see McFadden, 1976; Thisse and Toulemonde, 2010; Card
et al., 2018). Facing upward-sloping labour supply curves, firms that aim to hire more workers
must pay higher wages to compensate the marginal worker of a now larger workforce for the utility
loss from giving up alternative workplace options. As a consequence, larger firms pay higher wages
— well in line with the rich evidence on firm-size wage premia (see Oi and Idson, 1999, for an
overview).

To study the differential effects of exporting and offshoring, we embed our model of the labour

market into a general equilibrium trade model with heterogeneous firms. Firms draw their pro-

'Hummels et al. (2018) give an excellent overview of the vast empirical evidence on the quantitative importance
of offshoring between developed countries.



ductivity levels from a common distribution as in Melitz (2003), and they hire skilled workers
for performing headquarter tasks and unskilled workers for performing a continuum of production
tasks. Both exporting and offshoring are subject to fixed and variable trade costs. Assuming — sim-
ilar to Armenter and Koren (2015) and Antrés et al. (2017) — that firms differ in their fixed costs
of foreign market entry, we obtain a model in which domestic producers, exporters, offshorers,
and offshoring exporters coexist over wide ranges of the productivity distribution, in line with
the evidence reported by Tomiura (2007), Hallak and Sivadasan (2013), and Antras and Yeaple
(2014). In the baseline specification of our model, we consider an open economy with two identical
countries and assume similar to Antras and Helpman (2004) that only production tasks can be
offshored. We impose these specific assumptions, which are relaxed in an extension, to highlight
in the simplest possible way that our model can explain the finding of Alfaro and Charlton (2009)
that a major part of vertical foreign direct investment is observed between similar economies as
well as the finding of Hummels et al. (2014) that, in contrast to exporting, firm-level employment
and wage effects of offshoring on skilled and unskilled workers are asymmetric.

The monopsonistic structure of the labour market not only gives firms an incentive to offshore,
but also provides a natural constraint for the extent of offshoring since moving (additional) tasks
offshore drives up the wage a firm has to pay to its foreign workers along the upward-sloping
supply curve it faces abroad. With identical countries, no firm will therefore put offshore more
than half the production tasks, and in the presence of positive variable costs for trading tasks
internationally the share is strictly lower than one half. The availability of offshoring effectively
gives firms access to a technology that allows them — at a cost — to reduce the wage they pay
to unskilled workers. As a result, offshoring firms reduce their overall skill intensity. There is an
induced general equilibrium effect that increases in the relative wage of unskilled workers, affecting
all firms in manufacturing, including those that do not offshore, as well as the service sector, which
provides the fixed input for exporting and offshoring using skilled and unskilled labour with the
same cost shares as in manufacturing. Due to this general equilibrium effect, the skill intensity of
the service sector rises relative to autarky, and so does the skill intensity of non-offshoring firms
in manufacturing. In contrast to offshoring of tasks, the export of goods leaves the skill intensity
in the two sectors unaffected.

Both forms of globalisation are also very different regarding the welfare effects. Exporting
is unambiguously welfare increasing since domestic resources are reallocated to large firms with
high productivity, and firms with low productivities exit the market. This reduces the monopsony
distortion present in autarky, where firms restrict employment to keep wages low, resulting in

too many firms that are on average too small.?> The reduction in the monopsony distortion adds

2This insight is not new and has already been discussed by Robinson (1933). In a first thorough analysis of labour



to the positive welfare effects associated with market exit of the least productive firms and with
access to foreign product varieties that are well known from other models featuring heterogeneous
firms. Offshoring on the other hand gives firms additional scope for exercising their monopsony
power by reducing their domestic size, and as a consequence the resources spent on it can be
wasteful from a social planner’s point of view, potentially leading to a loss in aggregate welfare.
The aggregate welfare loss is not certain, however, since also with offshoring domestic labour is
reallocated towards high-productivity producers, in this case including the domestic production
facilities of foreign offshorers, which by itself is beneficial to social welfare. We also show that, in
contrast to exporting, offshoring affects skilled and unskilled workers asymmetrically, and that it
improves the relative welfare position of unskilled workers.

There exists a small theoretical literature that provides possible explanations for the existence
of vertical foreign direct investment between similar countries, as described by Alfaro and Charl-
ton (2009). In an influential contribution to this literature, Grossman and Rossi-Hansberg (2012)
develop a model with external increasing returns to scale at the task level. The framework of
Grossman and Rossi-Hansberg (2012) generates multiple equilibria, and vertical foreign direct in-
vestment between identical countries is possible in their model due to the benefits of producing a
task in an already large foreign market. By contrast, the models developed by Burstein and Vo-
gel (2010) and Antrés et al. (2017) explain global sourcing of firms by input-specific productivity
differences between countries. We show that monopsonistic competition in the labour market can
be an alternative engine of trade in tasks and that the market power that firms have over seg-
ments of the labour market provides a powerful motive for two-way offshoring between symmetric
countries.?

Our paper also contributes to a sizeable literature discussing the effects of trade on the wages
paid by heterogeneous firms. Examples for studying the effects of exporting are Helpman et al.
(2010, 2017), Davis and Harrigan (2011), and Egger and Kreickemeier (2012), whereas Amiti
and Davis (2012) consider exports of final goods and imports of intermediates in an integrated
framework. Although differing in their specific microfoundations, all of these studies generate a
firm-size wage premium due to rent sharing between firms and workers. In the models of Sampson
(2014) and Grossman et al. (2017) a firm-size wage premium is the result of positive assortative

matching between workers of differing ability and firms that differ in productivity.* Our model

market monopsonies, she noted that “[i/f the supply of labour to individual firms is less than perfectly elastic and if
profits are normal the firms will be of less than optimum size [...]” (p. 296).

3The international business literature (cf. Roza et al., 2011) has found that gaining access to qualified personnel
is one of the most important motives for large and medium-sized firms to move parts of their production offshore
(see also Schmeisser, 2013, for a literature review).

“Eckel and Yeaple (2017) present a model in which firms can screen applicants in order to learn about their
abilities. Since screening involves fixed costs, it is only attractive for high-tech firms that make high profits. These
firms pay their workers wages that reflect their true abilities, whereas low-tech firms, lacking information on the
ability of their workers offer a uniform wage that is on average lower than the wage paid by high-tech firms. Eckel



differs from the literature by showing the important difference between trade in goods and trade in
tasks for wages and employment at the firm level. Costinot and Vogel (2010) consider a model with
firm-specific wages, trade, and offshoring in a North-South context. In contrast to our approach,
firms in Costinot and Vogel (2010) only produce in one country, making the offshoring decision
a binary choice. The emphasis on the firm-internal margin of offshoring and its consequences for
domestic wages and employment relates our analysis to the North-South trade model of Egger
et al. (2016).5

Our modelling of a monopsonistically competitive labour market with firm-specific labour sup-
ply functions is well grounded in the recent empirical literature, which estimates labour supply
elasticities to the firm. Following Manning (2003), this empirical literature has gained momen-
tum, covering various developed and developing countries, different occupations and time periods.
The empirical strategies range from reduced form estimates (with and without an IV-strategy or
natural experiment) to semistructural and structural estimates.® The vast majority of studies
finds evidence in favour of firm-specific upward-sloping labour supply curves, with — on average
— relatively low labour supply elasticities that are consistent with monopsonistic competition and
inconsistent with an infinitely elastic labour supply under perfect competition (cf. Hirsch et al.,
2010; Falch, 2011; Naidu and Wang, 2016).

In the international trade literature the effects of demand-side distortions in the labour market
have been largely overlooked. An exception is MacKenzie (2018), who considers trade between
two countries with many segmented, industry-location specific labour markets. The assumption of
a finite number of competitors in the product market and a finite number of competitors in each
labour market segment gives firms simultaneously oligopolistic as well as oligopsonistic market
power. Similar to our setting, this model produces an inefficient resource allocation with the
distortion mitigated in the open economy, because trade leads to an increases in the market shares
of highly productive firms. Quantifying the effects of trade with plant-level data from India,
MacKenzie (2018) shows that the main source of welfare gain in this model is due to a reduction
of the oligopoly power of firms in the product market, with the reduction of their oligopsonistic

power in the labour market providing a further welfare stimulus. By looking at the effects of trade

and Yeaple (2017) show that wage offers by firms lead to a selection equilibrium with positive assortative matching
between high-ability workers and high-tech firms and to excessive screening from a social planner’s point of view.
Exporting in this model makes screening attractive for more firms, leads to exit of low-tech firms, and may be welfare
decreasing.

®There is a small literature studying sourcing strategies of firms facing unionised labour markets. Skaksen (2004)
distinguishes the wage and employment effects of potential (non-realised) and realised offshoring, and shows that
in both cases employment and wage effects go into opposite directions. Eckel and Egger (2009) show that with
cooperative bargaining firms have an incentive to invest in a symmetric partner country, in order to improve their
threat point in the wage negotiation with the local union. This model can explain negative employment and wage
effects of horizontal but not of vertical foreign investment.

6See Manning (2011) for a detailed literature review and Sokolova and Sorensen (2018) for a meta-analysis of
estimations of firm-specific labour supply elasticities.



in goods only, MacKenzie (2018) misses the important difference between trade in goods and trade
in tasks in an environment, in which firms have market power in their product as well as their
labour market.”

The rest of this paper is organised as follows. In Section 2, we outline the basic structure of our
model and solve the firm’s problem in partial equilibrium. In Section 3, we consider the general
equilibrium, discuss the economy-wide labour allocation, and study the effects of exporting and
offshoring on welfare in a setting with two symmetric countries. In Section 4, we give up restrictive
assumptions regarding the considered parameter domain, discuss offshoring of headquarter tasks,
and consider asymmetric countries. The last section concludes with a summary of the most

important results.

2 The model: basics

In this section, we outline a model featuring monopolistic competition in the product market and
monopsonistic competition in the labour market. We consider a one-sector economy in which firms
use skilled and unskilled labour as inputs into the production of differentiated goods. Firms have
access to foreign consumers through exporting, and they have access to foreign workers through

offshoring,.

2.1 Technology and production

Production combines skilled labour (indexed h) and unskilled labour (indexed 1), using a Cobb-
Douglas technology, where we follow Antras and Helpman (2004) in associating skilled labour
input with the provision of headquarter tasks and unskilled labour input with the performance of
production tasks. As in Acemoglu and Autor (2011), we consider a continuum of production tasks

indexed 7 € [0, 1]. Firm w’s output, ¢(w), is assembled according to

[&7]

1
g(w) = Bep(w)n(w)®" { exp / b, @di| b . anta=1, apa >0, (1)
0

where [ is a positive constant further discussed below, ¢(w) > 0 is a technology parameter that
captures the firm’s total labour productivity, ¢, (w) is skilled labour input in the performance of

headquarter tasks, and ¢;(w,7) is the task-specific effective unskilled labour input in the perfor-

"Heiland and Kohler (2018) discuss the consequences of monopsonistic labour markets in a setting with trade and
migration. Monopsonistic power of firms exists in their model because worker skills are assumed to be firm-specific.
Due to this specificity, trade — by making firms bigger — reduces match quality, whereas migration — by expanding
labour supply — increases match quality. Similar to Heiland and Kohler (2018), Macedoni and Tyazhelinikov (2018)
discuss the differential effects of product and input market integration in a setting with oligopolistic and oligopsonistic
market power of firms.



mance of production tasks. Skilled labour for headquarter services has to be hired in the home
country, while the unskilled labour input into the performance of production tasks is provided ei-
ther by domestic or by foreign workers, depending on whether the respective task is kept at home
or put offshore. One unit of effective labour input is needed to produce one unit of each task.

In the case of offshoring, production tasks must be imported to the home country, incurring an
iceberg-type trade cost that is common to all tasks and captured by parameter 7, > 1. Effective
labour input per unit of unskilled labour hired abroad is therefore given by 1/7,, whereas effective
labour input per unit of unskilled labour hired at home is 1. Since production tasks are symmetric
in all respects, firms are indifferent between which ones to put offshore, and we can rank them
without loss of generality such that tasks with a lower index are offshored first. Under the sufficient
condition that some but not all production tasks are offshored this gives a unique threshold n(w) €
(0,1) that separates tasks put offshore, 7 < n(w), from tasks performed at home, 7 > n(w).

Accordingly, n(w) gives the share of production tasks put offshore by firm w.

2.2 The firms’ problem

Firms hire workers on a monopsonistically competitive labour market, with their market power
following from firm-specific upward-sloping supply curves for skilled and unskilled labour. Supplies
of skilled and unskilled labour facing firm w are given by hg(w) = Ahwh(w)% and lg(w) =
Ay (w)%, respectively, where subscript S is used to indicate a supply-side variable, Ay, A; are
supply shifters that are exogenous for the individual firm but endogenous in general equilibrium,
and 6 € (0,1/2) is a constant that is inversely related to the wage elasticity of labour supply. A
microfoundation for the labour supply curves based on a discrete choice mechanism is given in
Section 3. For the goods market, we impose the commonplace assumption of iso-elastic demand,
which for firm w is given by ¢p(w) = Agp(w)™7, o > 1, with A, being a demand shifter that is
exogenous to the firm but endogenous in general equilibrium. A microfoundation for the demand
curve is also given in Section 3.

We denote by fi,, fa, fe(w), fo(w) the fixed factor inputs needed for market entry, production,
exporting, and offshoring, respectively. These factor inputs are purchased from a perfectly com-
petitive service sector at a common price s per unit. As discussed in detail below, we allow the
fixed cost of exporting and offshoring to be firm-specific. Furthermore, we use 7. > 1 to capture
iceberg-type trade costs for exporting and introduce indicator functions I.(w), I,(w) to distinguish

exporters (with I, (w) = 1) from non-exporters, and offshorers (with I,(w) = 1) from non-offshorers,



using an asterisk to indicate foreign variables. Then, the firm’s problem is to maximise profits

Io(w)n(w)
P @) ) — wnth(w) = 7w (@) | 0w, )i |
1 (2
— wy(w) /Io(w)n(w) O(w,m)dn — Ie(w)sfe(w) — Ih(w)sfolw) — sfq — Sfm,

I (w)

e

p(w)gs(w) +

subject to the usual non-negativity constraints as well as (i) the market clearing conditions for
the monopsonistically competitive labour markets, which are given by /(;(w) = Ahwh(w)%,
To fol"(w)n(w) (w,n)dn = Afwf(w)l%oe, and f}o(w)n(w) (w,n)dn = Alwl(w)%; (7i) the market clear-

ing conditions for the monopolistically competitive goods markets, given by gs(w) = Agp(w)™7

and ¢} (w)7, ! = A;p*(w) ™7 in the case of exporting; (iii) the requirement that the firm’s market-
specific output levels must add up to its aggregate production level, gs(w) + I.(w)gqh(w) = q(w);
and (7v) the production function in Eq. (1).

Profit maximisation can be represented as a five-stage problem. At stage one, firms decide
upon market entry and draw their total labour productivity ¢(w) as well as their fixed factor
input requirements for exporting and offshoring, fe(w), fo(w), from common distributions. At
stage two, firms decide conditional on the lottery outcome on whether to produce and on whether
to export and/or offshore. At stage three, offshoring firms decide upon how many tasks to perform
at home and abroad by setting n(w). At stage four, firms choose their output level g(w), and the
employment of skilled and unskilled labour, ¢ (w) and ¢;(w, 7)), necessary to achieve it. Finally,
at stage five firms choose the production output sold at home and abroad by splitting their total
output ¢(w) into gg(w) and g% (w).

Together, stages three to five represent the intensive firm margin, in that they sum up firms’
optimal decisions along three firm-internal margins highlighted in the trade literature (cf. Egger
et al., 2016; Fernandes et al., 2018): the intensive margin of exporting (stage five), the intensive
task margin (stage four), and the extensive task margin (stage three). The intensive firm margin
is conditional on the decisions regarding entry as well as taking up production, exporting, and
offshoring at the extensive firm margin. Representing the extensive firm margin as the solution
of a two-stage problem follows Melitz (2003) and acknowledges the important role of uncertainty
in the market entry decision of firms. We solve the maximisation problem through backward

induction. In doing so, we take a partial equilibrium perspective, treating parametrically supply

shifters A;, Ap, A}, Aj,, demand shifters A;, A7 and the price for the service input s.

2.3 Profit maximisation at the intensive firm margin

The stage five decision is the solution to a simple allocation problem, and profit-maximisation

*

establishes gs(w) = ¢(w) for non-exporters and ¢} (w) = i_ZTel_UQS(W), qs(w) = q(w)(l%—ﬁ—zﬁ_”)_



for exporters. Substitution into product demand allows us to express the revenues of firm w as

(@) = p)as(e) + L) ()5 w) = AF [re(@)a@)] 7 . ()
where
Ie(w)
=11 Af] -0 o 4
Re(w) = |14 A—qTe (4)

measures the relative differential of overall to domestic market size, which is equal to one for

*

non-exporters and equal to &, = (1 + Q—ZTQ*”) > 1 for exporters.

In order to solve the stage-four problem of finding the profit maximising level of output, given
the share of offshored tasks n(w), we proceed in two steps. First, we derive the cost minimising
input ratio for skilled and unskilled labour, and second we use the cost function derived in step
one to determine the profit maximising output level. Substituting Eq. (1) and the market clearing

conditions for skilled and unskilled labour, we can write the stage-four problem of choosing cost-

minimising labour inputs as follows:

Io(w)n(w) -6 1 -0
__6 1

min  c(w) =4, (W) T + (A) T |7, / O(w,f)di|  + A, / O (w, 7)dii
L (w), {4 (w,7)} 5 o @hn(@)
o(w)n(w

1 o
st Bp(w)(w)® {exp [ / 1nel<w,ﬁ>dﬁ] } >q (5)
0
The first-order conditions with respect to ¢;, and ¢;(w, 7)) can be written as
apc(w) = wp(w)lp(w) (6)
and

wy(w)(w,n) if the task is performed at home
ae(w) = 7 (7)

w (w)Toli(w,n) if the task is performed abroad

respectively. Combining Egs. (6) and (7) with the respective labour market clearing conditions for



firm w leads to expressions for relative demand at the firm level for the two types of labour:

1-0 /A4, \? 1 6
(ﬂ) ( t ) [—] if the task is performed at home
1= I(w)n(w)

b(w,m) ) \ow An Lo(w (8)
0 (w 160, g%\ 0 0 '
n(w) 1 <ﬂ> <ﬁ> {L] if the task is performed abroad
To \Ch Ap, U(W)

Substituting Eq. (8) into Eq. (1), solving for ¢;(w), substituting the resulting expression into first-

order condition (6), and setting 8 = [T=n, ozj_aj(l_e) to get rid of uninteresting constants, we get

the cost function

e(w) = TT AT {rln()e(w)} S a(w) ™, (9)

j=h,l

with

(w)] = l(i)éézr_qumm ) Lo(w)auf
kn(w)] = o) A n(w) = () _

For I,(w) = 0, we have n(w) = 0 and thus k[n(w)] = 1. If I,(w) = 1, k[n(w)] is hump-shaped. Its
value is equal to one at n(w) = 0 and smaller than one at n(w) = 1 if ATTO_% < A; (see below).
Changes in k[n(w)] have an impact on the cost of production that is qualitatively similar to changes
in the total factor productivity ¢(w). This is why the cost saving from offshoring that is realised
if k[n(w)] > 1 is commonly referred to as a productivity effect (cf. Grossman and Rossi-Hansberg,
2008).

The profit maximising output level, given the share of offshored tasks, now follows by simply

maximising operating profits

1 0771 —a; _ 1
m(w) = (W) = e(w) = A7 [re@)a@)] T = [T 4, T {mln(@)pw)} TTg(w) T
j=hl
with respect to g(w). We get, of course, the standard first order condition dr(w)/dq(w) =
de(w)/dg(w), where it is easily checked that in our model marginal revenue und marginal cost

are linked to average revenue and average variable cost by

rw) o dr(w) aml 1
o) " o= 1dgw) S0 R

respectively. Hence, the price charged by firm w, which is identical to its average revenue, is related
to its marginal revenue by the standard markup o /(o — 1), reflecting the firm’s monopoly power in
the goods market. In addition, the average variable cost paid by firm w, which is a Cobb-Douglas
index of the skilled and unskilled wage rate, is a mark-down 1 — 6 on its marginal cost, reflecting

the firm’s monopsony power in the labour market. The relative difference between the price and



the average variable cost corresponds to the product of the price markup and the wage markdown
and it is independent of the output level because product demand and labour supply are iso-elastic.

The output of firm w as an explicit function of its offshored task range n(w) follows as

1
o) = {7704 o) Win@lp) L where A= A7T T AT (0)
j=h,l
is a composite of the economy-wide aggregates A,, A;, Ay, and v = (1 —6)(0 — 1) /o is the inverse
of the product of price markup and wage markdown.

In order to find the profit maximising task range n(w) conditional on offshoring, stage three
of the profit-maximisation problem, we substitute g(w) from Eq. (10) into Eq. (3) and use the
well-established result that with constant-elasticity demand firm-level operating profits m(w) are
proportional to firm-level revenues (in our case, a fraction 1 —~y of revenues). We can then express
m(w) as an increasing function of x[n(w)], and an offshoring firm’s profit-maximising choice of
n(w) follows by setting x'[n(w)] = 0. Applying the envelope theorem and taking into account that

n(w) =0 if I,(w) = 0, we can compute

Azk 1 —Is(w) Azk 1 Io(w)oy 6
nw)=1-— (1 + ETO 9) kn(w)] = (1 + ETO 9) = Ko(w). (11)

This shows that as a consequences of monopsonistic competition in the labour market an offshoring
firm splits its task production between the two markets, n(w) € (0,1), and the profit-maximising
task allocation ensures cost savings from offshoring, due to k,(w) = (1 + i—ljﬂ; %)ale =FRo > 1
if I,(w) = 1. Eq. (11) furthermore shows that in the case of identical countries (4; = Aj) firms
offshore at most half their tasks (if 7, = 1), and that this share is decreasing in the variable

offshoring cost.

Using the solution for x,(w), we can express r(w) in logarithmic form as follows:

Inrw)=01-0)ny+E&lnA+Enp(w)+ EInke(w) + & In ko(w). (12)

The elasticity of revenues with respect to total labour productivity ¢(w) is given by & = (7('1—:1y) =

#}1—1)’ lower than ¢ — 1, which is the corresponding elasticity in Melitz-style models with a
perfectly competitive labour market. The elasticity is smaller in our model since more productive
and therefore larger firms have to pay higher wages, which mitigates their advantage in terms of
marginal production costs. Since ke(w) and k,(w) also affect firm-level revenues with elasticity
&, their values can be interpreted as the productivity equivalents of offshoring and exporting,

respectively, on firm-level revenues.

In analogy to firm-level revenues, we can in a further step determine the impact of exporting
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and offshoring on domestic firm-level employment and wages. Denoting by ¢;(w) = [1—n(w)]€;(w, 7))
total unskilled labour input used for the performance of production tasks at home, we can express

domestic wages and domestic employment for labour of type j = h, [ in logarithmic form as follows:

Inwj(w)=0lna; +0[1+(1—-0){Iny—60IlnA;+05In A
+ 08 In p(w) + 08 1In ke(w) + 08 In ko (w), (13)
Inlj(w)=1-0)Ino; +(1-0)1+(1—-0)¢Iny+0lnA;+(1-60)(nA

+(1=0)new)+ (1 —0){Ink.(w) + (1 —0)&e;Inky(w). (14)

Egs. (13) and (14) reveal the important role of parameter € in our model. It determines how
percentage changes in the wage bill, which are identical to the percentage changes in revenues
derived above, are split into changes in employment and changes in wages, with 6 denoting the
share of a change in the wage bill that is reflected in wage changes rather than employment changes.
Finally, €; captures the skill-specific impact of offshoring at the firm level, which as discussed by
Egger et al. (2015) and Egger et al. (2016) is the result of a relocation effect and a productivity
effect. The relocation effect captures the domestic employment loss in those tasks moved offshore
and in those tasks performed at home at a now higher relative cost, while the productivity effect
captures the demand stimulus for domestic labour input in all tasks performed at home because
offshoring makes the firm more competitive.® Since in the benchmark version of our model in this
section we assume that headquarter tasks are not offshorable, we have ¢, = 1. In contrast, for

domestic unskilled labour input we get ; = 1 — (q;0¢)~! < 0, which gives a first important result.

Proposition 1 Whereas exporting increases domestic firm-level employment and wages of both
skill types, offshoring increases domestic employment and wages of skilled labour and reduces do-

mestic employment and wages of unskilled labour.
Proof The proposition follows from Egs. (13) and (14) and the analysis in the text.

In contrast to models in which wage differences follow from a rent-sharing mechanism (cf. Egger
and Kreickemeier, 2009, 2012; Amiti and Davis, 2012; Helpman et al., 2010), wages in our model
depend positively not on the economic success of the firm but — via the upward sloping labour
supply curve — on its local employment. This difference is important in the case of offshoring,
where a decrease in local employment of the offshoring firm occurs for production workers, while
operating profits increase. Hence our model cannot only explain that exporters are exceptional

producers that are larger and pay higher wages than non-exporters (see Bernard and Jensen, 1995,

8The relocation of labour is associated with a labour supply effect in the spirit of Grossman and Rossi-Hansberg
(2008). However, due to the assumption of monopsonistic market power, the supply effect in our model is firm-specific
and not the same for all producers.
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1999; Frias et al., 2018) but it also provides a plausible explanation for the more nuanced picture
about the firm-level employment and wage effects of offshoring reported by Hummels et al. (2014).
More specifically, our model accords with the evidence for Danish firms that offshoring leads to an
increase in the wage and employment of skilled workers and to a decrease in the domestic wage

and employment of unskilled workers.”

2.4 Profit maximisation at the extensive firm margin

With the solutions from the previous subsection at hand, we now turn to firm w’s stage-two problem
of choosing its modus operandi. This involves three different decisions. On the one hand, the firm,
having entered the market, decides on whether to start production, in which case it has to pay a
fixed cost sf;. On the other hand, it chooses its offshoring and export status. Exporting requires
the payment of a fixed cost sf.(w), while offshoring requires the payment of a fixed cost sf,(w).
We distinguish four different firm types: domestic producers are firms that only employ domestic
workers and only serve domestic consumers; exporters are firms that only employ domestic workers,
but serve domestic as well as foreign consumers; offshorers are firms that employ domestic and
foreign workers, while selling all their output at home; offshoring exporters are firms that employ
domestic and foreign workers and serve domestic and foreign consumers.

For a given offshoring and export status, revenues in Eq. (12) increase with a firm’s total
labour productivity. This implies that firms with higher levels of ¢(w) can more easily bear the
fixed costs of production, exporting, and offshoring. To generate an outcome with selection of
firms by their ¢(w)-levels, we impose three additional assumptions. First, we assume that the
fixed factor input f; is high enough to make domestic production and local sales unattractive for
firms with an unfavourable draw of ¢(w). We discuss a sufficient condition for this outcome at
the end of this section. Second, we assume that the fixed input for exporting, fe(w), and the fixed
input for offshoring, f,(w), are not lower than the fixed input of production, fe(w), fo(w) > fa.
Third, we assume that 7.7 A* < A, and TO_%AZ < Ay, so that 1 < &§, &S and #SAS < 2. Together,
these three assumptions ensure that the least productive firms stay out of the market, whereas the
least productive producers do not export or offshore.

Denoting the operating profits of domestic firms, exporters, offshorers and offshoring exporters
by mg(w), me(w), mo(w) and meo(w), respectively, we can formulate indifference conditions that
determine productivity thresholds separating for each firm different modes of operation. With fixed
production cost being the same for all firms, indifference condition 7z(w) = sfy defines a cutoff

productivity level ¢4 > 0 that separates firms with ¢(w) > ¢q4, choosing to produce, from firms

Tt is easily checked in Egs. (13) and (14) that in our model the negative wage and employment effects also occur
in firms that increase the extent of offshoring incrementally as a consequence of a small reduction in 7.
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with ¢p(w) < @4, choosing to remain inactive. In contrast, since the fixed costs of exporting and
offshoring are firm-specific, so are the productivity thresholds related to any form of international
activity. Condition 7;(w) — m4(w) = sfi(w) determines the productivity threshold ¢;(w), i € {e, o}
that renders a firm with a total labour productivity equal to the threshold indifferent between
domestic production and exporting if p(w) = @e(w) or between domestic production and offshoring
if p(w) = @o(w). Similarly, indifference condition meo(w) — mg(w) = s[fe(w) + fo(w)] characterises
the productivity threshold ¢¢, (w) that makes firms with a total labour productivity equal to
the threshold indifferent between domestic production and exporting plus offshoring. The three

productivity thresholds are proportional to ¢, and given by

fel) 1 T, %(w):@d[fo() . r,

pelw) = 4 fa RS- fa &S - (15)
o R )1 ]
Peolw) = i A“E—l] .

For a full characterisation of all possible alternatives and their relative attractiveness, we finally
compare the operating profits of exporters and offshorers with the operating profits of offshoring
exporters. This determines the two conditions e, (w)—me(w) = sfo(w) and meo(w)—mo(w) = sfe(w),
which we can use to characterise the productivity thresholds ¢, (w) and ¢? (w). A firm with total
labour productivity equal to ¢¢,(w) is indifferent between exporting and exporting plus offshoring,
while a firm with a productivity level equal to ¢?, (w) is indifferent between offshoring and offshoring

plus exporting. The productivity thresholds thus described are given by'®

1
13

fo(w) 1 ]
fa R8RS —1)

: . flw) 1 F
(Peo(w) = ¥Pd ) Speo(w) = Yd [ 5( g _ 1)‘| : (16)

fa &S(&

We now show, as a function of fixed export requirement f.(w), which firm types can arise in

equilibrium. As we discuss more formally in the Appendix, there are three parameter domains:

o ™

’lf"ég), we have ge(w) < ¢l(w) < o(w) and ge(w) < iy (w).

1. For firms with fe(w) < a

Ro—1

oy

)
In this group of firms, domestic firms with ¢(w) € [p4, pe(w)), exporters with p(w) €
[pe(w), &, (w)), and offshoring exporters with ¢(w) > @&, (w) coexist.

2. For firms with HEJ f"(w < felw) < (w)AS, we have 2 (w) < min {p,(w), pe(w)}. In

this group of firms, domestlc firms With o(w) € [, gogg(w)) and offshoring exporters with

o(w) > ¢ (w) coexist.

Depending on the parameter configuration there may exist a further condition equalising the profits of exporters
and offshorers. However, since the respective cutoff (if it exists) is not required for our analysis, we do not further
elaborate on it.
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3. For firms with f.(w) > ’:‘z’jfo(w)/%g, we have p,(w) < ¢ (W) < @e(w) and @,(w) < Y2, (w

R

).
In this group of firms, domestic firms with p(w) € [@a, po(w)), offshorers with p(w) €

[Po(w), 2, (w)), and offshoring exporters with ¢ > ¢2 (w) coexist.

Since we have shown above that firm-level revenues increase in total labour productivity, higher
levels of ¢(w) are associated with a higher degree of internationalisation. As a consequence,
offshoring exporters always exist for sufficiently high realisations of total labour productivity.
Furthermore, our model supports coexistence of exporters and offshorers if firms in parameter
ranges 1. and 3. exist, i.e. if there is sufficient heterogeneity in the firm population regarding the
relative size of fixed offshoring costs and fixed exporting costs.

We finally turn to the market entry decision at stage one. Similar to Melitz (2003), we assume
that market entry requires a fixed cost investment of sf,,, that gives access to a lottery. The lottery
gives a single draw of total labour productivity ¢(w) from the Pareto distribution G(¢) =1—¢79,
with ¢ > &. In addition, firms also draw the fixed factor input requirements for exporting and
offshoring, fe(w), fo(w). In the interest of analytical tractability, we model f;(w), i = e, o0, as the
product of a common element f(w) and a type-specific component p;(w): fi(w) = wi(w)f(w).
We associate the common element f(w) with a firm’s general ability to become an international
producer and assume that it is distributed according to the continuously differentiable function
F(f) with support on interval [f;,00). The type-specific component p;(w) captures whether it is
easier for firm w to become an exporter or an offshorer. We assume that p;(w) is a binary variable
that can take values 1 or u > 1. We capture the lottery assigning p;(w) to firms by an urn-ball
model. There are two types of balls in the urn, one with label e and one with label 0. Firms draw
a ball from the urn and place it back afterwards. If the ball is labelled e, they have p.(w) =1 and
to(w) = w. If the ball is labelled o, they have p.(w) = p and po(w) = 1. If p # 1, this means that
firms are either relatively good exporters or relatively good offshorers. The relative frequency of
balls labelled e is given by p € (0, 1).

With these assumptions at hand, we can formulate the following proposition.

RS—1 ~eRS—1
RE—17T0RE -1

Proposition 2 If 4 > max{/%g } = T, there is coexistence of domestic producers,
exporters, offshorers, and offshoring exporters, and an overlap of the four producer types in the
productivity distribution. Under the sufficient condition of u > &S > &S, our model produces the

following ranking of productivity cutoffs: ¢4 < min{ye(w)} < min{y,(w)} < min {p<,(w), P2, (w)}.
Proof See the Appendix.

The coexistence of different types of producers and their overlap in the productivity and revenue

distributions is a stylised fact reported for instance by Tomiura (2007), Hallak and Sivadasan
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(2013), and Antras and Yeaple (2014). Armenter and Koren (2015) and Capuano et al. (2017)
show that models of the Melitz (2003)-type can be made consistent with this evidence when adding
additional sources of firm heterogeneity. In contrast to previous theoretical work, we distinguish
three types of international producers, namely exporters, offshorers, and offshoring exporters,
address the complementarity of different forms of foreign market entry (in the spirit of Yeaple,
2003), and show that for u > 4§ > A§ the productivity rankings of exporters, offshorers, and
offshoring exporters, captured by their productivity cutoffs, are in line with the evidence reported
by Tomiura (2007) for Japanese firms.

Under the parameter constraint p > i, we can determine the fractions of exporters, offshorers,
and offshoring exporters in the overall population of active firms.!? With formal details deferred

to the Appendix, we compute for the fraction of exporters and offshorers

erp[%ﬁﬁ('Aﬁg—l)F (%%)Z—l : (17)
xo= (1) [}f—iﬁé(ﬁﬁ—l)f (E—‘f%)—l , (15)
where
- _¢
fE[ fng(f)] ’ (19)
fa

is a weighted average of the firm-specific fixed cost parameter f(w) and xe, xo > 0 follow from

condition p > fi. The fraction of offshoring exporters is given by xeo = X%, + X2, With
fd ¢ (- £ fd e (. £
oo (-] w=0-0) 2 (5 - 1) (20)

Differentiation of xe, Xo, and X, gives the intuitive result that the fraction of exporters and
offshoring exporters increases in the relative market size of the foreign economy, dx./dke > 0
and dxeo/dk. > 0. In contrast, the fraction of offshorers decreases in the relative market size
of the foreign economy, dx,/dk. < 0, because for some offshorers exporting becomes attractive.
Similarly, a lower relative cost of performing tasks abroad increases the fraction of offshorers and
offshoring exporters, dx,/dk, > 0 and dyx.,/dk, > 0, whereas the fraction of exporters decreases,

dx./dk, < 0, because some exporters begin to offshore.

26 RS
5“2;,&% Zgi} = p, there are no exporters
or offshorers, only national firms and offshoring exporters. Intuitively, this is because with p close to one the
fixed costs of exporting and offshoring for each firm are similar, and hence each firm chooses either both forms of

internationalisation or none. We briefly discuss this case in Section 4 below. In the intermediate case of p € [u, T,

national firms and offshoring exporters coexist either with exporters or with offshorers, depending on the ranking of
&% and RS. There are no exporters if 5 > ¢ and there are no offshorers if 2§ > &S.

HThere are three other parameter configurations. If i < min {/%e -
K
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Firms enter the productivity lottery as long as under the veil of uncertainty the expected profits
of doing so exceed the fixed cost of market entry sf,,. The expected profits of potential entrants

are denoted E[¢], derived in the Appendix, and given by

BlU] = (1~ Gloa) S TLA (e o) = s (21)
where
7 [P\ ¢
A (e, fo) = 1+ % <§> e + X0+ (14 1) (xE + X% | (22)

denotes the ratio of operating profits in the open and the closed economy and

00 _£

— £-9 =

F= || rFar) (23)
fa

is another weighted average of the firm-specific fixed cost parameter f(w) that is different from f.

Substituting 1—G(pq) = ¢, and setting E[¢)] = 0, we can derive a solution for cutoff productivity

4, which is larger than one and therefore supports selection at the lower bound of the productivity

distribution for arbitrary levels of e, Xo, and Xeo if fin < fdffg.

3 General Equilibrium

We now embed the firm-level analysis into a general equilibrium framework. In our benchmark
model, we consider trade between two identical countries, each endowed with N; > 0 unskilled
and Np > 0 skilled workers. Workers supply one unit of labour of the respective skill type and
can seek employment in the monopsonistically competitive labour market of the manufacturing
sector, earning firm-specific wages there, or they can seek employment in a perfectly competitive
service sector. The service sector provides the fixed factor input for market entry, production,
exporting, and offshoring. In the spirit of Bernard et al. (2007), we assume that service production
requires both types of labour and uses a Cobb-Douglas technology with the same cost shares as
manufacturing. We normalise this technology to get rid of uninteresting constants and write the
average cost and thus the price of one unit of service input as s = sf:h sf”, where sy, s; are the wages
of skilled and unskilled labour in the service sector. Using Shephard’s lemma, we can determine
the demand for skilled and unskilled labour per unit of service input as ¢; = ap(s;/sp)* and

0} = ay(sp/s1)*", respectively.
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3.1 Microfoundations for goods demand and labour supply

Following Ethier (1982), we think of manufacturing firms as intermediate goods producers that
provide differentiated inputs for the production of a homogeneous final output, Y, using a linear
homogeneous technology that features a constant elasticity of substitution, o > 1, between the
respective intermediates: Y = [ [ . q(w)gTildw} ﬁ, where () is the continuous set of available
intermediates. Assuming that final good Y is freely tradable at zero trade costs and choosing Y as
our numéraire, we get the standard iso-elastic demand curve introduced above, with the demand
shifter in the goods market equal to economy-wide output: A, =Y.

Turning to the microfoundation for labour supply, we assume that from the perspective of
workers, manufacturing firms are heterogeneous in two dimensions: they pay different wages and
they provide a worker-firm-specific return in the form of an amenity, which captures the worker’s
valuation of any non-pecuniary job aspects such as the firm’s working culture (see Thisse and
Toulemonde, 2010; Card et al., 2018, for a similar assumption). The amenity level of worker v
from working at firm w, a(v,w), is known to the worker but not to the firm and is drawn by each
individual from the Fréchet extreme value distribution F'(a) = exp ( — ail%e), which is the same
for all firms and common to all workers v. The indirect utility of worker v with skill type j = h, 1
from employment in firm w is given by

w;(w)a(v,w)
max{E;[a(v,w)]}’

() = 29
where Ejja(v,w)] is the expected amenity level of type-j worker v at firm w, conditional on ac-
cepting a job at this firm, or alternatively the firm-level amenity average of type-j workers. Since
all workers have the same ex-ante view of how attractive it is to work at firm w, E;[a(v,w)] — in
contrast to a(v,w) — only depends on w, but not on the individual worker v. E;[a(v,w)] is higher for
low-wage firms, since these firms are only chosen by workers for whom the non-monetary benefits
of working there is high.!'? In Eq. (24), we divide by the economy-wide maximum of firm-specific
averages, max{E;[a(v,w)]}, in order to close a labour market externality and to make the average
economy-wide amenity level independent of the total mass of firms.

Since workers have to choose a single employer, the allocation of workers to firms can be
understood as the solution to a discrete choice problem, as in McFadden (1976). The assumption
of a continuous choice set, makes our problem akin to Ben-Akiva et al. (1985); Dagsvik (1994);
Thisse and Toulemonde (2010). As we show in an online supplement, the probability of type-j

worker v to (weakly) prefer a job in firm w promising utility v;(v,w) over all alternatives w’ # w

2Tn an online supplement, we derive the explicit solution E;[a(v,w)] =T (11_—200) w—V‘EwLW where I' (+) is the Gamma
J

function.
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is given by!?
1-6
Prob[v;(v,w) > max{v;(v,w’)}] = w; () 61;9 : (25)
fweQ wj(w) 7 dw

The probability of a worker to choose firm j depends positively on the wage paid by this firm, w;(w),
and negatively on a Weighteed economy-wide aggregate of all wages paid by manufacturing firms,
W; = { Joea w; (w)%dw} 7 The supply of type j-labour for firm w is then determined by the
total labour input of this type in manufacturing, L7, multiplied by the firm-specific probability
of hiring a given worker [wj(w)/Wj]l%oe, and it is given by lg(w) = Ajwj(w)%, where A; =
L7 / le%"e. The sensitivity of labour supply to changes in wages w;j(w) depends on the shape
parameter (1 — 6)/6, which is an inverse measure of the heterogeneity of workers’ job preferences.
In the limiting case of # = 0, workers perceive the amenity level to be the same at all firms, and

therefore labour supply for each firm becomes perfectly elastic. In this case, the labour market is

perfectly competitive, with all firms paying the same skill-specific wage.

3.2 Factor allocation

Prior to the entry of firms, skilled and unskilled workers make a sectoral choice and decide upon
seeking employment in manufacturing or the service sector. The sectoral choice of workers is
irreversible, because the fixed factor input of services is employed prior to the hiring of production
workers, and it is made under uncertainty about the realisation of amenities and wages in the
sector of manufacturing. Being risk-neutral, workers choose the alternative that promises the
highest expected utility. Therefore, in equilibrium the service sector wage s; needs to be equal to
the expected utility from working in manufacturing, which we denote by v;. Since all workers are
indifferent between manufacturing firms ex ante, v; is also equal to the expected utility E[v;(v, w)].
Since firm-level wages are known with certainty, we have

@B faw)] _ minfu, ()} max(E ()]}
7 max{E;la(v,w)]} max{E;[a(v,w)]

= min{uw; ()},

where the first equality sign follows from Eq. (24), and the second equality sign follows from the
fact that the firm with the highest expected amenity level must be the firm that pays the lowest
wage rate. Accordingly, the expected utility of employment as a production worker is given by the
lowest wage paid by manufacturing firms. As formally shown in the Appendix, for both skill types

the lowest wage is paid by the domestic producer with productivity ¢¢. Denoting the wage paid

13Ben-Akiva et al. (1985) provide an analysis for the case of a continuum of alternatives when the random utility
components are extreme value Gumbel distributed. Mattsson et al. (2014) show that if a variable z is Gumbel
distributed, then exp[z] is Fréchet distributed. This allows us to apply the solution concept from Ben-Akiva et al.
(1985) to our problem.
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by this firm by w;»l, j = h,l, we therefore obtain v; = w?.l‘l
The allocation of skilled and unskilled workers to manufacturing and services is determined

by the indifference condition w;l = s;, which then determines the cost of the fixed factor input as

s = (wi)™ (wi)™, whereas skilled and unskilled labour demand per unit of fixed service input is

Op,

given by ¢; = ap,(s1/sp)™ and €] = oq(sp/s1)*", respectively. Denoting by E? the labour input of

skill type j in the domestic firm with total labour productivity ¢4, we can link K? and £] by

v Ty Y ajsfd Y
0l — Jrd _ J — 05, 26
I I wg 1—x w;f 1—7fd] (26)

The first equality sign follows from applying first-order conditions (6) and (7) to the least productive

domestic producer, the second equality sign uses the zero-profit condition 74 = sf4, and the third

equality sign uses indifference condition w;l = 5j.

We make use of the relationship between Egl and (7 established by Eq. (26) to link sector-wide

employment in manufacturing and services. To determine sector-wide employment in services, we

can substitute Eq. (21) into the free entry condition E[¢)] = 0 and compute

Im § L
- A e ’vo)
1 —G(pa) g—gfd (e Ro)

where fyA (Re, Ro) is the average fixed factor input of active firms for production, exporting, and
offshoring, while f,,/[1 — G(pq4)] is the fixed factor input for market entry per active firm, taking
into account that some firms enter the lottery but do not start production. Denoting the mass of

active firms by M, we then compute for sector-wide employment of skill type j = h,[ in services:

L= LgA (Res Ro) fals M. (27)

J g —
Sector-wide employment in manufacturing can be computed by aggregating employment from Eq.

(14) over all firms. As formally shown in the Appendix, this gives for skill type j = h, 1

m g A AN pd
L= ——L A\ (R, i) LOM, 2
J g_(1_0)§ ](K K/)_] (8)

with Ap(-) < Ay(+) and Ap(-) < A(:). Thereby, ﬁl\j(-) gives the ratio of domestic type-j
employment in the average and the marginal firm, with A;(1,1) =1 and A; (Re, ko) > 1if Re > 1
and/or R, > 1.

Egs. (27) and (28) link sector-level employment to the mass of firms, which is itself endogenous.

HSince firms cannot observe the amenity draws of their applicants, they pay the same wage to all their workers.
As a consequence, workers differ in their ex post utility levels from employment because they differ in their amenity
level from working for a firm. From an ex post perspective, this generates rent sharing between the firm and its
infra-marginal workers, similar to Card et al. (2018).
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In the Appendix, we show how to find closed-form solutions in terms of model parameters for these

variables as well as for the relative wage rate paid by the least productive firm. We get

O 9=& A (.
L= A0) N;, L= 1oe (0t 80 N, (29)
7 — 7 7 )
A+ 125 = {rmei () AL+ 5t A0

wh o N A0+ 5 =t An() (30)

wl o Ny A() + %g—?f—ge)gAl(')

as well as
Nj/oy v

M = H : (31)

gfd i=in [ AC) + ﬁ_g—?f—ge)gf\j(')

Egs. (29) to (31) characterize the open economy general equilibrium of symmetric countries. In
1

1 o
this equilibrium, we have &, = (1+7179)7=1T > 1, &, = (1 + To 9) > 1, and the relative
revenue increase from exporting and offshoring must therefore be the same in the two symmetric
countries. From Egs. (17), (18), and (20) it then follows that x., X0, and xeo are all positive for

the parameter domain in Proposition 2. This establishes the following proposition.

Proposition 3 In the open economy with two symmetric countries, our model features two-way
exporting and two-way offshoring. In comparison to autarky, offshoring leads to an increase in the
skill intensity in services and to a decrease in the average skill intensity in manufacturing, while

exporting leaves the skill intensity of services and manufacturing unchanged.
Proof See the Appendix.

Our result of the prevalence of two-way offshoring between identical countries is well in line with
the evidence reported by Alfaro and Charlton (2009) that vertical multinational activity pre-
dominantly exists between symmetric countries. The induced changes in average skill intensities
at the sector level have a straightforward intuition. Start with the case of exclusive offshoring,
where the intuition is easiest seen by distinguishing between a direct and an indirect wage effect.
The availability of offshoring effectively gives firms access to a technology that allows them — at a
cost — to reduce the wage they pay to unskilled workers. This is what we call the direct wage effect.
As a consequence, there is an increase in demand for unskilled workers by those firms that choose
to offshore, reducing overall skill intensity of offshoring firms. For each firm the additional demand
for unskilled workers arises in its offshore location, but this does not matter for our argument since
the countries are identical, and therefore the aggregate effect on the demand for unskilled labour is

the same in both markets. The positive demand shock for unskilled labour leads to an increase in
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the relative wage of unskilled workers in general equilibrium, affecting all firms in manufacturing,
including those that do not offshore, as well as the service sector. This is the indirect wage effect.
As a consequence of the indirect effect, the skill intensity of the service sector rises, and so does
the skill intensity of non-offshoring firms in manufacturing. For the offshoring firms, the indirect
wage effect partially reverses the direct wage effect, but does not fully offset it.'> Due to labour
market clearing, the increase in the skill intensity for the service sector and the non-offshoring
manufacturing firms must be matched exactly by the lower skill intensity in offshoring firms, such
that the average skill intensity in the economy remains constant.

With exclusive exporting, none of these changes happens. In this case, the reallocation of labor
is solely between domestic establishments of manufacturing firms and between manufacturing and
services, and since all firms in manufacturing employ the same ratio of skilled and unskilled labour,
which furthermore matches the employment ratio within services, the average skill intensity in each
sector is left unchanged. Although the intuition is not as straightforward, we show in the Appendix
that the effect of exclusive offshoring on sectoral skill intensities from Proposition 3 carries over to
the transition from autarky to an open economy equilibrium with both trade in goods and trade

in tasks.

3.3 Market efficiency and welfare

For the welfare analysis, we take a utilitarian perspective. Since for both skill types expected
utility from employment is equalised across sectors, s; = 7;, and since this expected utility is
equal to the wage paid by the domestic firm with total labour productivity ¢q4, 7; = w?, social

welfare can be expressed as

j=h,l
where
-1 a] o'(il
J _ —
AQ + e di)) iz \ A + 5 e A )

0 1 1
is derived in the Appendix and T = 5~ -9 (f_ld) ot [ﬁ—g f%} ? is a constant. With the welfare
function in Eq. (32), we take an ex ante perspective and make use of the fact that firms pay wages
that equalise the expected utility of workers from employment in all possible jobs. Due to this, the

welfare function does not depend on individual realisations of amenities, which makes the welfare

15Relative wages can move in opposite directions in different firms within manufacturing due to the monopsonistic
market structure, which makes worker mobility between firms imperfect.
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effects discussed below accessible to empirical research.®

The welfare analysis is more involved than in Melitz (2003), because having monopsonistic
competition in the labour market adds a distortion to the model. We illustrate the resulting
inefficiency in an online supplement, where we analyse for the closed economy a social planner who
can set the same proportional tax rate on the fixed cost of market entry, sf,,, and the fixed cost
of production, sf4, and redistribute the tax revenue in a lump-sum fashion. If § = 0, the labour
market is perfectly competitive, and in this case the social planner sets the tax rate equal to zero
because the market outcome is (constrained) efficient (see Benassy, 1996; Dhingra and Morrow,
2019). If > 0, firms reduce their output and use their monopsony power to decrease wages.
This leads to lower labour demand than in an otherwise identical model with a competitive labour
market (see Eq. (14)). With lower employment per firm, there is excessive firm entry. The social
planner corrects for the inefficient resource allocation by setting a positive tax rate in order to
make firm entry less attractive.

From the theory of second best (see Lipsey and Lancaster, 1956), we would conjecture that
gains from trade exist in our model if the distortion in the labour market is reduced in the open
economy, while losses from trade may exist if the distortion is increased. Exporting leads to
additional employment in highly productive firms and induces exit of firms with low levels of
total labour productivity. Since the autarky equilibrium has too many firms, and these firms are
too small, exporting works against the initial labour market distortion, and we therefore expect
gains from trade in goods. Furthermore, these gains should equally accrue to skilled and unskilled
workers since in autarky all firms within manufacturing pay the same skill premium, which equals
the skill premium paid in the service sector, and this skill premium is unaffected by the transition
to exporting.

Things are different in the case of trade in tasks. First, offshoring potentially reduces welfare
since the monopsony distortion is aggravated. This is because the only motive for firms to engage
in offshoring is to exploit their monopsony power in the labour market, and this can in turn make
the resources invested for offshoring wasteful from a social planner’s point of view.!'” Second,
the welfare of skilled and unskilled workers is affected differently by offshoring. As discussed

above, offshoring works like a positive demand shock for unskilled labour, and therefore welfare of

16 Although workers’ expected utility is equalised across all employment options, our model features wage differ-
entiation between firms, and therefore can be used to rationalise the increase in residual wage inequality between
observationally identical workers through trade liberalisation (cf. Amiti and Davis, 2012; Egger et al., 2013; Helpman
et al., 2017). In an online supplement, which is available from the authors upon request, we discuss the differential
effects of trade in goods and trade in tasks on residual wage inequality.

1"To see this, one can consider a simplified version of our model with homogeneous firms (due to g — co) without
trade in goods (due to 7. — o0) and no selection into offshoring (due to f,(w) = 0). In this case, offshoring lacks the
benefit of shifting labour towards high-productivity firms and hence spending resources for it is always wasteful and
to the detriment of social welfare. In the setting with heterogeneous firms and selection into offshoring, a negative
welfare effect exists if the resource costs for offshoring outweigh the benefits from a more favourable production
structure.
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unskilled workers rises relative to the welfare of skilled workers. In the service sector, this change
in relative welfare is tantamount to the increase in the relative wage of unskilled workers. In
manufacturing, the welfare of workers also depends on amenities provided by their employers, and
therefore the relative welfare of skilled and unskilled workers and their relative wage can move in
opposite directions, and this is exactly what happens in offshoring firms.

We summarise these insights in the following proposition.

Proposition 4 Whereas exporting affects the two skill groups symmetrically and increases social
welfare, offshoring benefits unskilled relative to skilled workers and can make both skill groups

worse-off, thereby lowering social welfare.
Proof Formal proof in the Appendix.

Regarding the effect of offshoring, Proposition 4 shows a superficial similarity to the welfare result
from Egger et al. (2015) in that it highlights the possibility that offshoring can lead to welfare
losses. The mechanisms leading to this result are, however, different. In Egger et al. (2015)
losses from offshoring to a low-wage host country can exist only for a high-wage source country
if offshoring is confined to highly productive firms and leads to reallocation of workers from high-
productivity to low-productivity producers, thereby magnifying a pre-existing distortion of the
autarky equilibrium. In the current setting, offshoring occurs between identical countries, and the
welfare loss can occur despite the reallocation of workers from low-productivity to high-productivity

producers.

4 Discussion

In this section, we discuss how our results change if we consider a regime in which not all firm
types coexist (Section 4.1), allow for offshoring of headquarter and production tasks (Section 4.2),

or account for country asymmetries to capture the idea of North-South offshoring (Section 4.3).

4.1 Limited coexistence of firm types

So far, we have focussed on a parameter domain that delivers the empirically observed coexistence
of domestic producers, exporters, offshorers, and offshoring exporters. However, the main insights
from our analysis regarding the differential effect of offshoring on high- and unskilled workers and
the existence of offshoring between symmetric countries are not the result of restricting atten-
tion to the specific parameter space characterised in Proposition 2. When discussing the welfare
effects of exporting and offshoring, we have already considered model variants with exclusive ex-

porting and exclusive offshoring, thereby eliminating the existence of offshoring exporters. To
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complete the picture of possible coexistence patterns, we now consider a parameter domain of

RE—1 € RE—1

RE—17T0RE-1

p < min {/%g } = p. In this case, we have ¢2 (w) < @e(w), po(w) for all producers. As
a consequence, there are neither pure exporters nor pure offshorers, and only domestic producers
and offshoring exporters coexist. Accounting for the definition of ¢%, in Eq. (15) and the definition

of f in Eq. (19), the fraction of firms choosing to become offshoring exporters is given by

Xeo :/f:o /¢Z(w) %dﬂf) = [Lf—‘f (S - 1)]%, (34)

and this fraction can be decomposed into the share of offshoring exporters with a cost advantage
in exporting or offshoring according to x5, = pPXeo, X% = (1 — p)Xeo, respectively.
Following the derivation steps from above, we can in a next step express the expected profits

of potential entrants by an expression identical to Eq. (21), with A (Re, /o) now given by

A(@e,fmzué(%) (14 1) Xeor (35)

Furthermore, aggregating employment over all firms gives an expression identical to Eq. (28), with

the new solution for A;(A., &) derived in analogy to the main text and given by

. 9—=(1-0)¢

€ e o 1-0 —(1-0)
Aj(fce,f%o)zH(%) {00500 g (6070 - 1) 1 e T 00)

£
s (see Eq. (A.15) in the Appendix). Similar to the bench-

g—(

where f = [f;: ' lée)ng(f)}

mark model, we find that Ay (-) < A;(-) and Ap(-) < A(+), implying that the rankings of these key
aggregators are preserved in the model variant supporting coexistence of only two types of firms.
Since the effects of trade in goods and trade in tasks on the wages paid by the least productive
domestic producers in Eq. (33) are channeled through adjustments in A(-) and A;(-), it is imme-
diate that the welfare analysis from the main text remains qualitatively intact for the alternative
parameter domain considered here. In particular, it remains true that both trade in goods and
trade in tasks lead to a reallocation of labour towards high-productivity firms, whereas the positive
welfare implications from this reallocation are counteracted by an efficiency loss materialising in

the case of offshoring because the scope for firms to exercise their monopsony power increases.

4.2 Offshoring of headquarter and production tasks

In our benchmark model in the first part of the paper, we assumed that only unskilled production
tasks are offshorable, which gave us a simple framework that is compatible with the empirically

observed differential impact of offshoring on firm-level employment and wages of skilled and un-
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skilled workers (see Hummels et al., 2014). However, this assumption is not necessary to obtain
such a differential effect. To see this, we now consider an alternative production technology that

allows for the simultaneous offshoring of skilled headquarter tasks and unskilled production tasks:

o) = 8ot T] foso [ [(mempa] L (37

j=h,l

In the limiting case in which the offshoring costs for skilled headquarter services are prohibitive,
the production function in (37) collapses to the production function in Eq. (1). We allow the
variable costs of offshoring to be skill-specific and denote them by 7;, > 1. To determine the
profit-maximising levels of labour input, we can follow the analysis in the main text and derive
the cost function

1

cw)= 1] A;a“i;‘) { II Hj[nj(w)]w(w)} 7 q(w)™=7, (38)

j=h,l j=h,l

which is an expression similar to Eq. (9) with x[n(w)] replaced by [[,_j ; x;[n;(w)] and

7 @)
K (w)] = {<i> %1—%‘@)] 1

Tjo i ni(w) 1 —n;(w)

Io(w)o;0

Then, setting dr(w)/dq(w) = dc(w)/dw we obtain the profit-maximising output level, which is
given by an expression similar to Eq. (10) with [, ; #;[n;(w)] substituted for x[n(w)]. Setting

#5[nj(w)] = 0 finally allows us to solve for

D=

J

Io(w)a;0
) = Kjo(w).  (39)

With the solution to the firm’s problem at the intensive margin, we can then determine domestic

A* 1 —lo(w) A%
nj(w) =1~ (1 + A—;Tj()e) kj[nj(w)] = (1 + 2575

firm-level wages and employment of the two skill types according to

Inwj(w)=0na; +0[1+(1—-0){|Iny—0InA; +0£In A+ 6 1Inp(w)
+ 0&1In ke (w) + 08ej In Kjo(w) + 0 In Kjo(w), (40)
Inljw)=1-0)Ino;+(1-0)1+(1—-0)Iny+0InA;+(1-0)(InA+ (1—-0){Inpw)

+(1—-0)Inke(w)+ (1 —0)ejlnkjo(w) + (1 — )¢ Inkjo(w), (41)

where j,j € {h,1}, j # j,and g; = 1—(;0£) 71 < 0. If skilled headquarter tasks as well as unskilled

production tasks can be performed abroad, offshoring can have positive or negative domestic firm-
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level wage and employment effects. Whereas similar to the benchmark model discussed above the
direct effect of offshoring induces domestic wages and employment of the skill type performing the
offshored task to fall, there is an indirect wage and employment stimulus from offshoring tasks
performed by the other skill type. This positive indirect effect exists due to a complementarity of
the two skill types in the production of intermediates.

To align the predictions from our model with the empirical evidence reported by Hummels
et al. (2014) that offshoring exhibits negative firm-level wage and employment effects for unskilled
workers and positive firm-level wage and employment effects for skilled workers, we have to impose

two parameter constraints, ensuring that the direct effect dominates the indirect effect for unskilled

*

<1\ 50
workers and vice versa for skilled workers. Defining &, = (1 + A_;Tjoe> , it follows from Egs.
(40) and (41) that this requires #;'&p, < 1 and ;" Ay, > 1 to hold simultaneously. In the case of

symmetric countries, the intended result is achieved under the following parameter constraint:
_1 1—(1195 1 ah9§ 1 l—ah9§ 1 04195
(1-1—7'[09) > <1-|—7'h09> and (1+7’h09> < <1-|—Tlo") . (42)

Figure 1 gives an illustration of the possible outcomes. There, we draw the implicit functions
1\ 1oy _1\ 4%
Fj(TjO,TjO)E (1+Tj09> — <1+Tj09> =0 (43)

in offshoring cost space.

Figure 1: Firm-level Employment and Wage Effects of Offshoring

Tho
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The shaded regions above I'j(7p0, 715) = 0 and below T'}, (715, Tho) = 0 refer to trade cost com-
binations for which the direct effects dominate the indirect effects. To be more specific, in the
light-gray shaded region above I'j(73,, 71o) = 0 offshoring costs are comparably high for headquar-
ter tasks and comparably low for production tasks. In this case, the direct effect of offshoring
dominates the indirect effect for unskilled workers and vice versa for skilled workers. As a con-
sequence, offshoring lowers wages and employment of unskilled workers and increases wages and
employment of skilled workers at the firm level. The opposite is true in the dark-gray shaded re-
gion below I'y(7y0, Tho) = 0. Due to low offshoring costs for headquarter tasks and high offshoring
costs for production tasks, offshoring induces firm-level wages and employment to increase for
skilled workers and to decrease for unskilled workers. In the cone spanned by I'y(7p,, 71,) = 0 and
T'1(710, Tho) = 0 offshoring costs for headquarter and production tasks are similar, and in this case
firm-level wages and employment of both skill types increase due to offshoring. From Figure 1, we
can therefore conclude that offshoring cannot have at the same time negative firm-level wage and
employment effects for both skill types. We also see that the extended model considered here is
capable to explain the empirical findings of Hummels et al. (2014) if the costs of offshoring skilled
headquarter tasks are sufficiently high compared to the costs of offshoring unskilled production

tasks.!8

4.3 The case of asymmetric countries

In this section, we apply our model to the case of North-South offshoring. We thereby follow Egger
et al. (2015), associate the foreign economy with an unskilled labour reservoir for the performance
of tasks offshored by domestic firms and assume that the foreign economy lacks the endowment of
skilled workers as well as the technology needed to produce intermediate or final goods. Despite this
strong asymmetry of countries, the model has all the features necessary for a general equilibrium
analysis, and it acknowledges in particular the requirements of balanced trade by allowing the two
economies to exchange tasks (exported by the foreign country) for final goods (exported by the
home country). Since the foreign economy does not produce the homogeneous final good, there
is no trade in differentiated intermediates, and therefore we have i, = 1. Due to the absence of
exporters, the draw for fixed export costs becomes redundant, and we therefore set p = 0 in the
following.

Preserving all other assumptions from our benchmark model, we can determine the ratio of

811 an online supplement, which is available upon request, we solve the model with offshoring of both tasks in
general equilibrium and show that key insights from the benchmark model remain valid in the more sophisticated
model considered here, as long as the costs of offshoring headquarter services are sufficiently high.
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foreign relative to domestic labour market aggregators for unskilled workers according to

1-6
— 44

where N} denotes the foreign endowment with unskilled labour. Combining Eq. (8) with the labour

supply schedules 7, foo(w () O(w,m)dn = AZ‘wl"(w)% and f[ (@) bw, M)di = Ay (w )%9, we

can link foreign to domestic wages by

0
wi () = wi(w) (j{%) .

Accounting for Egs. (11) and (13), we can then compute

(1 0)¢
1-6

) e () [ 5 )
) - e

Furthermore, following the derivation steps from the case of symmetric countries analysed above,

e (45)

we can determine the mass of domestic workers of skill type j = h,l employed in manufacturing,

L7, by an expression that is structurally identical to the one in Eq. (29), with

g—(1-0)¢
£

Aj(fo) = 14 (RO 1) l@ (- 1)] . (46)

Eqgs. (44) to (46) give a relationship between &, and Aj/A; that is derived from labour market
equilibrium and can be expressed as A /A; = Kq(k,). A second relationship between these two
variables follows from the profit-maximising choice of the task margin in Eq. (11), and we capture
this second relationship by Aj/A; = Ka(k,). The open economy equilibrium is then determined
by these two relationships as depicted in Figure 2.

From Eq. (11), we know that profit-maximisation establishes a positive link between Aj/A;
and R,. A higher value of Aj/A; reflects a downward shift of the foreign unskilled labour supply
curve relative to the domestic one. This implies larger cost savings from offshoring, leading to a
higher value of %, (and thus to a larger fraction of tasks put offshore by offshoring firms). As a
consequence, locus Ks(%,) is upward sloping in Figure 2. Things are less clear regarding the shape
of locus Ki(%,). On the one hand, a higher cost saving from offshoring &, induces an increase in
offshoring at the intensive and the extensive firm margin, thereby increasing the average foreign
relative to the average domestic wage paid in manufacturing according to Eq. (45). This relative

wage change shifts the foreign unskilled labour supply curve upwards relative to the domestic one,
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Figure 2: Open economy equilibrium with asymmetric countries
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ultimately resulting in a lower value of A} /A;. On the other hand, we observe an overall decrease
1
0

in manufacturing employment at home, leaving the overall effect of a higher &, on A} /A; unclear

g—(1-0)¢
= Kla

in general. However, noting that
N*1— f T
lim Ki(ky,) =00 and lim Kj(k,) = Sle=y () (@)
Ko—r1 Ko—>00 N; v fa f
it follows that Ki(k,) = K2(k,) has a solution in &, > 1.!? Noting further that Ks(&,) rotates

counter-clockwise if 7, increases and that lim,,_,~ K2(R,) gives a vertical line at R, = 1, we can
safely conclude that for sufficiently high variable offshoring costs, the open economy equilibrium

depicted by the intersection point of Ki(%,) and Ka(%,) in Figure 2 is unique.
With the open economy equilibrium given by Figure 2, we can now turn to the welfare effects of

offshoring. Following the derivation steps from above, we find that the expected profits of potential

entrants are given by an expression that is structurally identical to Eq. (21), with
a=¢
(47)

The welfare consequences of offshoring are then determined by Egs. (30), (32), and (33), and they

19Whereas determining the exact shape of the K1(#,) locus is tedious and not necessary for our analysis, we find
a form similar to the one depicted by Figure 2, when setting specific, admissible parameter values.
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crucially depend on the ranking of Ap(-), A;(+), and A(:). Accounting for & < 0 and g, = 1,
Eq. (46) establishes A;(-) < 1 < Ap(+). Since there is no offshoring by foreign firms, the negative
relocation effect on domestic employment of unskilled workers at the firm level translates into an
aggregate job loss for this skill group in manufacturing. As a consequence, unskilled workers now
lose relative to skilled workers when offshoring becomes an option for domestic firms. However,
since Ap(-) < A(+) is preserved from the model with symmetric countries, both skill types gain
from offshoring in absolute terms. With the cost saving from offshoring more pronounced, our
model therefore shows that, different from the case of symmetric countries and despite an increase
in the scope of high-productivity firms to exercise their monopsony power, offshoring to the South

is beneficial for the North.

5 Conclusions

In this paper, we have introduced monopsonistic competition in the labour market into a new trade
model with heterogeneous firms. Production requires skilled workers for performing headquarter
tasks and unskilled workers for performing a continuum of production tasks. Crucial for the
existence of monopsony power, firms face upward-sloping labour supply curves because they offer
workplaces that are horizontally differentiated from the perspective of workers. We show that due
to monopsonistic competition in the labour market for skilled and unskilled workers the predictions
of our model regarding the effects of trade in goods and trade in tasks differ sharply from each
other, both at the firm level and at the aggregate level.

At the firm level, the export of goods increases domestic employment and domestic wages of
both skill types, whereas offshoring of production tasks lowers domestic employment and domestic
wages of unskilled workers but increases domestic employment and domestic wages of skilled work-
ers. This finding is well in line with recent evidence on the differential impact of exporting and
offshoring on firm-level wages and firm-level employment. Moreover, since a wage-dampening effect
of offshoring on unskilled workers also exists in the case of symmetric countries, the assumption
of monopsonistically competitive labour markets makes our model suitable for explaining puzzling
evidence on the prevalence of offshoring between similar economies.

At the aggregate level, our model produces novel and interesting welfare results. As a conse-
quence of their monopsonistic market power, firms choose sub-optimally low employment levels
to keep their wages low. Therefore, monopsonistic competition in the labour market leads to a
misallocation of resources and to the entry of too many and too small firms. Trade in goods con-
stitutes a partial remedy for this source of inefficiency, because, in a model with selection of firms

into exporting by productivity, it gives larger market share to high-productivity firms and induces
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exit of low-productivity firms, with the welfare stimulus from these effects augmented by access to
new, foreign varieties of the differentiated good. As a result, there are gains from trade in goods
between symmetric countries.

The welfare effects of offshoring are — by contrast — not unambiguously positive. Gaining access
to foreign labour, offshoring firms use their monopsonistic power in the labour market to reduce
their domestic employment, and hence the wages they have to pay to their domestic workers.
Due to the labour market distortion, the resources spent on offshoring can be wasteful from a
social planner’s point of view. With total (domestic plus foreign) labour demand increased by
the offshoring firms, trade in tasks is accompanied by a shift of labour towards high-productivity
firms, which by itself is beneficial to social welfare. However, it is not guaranteed that the positive
reallocation effect is strong enough to dominate the efficiency loss from the increase in monopsony
power, and trade in tasks unlike trade in goods can therefore lead to an aggregate welfare loss.

In an extension we show that the important trade-off between an efficiency gain from the real-
location of labour towards high-productivity firms and the efficiency loss arising because offshoring
increases the scope for these firms to exercise their monopsony power also exists if all offshoring
firms are at the same time exporters. Furthermore, the key insight that, unlike trade in goods,
trade in tasks between symmetric countries can lower welfare remains valid when allowing for
offshoring of production as well as headquarter tasks. However, trade in tasks is unambiguously
beneficial if countries are strongly asymmetric and the foreign economy does not produce goods
itself but serves as an unskilled labour reservoir for the performance of tasks offshored by domestic
producers. Capturing the case of North-South offshoring, the cost-saving effect of offshoring in
this model variant is sufficiently large to dominate any efficiency loss from increasing the scope for

high-productivity firms to exercise their monopsony power.
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A Appendix

A.1 Deriving the parameter domains for coexistence of different firms

To determine the parameter domains listed in the main text, we first introduce three auxiliary
variables which allow us to distinguish all possible rankings of the five cutoff productivities in

Egs. (15) and (16) by ranking f.(w) relative to these auxiliary variables. We define (i) fl(w) =
AR (i) [2(w) = L), and (i) f3(0) = Flw)RSET, with J1(w) < f2() < 13().

He

This allows us to determine the following rankings of productivity cutoffs: If f.(w) < f1(w), then
Ye(w) < 0l (W) < Yolw) and @, < @&,. This establishes parameter domain one in the main text.
If fo(w) € (f2(w), f3(w)), then ¢ (w) < Po(w), Pe(w), which establishes parameter domain two
in the main text.?0 If f.(w) > f3(w), then v,(w) < v (W) < Yo(w) and Y, (w) < 2, (w). This

establishes parameter domain three in the main text and completes the proof.

A.2 Proof of Proposition 2

Let fi(w) = pi(w)f(w) for i = e,0. Then, setting pe(w) = 1 and po(w) = p for firms drawing

a ball with label e, we compute f.(w) >,=,< fl(w) if 1 > =< %:gj, fe(w) > =, < f2(w) if

1>=< u%:—i, and fo(w) >,=,< f2w)if 1 >,=< ,me’é—}. Setting u > Rg%ﬁ therefore
implies f.(w) < f}(w) and thus @,(w) < ¢ (W) < @2 (w) and @e(w) < @& (w). This implies
that firms drawing a ball labelled e choose domestic production if ¢(w) € [¢4, pe(w)), exporting
if p(w) € [pe,¥S,) and exporting plus offshoring if p(w) > ¢¢,. Similarly, for firms drawing a
1LEZL () >m < f2w) i

~ € 3
> =< gg—j, and fe(w) >,=,< f3(w) if p >,=,< %E:gj Settmg > Iigﬁe then implies

ball with label o, we compute f.(w) >,=,< fl(w) if p >,=,

that firms drawing a ball labelled o are domestic producers if p(w) € [p4, Yo(w )), pure offshorers
if o(w) € [@o, P2, (w)) and offshoring exporters if ¢(w) > %, (w). This completes the first part of
the proof.

To determine the rankings of ¢4, min{p.(w)}, and min{y,(w)}, we first note that, by assump-
tion, the least productive firms do neither export nor offshore. Second, we can note that there
exist unique threshold values min{g.(w)} = @e(w) if fe(w) = fq and min{p,(w)} = po(w) if
fo(w) = fq. Then, contrasting productivity cutoffs ¢, (w), v,(w) in Eq. (15) for 4§ > &§ establishes
min{ye(w)} < min{g,(w)}. Furthermore, from the formal analysis in Appendix A.1 we know that
under the considered parameter domain ¢.(w) < ¢, (w) and p,(w) < ¢, (w). However this does
not restrict the ranking of min{y,(w)} and min{y¢, (w)}. From Egs. (15) and (16) we compute
min{¢, (w)} >,=, < min{y,(w)} if u >,=,< &S. This completes the second part of the proof

2We further have @o(w) >,=,< @e(w) if f(w) >,=,< f2(w), but this is irrelevant because in the respective
parameter domain pure exporters and pure offhorers do not exist.
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with the two parts together establishing Proposition 2.

A.3 Derivation details for Egs. (17) to (20)

The ex ante probability of drawing a ball with label e and becoming an offshoring exporter condi-

tional on drawing a productivity not lower than ¢4 is denoted x¢, and given by

e [ dG(p)
N - e L (4.1)

Combining the threshold ¢, (w) from Eq. (16) with our assumption that f;(w) = pi(p)f(w) for
. dG

1 = e,0, we can compute f:go(w) 17G((“;)d) = [W;(d“) ’%g(%_l)
Eq. (A.1) and accounting for the definition of f in Eq. (19), allows us to solve for x¢, as given in

Eq. (20).

_g
} ‘. Substituting this expression into

The ex ante probability of drawing a ball with label 0 and becoming an offshoring exporter

conditional on drawing a productivity not lower than ¢g4 is denoted x?, and given by
/ _AG©) gy, (A.2)

Xeo =(1=p /
=0 J Sy T= Gloa)

fa
Combining the threshold ¢?, (w) from Eq. (16) with our assumption that f;(w) = p;(w)f(w) for
. dG

Eq. (A.2) and accounting for the definition of fin Eq. (19), allows us to solve for X2, as given in

Eq. (20).

_9
} ‘. Substituting this expression into

The ex ante probability of drawing a ball with label e and becoming exporter conditional on

drawing a productivity not lower than ¢, and given by

_ [ _dGe) e
e=r ) | T ) i (A3)

Combining the threshold ¢, (w) from Eq. (15) with our assumption that f;(w) = p;(p)f(w) for?
oo _dG(p) _ [f(W) 1

fa #8—1

_9
i = e,o0, we can compute | } < Substituting this expression into Eq.

pe(w) 1=Glpa) —
(A.3) and accounting for the definition of f in Eq. (19), while replacing x¢, by the respective
expression in Eq. (20), allows us to solve for y. as given in Eq. (17).

The ex ante probability of drawing a ball with label o and becoming exporter conditional on

drawing a productivity not lower than ¢, and given by

_ o oo dG(p) o
Yo = (1= p) / / T Gy ) X (A4)

Combining the threshold ¢,(w) from Eq. (15) with our assumption that f;(w) = p;(w)f(w) for
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_g
1 = e,0, we compute f::(w) lfg((“;)d) = [% Rﬁl—l} ‘. Substituting this expression into Eq. (A.4)

and accounting for the definition of f in Eq. (19), while replacing x¢, by the respective expression

in Eq. (20), allows us to solve for x, as given in Eq. (18). This completes the proof.

A.4 Derivation details for Eq. (21)

The expected operating profits of active producers are given by 7@ = (1 — v)[pCc + (1 — p)(,], with

_ 00 rpe(w) o dG(gp) 00 g, (w) o dG((p)
Co= /f / o )71_G(¢d)dF(f)+ /f / TG )

L («Zd)d”f ) A
[ [ e
L («Zd)dﬂf - o

We refer to r4 as the revenues of the domestic producer with the lowest labour productivity
o(w) = g and substitute the thresholds ¢, (w) and ¢,(w) from Eq. (15) and the thresholds ¢, (w)

and ¢? (w) from Eq. (16) to solve for

1-9
S T

9—5 fa fd He—l

1 ] E . fw) 1 -2 e
=it | { [fd %_1] <mo—1>+[u ; ,%g(,%ﬁ—l)] (RS — 1) p dF (/).

Using the definition of f in Eq. (23) together with x¢, and x2, from Eq. (20), x. from Eq. (17),

as well as x, from Eq. (18), allows us to solve for

7 95]d A(Re, i), (A7)

in which

e a=¢
+piE (RS —1) (X?) © (- p)aS (RS —1) (X?) ! ]

can be alternatively expressed as in Eq. (22).

The average fixed cost expenditures of active firms for production, exporting, and offshoring
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are given by sfy + spF, + s(1— p)ﬁo, with

Fo= [T 5 [Z2] ariy e [ s [F) an ),
S e

Substituting ¢e(w), po(w) from Eq. (15) and ¢, (w), @2, (w) from Eq. (16), using the definition of
f from Eq. (23) and accounting for the fraction of exporters, offshorers, and offshoring exporters

in Egs. (17)-(20) allows us to solve for
sfa+ spF. 4+ s(1 — p)Fy = sfa\(fe, fro).- (A.9)

Together the Egs. (A.7) and (A.9) can be used to solve for the ex ante expected profits of potential
entrants [1 — G(pg)][T — sfq + spF, 4+ s(1 — p)F,] — 5fm, which take the same form as in Eq. (21).

This completes the proof.

A.5 Determining the lowest skilled and unskilled wages in home

From Eq. (13), we know that skilled wages increase in ¢(w), ke(w), and ko(w). Due to the
selection of firms into exporting and offshoring, this is sufficient to ensure that the firm with a
total labour productivity p(w) = ¢4 pays the lowest wage for skilled workers (among the firms
that employ skilled workers at home). Since unskilled wages also increase with ¢(w) and ke(w),
it is clear that the domestic firm with a total labour productivity equal to ¢4 pays lower wages
than domestic firms with higher productivity or pure exporters. Also, the pure offshorer with the
lowest productivity, which, according to Eq. (15), is given by o, = g (k5 — 1)7% pays lower wages
than all offshoring exporters, which are more productive and serve the domestic as well as the
foreign market. Accordingly, the firm paying the lowest unskilled wage can either be the domestic
producer with a total labour productivity equal to ¢4 or the offshoring firm with a total labour
productivity equal to ¢, > 4. Thereby, we have to distinguish offshoring plants of domestic
and foreign producers, which in a symmetric equilibrium belong to firms with the same cutoff
productivity @,.

Let us denote the unskilled wages of the local and the foreign plant of a domestic offshoring
firm with total labour productivity ¢, by wy,wy*, respectively. We can infer from derivations
similar to those leading to Eq. (13) that w* = wy} {n (1) 1}9. Noting from Eq. (11) that
Arto 7 < A, establishes 751" € € (1,2), it follows that w{* < wy. With the unskilled wage of the
domestic firm with total labour productivity ¢4 given by wl, we moreover have wi* >, =, < wq

0 _1
if (R"AEA) >,=,< 1, where £2 = (k§ — 1) € has been acknowledged. Noting that & < 0
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establishes 45% < 1, we can safely conclude that wy* > wl This completes the proof.

A.6 Derivation and discussion of Eq. (28)

We can first note that total domestic plus foreign type-j employment of pure offshorers and off-

shoring exporters are given by

: (1-6)¢ _ 1-9
©w) =6 {—@;“)} ro 0 {1 +[w64) - 1] } (A.10)
d
and
, (1=0)¢ _ 1-6
o) = £ [ap(w)] Rg_e)gg(()l—e)fej {1 i [ E(l—e5) 1} }’ (A.11)
¥d

respectively, where Egl denotes type-j employment by a domestic producer with total labour
productivity ¢g. With two symmetric countries sector-wide manufacturing employment equals

L;ﬂ = pAje + (1-— p))\jo, with

Aje = M4 /: /:E(“’) {sﬁ( )](le)g%dﬂﬁ

d

Peolw) 0)¢ dG( )
d A (1 0)¢ '
ML /d /ew) { ©d } 1—G(90d)dF(f)

1-6 SRS 1=0¢  1cx
dx (1-0)€ 5 (1-6)Ee; ~e(l—c;) p(w) ()
MR R {1 * [HO 1} }/d / () [ Pd 1- G(wd)dF(f)’

and

d

1 0 ‘Peo(w) w (1-0)¢ dG( )
+ MR =08 {1+ pE(1—es) ]/ / {Sﬁ ] ) _ar ¥
’ ( 0 Joow) L ¥Pd 1 —G(pa) )

. . 16 @) 1977 dG(yp)
Mela-0ea-0; [ | [pe0-) _ / / 4 7).
+ f] H(i HO + |:K’O :| , 0o (w Vg 1 _ G(de) d (f)

We further compute

[ o] _dG) 9
/d /%Od [E] W((pd)dF(f) o mv (A.12)
and
< el _dGle) _ 9 Xe + XEo Nﬁm@ B
[ L5 et = =i (5) 7 |
(A.13)
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as well as

rr {M]“‘”g D) (- I <><>M <i> T
0 e w) L pa 1 - G(pq) g—1-=0)¢\ p f ’ '
where N -

= [/d f%e)&dF(f)] e (A.15)

In a similar vein, we can compute

0 oo o) 11-0)€ N Y
/fd /%(w) [%] %dﬂﬁzg—(f— 0)¢ (X1J:>; ) <§> 5 ’

and

0o foo p(w) (1-0)¢ dG(y) g . gf(lgfe)g f 97(15—9)5
[ ) e = e () (5) T

Substituting Egs. (A.12) to (A.17) into L' = pAje + (1 — p)Ajo yields LT as given in Eq. (28),

with

f 9*(1579)5 g0
- (- S\ T
Aj(fe,ho) =1+ <}> <p { (-0 1] (%)
1—6 e g=(1=6)¢
p
g—(1-0)¢

. e 1-6 o
+(1-p) {&2”)5 [&99’5"’] {1 + [m ) —1] } - 1} (L + Xw) ’

I—p
1-0 ° g*(lg*9)§
DS {1 + [0 1] } [0-0 1] (X_) ,
L—p

Noting that ¢, = 1 and ¢, = 1 — o%e < 0, we find that Ap(-) < Ay(-) because RS0

[l%g(lfej)]lfe

(A.18)

. Moreover, using the alternative way to express A(-) from Eq. (A.8) we find that
A(Re,fo) > Ap(Res Ro) is implied by f > f > f. Also, note that the ranking of A(fe, o) and

Ay(Re, Ro) is a priori not clear. This completes the proof.

A.7 Derivation details for Egs. (29) to (31)

Using our technology in Eq. (1), we get for the domestic producer with a total factor productivity

a—1

1
of g, ma/(1 — ) = Ag [ngd(éﬁi)ah (Kfl)al} 7 =rq. Substituting A; =Y = L A()Mrq (from
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Appendix A.4) and accounting for E;l = a;yrq/ w? from Egs. (6) and (7), we can compute

o—1
an \ " ap ™ 2
ﬂ@d( h) L) g . (A.19)
wiy wy

«
Accounting for f = [[;—p, « aj(l %) = o (wi/wld) h, and substituting a;mg = wj €sfd, we

1

Ty = [ﬁA(-)M?ﬂd}

obtain

9

ma = hapa 77 | Lea0M| T = —ultifa (A.20)

Furthermore, accounting for 6? = ﬁ@j‘ fa from Eq. (26) and combining Eqgs. (27), (28) with the

labour market-clearing condition Lj + L7" = Nj, we can solve for

=225 { a0+ T a0 ) (a2)

Substitution into Eq. (A.20), then gives

gl g-=¢§ Vfad p-= [ 9 a7
{A(') Ty (1 —9)§Aj(')} A?-)dﬁ [g—ﬁA( )M] (4.22)

Dividing w{ by w{ establishes Eq. (30). Substituting Eq. (30) into £ = ay, (w;j/wi)al, and
6= (wﬁ/wﬁ)ah , we further obtain

—a;

Nj

fi- II

A(-) + 1L (1 e)gA () iZny

Nj/a;
AC) + 125 =i e An ()

(A.23)

Substituting Eq. (A.23) into Eq. (A.21), we can solve for the mass of firms in Eq. (31). Multiplying
Eqgs. (A.23) and (31) and substituting the resulting expression into Eq. (27) gives L] in Eq. (29).

Finally, LT* follows from the resource constraint L3 + L7* = N;. This completes the proof.

A.8 Derivation of Eq. (33)

Substituting Eq. (21) into zero-profit condition E[¢] = 0, we compute

ok (A21)

*”d_[g € fm

Substituting ¢4 from Eq. (A.24) and M from Eq. (31) into Eq. (A.22), we obtain Eq. (33). This

completes the proof.
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A.9 Proof of Proposition 3

From the observation that ye, Xo, and xe, are identical in the two economies, we can infer that
both exporting and offshoring are two-way in our model. Furthermore, the effects of openness on
the skill intensities in services and manufacturing are derived for the limiting cases of exclusive
exporting and exclusive offshoring, respectively. Capturing exclusive exporting by the limiting

case of &, — 1, we can infer from Eqgs. (17), (22), and (A.18) that?!

-1 (D) () o1 (L) (D) R
A(/@e,l)—l—i—(fd) <?> Xe and A](me,l)—1+<fd> (f) (/%6—1)1_0X6' (A.25)

! ! h\fe, 1) = e h = = 4Vh/4iVm
This establishes Ay (ke, 1) = Aj(Re, 1) and implies that Ly /L] = L*/L]"* = Nj, /N, from the closed

economy continues to hold in an open economy with identical countries and exclusive exporting.

With exclusive offshoring due to &, — 1 we obtain??

=14+ (2) (L) o1 (D) (L) R
A(l, lio) =1 + (fd) <7> Xo and Ah(lyﬁo) =1 + (fd) (f) ([{g _ 1)1_9 Xo»
g ~(1-0)¢g

e, 1-6
N1 kg =1+ <i>1_9 (i)& 7S {1+ [R50 —1] }_1XO
f (,%ﬁ ~ 1)1 0

(A.26)

from Egs. (18), (22) and (A.18). Eq. (A.26) shows that the ranking of Ap(-) < Ay(-) extends
to the limiting case of exclusive offshoring. In this case, we have Lj /L7 > Ny/N; > L*/L".
Of course, the factor intensity ranking of the two sectors extends to positive levels of exporting,
because Ap(+) < Ay(+) is not restricted to the limiting case of ke — 1. This completes the proof of

Proposition 3.

A.10 Proof of Proposition 4

Proposition 4 is derived for the limiting cases of exclusive exporting and exclusive offshoring.
Capturing exclusive exporting by 4. — 1, we can infer A(&¢,1) > Aj(ke, 1) from Eq. (A.25) and
the observations that 45" ~% — 1 < (R — 1)170 and that f707% - fd*‘gfl_g < 0 (see Egs. (23)
and (A.15)). This is sufficient for w;»l > (wg)a, according to Eq. (33), where index a is used to
indicate an autarky variable with A(-) = A;(-) = 1.

Let us now consider the case of exclusive offshoring, due to 4. — 1. For the purpose of easier

tractability, we impose the assumption that fixed cost parameter f is Pareto distributed over

21From the Parameter constraint in Proposition 2, we can infer that &, — 1 establishes ;¢ — oo and thus x2, =0
along with x, = x¢, = 0.

22From the Parameter constraint in Proposition 2, we can infer that 4. — 1 establishes ;¢ — oo and thus x¢, =0
along with x. = x2, = 0.
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interval [fy4, 00) with shape parameter g and compute for this specification

_£ £ N S
P& & F : &g =0
F=(re) " I gmrg=e e e F= g T Ju
(A.27)
Substituting f, f, and f from above into Eq. (A.26) and accounting for x, = (1 — p)(fd/f)g (S —

1)% allows us to solve for

. &9 —p) /. ¢ - s9—p) R ¢
A(l,lﬁlo)zl—Fm(ﬁg—l)E’ Ah(l,ﬂg):1+ (/{5_1)5

(
-y H [0 o

+
Ay(1,R0) =1+ g(1+¢&) —(1—06)¢ (,%g — 1)1_0

In the two limiting cases &, — 0 and g, — —o0, we compute Aj(1,%,) < A(1,&,), and in these cases
w;l > (w?)a follows from Eq. (33). To see this, we can note from the main text that Ap(-) < Ay(+)
holds for all finite values of g;, whereas Ay(-) = Ay(+) is obtained if &, - —oo. Furthermore, we

: d/,d d/d\ ) ) dsod _ (d s d\"
can infer from Eq. (30) that wf /wi < (wf/wi’) if Ap(-) < Ay(+) and that wf /wj’ = (w§ /wi’) if
Ap(-) = Ay(+). Evaluating Eq. (33) for j = h, we obtain

with the inequality holding strictly if Ap(-) < Ay(+). In the limiting cases ¢, — 0 and g, — —o0, we
have Ap(+), Ai(1) < A(+) implying that the right-hand side of the inequality is larger than one.

To show that losses from offshoring are possible for intermediate values of £;, we can note from
the main text that in the open economy unskilled workers gain relative to skilled workers. This

makes w;i < (wld)a sufficient for losses of both skill groups. From Eq. (33), we compute

wf o [ B0 25 ] - AC) 1+ 257455 =
(wij)a = A(-)9 {A(.)—i—i 9= _Ay(+) ]H A() + 2= —9E A () . (A.28)

i=1,h

—~

Q=

Z(’%o) = A()

AC) [+ 25 e |7 . (A.29)
A + 1—,7—79—_215_9—)51\1(')
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e—1

Differentiating Z(&,), we obtain Z'(k,) = [A() — 1] fgil

Z(#0)2(Ro), with

— 1 — A~ N A (A
7SS PR B S B S 5 T gtk e 1 (Ro) + 22 (o) (1 — 0)¢/g]
gA() o1 A() AC) + 15 = ()

, (A.30)

Rg(l_sl)—l

1-6 X )
and % (i) = aiig (R — ) 1+ R -] (1 -a) [L} Rt — 2 (k).
Accounting for limg, 1 21 (%) = (1 — )1 7% and limgz, 1 22(%,) = 0, using ﬁ = (1 -6)¢, and

noting that 1 — &, = (€)' if oy, — 0, we compute

1-6
B 1_ _90+9)—¢ (1
Tim 2(Rg) = © + I v 9-¢ g1+ —(1-0)¢ (05)

fro—1 g o—11—yg—(1-06) 1+%ﬁ

(9), (A.31)

Il
W

with limg_, 2(g) = 1;—9[1 — (06)71] < 0, due to 6¢ = % < 1. This shows that un-
skilled workers can be worse off with offshoring than in the closed economy if g is high, ; has an

intermediate value, and oy, is small, which completes the proof of Proposition 4.
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Supplement
(Not intended for publication)

S.1 Derivation details for Eq. (25)

We first study the assignment of a continuum of worker (indexed by v) of type j to a discrete
number of firms (with index w) and later consider the case of a continuum of producers. Denoting
by v;(v,w) = wj(w)a(v,w) the utility of of worker v from employment in firm w, a worker prefers
a job in firm w over all other jobs if vj(v,w) > max{v;(v,w’)} for all w’ # w. The conditional

probability of worker v to end up with firm w when observing a(v,w) is then given by:
Prob {vj(u,w) > n}ix{vj(y, w’)}‘a(zj,w)} = H Prob [v;(v,w) > vj(v,w)]
w'#w Wit w

= H Prob [a(l/, W <a(v,w)
w!'# w

= ex —auw w](W) 7¥
=11 p{[ )w](w,)] }

W w

where the third equality sign makes use of our assumption that amenities are extreme value Fréchet
)
distributed according to F(a) = exp (—a_lT), with 6 € [0,1/2). We can compute the total

probability that individual v chooses firm w as follows

Prob {vj(u,w) > 512}5{’0]'(1/’ w’)}} — /Ooo Prob {vj(u,w) > g}iﬁ{vj(y, w’)}’a} dF(a)

Y _aw'(w) -7 1—9(17% "
_/0 H exp{l 7w;(w’)] } 7 d

W w
1-6

:/Oooexp{ TO ij TH} 7 a~da

1-6
0

w;(w)

Yo wiw) T

(S.1)

To solve for the case of continuous choice, we can interpret »_ wj(w)l%oe as an approximation of
the total area under a function f(w) = wj(w)l%oe defined on interval [wg, wy,]|. Dividing this interval
into n subintervals of equal length and denoting by w;_1 and wj, j = 1,..,n the lower and upper
bounds of these subintervals, we can approximate the respective area by Zgbzl wj(w)%ﬁj, with

—0 ~
Aj = wj—wj_1, with this sum corresponding to >, wj(w)lT if A; = 1. Noting from the definition

of the Riemann integral that

lim Zw] TGAJ :/ nwj(w)l%oedw. (S.2)



Substituting Eq. (S.2) into (S.1) and associating interval [wq,w,] with the continuous set 2, we
obtain Eq. (25). This completes the proof.
S.2 Derivation details for E;[a(v,w)]

The expected amenity level of type-j worker v at firm w, conditional on accepting a job at this

firm is given by

1 00
E; = P . > . / F
jla(v,w)] Prob[u; (v,a) = max{o; (v, ]] /0 aProb [v] (v,w) > ur}r/li);{vj(y,w )}Md (a)
1—-6
wW.? e g _1-0 o] 11— _ 1-9 ,
=—7 5 exp l—a_lTewj 0 ij(w')¥1 aa_lTeda =T ( 9) W; ,
wj(w) 7 70 o 1=0 ) wjw)

where the second equality sign follows from Eq. (25), the definition of W} and our assumption
that amenities are extreme value Fréchet distributed according to F(a) = exp (—ail%e), with
0 € [0,1/2), whereas the third equality sign follows for the limiting case of a continuous choice set

when applying the definition of the Gamma function.

S.3 Inefficient resource allocation in the closed economy

To show that the resource allocation in the closed economy is inefficient, we consider the problem
of a social planner who can tax (or subsidise) fixed costs sf; and sf,, at the same rate t > —1. The
tax revenue is then redistributed in a lump-sum fashion giving the same transfer to all workers.
This tax changes the the zero profit condition to 74 = (1 4 t)sfg, and the free entry condition to
11— G(god)]g—f,ésfd(l +t) = sfm(1+1t). Hence, with the same proportional tax rate applied to both
types of fixed costs, the cutoff productivity level remains unchanged. However, the existence of

the tax rate changes the relationship between E;l and £3 to

I 1—n w? 1—7 w;»l 1—7

. (14t
ed_ ~ 06]7Td: y Oz]( + )Sfd: 2 (1+t)fd£;’f7 (8'3)

while aggregating employment in services and manufacturing establishes Eqs. (27) and (28), eval-
uated for the closed economy and thus A(-) = Aj(-) = 1. Combining Eqgs. (27), (28), and (S.3),
we can derive the explicit solutions for sector-wide employment of skilled and unskilled workers in

the closed economy with taxation:

N; G
J A+t g=¢ 7 J (4t _ g—=¢
I+ = = L+ 5 e

S.2



Using the technology assumption from Eq. (1) and 4, =Y = g’%ngd inr(w) =A¢qw) = , we

can compute for the least-productive firm

1 d\ & =1
rg = (LMW> ’ lﬁ@df?ll <€—l> ] U (S.5)
g—¢ o
Accounting for ¢4 = yayrg/wi from Eq. (S.3) and the observation that 74 = (1 —v)rq and making

use of

d d
O _ b _ Nn _anwp

G _ G _ Nu _ , S.6
WUE TN, wul (5.6)

from Egs. (S.3), (S.4), and (6), (7), we can solve Eq. (S.5) for

dor G () LE) G e

Q |~

g— 5 fm

d d
by substituting for ¢4 from Eq. (A.24). From ¢} = ah<%§)al and /] = al<%§)ah, we further

h l

S\ Qg
obtain E; = Njﬂj:w(g—;) ’. This allows us to compute
=9 N L _9=¢ ! H<&>% (S.8)
1+t — - 1+t — } ) )
g 1 + “/(;F ) g—¢& fdfj gfd 1 + 'Yg:ty) g_“&_&g)g J=hil oz]

1=y g—(1-0)¢

where the first equality sign makes use of Egs. (27) and (S.4), whereas the second equality sign

acknowledges the solution for £;. Substituting M into Eq. (5.7) gives
1

1 fod
1\ 75 1 S AN N\ 7T
o =i (£ ) (1) () 1 ()7 s
J 9—&fm) \fa 14+ 20 gt R VA=Y

This reveals that w}-j decreases (increases) if the social planner sets ¢ > (<)0. However, there is an

Q=

additional effect on welfare from the lump-sum transfer. The total transfer budget equals

d
T=tM (Sfd + sfmSDS) = LtMsfd = N fey (S.10)
g —5 aj 14+ yd+t)  g=¢ 7

1—y g—(1-0)¢

where the second equality sign follows from applying the free entry condition, and the third euqality

sign makes use of Eq. (S.8) and s = w?g—j [Tj=ns (g—j)_aj. The social planner therefore chooses

Mt imi Nyt {1 142050 g 17 g s ivalent t
0 maximise Zj:h,l N Wj + [ + i g—(l—@)f} an 1S 18 equivalent to maximising

Y g—=¢&
l—yg—(1-0)¢

Q=

(1+1)

V(t) = [(1 FOT 4 }1, (S.11)
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which has a unique solution tg, = {[1 4+ 60(c —1)]/(1 — 0)H{lg — (1 —0)&]/(g — &)} — 1, taking a

value of tg, = 0 for 6 = 0 and a value of ts, > 0 for 6 > 0. This completes the proof.

Lorenz curve for the wage distribution of skilled workers in manufacturing

We determine the Lorenz curve for the wage distribution of skilled workers in manufacturing for
the case of exclusive offshoring, due to 7, — 0o and p = 0,22 and we impose for tractability reasons
the assumption that the fixed cost parameter f(w) is Pareto distributed with shape parameter gy.
For the limiting case of gy — oo the fixed costs of offshoring are then equal to f; and the same for
all producers. This corresponds to the case usually discussed in the literature and constitutes the
scenario, we are focussing on in the supplement. We can infer for this case from Eq. (13) and (14)
that wages and employment of skilled workers in an offshoring firm with productivity ¢(w) are
equal to wages and employment in a domestic firm with productivity ¢(w)k,. With this insight at
hand, we can now determine the fraction of skilled manufacturing workers with a wage lower than

¢ _1
w = wd<$%) . Assuming ¢ < ¢, = god(f%g — 1) % all of these workers are employed by domestic

firms and we compute

d  ro (1-0)¢ 5\ (1-0)§—g
WL /*" (i) _dGly) Ly (ﬁ) . (S.12)
LY Jog \a 1-G(pa) A Pd

Furthermore, we can determine for the same group of workers the total wage income, Wﬁ(gp),

relative to the total skilled wage bill in manufacturing, W;"* = a;vA(-)Mr, according to

Wi(p) _ anyMrg /«3 ( @ )f dG(y) 1 ; [1 _ (2)5_91 , (S.13)

Wit Wi Jou \@a) 1-G(pa) A( ©d

Then, solving Eq. (S.12) for —;% and substituting the resulting expression into Eq. (S.13) gives the

first segment of the Lorenz curve

1 —¢
U (An) = N [1 -(1- Ah)\h)g—?l—@z] 7 (S.14)
()
g=(1-0)¢
which is relevant if A < A;l [1 — (RS —1) = } =\

_ .\ 0¢
To determine the fraction of skilled workers receiving a wage lower than w = wd(i;’;) with

® > ©,, we can note that firms with total labour productivity ¢ > ¢, are offshoring producers

ZGetting p = 0 is not necessary for our results, but it eliminates uninteresting cases, and thus improves the
readability of our analysis. Furthermore, we do not discuss the case of exclusive exporting, because the effects of
exporting on the Lorenz curve measuring wage dispersion of skilled and unskilled workers can be derived in total
analogy to the Lorenz curve measuring wage dispersion of skilled workers in the case of offshoring.
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and compute

d % 1-6
= AL Mz / ’ (ﬁ)( *_dG(e)
Ly 0o \Pd 1 — G(pa)
e\ (1-0)¢—g
1 [ & 3\ (1-0¢-
SIS N 7 (_) . S.15
Ap (;%?, — 1) ®d (58.15)

The fraction of wages received by these workers can then be computed according to

Wile) _ Wile) | ayMr /“" <£>5 dG(y)
Wy wir Wi o, \wa) 1 —G(eq)
g=£

1 1)\ ¢ @ \¢9
=1—- — o /%g <—> . S.16
AC) ( 5 ) Y (8.16)

Solving Eq. (S.15) for ;% and substituting the resulting expression into Eq. (S.16) gives the second

segment of the Lorenz curve

0 9—¢ —
VROW) = 1= gRe AT (L A (8.17)
which is relevant if )\% < Ap-
The two segments 1} (\,) and 12(\,) characterise the Lorenz curve of skilled wage distribution

in manufacturing:

Loy if A\, <M
Un(An) = Valda) I A < (S.18)
¢]21()\h) if A > )\}L

To understand the effect of offshoring on the wage dispersion of skilled workers, we can contrast
the Lorenz curve in (S.18) with the respective Lorenz curve under autarky, which is given by

—¢
Yir(Ap) =1—(1- )\h)g—?l—e)ﬁ. This gives for the first segment

1 _9=¢ _9-&
DY) = hOW) = U0w) = 577 {1 = A0+ AC) (L= M) TETE — [1= Ay (O |

A()
(S.19)
Twice differentiating Dq/),ll()\h), we obtain
DY) _ 9= _ Vg ) An() 1= AAa() O
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and

d2 Dy (\) At 3, ST
dAh% wiow_, g — (1 - 0)¢P 1= MO e
1 — ApAp ()] 7=E An() —1
e B = o e )

This reveals that dD}(0)/d)\, < 0 and that an extremum of D} (Ay) on interval 0 < A, < A} (if
one exists) must be a minimum. Turning to the second segment, we can define

2 _ 2 a Agﬁm —a=t 1 gt
D, (An) = VYi(An) — r(An) = |A() — Ro Ap(-)s-0-08 m(l—Ah)" a-o¢,  (S.22)

0¢ g—¢
and dDY}(\,) /Ay >, =,< 0 if 0 >, =< A() = Ao’ FA(-) 7. Setting a = £ > 1,

b=1-6<1,and = = &§ € [1,2), we have dDy? (\)/d\, >,=,< 0 if F(b) >,=,< 0, with

F(b)z

x x?

_ {[1+(xa— 1)1% ) 1} Lt =1

Noting that 1+(z—1)® < 2 holds for all @ > 1, we find that F'(b) > 0 and thus dDw? (\p,)/dN, > 0.
Accounting for Diﬁ}%(l) = 0, this implies that Diﬁ%()\h) < 0 holds for all A, > A}ll. Recollecting the

xa

a—1
zb— a’ a=b a=1
1+ &g (e — 1) ] R EACE [1+(x—1)ar—i_1+(m—1)a
xa

properties of Di}(\y), it follows from the continuity of 1} (\,) and 1¢(\,) that the dispersion of
skilled wages in manufacturing under autarky Lorenz dominates the respective dispersion under

offshoring.

Lorenz curve for the wage distribution of unskilled workers in manufacturing

We determine the Lorenz curve for the wage distribution of unskilled workers in manufacturing for
the case of exclusive offshoring, due to 7. — oo and p = 0,24 and we impose for tractability reasons
the assumption that the fixed cost parameter f(w) is Pareto distributed with shape parameter gy.
For the limiting case of gy — oo the fixed costs of offshoring are then equal to f; and the same for
all producers. This corresponds to the case usually discussed in the literature and constitutes the
scenario, we are focussing on in the supplement. We can infer for this case from Eqgs. (13) and (14)
that domestic wages and employment of unskilled workers in an offshoring firm with productivity

¢(w) are equal to wages and employment in a domestic firm with productivity ¢(w)RSt. Similarly,

24Getting p = 0 is not necessary for our results, but it eliminates uninteresting cases, and thus improves the
readability of our analysis.
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foreign wages and employment of unskilled workers in an offshoring firm with productivity ¢(w)

are equal to wages and employment in a domestic firm with productivity ¢(w)RE! [;%ﬁ(l’”) — 1} <.

With these insight at hand, we can distinguish four segments of the Lorenz curve and begin with

_\0¢

determining the fraction of unskilled manufacturing workers with a wage lower than w = wy (é) ,
1 1

with @ < p,RE! [&E(l’el) - 1} ¢ = pl. Noting that ¢} > ¢4 follows from ¢, = pg(#§ — 1) ¢, all of

these workers must be employed in domestic firms, and we compute

d g (1-0)¢ 5\ (1-0)—g
- ]\L{ﬁl ¢ (i) dG(p) 1 [1 _ (i) 1 _ (S.23)
1 Jea \d 1= G(pa)  Mi() ©d

Furthermore, we can determine for the same group of workers the the total wage income, I/Vll(go),

relative to the total unskilled wage bill in manufacturing, W;" = a;yA(-)Mr, according to

Wll(go)_al'YMrd ] @ ¢ dG(y) 1 B £ -
wr - Wy [Pd <(Pd> 1 —G(pq) o A(%) [1 <<Pd) ] (S.24)

Then, solving Eq. (S.23) for % and substituting the resulting expression into Eq. (S.24) gives the

first segment of the Lorenz curve

1 9=t
oHOn) = 515 {1 11— MOMFEE ) (5:25)
A()
R ( E)E*g
which is relevant if \; < A;l {1 — (%) } =\l

_\ ¢
We now determine the fraction of unskilled workers receiving a wage lower than w = wy (—;%)

~EL

with @ € (@), 0?] and p? = @,AS!. These workers are either employed by domestic firms with
total labour productivity ¢ < 2 or by foreign offshoring firms with total labour productivity
1

¢ < @2 [/?Lg — f%gﬂfg. We compute

AI:A}+M—41/¢(£)§M
Li* Jey \pa/) 1—G(pa)

1
(.6 e\ E B
N Mg (/%5 B ,%661)1_9 /w(nﬁ—no ’) <£>(1 ¢ dG(p)
L e e o ©d 1 — G(pa)
(1-60)¢—g

EIRNCE O
A 2SS —1
(1-0)¢—g

1 [ g€ _ pte g g @\ 1-0¢—g
L (RS [1+ 76— ate s} - <_) . (826
A ( RS —1 ) ( ) %o 520
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The fraction of wages received by these workers can then be computed according to

Wip) _ Wily) | aryMr /*‘3 ( ¢ )f dG(p)
1

Wlm I/Vlm Wlm s @ - G(‘:Od)
1
_[ ~E &€ 3
n ayMrg (I%g B ,%ﬁf-?z) / (no—feo l) (i)ﬁ dG(yp)
wpr e e, va) 1—G(pa)
1 £ nem\ T L (a6 — g\ T g £
RS — RS® Ry — RS° . R 2 ®\""
= |1 | 2o + o [1+ g_ gsl 5} 1_<_)
A() ( RS —1 ) A(-)( i1 ) (7% - #57) b

(S.27)

Solving Eq. (S.26) for :f% and substituting the resulting expression into Eq. (S.27) gives the second

segment of the Lorenz curve

1 RE _ péer\ € g g g_(?ig_@)g
2 =_— 2o o pE _ pber) e r6 _ péer) €
Vi =30 (H( R5—1 ) (56 - #57) {H(“" ) }

Re —

x>

which is relevant if A} < A\, < A?, with
(1-6)¢—g (1-0)¢—g

1 rE — péer g g R&el g g
2 _ - 2o o e ptar) e _ o & pter) ¢
Ve (S5 et () e w)

Ro —

In a third step, we determine the fraction of unskilled workers receiving a wage lower than

0¢
w = wd<¢%) with ¢ € (¢2,,). These workers are either employed by domestic firms with

total labour productivity ¢ < ¢, or by foreign offshoring firms with total labour productivity
1

P < oS — 5]

We compute

¢ or by domestic offshoring firms with total labour productivity ¢ < Yoy L.

5 1-6 5(RE—is1) ¢ 1-6
o=\ 4 M /(P <£>( < dG(e) T Mgld (,%E _ ,%561)1—0 /‘p( o™ Mo ) <£>( ) dG(p)
m m o o 1
o \e) TGt 5550y
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Solving the integrals, we obtain

(a-0)¢-g

)\l:i 14+ M ¢ (,%5_,%561)%_ ,%(5)61
Ay 7S —1 o 7S —1

¢ %
RSt
(0]

The fraction of wages received by these workers can then be computed according to

Wile) _ Wie) L oMy /“3 ( @ )5 dG(e)
1

wr wr wm w2 \¥Pd — G(pa)
_1
ayMry (f%f B I%gel) /_('%‘E"%‘E’ l) 5 (ﬁ)g dG(y)
m o o _1
W wg@g,,{&z) ¢ \pa) 1-G(pa)
aMra (e g #ho (g)ﬁ dG ()
w0 ) g, wa/) 1—G(pa)

This establishes

W3( ) 1 ~nE nEe %g g rnée §%g g
) L Ko = Ko™t o6 pte\E _ [ _Fo! NEPY AT
W _A(-) {1+< N ) (H;O R ) < 1+(/<;O Ry )

(S.30)

Solving Eq. (S.29) for @i and substituting the resulting expression into Eq. (S.30) gives the third

1
o

segment of the Lorenz curve

£—g -9
1 I%g — /%gal N . g ,%581 N g . R
w?(Ah)EA—Q) (1+< A€ ) (RS —A5™)° +(;%51) (Re7) < — [1+(n§—m§81)

which is relevant if A7 < A\; < A?, with

(1-0)—g (1-6)¢—g

1 K€ — pée € g iEe € g
3—_ Yo o pE _ pter) € o ner) €
deag e () T et () T e

ko —1

1
RS -1

(1-6)¢—g
3
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In a final step, we determine the fraction of unskilled workers receiving a wage lower than
N
w = wd(—;%) with ¢ > ¢,. Taking into account that firms with total labour productivity higher

than ¢, are offshoring firms, we compute

=

M, o 10 @(r%ﬁ—f%isl)i (1=0¢ 4G (y)
A=A 4 —L (l-ig - Kgal) /%(HE Agsl)f% (é) 1-— G((pwd)

LM e)sal/ o (ﬁ)(l_g)5 dGp)
Ly o oo L \Pd 1 - G(pq)

Solving the integrals, we obtain

(1-6)¢—g

1 1 € g g 5\ (1-0)¢—g
N TR ~E_ nber) € PITARS R
veinglan) )] (E)TT e

The fraction of wages received by these workers can then be computed according to

Wie) W) | arnMra (e ey [P(H55E)
G R

This establishes

W T, Aalg Aalg 5\¢9
it () (s )] ()7 e

Solving Eq. (S.32) for £ = 2 and substituting the resulting expression into Eq. (S.33) gives the fourth

segment of the Lorenz curve
4 1 ¢ 21 e ¢ _g-&
W) =1— —— {(ﬁf — RS+ (859 f] Ay()TOmE (1 — \)7=(=08 . (S.34)

The four segments characterise the Lorenz curve for wage dispersion of unskilled workers in man-
ufacturing. Contrasting this Lorenz curve with the respective for the closed economy, 1} =

g=¢
1— (1= X;)9-0-9¢ we compute for the first segment that

Dy (N) = (M) — i(N) = ﬁ {1 CAC) AL (1= ) TEmE 1= A(- )Al]%}
(S.35)

S.10



Twice differentiating Dt} (\;), we obtain

dDyi(N) g€ e | A 1— NA;\ 5 ToE
i T el T |- () ] o
and
Dy (\) _ (g—o)ee e
d)\l2 dDﬁ(,\l)ZO - m [1 — )\lAl(-)] (1-0)¢
1 — NA ()]0 M) -1
* { DY } TSRS L

This reveals that dDw;(0)/d\, >,=,< 0 if Aj(-) >, =,< A(:). If Aj() < A(-), we can conclude
that if Dy} (\) has an extremum on interval 0 < A; < A}, this extremum must be a minimum.
Crucially, the minimum can be arbitrarily close to A; = 0, leading to the conjecture that the
Lorenz curves in the open and the closed economy can intersect. This can be shown numerically

by choosing the following parametrisation: @ =60 = 0.25, 0 = g = 6, and 7 = 1.01.

Offshoring of headquarter and production tasks

Making use of the results in Section 4.2, we can determine firm-level revenues in logs:
Inrw)=01-0)ny+ElnA+£np(w)+ EInke.(w) + £ In ko(w), (S.38)

where k. (w) is defined as in the main text and x,(w) =[] #jo- Contrasting Eqs. (12) and (S.38)
gives the important insight that with the small redefinition of k,(w) revenues in the benchmark
and the more sophisticated model variant are structurally identical. Due to this important insight,
we can therefore conclude that the solutions for the cutoff productivities in Egs. (15) and (16) as
well as the solutions for the shares of firms choosing to export, offshore or both in Egs. (17), (18),
and (20) remain unaffected by allowing for offshoring of headquarter tasks. Also, the expected
profits of potential entrants E[¢)] and the revenue aggregator function A(&., R,) remain to be given
by Egs. (21) and (22), respectively.

To determine the general outcome, we have to aggregate employment over all firms, add em-
ployment from the service sector, and set the sum equal to economy-wide labour supply. The
aggregation of employment over firms allows us to A;(-) V j € {h,{}, which plays a prominent
role in pinning down the welfare effects of exporting and offshoring. Making use of Eq. (41), we

can first note that the sum of domestic and foreign type-j employment for offshorers and offshoring
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exporters can be expressed as

(1-9)¢ . 1-6
(w) = ¢ [‘p;j)} R OERL0% {1 + [&55) 1] } (S.39)
co o [p(w)] 079 (1-0)¢ 5 (1-0)€ . (1=0)€z; £(1-¢)) 1-6
05°(w) = {5 ” Rg s, TRy, 791+ { — 1} ) (S.40)
d

where j,j € {h,l} and j # 7. With two symmetric countries, sector-wide manufacturing employ-

ment equals L7 = pAje + (1 — p)Ajo, with

)\jeEMﬂf/m /we(W) {(p(w)}(l—@)f MdF(f)

d Jpd Pd 1_G(90d)
Peo(w) =98 4G(y)
+ MR- / / [ ] W) ipy S.41
! cw) L ¢d 1 - G(pa) ) (541
1-6 00 oo (1-0)¢
MO0 AU R0, {14—[ €1 ej)_l} }/ / {w(w)} dG(p) dF(f).
0 Jogw) L pd 1 - G(pa)
and
00 fpo(w) w (1-6)¢ dG
Tl
fa Jed Pd 1 (¢a)
MR 00 (100, {1 N [Rgu_q)_l}l—e} /°° /vso<w> [sow)]ﬂm 4G ppy
10 e 70 s Joow) L pa 1 - G(pa)
(S.42)
3 B _ ) 1—6 oo o0 (w) (1-0)¢ dG((p)
M ARA-0E {100 £ (1=0)Ee, {1+ e _q }/ / {‘p } P AR,
’ v [ } a Jew) L wd 1—G(pa) )
Following the derivation steps in Appendix A.6, we arrive at
L™ = MOA(Re, Rjo, frjo) —D——— (.43)
7 7°%] €y V]300, ]Og_(l_e)é.g
with
o L=(=0)¢ g—(1-0)¢
] e \ E——-
A (Fes fonos Fito) = 1+ <i> {p[ﬁél‘”f 1] (u) ’ (S.44)
f p
(1-0) (1-0)¢ . (1—-0)¢ €(1—¢;) 1—6 Xe 9—(1g—0)€
~(1— ~l= ~1—=0)8¢g; Ej eo
st g g} ()
(1-0)¢ (1-0)¢ ey 1 Xot X8\ T
f 1— 15 1—¢; - o eo g
e s e B ()
( ) ( | 1—0 XO g—(1—-0)¢
~(1—0)€ A (1-0)§ . (1-0)¢e; 5 1—¢; - eo 9
Because n§10 B)e(e;- {1 + [ pl=ei) _ 1]17%} is increasing in &;, it follows that Ay (fe, Rho, Kio) z
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Ay(Re, Bio, Rno) if Ao = Rio. Finally, the ranking of A(ke, fno, Aio) and Aj(Re, Rjo, Ryo) from the
main text remains valid if 7, is sufficiently high (and close to infinity) and so do our findings
regarding differential effect of trade in goods and trade in tasks on social welfare. This completes

the formal discussion in this supplement.
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