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Outsourcing and Trade in a Spatial World
by
Hartmut Egger and Peter Egger

Abstract

This paper provides an analysis of outsourcing and trade in a spatial model a la Hotelling. In
this setting, we discuss the trade-off between transport-cost-related disadvantages and
outsourcing-induced production cost advantages of a large economy. The model gives a rich
picture of possible trade and welfare effects of a movement towards free trade and points to the
role of national transport costs for explaining these effects. Moreover, it gives economic
insights in the countries’ incentives to lower tariffs and to participate in free trade agreements
with partner countries that differ in size and economic capacity.
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Non-Technical Summary

Modern industrial production follows the paradigm of a high degree of fragmentation of production
between firms both within and across national borders. Consequently, the determinants but also the
consequences of the ever smaller range of activities that are carried out within the boundaries of a single
firm have reached the limelight of interest of economists in recent years. As far as the international trade
literature is considered, many of the available models on outsourcing of production stages either ignore
trade costs at all or they only account for international barriers to trade. Hence, spatial aspects of
countries and the associated national transport costs are typically not considered. Nonetheless, the
consideration of and the distinction between national and international trade costs obviously represents an
interesting feature of a model on both final and intermediate goods transactions and outsourcing
decisions.

To provide a rigorous discussion on how country size and the magnitude of national transport costs
interact in determining both the pattern of trade and the welfare effects of trade liberalization is the goal of
this paper. For this, we set up a spatial model a la Hotelling, which allows us to account for the
geographical dimension of countries, hence, both national and international trade costs, in an adequate
way.

In such a setting, country size has two effects. On the one hand, country size is positively related to an
economy’s sheer geographical space. A larger geographical dimension implies for a given number of final
goods producers a larger distance between consumers and producers. Therefore, transport cost
expenditures will be higher. This leads to a transport-cost-related size disadvantage of a large economy.
On the other hand, the geographical size of a country is positively correlated with its population size.
Accordingly, the degree of specialization may also be higher in large economies. This argument is closely
related to Adam Smith’s idea of the division of labour. Consequently, larger economies should be
characterized by a higher degree of fragmentation and national outsourcing under autarky. This gives rise
to an outsourcing-induced production cost advantage of a large economy.

Based on this idea, we investigate the trade-off of being large: the transport-cost-related size
disadvantage and the outsourcing-related production cost advantage. With regard to the trade pattern
between two asymmetrically sized economies, our analysis reveals the main fundamentals, determining
which country exports and which country imports final output. Based on these insights, the presented
model allows us to discuss the role of national transport costs for the welfare effects of trade liberalization.
This can be done for both the short run with given firm locations and the long run where firms can change
the location of their production plant.

It turns out that the final goods exporting country always benefits from trade liberalization, while the
welfare effects are less clear-cut for the final goods importing country. However, if there is outsourcing in
the free trade equilibrium both large and small countries can simultaneously gain from trade liberalization.
This result points to the relevance of outsourcing opportunities in understanding the pace of global
integration in recent years. Specifically, it provides an economic reasoning for the willingness of countries
to lower their tariffs and to enter a free trade agreement with partner countries that differ in size and
economic capacity.

Our analysis also contributes to the discussion on market thickness effects of international openness.
Similar to earlier studies, we can show that falling trade barriers have an impact on the structure of
industrial production. Hence, they determine whether firms produce integrated or outsource manufacture
of inputs. However, our results make clear that this may lead to devastating effects of trade liberalization
regarding the degree of vertical fragmentation in the production of final output. This is a novel insight
which is in contrast to McLaren's "law" of increasing outsourcing. The potential negative effects of trade



liberalization on the intensity of fragmentation and outsourcing may also be of particular interest for future
empirical research on this issue.



1 Introduction

Modern industrial production is characterized by a high degree of vertical fragmentation.
Grossman and Helpman (2002a) emphasize that an ever declining scope of activities is
undertaken within the boundaries of a single firm (Coase, 1937). Accordingly, Grossman
and Helpman (2002b, p. 1) conclude that ” We live in an age of outsourcing.”

Of course, there is not only evidence for vertical fragmentation per se but also for
a rising scope of internationally fragmented production reflected in the growth of inter-
mediate goods trade (Feenstra, 1998). The international economics literature identifies
a key role for both national (Burda and Dluhosch, 2002) and international outsourcing
(Feenstra and Hanson, 1996, 1999, 2001; Hummels et al., 2001; Kohler, 2004) in the re-
cent wave of globalization. For understanding a firm’s international outsourcing decision
- i.e., the determinants of intermediate goods trade - transport costs and costs of service
links are particularly important (Jones, 2000; Jones and Kierzkowski, 2001; Egger and
Egger, 2003).! However, trade models typically ignore national impediments to goods
transactions (national transport costs). For Behrens et al. (2003) this as an important
handicap and one of the most distinctive features when trade theory is compared to loca-
tion theory. By referring to insights of Ohlin (1968), they emphasize that “changes in the
transportability of commodities (...) between and within countries affect the location of
economic activities, (...) the geography of demand and, therefore, the pattern of trade”
(ibid., p. 2).2 The importance of national transport costs is also emphasized by Ander-
son and van Wincoop (2004, p. 19) who remark that the “purchase of both foreign and

domestic goods need to go through the local distribution system before reaching the final

IThere is broad consensus that, despite technological improvements in recent years, transport costs
are still an important characteristic of (national and international) commodity transactions. Based on
empirical results, Rietveld and Vickerman (2004, p. 229) argue that “although in terms of money and
time, the performance of transport has improved enormously, many economic activities have not become
footloose to the extent as expressed by the notion of ‘death of distance’. One of the reasons discussed is
the role of transaction costs, some being clearly related with distance.”

2However, costless intra-regional or intra-national goods trade is as well assumed in many of the recent
New Economic Geography (NEG) models. As Head and Mayer (2004, p. 10) indicate that “[t]he standard
practice in NEG models is to assume free trade within regions” and, at least in empirical applications,
regions are often associated with countries.



user”, so that sheer geographical distance is associated with unavoidable local transport
costs. Accordingly, a rigorous analysis of the role of national and international transport
costs in a world with technologically feasible outsourcing should be of particular relevance.
Such an analysis requires a model that accounts for the spatial dimension of countries.

Recently, a few studies have accounted for both the geographical dimension and the
population size of countries in models of trade with spatial competition a la Hotelling
(Shachmurove and Spiegel, 1995; Tharakan, 2001; and Tharakan and Thisse, 2002). Such
models allow to investigate the impact of national transport costs on the pattern and
volume of trade between adjacent economies. However, the existing studies have focused
on final goods trade only.

The contribution of this paper is to introduce fragmentation and outsourcing into a
linear model & la Hotelling. This allows us to identify a trade-off of being large and
to investigate its impact on the final goods trade pattern and the welfare effects of trade
liberalization in a world with two asymmetrically sized economies. This trade-off is driven
by the following two effects.

On the one hand, a larger population size leads to a higher degree of vertical spe-
cialization and, under autarky, to more intensive national outsourcing. This is a labor
division effect, which was first mentioned in Adam Smith’s ”Wealth of Nations”. It im-
plies lower variable production costs in the case of outsourcing and, thus, an advantage
of a (population-wise) large economy.®> On the other hand, empirical evidence shows that
“on average firms facing larger markets are larger” (Kumar et al., 1999, p. 1). Hence, if a
population-rich economy is also geographically large®, we can on average expect large geo-
graphical distances between producers and consumers of final output under autarky. This

gives rise to a transport-cost related disadvantage of a (geographically) large economy.

3 A positive correlation between the size of population and the possible division of the labor force is
also mentioned in Marx’ ”Das Kapital” (German edition of 1980, vol. 1, chapter 12, p. 373): “Wie fiir
die Teilung der Arbeit innerhalb der Manufaktur eine gewisse Anzahl gleichzeitig angewandter Arbeiter
die materielle Voraussetzung bildet, so fiir die Teilung der Arbeit innerhalb der Gesellschaft die Grofe
der Bevolkerung und ihre Dichtigkeit, ...”.

4 For instance, there is a strong positive correlation between geographical area and population size
among the EU15 members as well as among the OECD economies.



To analyze this trade-off, we proceed in the following way. In a first step, we set
up a partial equilibrium model & la Hotelling with one final goods producer located at
the center of a linear economy and compare the autarky equilibrium under integrated
production with the autarky equilibrium under (national) outsourcing. In a second step,
the free trade equilibrium between two differently sized countries is analyzed. This gives
insights in the importance of the aforementioned trade-off of being large for the pattern of
trade and the welfare effects of trade liberalization. Moreover, the analysis points to the
role of outsourcing for understanding why differently sized economies can simultaneously
gain from trade liberalization. In contrast to previous models of final goods trade only,
our framework gives rise to gains from trade that render all involved economies better off.
This can be important to understand, why economies are willing to participate in free
trade agreements like the EU or NAFTA.

Regarding the impact of trade liberalization, we distinguish between short-run (for
given entry/exit and location decisions of firms) and long-run effects. This facilitates
the exposition and allows us to disentangle pure competition effects from location and
entry/exit effects. With respect to the modes of final goods production prevailing in
the free trade equilibrium, we consider a number of different scenarios, including the
empirically relevant case of national outsourcing in large and international outsourcing in
small economies. Indeed, 1995 data of the EU15 economies lend support to the model
implications. Namely, (i) national outsourcing of these countries is positively associated
with population size with a correlation coefficient of 0.54; (ii) the measure of international
outsourcing is negatively correlated with population size as reflected by a coefficient of
—0.61 (both coefficients are significant at 5%).

The analysis also contributes to the discussion on market thickness effects of inter-
national openness. Similar to McLaren (2000), we can show that falling trade barriers
impact on the structure of industrial production, i.e., on whether firms produce integrated
or outsource manufacture of inputs. However, our results make clear that this may lead to
devastating effects of trade liberalization, regarding the degree of vertical fragmentation

in the production of final output. This is a new insight which is in contrast to McLaren’s



"law" of increasing outsourcing and should be of particular relevance for the empirical
analysis of the effects of trade liberalization.

The paper is organized in the following way. Sections 2 and 3 present the basic
framework of outsourcing in a spatial model & la Hotelling and characterize the autarky
equilibrium. Section 4 analyzes trade liberalization between two asymmetrically sized
economies and investigates the price-setting behavior and the final goods trade pattern
as a function of national transport costs. The focus lies on a short-run perspective for
given entry/exit and location decisions of firms. The (short-run) welfare effects of trade
liberalization are addressed in Section 5. Section 6 presents two extensions, namely Nash
bargaining on input prices (in contrast to an unilateral price choice of the input producer
in Sections 3-5) and long-run effects of trade liberalization. Section 7 concludes with a

summary of the most important results.

2 Basic model set up

Consider a linear model & la Hotelling with one final goods producer located at the center
of a country of length [, i.e., at [/2. In the following, we use the notion ”country [” for such
an economy. The location of the final goods producer is fixed. Population in country [
is uniformly distributed along the line [0,{] with one consumer located at each address
b € [0,1]. Hence, [ refers to both the geographical size of the country and the mass of its
population, i.e., the number of consumers.® Each consumer buys at most one unit of the
consumption good. ”Disutility” from a larger distance of consumers to the final goods

producer is represented by quadratic transportation costs.” The marginal willingness to

>Set-up costs of final goods producers are not explicitly considered for the purpose of notational
simplicity. Hence, profits of final goods suppliers refer to operative profits or the producer surplus.

6For the main mechanisms and results of our paper, this assumption is not criticial. The findings hold,
as long as there is a positive correlation between the geographical size and population size of economies.
See Footnote 4 for the empirical stylized facts.

"The assumption of quadratic transport costs is not important for the autarky situation. However,
this assumption will be crucial for the existence of a Nash-equilibrium in prices under free trade. See the
discussion in Footnote 18. There is an extensive literature on the existence of price equilibria in spatial
models (see among others d’Aspremont et al., 1979; Anderson, 1987; and Osborne and Pitchik, 1986).



pay for the consumption good depends on the location of a consumer (b) and is given by
A— (b—1/2)%, where [/2 is the position of the final goods producer.

The contribution of this study is to allow for two different production technologies in
a spatial model of trade. First, as in Shachmurove and Spiegel (1995) and Tharakan and
Thisse (2002), there is an integrated production mode, where the whole production process
takes place in-house. Second, the final goods producer may fragment the production
process and engage in outsourcing by purchasing intermediate inputs from an external
supplier at arm’s length.

We assume that integrated production (index i) exhibits constant marginal costs ¢,
with A > ¢; > 0. In the case of outsourcing, the down-stream final goods producer (index
d) uses one unit of a component, purchased from an up-stream input supplier (index u), to
manufacture one unit of final output. The input price (net of transport costs) is given by
p. An input producer has to invest fixed costs in the amount of f to set up a production
plant. If the input producer does not stay at [/2, there are quadratic transport costs
for shipping the component to the final goods producer. Transport costs per unit of the
intermediate good are given by t (1/2 — x,)°, where z, € [0,1] is the location of the input
supplier and [/2 the location of the final goods producer. Intermediate inputs and final
output are two different types of goods so that the transportation technologies for shipping
intermediate and final output may also be different. This is reflected by parameter ¢ ; 1.
In the absence of any additional production costs in the down-stream process, p? :=
p+t (1/2 — x,)* are (transport-cost-including) variable production costs of the downstream
final goods producer in the case of outsourcing. The technology of (outsourced) input
production exhibits constant marginal production costs ¢,. We assume ¢, < ¢;. If ¢; >
cu +t(1/2 — :Eu)2, there are gains from fragmenting production (outsourcing). In the
following, we use the notion ” cost advantage of fragmentation and outsourcing” to refer

to these gains which are related to the division of labor.® If there is no input producer

Hamoudi and Moral (2003) investigate the existence under concave and convex transport costs. For the
purpose of simplicity, we stick to the textbook case of quadratic transport costs.

8Grossman and Helpman (2002a, pp. 90-91) remark the following: ” The possibility that production
may be more costly for an integrated firm reflects the fact that its activities are not so highly specialized



who supplies the required fragment, the final goods producer does not have access to

outsourcing and is therefore tied to the integrated production mode.

3 Autarky equilibrium

There is a sequence of five decisions that determines the autarky equilibrium: (i) Input
producers decide upon entry and location. (ii) After entry, input producers set a price p
vis-a-vis the final goods producer (a monopolist in the final goods market).? (iii) Based
on that price, the transport costs for input transactions and marginal production costs
¢;, the final goods producer chooses between in-house supply of the input (integrated
production) and purchases from outside the firm (outsourcing). (iv) The final goods
producer finishes the product and sets the mill price for the final good.!® (v) Consumers

make their purchases. See Figure 1 for a summary of these decisions.
>Figure 1<
The autarky equilibrium can be derived through backward induction.

Stage (v) - Consumption: A consumer located at address b has positive demand if
A > p(b):==p+ (b—1/2)%, where p is the final good’s mill price. Hence, aggregate final

goods demand is given by!!

l if pel0,A—12/4]
D=S 2/A—p if pe(A—i12/4,A] . (1)
0 if p>A

and that the bureaucratic cost of managing a larger operation may be higher.”
In an extension, we investigate Nash bargaining as an alternative input-price-determination process.

See Subsection 6.1.

10We use the term “mill price” in the context of final goods transactions but not in the context of
component purchases since we will allow for (spatial) price discrimination of input producers under free
trade. See Tharakan (2001) for a similar use of the term.

'Remember that each consumer buys at most one unit of the consumption good.



Stage (iv) - Price setting of the final goods producer: The final goods producer
sets the profit-maximizing mill price in view of (1). Profits under integrated production
and profits under outsourcing must be distinguished.

First, if the single final goods producer located at the center of market | produces the

input in-house (index i), profits are given by

) 2i—c)VA-p if pie(A-1P/4,A]
(pi — i)l if p;€[0,A—12/4]

according to (1).!? By maximizing profits, the final goods producer sets

e i A< +312/4
A—P2/4 if A>e+312/4

N
I
—

w
~

Second, under outsourcing the final goods producer’s profits are given by

7 (pa) = 2<pd_P)\/A—pd ?f pa € (A—12/4, A] | n
(pa—p?)1 if  pgel[0,A—12/4]

where p = p+t(1/2 — x,,)? is the transport-cost-including input price paid by the final
goods producer to use the component at location [/2. Maximizing profits (4) gives
244000 i A< pd 4 312/4

Pa = 3 . (5)
A—2/4 if A> pt3%/4

Stage (iii) - Outsourcing decision: Substituting (3) and (5) in (2) and (4), respec-

tively, gives

) 4(22)? i A< +32/4 6
(A—Ja—c)l if A>c+302/4

and

3/2
1 (452 it A< p?+3i2/4

(A= ja—pi)1 it A>pl32/4

120f course, 7 (p;) = 0 if p; > A, according to (1).
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Hence, if there is a specialized input producer active in country [, the final goods producer
opts for outsourcing, if ¢; > p? = p+t(1/2 — a:u)2, and chooses integrated production, if
G <pt=p+t(l/2—x,)°

From now on, the analysis is restricted to a parameter domain that guarantees full
coverage under autarky so that all consumers buy one unit of the consumption good,
irrespective of whether outsourcing or integrated production is chosen by the final goods

producer. A sufficient condition for such a parameter domain is given by Assumption 1.
Assumption 1 A > ¢; + 31%/4.

Consider integrated production first. A > ¢; + 31%/4 implies p; = A — [?/4 (see (3)).
Second, note that outsourcing is chosen if and only if p? < ¢;. Thus, in the case of
outsourcing A > ¢; + 3% /4 implies A > p? + 312/4 and, therefore, p; = A —1?/4 (see (5)).
In sum, under Assumption 1, p; = ps = A—1?/4 and D = [, according to (1), (3) and (5).

Stage (ii) - Price setting of input producers: Let Z be the set of integers equal
to or larger than zero and let n,, € Z% be the number of identical input producers entering
market [ at stage (i). Then, according to the analysis of stage (ii) and Assumption 1,

operative profits of input producer j are given by

(p; —cu)ly if pjgci—t(l/Q—m{f

. L (8)
0 if p;>ci—t(l/2—1])

X; (p;) =
if j has entered and located at address z7 in stage (i). l;, j € [1,n,], denotes the amount
of sales of input producer j, if n, > 1.!* Furthermore, if n, = 1 and there is a cost
advantage of fragmentation and outsourcing as compared to integrated production, i.e.,
if ¢, < ¢ —t(1/2 —x,)%, the profit-maximizing input price is'* p = ¢; —t (1/2 — x,)* and

the achieved operative profit (or producer surplus) is

X = [ — (12— x,)* — e L. (9)

I3Tf all input producers locate at the same address (and n,, > 1), l; = l/n,, since all firms are identical.

UNote that p = ¢; — ¢ (1/2 — 2,) implies p? = ¢;.



In contrast, price competition at the input market leads to p = ¢, and x* = 0, if

n, > 2 and input producers decide for the same (profit-maximizing) address at stage (i).

Stage (i) - Entry decision and location choice of input producers: Input
producers enter and settle down at the profit-maximizing location x, = [/2, if there is
a prospect of positive profits, i.e., if x* > f. In view of (9), there is no entry of input
suppliers and integrated final goods production prevails, if [ < (¢; — ¢,) /f. In contrast, if
[ > (¢; — ¢y) / f, then price competition at stage (ii) implies that only one input producer
will enter and stay in the market at location x, = [/2. If n, > 2, then input producers
will always earn negative profits x* — f < 0 and, therefore, prefer to exit the market,
see stage (ii). Thus, n, > 2 is not consistent with the concept of a long-run autarky
equilibrium.

The main findings of the backward induction are summarized in Proposition 1.

Proposition 1 Under Assumption 1 the following holds in the autarky equilibrium:

(a) If 1 > (¢; — cu) [ f, a single input producer enters and settles at the center of market
[, i.e., at location x, = /2. Then, p = ¢; and pg = A — [?/4 are profit-maximizing input
and final goods prices, respectively, and operative profits are given by x* = (¢; — ¢,) | and
m=(A-1?/4—c)l

(b) If Il < (¢; — cy) /f, no input producer will enter so that integrated production prevails.
In this case, p; = A — [?/4 is the relevant final goods price and wf = (A —12/4—¢;)1 is
the corresponding profit.

Proof. Proposition 1 follows from the backward induction above. m

If an input producer enters at stage (i), she sets an input price that renders the final
goods producer indifferent between integrated production and outsourcing so that the
input producer gets the whole specialization rent. This is a direct consequence of the
price-determination process in the input market. (For the impact of bargaining on the
autarky equilibrium, see Section 6.1.)

In the following analysis, we consider two asymmetrically sized economies: a small one

of size s = 1 and a large one of size L > 1. The two economies may differ with respect

9



to the existence of an input producer (see Proposition 1). In all other respects the two
countries are identical and Assumption 1 holds for both countries so that there is full

coverage under autarky.
>Figure 2<

Figure 2 illustrates the autarky equilibrium in the two differently sized economies.
According to Proposition 1, the final goods producer in country s sets a higher mill price
than its counterpart in country L: p® = A —1/4 > p¢ = A — L*/4, where a refers to
autarky. Serving the whole market implies higher transport costs and, thus, for a given
willingness to pay A, a lower mill price in country L. This result depends on Assumption
1 but it is independent of which production techniques are used in the two economies.

Regarding the mode of final goods production in the two asymmetrically sized coun-
tries, we can distinguish three cases, according to Proposition 1: (1) one with no special-
ized input producer active in countries s and L, i.e., only the integrated production mode
is available for the two final goods producers; (2) one with a single input producer active
in the large economy, but no input producer located in country s; and (3) one with two
input producers, one located in either economy. In the next section, we analyze prices and
the trade pattern in the free trade equilibrium. Thereby, we focus on short-run effects and
assume that location and entry/exit decisions of final and intermediate goods producers
are given (and are the same as under autarky). Furthermore, due to the restriction of
space and motivated by empirical stylized facts on national and international outsourcing
presented in the introductory section, we focus on case (2) and assume that there is a
single input producer active in the large economy, but no input producer active in country
s. (Formally, we consider a parameter domain s = 1 < (¢; —¢,) /f < L.) A discussion
of cases (1) and (3) is relegated to Subsection 6.2, where the long-run effects associated

with entry /exit and location decisions of input producers under free trade are considered.

10



4 Free trade equilibrium

To analyze the impact of trade liberalization, we follow the common approach and assume
that tariffs on final goods as well as intermediate goods trade between countries s and L
fall from infinity to zero. Free trade means that consumers have the choice to purchase
the final good from either seller (i.e., from the one located at the center of country s or
the one located at the center of country L), but must bear the corresponding quadratic
transport costs. This implies that under free trade some consumers may purchase the
final good abroad. Hence, there is cross-country competition of final goods producers
instead of the monopoly under autarky. This may but does not necessarily result in lower
final goods prices as has been shown by Tharakan and Thisse (2002). In addition, final
goods producers may purchase the component from abroad, if an input producer is active
there.

For the moment, we focus on short-run effects and do not investigate location and
entry/exit decisions of firms. These decisions are exogenously given. In terms of Figure
1, we analyze the stage (ii)-(v) equilibrium for given (autarky) decisions at stage (i).
Long-run effects associated with a stage (i)-(v) equilibrium are addressed in Section 6.
As motivated above, we focus on a scenario with a single input producer being active in

the large economy. Again, we solve the equilibrium through backward induction.

Stage (v) - Consumption: For given final goods prices ps, py, in s and L, respectively,

the marginal consumer is located in interval [0, 1+ L] and its address is determined by

. (L+3)(L+1)
0 if pr = p, < —EE)

T (psypr) = § B LB if (p,—p,) € [_ (L+3)4(L+1)’ (3L+li(L+1) ‘ (10)
L+1 if DL — ps > w

Define

1 1
U::§+ A — ps, wzzi—\/A—ps, (11)

L L
y::1—|—§+\/A—pL, 2221—1-5— A—pr. (12)

11



Then, for given prices ps, pr,

Dy = [min (v, 2,,) — max (0,w)], (13)

D, = [min (L + 1,y) — max (z, )] (14)
represent the demand for final output produced in country s and country L, respectively.

Stage (iv) - Price setting of the two final goods producers: Let p*, k = s, L,
be the price net of transport costs of an input sold to the final goods producer in country
k. Moreover, in the case of outsourcing let p*? be the transport-cost-including input price
paid by the final goods producer located at the center of country £ = s, L. Given the
autarky location of the input producer in country L, p»? = p~ and p¥¢ = ps+t (L + 1)* /4.
(L +1) /2 is the distance between the final goods producer in s and the input supplier
in L (see Figure 2). We introduce a further variable c* € {ci, pk’d}, k = s, L, to account
for the two production modes. Thereby, ¢* = ¢ holds, if the final goods producer in

F — pFd are marginal production costs of the

country k produces integratedly, whereas c
down-stream process, if the final goods producer outsources component production.

According to (13) and (14), free trade profits of the final goods producers in s and L
are given by

s = (ps — %) Dy (15)
and
TL = (pL - CL) Dy, (16)
respectively.

For the case of integrated production in both economies, Tharakan and Thisse (2002)
identify four parameter domains, which determine the set of possible price equilibria. It
is beyond the scope of this paper to provide a rigorous analysis of all possible parameter
domains. Therefore, we introduce a further (empirically plausible) assumption, namely
that trade liberalization has a pro-competitive effect and leads to full coverage under free

trade. A sufficient condition for such an outcome is given by Assumption 2.

15Note that Assumption 2 implies Assumption 1 for both countries. Hence, there is full coverage under
autarky, if there is full coverage under free trade.

12
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Assumption 2 A > ¢ B

Lemma 1 Under Assumption 2, for all'® ¢ < ¢;, k = s, L, the following holds in a free
trade equilibrium. (1) Demand for final goods produced at the two locations is given by
Dy = x, (ps,pr) and D, = L+ 1 — x, (ps, pr), respectively. (2) There is full coverage
i the free trade equilibrium with each consumer buying one unit of final output, i.e.,

Ds+ Dy =L+ 1. (8) Profits of the two final goods producers are given by

Ts = (ps — ) Tm (ps, Pr.) (17)

and
T = (pL - CL) (L + - Tm (psapL» ) (18)

respectively.

Proof. See Appendix A. m

To obtain a unique equilibrium in prices, we impose a restriction on the price-setting
behavior of firms, namely p, > c*, k = s, L.} Then, maximizing profits (17) and (18)
gives, according to (10),

(

ct if < — 7
p: — CLJg2cS 4 (5L+71)2(L+1) if (CL . CS) c (_71772) (19)
\ CL N (3L+li(L+1) if CL >+ Yo
and )
CS_W if CLSCS_,YI
pp=q e 4 CEEED i (of = ) € (—7y,7,) (20)
ck if k>t 4y,

\

16 As shown in stage (iii), ¢¥ > ¢; is not consistent with an equilibrium.

17 Tt is shown in the proof of Appendix A that some pj < ¢* may be consistent with an equilibrium, if
there are zero sales of the final goods producer located in country k. Such price equilibria are ruled out
by the proposed assumption on the price-setting behavior of firms. For a logically similar problem in a
different context, see Ludema and Wooton (2000).
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where v, := (5L +7)(L+1) /4 and v, := (7L +5) (L + 1) /4.® Note that pf < p? =
A—1/4 and p; < pt = A — L?/4 are a direct consequence of ¢* < ¢;, ¢ < ¢ and
Assumption 2. Substituting (19) and (20) in (10) gives the equilibrium location of the

marginal consumer

0 if <t — 7
ak, (Fch) = g=el | BLAT gf (h—c) e (- ) (21)
mAT 3(L+1) 12 Y1:72) -
L+1 if >+,

Stage (iii) - Outsourcing decision: The final goods producer in country k = s, L

chooses outsourcing, if p¥¢ < ¢;. Otherwise, production is integrated.

Stage (ii) - Price setting of the input producer: Two cases must be dis-
tinguished with respect to the size of transport costs for input transactions: (a) t >

4(c;i —ey) /(L+1)? and (b) t < 4(c; —¢,) /(L +1)°. We investigate Case (a) first.

4.1 Technical exclusion of international outsourcing: Case (a)

Let us first show that t > 4 (¢; — ¢,) / (L +1)® is not consistent with international out-
sourcing in the free trade equilibrium. For this, note that ¢t > 4 (¢; — ¢,) / (L +1)? can
be reformulated as ¢, > ¢; — t (L +1)* /4. Hence, negative profits are obtained for sales
to the final goods producer in country s, if a price p® < ¢; — ¢ (L + 1)2 /4 < ¢, is chosen
by the input supplier. According to (21), D, = L+ 1—z,, (cs, cL) is non-decreasing in
c®. Therefore, the results of stage (iii) for the outsourcing decision of the two final goods
producers imply that international outsourcing is not consistent with a profit-maximizing

price of the input producer, if t > 4(¢; —¢,) /(L +1)>. The input producer chooses

18 The existence of a price equilbrium (19) and (20) critically depends on the assumption of quadratic
transport costs. d’Aspremont et al. (1979) show that a minimum distance between the locations of the two
final goods producers is essential for the existence of a Nash equilibrium in prices under linear transport
costs. However, as shown in Tharakan (2001) this "minimum distance condition” is not satisified by
locations 1/2 and 1 + L/2 of the two final goods producers (and country sizes L > s = 1). Therefore,
a price equilibrium under linear transport costs is not consistent with our assumptions regarding the
locations of the two final goods producers (at least if marginal production costs of the two final goods

L

producers are identical, i.e., if ¢® = ¢"; see our discussion below).
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p*>c; —t(L+ 1)2 /4 and final goods production in country s remains integrated under
free trade. In this case, we speak of technical exclusion of international outsourcing (since
the transportation technology does not allow for international outsourcing).
If pv > ¢;, operative profits of the input producer are zero. If p& € (c,, ¢;], operative
profits are positive and given by!”
(p* = cu) [(L +1) - (5’% + %)} it plele—7,al

X = - ; , o (22)
(pL—cu) [L+1] if pr < ¢ —1y

with v, = (5L + 7) (L + 1) /4. The input producer faces the following trade-off by setting
the optimal price. On the one hand, a lower price reduces revenues for a given volume
of sales. But on the other hand, a lower price increases demand for intermediate goods,
since it makes the final goods producer in country L more competitive and reduces her
transport-cost-related size disadvantage for serving consumers located near the common
border, see (21).%° In other words, the final goods producer of country L can participate
in the cost advantage of fragmentation and outsourcing, if the input producer sets a price

lower than ¢;. According to (22), profit maximization of the input producer gives

. %}Wl) if ¢ >G
b = coten | (7L+5§(L+1) if ¢ e ci,c_ﬂ ; (23)
C; if c; € (Cuaﬂ)

with ¢; := ¢, + (TL+5) (L +1) /4 and & := ¢, + (17L+ 19) (L + 1) /4. Note that p™*
depends on final goods transport costs and the size of the two economies but it does not
depend on parameter ¢, since international outsourcing does not occur in equilibrium.
It is an immediate consequence of (23) that p’ < ¢; — (5L +7) (L + 1) /4 cannot be an
optimal price choice. The reason is that at an input price p* = ¢; — (5L +7) (L + 1) /4
the marginal consumer is located at z,, = 0, according to (21), and the whole integrated

market (L 4 1) is served by the final goods producer of country L, i.e., Dy = L + 1.

YSubstituting ¢; = ¢ and p* (< ¢;) = ¢ in (21) gives D, = L+ 1 —z,, (Ci,pL> > (0. This is used in
(22).
20We speak of a transport-cost-related size disadvantage of the large economy, since country L imports

the final good, i.e., z,,, € (1,L + 1), at ¢* = c.
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Thus, a further price reduction cannot be an optimal strategy for the input producer,
since it leaves the volume of sales unaffected. At the other extreme, it may as well be the
case that, even for a marginal price reduction below c¢;, gains from a higher sales volume
cannot offset losses from lower per unit revenues. Then, setting the component price at
its autarky level p = ¢; is the optimal price choice for the input producer. In all other
cases, p* = (¢; +¢,) /2 + (TL+5) (L + 1) /8 is the profit-maximizing input price.

The transport-cost-related size disadvantage of the large economy implies that the final
goods mill price under free trade is higher in country L than in country s, if p** = ¢,
according to (19) and (20). Things are different, if trade liberalization leads to a reduction
of the input price, i.e., to p** < ¢;. In this case, the final goods producer in country L
can participate in the cost advantage of fragmentation and outsourcing. This increases its
competitiveness and results in a lower final goods price pj (see (20)). Final goods prices
are strategic complements. Accordingly, the final goods producer in the small country will
also reduce its price, if p! (and - according to (20) - in turn also p} ) declines. However, it
is obvious from a comparison of (19) and (20) that the reduction of p} is more pronounced
than the reduction of p?. This implies that the marginal consumer shifts to the left, if p”
declines (see (21)).

The possible impact of outsourcing on final goods prices under free trade is drawn in
Figure 3, where p} (b) and p! (b) refer to input prices p = ¢;, whereas p? (b) and p? (b)
refer to input prices p* < ¢;. Noteworthy, the downward shift of the dotted price-location
schedule from pj} (b) to p? (b) is more pronounced than the downward shift from p! (b) to

p% (b), if the input producer sets p” < ¢;. (See the discussion above.)
>Figure 3<

Substituting ¢; = ¢* and, according to (23), p¥ = cF in (21) gives the equilibrium

location of the marginal consumer

0 if c > ¢
= e TR o] 2
Wi e (o)
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Whether the marginal consumer is located in the large or in the small economy depends
on the relative strength of two opposing forces (i.e., the following trade-off of being large),
namely the transport-cost-related size disadvantage and the outsourcing-related produc-
tion cost advantage of country L. The latter is induced by lower marginal production
costs ¢, < ¢;.2! The outsourcing-related production cost advantage of the large country
is dominant, if ¢; — ¢, > (17L —5) (L 4+ 1) /4. According to (24), the marginal consumer
is located in the small economy and country L exports the consumption good. This case
is drawn in Figure 3. In contrast, the marginal consumer is located in L and the small
country exports the consumption good, if ¢; — ¢, < (17L —5) (L + 1) /4. In this case,
the transport-cost-related size disadvantage dominates the outsourcing-related produc-
tion cost advantage of country L. In the borderline case of ¢; — ¢, = (17L — 5) (L + 1) /4,
the marginal consumer is located at the common border and there is no trade in the free

trade equilibrium (see (24)).

4.2 International outsourcing from s to L: Case (b)

If transport costs for input transactions are sufficiently low, i.e., if t < 4 (¢; — ¢,) / (L + 1)2,
and if p® € (cu, ¢ —t(L+ 1)2 / 4] , the input producer earns non-negative operative prof-
its for sales to the final goods producer in country s. Moreover, note that the whole
integrated market (L + 1) is served at input prices p* = p* = ¢; — ¢t (L +1)* /4. And,
according to (21), lower prices p* vis-a-vis the final goods producer in country % imply
lower (at least not higher) intermediate goods sales to country &’ for a given p*, with
k' # k. Hence, p* < ¢; —t (L +1)* /4 and/or p* < ¢; — t (L +1)* /4 are not consistent
with profit maximization of the input producer. In view of stage (iii), this implies that
the profit-maximizing input price vis-a-vis the final goods producer in country s is given

by p** =¢; —t (L + 1)2 /4, leading to p*? = ¢;. This renders the final goods producer in

21 As mentioned in Section 2, the notion of “cost advantage of fragmentation and outsourcing” refers
to cheaper production under outsourcing than under integrated production. This is a prerequisite for the
“outsourcing-related production cost advantage of country L” (over country s), which arises due to the
existence of a local input producer and the related national outsourcing opportunities in country L.
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country s indifferent between integrated production and international outsourcing. Profits
of the input producer are given by??
L_c, .
e @) [ ] o el
(p* —cu) [L+1] if  pl<c—m
with v, = (5L +7) (L +1) /4. Using p** = ¢; — t (L +1)* /4 in the profit-maximization
problem of country L’s input producer gives the optimal price vis-a-vis the final goods

producer in country L

¢ — (5L+7i(L+1) if £ 17]{::119
Lx __ (L+1)2 | (TL+5)(L+1) . 7L45 170419
p = ¢ —l=—g—+ 3 if te[L_—H’L—H] ) (26)
: 7L+5
C; if t < Tl

Thus, by maximizing profits, the input producer applies price discrimination and sets
pt* > p** (as long as t > 0).

While transport costs for input transactions are zero in the case of national outsourc-
ing, international outsourcing induces transport costs in the amount of ¢ (L + 1)* /4 for
shipping one unit of the input from the upstream producer located at the center of country
L to the downstream producer located at the center of country s. Hence, there is again
an outsourcing-related production cost advantage of country L over country s.?* More-
over, the final goods producer in country s cannot participate in the cost advantage of
fragmentation and outsourcing over integrated production, given the optimal price choice
p™* = ¢;—t (L +1)® /4, which implies p*>? = ¢;.2* Things are different in the large economy,
where the final goods producer can participate in the cost advantage of fragmentation and
outsourcing, if the input producer sets p” < ¢;. The optimal price choice p** itself de-

pends on transport costs for input transactions and, therefore, on parameter t. The lower

2Gubstituting ¢; = p>? = ¢ and pl' = ¢ < ¢ in (21) gives Dy = z,, (ci,pL) > 0 and D, =
L+1-z, (Ci, pL) > 0. This is used in (25).

23Final goods production costs include all costs that are necessary to manufacture final output. Hence,
they also include transport costs for intermediate goods transactions in the case of international out-
sourcing.

24For the difference in the use of the two notions “outsourcing-related production cost advantage of
country I” and “cost advantage of fragmentation and outsourcing”, see Footnote 21.
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parameter t, the higher is p™*, according to (26). If ¢ is high enough, there are profits
to gain from setting p < ¢;. However, if ¢ is low, setting p < ¢; reduces profits. The
reason is that losses for given sales dominate gains arising from higher sales to the local
final goods supplier. These additional sales come at the costs of lower exports to country
s (which are associated with positive operative profits, if t < 4 (¢; — ¢,) / (L +1)%).2°
Substituting ¢; = p*¢ = ¢* and, according to (26), p* = ¢ in (21) gives the equilib-

rium location of the marginal consumer

0 if t> —17LLj119
* _ ) 17tLy19 L4l s 7L+5 17L+19
Tm 24 t5r b te [L+1’ L+1 } : (27)
SLAT - 1Lts
12 if t<-Th

The location of the marginal consumer again depends on two opposing effects, namely
the transport-cost-related size disadvantage and the outsourcing-related production cost
advantage of country L. Taking this trade-off of being large into account gives the fol-
lowing result. If transport costs are sufficiently high, i.e., if ¢t > (17L —5) /(L + 1) and
t < 4(c;—cy)/(L+ 1)2, the input producer sets price p” low enough, such that the
marginal consumer is located in country s and country L exports the consumption good.
In this case, the outsourcing-related production cost advantage (in the form of access
to intermediate goods without transport costs) dominates the transport-cost-related size
disadvantage of the large economy. The opposite holds true, if ¢t < (17L —5) /(L +1). In
this case, the marginal consumer is located in country L and country s exports the con-
sumption good. In the borderline case of t = (17L — 5) / (L + 1), the marginal consumer
is located at the common border and trade of final goods does not occur. However, there
are intermediate goods exports of the large economy, i.e., international outsourcing of the
final goods producer in country s.

The main findings for the two different scenarios analyzed in Subsections 4.1 and 4.2

are summarized in Proposition 2.

%Due to (7L +5) / (L + 1) > 1, it follows from (26) that p* = ¢; for all t < 1. Hence, p* < ¢; requires
that transportation of intermediate goods induces higher costs than transportation of final output.
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Proposition 2 Under Assumption 2, if there is a single input producer located in country
L, the following holds. In the free trade equilibrium there is international outsourcing of
the final goods producer in country s, if transport costs for input transactions are not
too high, i.e., if t < 4(c; —¢y) /(L +1)*. In contrast, t > 4(c; — ¢) / (L +1)* implies
technical exclusion of international outsourcing and integrated production in country s. In
both cases, country L exports the consumption good, if the outsourcing-related production
cost advantage dominates the transport-cost-related size disadvantage of the large economy.

Otherwise, country s exports the consumption good.

Proof. Proposition 2 follows from the analysis above. m

5 Welfare effects of trade liberalization

In Section 4 we have investigated how trade liberalization affects the price-setting behavior
of input and final goods producers. This has shed some light on the trade pattern between
two asymmetrically sized economies. The results of the above analysis are now used to
determine the welfare effects of trade liberalization. In particular, we investigate in which
way trade patterns and outsourcing opportunities are related to the welfare effects of trade
liberalization. The sum of consumer surplus and profits serves as our welfare measure.
Again, we focus on short-run effects and relegate the discussion of entry/exit and optimal
location decisions to Subsection 6.2.

It is an immediate consequence of Assumption 2 and the induced pro-competitive effect
of trade liberalization on final goods prices that consumers in both economies benefit from
a tariff reduction.?® Moreover, it can be shown that welfare in the final goods exporting
country always increases. The pro-competitive effect of falling tariffs leads to a price
reduction in both economies and, therefore, to lower profits from local sales. However, in
the final goods exporting country these profit losses are fully compensated by consumer

surplus gains. In addition to this welfare-neutral redistribution effect, there are profit

26 This is a mere price effect, since Assumptions 1 and 2 guarantee full coverage under autarky and free
trade.

20



gains from final goods exports, leading to a positive welfare effect in the final goods
exporting country. This outcome is independent of the production techniques used in the
two economies.

Which one of the two economies exports the final good depends on the respective para-
meter values. In Section 4, it has been shown that the outsourcing-related production cost
advantage of a large, population-rich economy may outweigh its transport-cost-related
size disadvantage so that it becomes the final goods exporter and, therefore, benefits from
trade liberalization. However, it is not only relevant which one of the two economies
exports/imports the final good to determine winners and losers of trade liberalization. If
there is an outsourcing-related production cost advantage of the large economy, then both
countries may gain from tariff reductions. On the one hand, if p” is chosen low enough and
country L exports the final output, consumer surplus gains may dominate profit losses
in the small economy. Hence, welfare in country s may increase, even if it imports the
consumption good. On the other hand, in the case of international outsourcing the large
economy benefits from intermediate goods exports so that welfare in the large country
may increase, even if it imports the consumption good.

Table 1 summarizes the (short-run) welfare effects of trade liberalization. The exis-
tence of international outsourcing depends on three factors: (a) the cost advantage of
fragmentation and outsourcing ¢; — ¢,, (b) the transport cost parameter ¢, and (c) the
distance between the location of the final goods producer in country s and the location
of the input producer in country L, i.e., (L + 1) /2. The higher the cost advantage ¢; — ¢,
and the lower the parameter ¢ and the distance (L + 1) /2 (i.e., the lower L), the more
likely is international outsourcing in the free trade equilibrium. For the pattern of final
goods trade, also relative country size L — 1 (or, more precisely, 17L — 5) turns out to be
important (see Table 1). According to the considerations above, international outsourc-
ing prevails in equilibrium and country L exports final output, if the cost advantage of
fragmentation and outsourcing (¢; — ¢,) is high and the difference in country sizes (L — 1)
is not too large. A higher degree of market integration at the intermediate goods level,

i.e., a lower ¢, makes final goods exports of country L less likely. Things are different if the
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cost advantage of fragmentation and outsourcing (¢; — ¢, ) is moderate and transport costs
for input transactions (depending on the parameter ¢ and the distance (L + 1) /2) are
high. In this case, international outsourcing is technologically excluded. Again, country
L exports final output, if it is not too large and, therefore, its transport-cost-related size
disadvantage is not too high. The larger country L relative to country s (in geographical

terms), the more likely it is that country s exports the final good.?’

TABLE 1. Welfare effects of trade liberalization if only in country L there is interme-

diate input production

Final goods ex- Welfare effects | Welfare effects | World welfare
porting country in country s in country L effects
Technical exclusion of international outsourcing, i.e., t > 4 (2;;)2

(i) i —cu < w country s + — amb.

(i) ¢ — ey = W no final goods trade 0 0 0

(iil) ¢; — ¢y > % country L amb. + +

International outsourcing from s to L, i.e., t < 4 (CL;BE

(iv) t < % country s + amb. amb.

(v) t = k52 no final goods trade 0 +/0 +/0

(vi) t > 58 country L amb. + +

Notes: In this matrix, “+”, “—”, and “0” mean that trade liberalization has a positive, negative or no

effect on the respective welfare levels. “amb.” indicates that the impact is ambiguous.

Table 1 shows that the small and the large country can simultaneously benefit from
declining trade barriers (scenarios (iii), (iv) and (vi)). This is an important result, since
it makes trade liberalization an attractive policy in both countries without requiring

cross-country redistribution measures. The existence of gains from trade in all (involved)

2TA formal proof of the results in Table 1 is relegated to Appendix B.
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economies is a result that is well-known from the traditional trade literature. However,
the positive effects of free trade are less clear in new trade theory models with imperfect
competition in goods markets. Wong (1995) gives an excellent overview on the gains
from trade for economies under imperfections. As far as spatial models are concerned,
Tharakan and Thisse (2002) investigate the impact of the geographical size of countries
on the distribution of welfare gains. In their model of final goods trade only, they come up
with the result that ” large countries, unlike small ones, should be less inclined towards free
trade” (p. 399), since their welfare decreases in response to trade liberalization. In this
case, the welfare effects are determined by the transport-cost-related size disadvantage
of the large economy. (Compare the welfare effects under integrated production in both
economies derived in Subsection 6.2.)%

Our analysis also points to the possibility that trade liberalization leads to a decline
in overall world welfare, if exports of the small economy (partially) substitute local sales
in the large country, which are manufactured under a superior production mode and/or
without any transport costs for intermediate goods transactions (scenarios (i) and (iv) in
Table 1). Thus, trade liberalization is not always beneficial but may exert immiserizing
world welfare effects. To put it differently, overall producer surplus losses may dominate

overall consumer surplus gains.

6 Extensions and further discussion

The analysis in Sections 4 and 5 gave insights into the role of country size for the trade
pattern and the welfare effects of trade liberalization. Moreover, it was shown how the
geographical size and the population size interact in determining the pattern of final goods
trade. In particular, the existence of a trade-off of being large in terms of a transport-

cost-related size disadvantage and an outsourcing-related production cost advantage was

28 Tharakan (2001) shows in a Hotelling model that both the geographical sizes and the population
densities of countries are important determinants of the welfare effects of trade liberalization. Behrens et
al. (2003) discuss the welfare effects of reductions in international trade barriers and national /regional
transport costs.

23



pointed out. However, the results were derived under two restictive assumptions. On
the one hand, we assumed that input prices were unilaterally set by the input producer.
Given the existing literature on outsourcing in macroeconomic settings, one may be in-
terested in the robustness of our results with respect to this assumption. Therefore, we
investigate bargaining on input prices between the intermediate and final goods produc-
ers in Subsection 6.1. On the other hand, in Sections 4 and 5 we focused on short-run
effects, neglecting any adjustments in the entry/exit or location decisions of firms. This
assumption is relaxed in Subsection 6.2, where the long-run effects of trade liberalization
are at the agenda. The limitation of space does not allow for a rigorous formal discussion
of these issues, so that Subsections 6.1 and 6.2 present the main insights in an intuitive
way.?? Finally, Subsection 6.3 relates the main insights of our long-run considerations
to the discussion on international openness and the industrial structure. Moreover, the
respective welfare effects of trade liberalization are summarized and considered from a

policy perspective.

6.1 Bargaining on input prices

The results in Sections 3-5 are derived under the assumption that the input producer
can unilaterally set a price vis-a-vis final goods suppliers. This assumption differs from
the price determination process usually considered in the outsourcing literature.’® The
purpose of this subsection is to discuss the robustness of our results by allowing for
Nash bargaining on input prices between upstream (input) and downstream (final goods)
producers. In all other respects, the analysis in Subsection 6.1 corresponds to the analysis

in Sections 3-5. Again, we start with a discussion of the autarky equilibrium.

29A detailed formal analysis is relegated to a supplement, which is available from the authors upon

request.
30Grossman and Helpman (2002a, 2002b), for example, allow for bargaining between final goods and

input producers. In contrast, Helsely and Strange (2004) investigate take-it-or-leave-it offers by final

goods suppliers, while McLaren (2000) assumes an auction mechanism.
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Autarky equilibrium

Note first that the analysis in stages (iii)-(v) of the stage (i)-(v) autarky equilibrium is
not affected by the aforementioned modification. Therefore, we focus on stages (i) and
(ii), when analyzing the impact of Nash bargaining between the input and final goods
producer. For simplicity ant to make the following results directly comparable with the
ones derived in Section 3-5, we assume that not more than one input producer can enter
the market at stage (i). If an input producer has entered market [ and located at address

2%, the Nash product under autarky is given by3!
a a a a1 1—
Q" = {mg — i} xS, (28)

where £ € (0, 1) indicates the bargaining power of final goods producers and index a refers
to autarky. According to our analysis in Section 3, we can substitute 74, 7¢ and x* in

(28) to obtain
O =1{c;—p—t(1/2— 22>} {p—c,}'¢. (29)
Maximizing (29) with respect to p, then gives the following equilibrium input price (and,

thus, the solution to stage (ii)), if a single producer enters at stage (i)
pt=Cc, +(1=¢) [ci—t(l/Q—mg)g] : (30)

Using (30) in stage (i), we can show that 2! = [/2 is the optimal location of input

production under autarky. Moreover,

f =~
e bt (31)

gives a necessary and sufficient condition for entry of a single input producer. In sum,

Nash bargaining leads to a lower input price p* = ¢, + (1 — €) ¢; under autarky and

makes entry of an input producer less likely. Final goods prices are not affected.

31 At stage (ii), the outside option of the input producer is — f and her contribution to the Nash product

equals x®.
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Free trade equilibrium with ¢ > 4 (¢; — ¢,) / (L + 1)

Let us focus on a short-run free trade equilibrium with given entry/exit and location
decisions of firms and a single input producer active in country L. This is consistent
with optimal decisions under autarky, if paramter domain L > f > s = 1 prevails. The
solutions to stages (iii)-(v) are identical to those derived in Section 4. The only difference
arises with respect to the price determination process in stage (ii). When focussing on
parameter domain ¢ > 4 (¢; — ¢,) / (L + 1), it is obvious that there is technical exclusion
of international outsourcing as shown in Subsection 4.1. Moreover, it is intuitively clear
and can formally be shown that the input price vis-a-vis the final goods producer in
the large economy is lower (at least not higher) under Nash bargaining than under a
unilateral price choice of the input producer as considered in Section 4. Hence, under
Nash bargaining on input prices it is more likely that the marginal consumer is resident
of the small economy and that country L exports final output in a free trade equilibrium
with technical exclusion of international outsourcing. Moreover, welfare effects in the
large economy are more likely to be positive, while the impact on welfare effects in the

small economy is less clear-cut.

Free trade equilibrium with ¢ < 4 (¢; —¢,) / (L + 1)

From Subsection 4.2, we know that the input producer may have an incentive to bargain
with both final goods suppliers, if t < 4 (¢; — ¢,) / (L +1)*. We think of bargaining as a
two step process. In step one, firms decide on whether to participate in a Nash bargain
or not. Based on these decisions, there is Nash bargaining on input prices in step two.
At this stage, it is common knowledge, which firms participate in a Nash bargaining unit.
In line with the literature on trade union theory (see, e.g., Layard and Nickell, 1990;
Beissinger and Egger, 2004), firms have perfect foresight and, therefore, anticipate the
outcome of the other bargaining unit (if one exists). There is no possibility to renegotiate
the bargaining outcome. Hence, if bargaining fails, the outside options are realized.

Unfortunately, the complexity of this problem does not allow us to use analytical tools.
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Rather, we must stick to simulation techniques and have to solve numerical examples.
Thereby, we use the following parameter values ¢ = 0.45, ¢, = 1, ¢; = 35, A = 100,
L € [2,4.75] and t € [1,5.75] to obtain a contour plot for the possible patterns of final

goods trade.
>Figure 4<

From Figure 4 it is obvious that both regime z,, € [0,1), with country L exporting
the final good, and regime z,, € (1, L + 1), with country L importing the final good, are
consistent with Nash bargaining on input prices. A higher transport cost parameter t
(for a given country size L) raises the outsourcing-related production cost advantage of
the large economy and, therefore, makes final goods exports of country L more likely.
This coincides with our findings in Subsection 4.2. To the contrary, a larger country
size in geographical terms amplifies the transport-cost-related size disadvantage. As a
consequence, a higher L makes final goods exports of country s more likely. However,
there is a further effect of country size L and transport cost parameter ¢. For sufficiently
high levels of ¢ and L, we end up with a parameter domain ¢ > 4(¢; —¢,) /(L + 1)2,
implying technical exclusion of international outsourcing in the free trade equilibrium.
This is, what happens above and to the right of the bold line in (the top right corner
of) Figure 4, where the final goods producer in country L has exclusive access to the
intermediate goods manufactured by the specialized input producer.

We are not only interested in the pattern of final goods trade but also in the welfare
effects of trade liberalization. These effects are illustrated in Figure 5. As long as country
size differences and transport costs for input transactions are not too large, trade liberal-
ization should increase welfare in both economies. However, welfare gains are less likely
for the large economy if L is high. Welfare gains in the small country are less likely for
high levels of transport costs and sufficiently large L. Under such a parameter domain,
there is not much scope for bargaining on input prices and the consumers in s cannot
sufficiently participate in the outsourcing-related production cost advantage of country L.

Such an outcome is in accordance with the welfare effects presented in Section 5.
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>Figure 5<

Summing up, we can conclude that the main results of Sections 4 and 5 survive, if we
allow for bargaining on input prices. In this sense, our focus on input-price-setting by the

input producer can be interpreted as a simplifying rather than restrictive assumption.

6.2 Long-run effects of trade liberalization

To investigate the long-run effects of trade liberalization, we consider the basic model
assumptions and, in particular, assume that the input producer unilaterally sets a price
vis-a-vis the final goods suppliers. Due to price competition at the input market, it is
intuitive that not more than two input producers can survive in the long-run free trade
equilibrium. Hence, we have to account for three regimes with regard to the number
of active input producers: (a) no input producer is active; (b) two input producers are

active; (c) one input producer remains active.

Scenario (a): A long-run equilibrium with integrated production in both

economies

Using ¢® = ¢; and c* = ¢; in (19), (20) and (21), we find that final goods prices in the long-

run free trade equilibrium are p; = cﬁ—% and p7 ; = cﬁ—%, if production

__ SL+7

is integrated in both economies. The marginal consumer is located at z;, = 255,

implying
final goods exports of country s.

At identical mill prices, the final goods producer in country L faces a transport-cost-
related disadvantage vis-a-vis its competitor in s for serving consumers located near the
common border. In addition, final goods producers take into account the following two
effects of a price reduction. On the one hand, for a given price of the competitor a lower
final goods price implies higher final goods sales as the marginal consumer moves away
(see (10)). But on the other hand, it results in lower revenues for given output. This

negative profit effect is higher for the final goods supplier in country L, due to its larger

hinterland (given by interval [1 + L/2, L + 1]). Hence, the final goods producer in the
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large country optimally chooses a higher price than its competitor in the small economy.
Together with the transport-cost-related disadvantage of country L for serving consumers

located close to the common border, this implies that the marginal consumer is resident

of the large country (located at address z,, = 2221 < 1+ L/2) and the small country

exports the final good.

Compared with welfare under autarky, the export-related profit gains lead to a wel-
5L+7

12
fare increase of AW = [p’;i — ¢;] db > 0 in the small economy. (Superscript LR
1
always refers to the long-run.) This corresponds to the general observation that trade lib-

eralization is always beneficial for the final goods exporting country. Things are different

in the large country, where welfare changes can be written as®?

5L+47

awpt= [ - L - -2 an- [ e e p-aWER, (32)

&

-~

AT

with AT = % (L+1)(L— 1)2 representing the transport cost disadvantage of country L
for serving consumers located close to the common border. It can be shown that consumer
surplus gains are dominated by profit losses so that trade liberalization induces a welfare
decline in country L, which is given by AWy = —2 (3L* +5L* —=3L —5) — (¢; — ¢y) L+
f < 0. Finally, overall world welfare changes are ambiguous. On the one hand, there
are positive effects due to a reduction in transport cost expenditures for sales to interval
[1, %), i.e., AT > 0. On the other hand, there are negative welfare effects, since the
superior outsourcing technology in country L is replaced by the integrated production

mode. In sum, we find AWEE = AWEE + AWER = AT — (¢; — ¢,) L+ f ; 0 The sign of

AWEE depends on the particular parameter constellation and is in general ambiguous.

Scenario (b): A long-run equilibrium with two input producers

Note first that for any location of input producer 1, zl, there are only two candidates

for an optimal location choice of input producer 2, namely 22 = 1/2 and 2 = 1 + L/2.

32 1L+1 (¢; —cy)db — f > 0 are profits of the input producer under autarky, which do not have an

analogon in the long-run free trade equilibrium if production in both economies is integrated.
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This is an immediate consequence of positive transport costs for input transactions (see
our discussion in Section 3). Moreover, if z} = 1/2, then 22 = 1+ L/2 is the best choice,
while 22 = 1/2 is the best response to z. = 1+ L/2. As a consequence, the two input
producers are separated to locations 22 = 1/2 and 2z = 1 + L/2 (the best reply location
choices).

Given locations z8 = 1/2 and £ = 1 + L/2, we can show that there is competitive
exclusion of international outsourcing and both final goods producers make use of na-
tional outsourcing opportunities in the long-run free trade equilibrium. Due to a larger
hinterland, the input producer in the large country has an incentive to set a higher (at
least not a lower) price than the input producer in the small economy. This implies that
the transport-cost-related size disadvantage of the large economy is (potentially) rein-
forced and that the small country exports the consumption good. An outsourcing-related
production cost advantage of the large country does not arise.

Welfare effects of trade liberalization are qualitatively equivalent to those identified for
the case of integrated production in both economies. Welfare in the small country rises
and welfare in the large country declines. Overall world welfare is ambiguously affected
by trade liberalization. On the one hand, there is a decline in overall transport cost
expenditures, which tends to increase world welfare. On the other hand, there is entrance
of a second input producer, which can only survive due to final goods exports of country

s to country L. This tends to reduce world welfare.

Scenario (c): A long-run equilibrium with one input producer

If only one input producer is active in the long-run free trade equilibrium (and loca-
tion decisions are not made strategically to deter competitors from entry), there are two
candidates for an optimal location choice. If transport costs for input transactions are
high, i.e., if ¢ is large, the profit-maximizing address for input production is given by
xi = 14 L/2. As a consequence, input prices and welfare effects coincide with those
determined in Sections 4 and 5 for the short-run equilibrium (with given location and

entry/exit decisions of input suppliers). In contrast, if parameter ¢ is sufficiently low,
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the optimal location is given by xf = (7L + 17) /24, with profit-maximizing input prices
pF = ¢; —t (5L +7)* /576 and p* = ¢; — t (TL + 5)* /576 vis-a-vis the final goods produc-
ers in countries L and s, respectively. In this case, ¢® = ¢l = ¢; and x,,, = (5L +7) /12,
according to (21), so that the marginal consumer is resident of the large economy.

With regard to the long-run welfare effects of trade liberalization, we focus on pa-
rameter domains that make z,, = (7L + 17) /24 the profit-maximizing location of input
production, if only one input producer is active. Welfare effects for z,, = 1+ L/2 coincide
with the respective welfare effects in the short-run, discussed in Section 5. Since country s
exports final output (i.e., since x,, = (5L + 7) /12), welfare changes in the small economy
LR

mLR
must be positive. They are given by AWZIE = NG [p — ci} db > 0. Moreover, welfare

7L+5 2+ 7L+5 [(5L+7\°
24 10(L—1) \ 24

+(ci—cu)—t<7L21_5>2. (33)

changes in the large economy can be written as

AWER = (57 1) {(3L+5;(L+1) o

It is worth noting that AWLE may be positive or negative, depending on the respective
parameter domain. Concerning the change of overall world welfare, we obtain

LR _ (L (L-=1)(L+1) 7TL+5\° TL+5 (5L+T7\°
AWR_(xR_l){ - < 21 )*5(/;—1)( 21 > }

m 24
Flei—c)—t (7L+5>2. (34)

24

which may also be positive or negative.

6.3 Further discussion

In this subsection, we compare our results to insights from the literature dealing with the
relationship between international openness and the structure of industrial production.
A further purpose is to summarize the long-run welfare effects and to discuss them from

a policy perspective.
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Trade liberalization and the structure of industrial production

As rigorously analyzed in Subsection 4.2, trade liberalization may lead to international
outsourcing and, thus, to a change in the small economy’s mode of final goods production.
In the long-run, when entry/exit and location decisions of input producers are endoge-
nous, there may be entry of a further input producer and national outsourcing in both
economies. This result coincides with findings by McLaren (2000) who emphasizes that
market thickness effects lead to leaner and less integrated firms, when countries lower
their trade barriers. However, as made clear by scenario (a) in Subsection 6.1, competi-
tion effects may also make exit of the single input producer attractive, so that integrated
production in both economies is the outcome under free trade. This is associated with
a negative efficiency effect, because the superior outsourcing technology is replaced. The
possibility of such a devastating outcome is a new insight and of particular relevance,

when measuring the gains of trade empirically.

Long-run welfare effects: A policy perspective

In view of the analysis above, there is no clear-cut prediction regarding the long-run
welfare effects of trade liberalization. If competition leads to an exit of the single input
producer and, therefore, implies integrated production in both economies or if a second
input producer enters the integrated market in the long-run, the outsourcing-related pro-
duction cost advantage of the large economy vanishes. Then, country s exports final
output. As a consequence, there are welfare gains in the small and welfare losses in the
large economy. Overall world welfare is ambiguously affected. However, if a single input
producer remains active in the long-run, its autarky location at =, = 1+ L/2 may remain
optimal so that trade pattern and welfare effects coincide with those determined in Sec-
tions 4 and 5 for the short-run equilibrium. In contrast, if the transport cost parameter
t is low, it is optimal for a single input producer to move closer to the common border
and to locate at address x, = (7L + 5) /24. In this case, the degree of international out-

sourcing and the magnitude of intermediate goods exports to the small economy increase,
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raising profits of country L’s input producer. This may give rise to welfare gains of the
large economy, even though the small country exports final output (and, thus, faces a
welfare improvement).

The long-run effects of trade liberalization point to the relevance of outsourcing op-
portunities for welfare gains. Only if there is an outsourcing-related production cost
advantage in the large economy, both small and large countries can simultaneously gain
from trade liberalization without measures of cross-country redistribution. (Compare the
welfare effects under scenarios (a) and (b) with those under scenario (c).) As a con-
sequence, one may hypothesize that improved outsourcing opportunities from the 70s
onwards play a key role in explaining the wave of trade liberalization observed in that
period. And with regard to the economic success of the EU, the theoretical insights in this
subsection suggest that better outsourcing opportunities for European firms can explain

the pace of the European integration process.

7 Concluding remarks

This paper contributes to the discussion of international trade in a spatial set-up, where
countries are areas rather than points. By emphasizing the role of outsourcing opportuni-
ties, our analysis is capable to identify a trade-off of being large. On the one hand, firms in
geographically large economies face a transport-cost-related disadvantage with respect to
serving consumers close to borders. On the other hand, if geographically large economies
are population-rich, they face an outsourcing-related production cost advantage due to a
higher degree of vertical specialization and the dividion of labor.

With regard to the trade pattern between two asymmetrically sized economies, our
analysis reveals the main fundamentals, determining which country exports and which
country imports final output. Based on these insights, the presented model allows us to
discuss the role of national transport costs for the (short-run and long-run) welfare effects
of trade liberalization. In particular, the results point to the relevance of outsourcing

opportunities and provide an economic reasoning for the willingness of countries to lower
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their tariffs and to enter a free trade agreement with partner countries that differ in
size and economic capacity. Moreover, our framework provides novel insights into the
impact of trade liberalization on the structure of industrial production. In this respect,
the potential negative effects of trade liberalization on the intensity of fragmentation and

outsourcing are of particular relevance and should be investigated in future research.

8 Appendix

Appendix A: Proof of Lemma 1

Consider A > ¢; + (15L% + 12L) /12, according to Assumption 2, and use ¢* < ¢;, cl<e

The proof is organized in two steps:

Step (i): Price-setting and interior solutions

Consider first price-setting in country s. Use

S_CS Tm S lf SS g
. (p ) T (Ps> PL) ps <p | (35)

(ps — ¢*) [min (v, x,,) —w] if  pg > p?
according to (10), (11), (13) and (15). Moreover, define D! := (pp —ps)/(L+1) +
(L+3)/4 (= zp), D? == (pp, —ps)/ (L+1)+ (L+1)/4+ /A—p, (= z,, —w) and
D3 .= v —w = 2\/A — p,, according to (10) and (11). Substituting D!, D? and D? for
Dy in (15) gives

S p _pS L+3
. —ps L+1
Qﬁ : :(ps_c)(pz_{_zlj + 4 + \/A_ps)7 (37)

(bg : :(p5—65)2\/A—p5, (38)

respectively. Profits 7, are continuous in p, and can be written as a composite of (bi,, (b?

and ¢?, according to (35)-(38). (Hence, the properties of ¢/ translate into the properties
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of ws.) The first derivatives of (36)-(38) with respect to ps are given by

1 o L .8
% — pL pS + +3 _ (ps c )’ (39)
Ops L+1 4 L+1
09> pr—ps  L+1 (ps — ¢*) 1 L+1
s _ VA—p, - (o 2 ) 40
ap, 11 a4 b= e ao. (40)
O’ ps —¢°
Ps — o /A_p,— L2 41
aps P \/A_ps ( )
Evaluating (39)-(41) at autarky prices p = A — 1/4, p% = A — L?/4 gives
: *+L+5/4—A
99 _ +5/ | (42)
Ops (pa.}) L+1
9}  L+1—(L+2)(A—c"—1/4) (43)
Ops (vep2) L+1 ’
3
% = 20" +3/2 - 2A. (44)
Ps | (pap3)

It can be shown that, for any ¢* < ¢, A > ¢ + (15L2 +12L) /12 is sufficient for
qug/@ps‘( ) < 0,j =1,2,3. Due to 3¢’ /0 (p;)2 < 0, 8%¢ /0p,Op;, > 0 and the

fact that 7 is a continuous function in py (see (35)), it follows that p;, < pj and D, > 0

pe,pY

are only consistent with a free trade equilibrium, if p; < p?. (Existence of such an equi-
librium will be discussed below.)

Now consider price-setting in country L. Use

— ") [L+1 =z (ps, if <p}
(pL )[ (p pL)] PL =Py 7 (45)

(pL — cL) [y — max (z, )] it pL>pi

T =

according to (10), (12), (14) and (16). Moreover, define D} := (3L + 1) /4—(pr, — ps) / (L + 1)
(= L+1-ap), D} == (L+1) /4= (p.—ps) /(L+1) + VA=pL (= y — &) and
D3 .=y — z = 2¢/A —pr, according to (10) and (12). Substituting D}, D? and D3 for
Dy, in (16) gives

3L +1 — D
oh ¢ = () (- ), (46)
G o=l (T BT A (a7)
L + = \DL 1 L1 pPL ),
o = (pL — CL) 2v/A—pr, (48)
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respectively. Profits 7, are continuous in p;, and can be written as a composite of gblL, gbi
and ¢, according to (45)-(48). (Hence, he properties of ¢ translate into the properties
of mr.) The first derivatives of (46)-(48) with respect to p; are given by

1 _ _ L
96, _ s pL  3L+1 p—c 7 (49)
001, _ ps—pr  L+1 pr — 1 L+1
2L NV R I R
pr Ir1 F a1 n-Tir M=) B0
(%i pr —
A N R 51
BpL bL T p, (51)
Evaluating (39)-(41) at autarky prices p® = A — 1/4, p$ = A — L?/4 gives
; Ly5L2/4+L— A
¢y, _ 45 /4 + ’ (52)
Opr (pe.p%) L+1
b7 L3+ L?— (2L +1) (A—L*/4—ch)
— = 5 : (53)
OpL (r2.p5) L*+ L
] 2¢l +3L2/2 — 24
% _ 2 +3L/ . (54)
PL1(p2p3)

It is straightforward to show that, for any c* < ¢;, A > ¢; + (15L? + 12L) /12 is sufficient
for 8¢£/8pL‘(pg’p%> <0, j=1,2,3. Due to §°¢} /0 (p£)2 <0, 0?¢} /OprOps > 0 and the
fact that 7, is a continuous function in py, (see (45)), it follows that ps < p? and Dy, > 0
are only consistent with a free trade equilibrium if p;, < pf.

Finally, note that ps > p? and p;, > p} cannot simultaneously hold in the free trade
equilibrium, if p? and p¢ are profit-maximizing prices under autarky. Then, an interior
solution with D, > 0 and Dy, > 0 is only consistent with profit maximization of the two

final goods producers, if p;, < p} and ps < p? simultaneously hold in equilibrium. This

follows from the analysis above. In such an equilibrium, prices are given by>?

cl+2¢¢  (BL+T7)(L+1)

2+ ¢ (TL+5)(L+1
prL = 3 + ( 1)2( ). (56)

Bps <p? = A—1/4 and p;, < p3 = A — L?/4 can be shown by using ¢® < ¢; and & < ¢; together
with A > ¢; + (1512 + 12L) /12.
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(These prices are obtained by setting (39) and (49) equal to zero. Second-order conditions
for profit maxima are fulfilled, due to 6%¢! /0p? < 0 and 9%¢7 /Op2 < 0.) Using (55) and
(56) in (10)-(14) gives

cl— ¢ 5L +7
D f— pr—
s e T T2 (57)

s —cb 7L+ 5

L +1—x S 11 + (58)
so that an interior solution with Dy > 0 and D, > 0 requires
5L+T7(L+1) (TL+5)(L+1

Step (ii): Price setting and corner solutions:

There are two candidates for corner solutions, namely D, = 0 and Dy = 0. An interior
solution with D, > 0 is not compatible with profit maximization of the two final goods
producers, according to (57), if ¢¥ < ¢ — (5L +7) (L + 1) /4. In this case, equilibrium
prices fulfill®* p;, = p, — (L +3)(L+1)/4 and py < ¢* so that z,, = 0, according to
(10), and, therefore, D;, = L + 1, Dy = 0. In contrast, if ¢ > ¢® + (7L +5) (L + 1) /4,
an interior solution with Dy > 0 is not compatible with profit maximization of the
two final goods producers, according to (58). In this case, equilibrium prices fulfill p; =
pr—BL+1)(L+1)/4and py < c* sothat x,, = L+1, according to (10), and, therefore,
Ds=ux,=L+1, D =0.

According to steps (i) and (ii) the following holds in the free trade equilibrium. De-
mand for final output produced in the two countries is given by Dy = x,, and Dy =
L + 1 — x,, respectively, so that Dy + Dy = L + 1. Together with (15) and (16) this
implies 75 = (ps — ¢*) T, (ps, pr) and 7 = (pL — CL) (L+1—x, (ps,pr)) and, therefore,

establishes Lemma 1. B

34 Although the final goods producer in country s is indifferent between all p, > ¢* if D, = 0, prices
ps > c® are not consistent with an equilibrium. Moreover, the price equilibrium is not unique if ¢* <
¢® = (5L +T7)(L+1) /4. In this case, not only p, = ¢® but also some p, < ¢* are consistent with an
equilibrium.
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Appendix B: Formal derivation of the welfare effects of trade

liberalization

Assumption 2 is considered throughout Appendix B.

The case of technical exclusion of international outsourcing: t > 4 (¢; — ¢,) / (L + 1)2

The proof is organized in three parts.

Part (i): Consider ¢; — ¢, < (17L —5) (L + 1) /4. Then, z}, > 1 follows, according to

(24). The welfare change in the small economy is given by AW, = / [pf —¢i]db >0
1
and welfare changes in L are given by

*
T,

AW, — / 7 (b) — pt (b)) db— / - (60)

where p? (b) = p&+[b — (1 + L/2)]” and p* (b) = pr+[b — 1/2]*. p& = A—L?/4, according

to Proposition 1. Moreover, substituting ¢; = ¢* and, according to (23), p** = ¢l in (19)

gives
* 501';’011, 4 (17L+12§1)(L+1) if ¢ € [Q@Z) (61)
bs = ’
¢+ BEDEAD i e (e,0)

where ¢; = ¢, + (7L + 5) (L + 1) /4, according to (23), and ¢; := ¢, + (17L —5) (L + 1) /4

are used. Thus, (60) can be rewritten as

*

AW, = / T - (4 L2 - b—1/2) db— / " BLt 71)2(L g - Aw, (62)
1 1
where .
" 7L+5)(L+1
/ [% (Ci_CU)+(+2—L(H} db i ¢ e [ci, &)
A\IIQ = 1 * (63)

/ " (¢; — cy)db if o€ (cne)

Using z,, according to (24), and substituting (63) into (62) gives

(o, = 1) [ y Sezed |y (e [, )

AW, =
— 1) BRI 4 (- )| i e ()

: (64)

— (o,
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and, therefore, AW, < 0. Finally, AW = AW + AW, implies

*
T,

AW = /%war+wmf—w—uﬁpw—/ (c; — c) db

1 1

~(af —1) 11(ci—cu)+(5L+7)(L+1)] it o€ e
_ 12 48 ) . (65)

(xF, — 1) [L;Zl — (¢ — cu)] if ¢ ¢ (cu,ﬂ)

Since ¢; — ¢, < (L —1)(L+1)/24 implies ¢; < ¢, it is straightforward to show that
AW Z0if¢;—c, S (L—1)(L+1)/24.

Part (ii): If ¢; — ¢, = (17L —5) (L + 1) /4, then the marginal consumer is located at
x = 1, according to (24), so that welfare in both economies and, therefore, also overall
world welfare are unaffected by free trade, i.e., AW = AW, =0, k = s, L.

Part (iii): Consider ¢; — ¢, > (17L — 5) (L + 1) /4. Then, z}, < 1 holds, according to

(24), so that trade liberalization leads to a welfare gain in the large economy, which is
1

given by AW = / [p5 — ¢, db > 0. Welfare changes in s are given by

*
T,

1

AW, = / I () — v (D)~ / [ — il db, (66)

*
Tm,

where p? (b) = p? + [b— 1/2]% and p§ (b) = pi + [b— (1 + L/2)]°. p* = A —1/4, according
to Proposition 1. Moreover, substituting ¢; = ¢* and, according to (23), p** = ¢l in (20)
gives

. 4
pPr = 7 (67)
2c¢;cu + (7L+5()5(L+1) if ¢ € (¢,

where ¢; = ¢, +(17L 4+ 19) (L + 1) /4, according to (23), and ¢; = ¢,+(17L —5) (L + 1) /4

are used. Hence, (66) can be transformed into

VY (TL+5)(L+1)

AW5:/1* [b—1/2]* = [b— (1 + L/2))’] db—/ db+ AWy, (68)

m x:rkn 12
where )
(5L+7)(L+1)
/ « 6 db if ci > G
AWs = 1 m . (69)
/ [5 _ <7L+fi>2<L+1>} a if e (@,
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Using 27, according to (24) and substituting (69) in (68) implies

AW, = El i

(1— %) |:(cizcu) _ (17L+11%)(L+1)} it e (Gal

ci > G
(70)

From (70) it is obvious that AW ; 0if ¢; — ¢y ; (17L+11) (L + 1) /4. (Remember that

¢ —cy > (17L —5) (L + 1) /4 holds.) Finally, AW = AW, + AW/ is given by
1

AW = /1 [[b—1/2]2—[b—(1+L/2)]2]db+/ (ci —cy)db

(ci—cu)—% if c; > G
- e [1l(ei—c) | GLEDE+1)] . IO (71)
(1 —x ) + 3 if c € (Ci, Ci]

with AW > 0. This completes the proof. B

The case of international outsourcing: t < 4(¢; —¢,) /(L + 1)

The proof is organized in three parts.

Part (i): Consider t < % Then, z¥, > 1 holds, according to (27), so that trade

liberalization leads to AW, = / " [pt — ¢;]db > 0. Thereby, p>¢ = ¢; has been used.
1
Welfare changes in L are given by

zh, T, 1
awe= [T -mea- [ - plds [ -aa. @

1 1 0
* Sk 2

where pg (b) = p§ + [b— (1 + L/2)]2, pi(b) = pt+[b— 1/2]2, P = —t (%) and

pt = A — L?/4. Substituting ¢; = p>¢ = ¢ and, according to (26), pr* = & in (19)

implies
. . t(L;l)Q i (17L+1251)(L+1) if teB (73)
’ ¢; + BT if teB,
with By := [7LL—$5, 12&?) and B, := (0, 7LL—:15) Note that (72) accounts for the fact that

*

T,

trade liberalization leads to profits in the amount of / [p** — ¢, db from intermediate
0
goods exports to the final goods producer located in country s. Straightforward calcula-

tions imply

“m (5L +7) (L +1)
. 12

AW, = /m [b— (1+L/2)7 — [b—1/2] db— / db— AWy, (74)

1
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according to (72). Thereby,

*

LA (L) | ey (L) 2
[ e st - (- )+t () i e,
AV, = 1 ! (75)

/ mt(%fdb—(ci—cu)—i—t(%f if 1€ B,

1

has been used. Using z},, according to (27), and substituting (75) in (74) gives

2
AW —(zr, = 1) [—“3“1156)(”” + 3l ] e —c)—t (B i teB
L — .
— (23, — 1) [7[(3”2](”” +t (%)2} te—e)—t(E2) if teB
(76)

Since t < 4(¢; —¢,) /(L +1)% it is straightforward to show that the sign of AW, is
ambiguous. Using AW = AW, + AW}, implies

¥

aw = [T o- - yta- [ Ce- g [ - cla

1 1

2

2
— (g, = 1) | SRR B | (e )~ (B52) it te By
L—1)(L 2 i
_1)[%_“%)}Jr(ci_cu)_t(b;l if tebB,

(7,
From (77) it is obvious that the sign of AW is ambiguous. However, ¢t < (L — 1) /[6 (L + 1)]
is sufficient for AW > 0.3> Thereby, (L —1)/[6(L+1)] < (7L +5) /(L + 1) has been
considered.

Part (ii): Note that there is no trade of the consumption good, ift = (17L —5) / (L + 1),
according to (27). Thus, p>¢ = p** +t (L +1)* /4 = ¢; implies that welfare in country
s is not affected by trade liberalization. Due to exports of the intermediate good, wel-

1

fare changes in L are given by AW = / [p*™ — ¢,] db, which are strictly positive if ¢ <
0

4(¢; — ¢y) / (L +1)>. In contrast, welfare in L is unchanged, if t = 4 (¢; — ¢,) / (L 4 1)°.
Overall world welfare changes are determined by welfare changes in L, i.e., AW = AW,
since AW, = 0.

Part (iii): Consider ¢t > (17L —5) /(L +1). Then, z}, < 1 holds, according to (27),

so that trade liberalization leads to a welfare gain in country L that is given by AW =
m:ﬂ

1 ‘T;kn
/ [p5 — c,]db+ / [p™* — ¢, db > 0. Thereby, / [p™* — ¢,] db are profits obtained

¥, 0 0

35Moreover, t > ﬁ and t =4 (CL;EQ are sufficient for AW < 0.
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from intermediate goods exports to country s. Use p*? = ¢; . Then, welfare changes in

country s are given by

1

aw= [ e ea- [ p-cl (78)

*
T,

where p? (b) = p + [b— 1/2]% and p§ (b) = pi + [b— (1 + L/2)]°. p* = A —1/4, according
to Proposition 1. Moreover, substituting ¢; = p*¢ = ¢* and, according to (26), p/* = ¢t

in (20) gives

L+3)(L+1 . 17L419
p* - G — ( %4( ) it ¢> L—:_l (79)
L — )
¢ — t(L—l&—Ql)Q n (7L+5()5(L+1) if t e By

with Bs := (%, %;“119} (78) can be rewritten as

1 L (TL+5)(L+1
AWsz/ [[b—1/2° = [b— (1 + L/2)]"] db—/ (7L + 1>2( 1 0 Aws. (80
Thereby,
5 [ e L]
@5, 12 U2 if teBs
has been used. In view of (27), (80) and (81), one obtains
L+l . 170419
5 if > ===
AW, = : b (82)
- (11—, [(”L“JQ‘L“) - t@fﬁ”z} if  te By

Thus, AW, = 0if ¢ = (17L+11) /(L +1). (Remember that ¢ > (17L—5) /(L +1)
holds.) Finally, using AW = AW, + AW, gives

*
1 Ty,

(c; — cu) db+ / [0 — ¢,] db

0

AW = /1 [b—1/2]> = [b— (1 + L/2))’] db+/

* *
T Tm

(ci —cu) = (52)° if ¢ > 1L

2
- (1—a) [% + (¢ — c) — 2D . (83)

i (6 —a) -t (5)7)] i ten

Thereby, AW > 0 holds since ¢; — ¢, > t(L+1)* /4 and t (> (17TL —5) /(L + 1)) > 1.
This completes the proof. l
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Figure 2. Autarky equilibrium in two asymmetrically sized economies
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Figure 3. Free final goods trade with pL* =¢; and pL* <¢

4751
l Region 1: x, €(0,1) and bargaining with both
435 final goods suppliers;
Region 2: x,, € (0,1) and exclusive bargaining with
3.75 the final goods supplier in L;
325 Region 3: x, € (1,L+1) and bargaining with both
‘ final goods suppliers;
2.75 |:| Region4: x, € (1,L+1) and exclusive bargaining
with the final goods supplier in L.
2.25
1.75 ¢4 ‘ ‘
0.75 2 3.25 4.5 5.75

Figure 4. Different bargaining outcomes (Contour plot)
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Supplement to Outsourcing and Trade in a Spatial
World

S.1 Bargaining on input prices

The results in Sections 3-5 are derived under the assumption that the input producer can
unilaterally set a price vis-a-vis the final goods suppliers. This assumption differs from

1" The purpose of this

other price determination processes considered in the literature.
supplement is to investigate the robustness of our results by allowing for Nash bargaining
on input prices between upstream (input) and downstream (final goods) producers. In all
other respects, the analysis in this supplement corresponds to that one in Sections 3-5.

Again, we start with a discussion of the autarky equilibrium.

S.1.1 Autarky equilibrium

Note first that stages (iii)-(v) of the problem are not affected by the modifications in
this supplement. For simplicity, we assume that not more than one input producer can
potentially enter market [. If an input producer has entered market [ and located at

address 2 at stage (i), the Nash product under autarky is given by?

Q" = {mg — 7} {x}'F, (S1)
where £ € (0,1) indicates the bargaining power of final goods producers and superscript
a refers to autarky. Moreover, 74 = [A—12/4—p?] 1, 7¢ = [A—1?/4 —¢;]l and x* =
(p — ¢,) | are considered, according to Assumption 1 and (6)-(8). Finally, we note p? =

p+1t(1/2 —2%)%. Thus, (S1) simplifies to

O =1{c;—p—t(1/2— 22>} {p—c,}' ¢, (S2)

!Grossman and Helpman (2002a, 2002b), for example, allow for bargaining between final goods and

input producers. In contrast, Helsely and Strange (2004) investigate take-it-or-leave-it offers of final

goods suppliers, while McLaren (2004) assumes an auction mechanism.
274 — ¢ and x® are the individual firms’ contributions to the Nash product. An agreement is only

reached, if 7§ > ¢ and x* > 0 simultaneously hold.
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Differentiating (S2) with respect to p gives

o0 Q Q

A S LA ) — S

o o +(1=¢) =) (S3)
Setting (S3) equal to zero determines®

o = et (1—8) [ =t (12— 2,)7]. (54

with p* = ¢, if € =1 and p* = ¢; — t (1/2 — z,,)? if € = 0. Using (S4) in stage (i), we can
show that z¢ = [/2 is the optimal location choice of input production under autarky and
that

f
NSy

gives a necessary and sufficient condition for entry of a single input producer. In sum,

(55)

Nash bargaining leads to a lower input price under autarky p* and makes entry of an
input producer less likely (compare S5 and Proposition 1). Final goods prices are not

affected.

S.1.2 Free trade equilibrium

In the short-run free trade equilibrium with given entry/exit and location decisions of
firms, we solve the stage (ii)-(v) equilibrium, according to Figure 1. Solutions to stages
(iii)-(v) are identical to those derived in Section 4. The only difference arises with respect
to input prices determined at stage (ii). While prices were set by the input producer in
Section 4, we consider Nash bargaining on input prices below. Let us first focus on the

case of technical exclusion of international outsourcing.

Free trade equilibrium with t > 4 (¢; — ¢,) / (L + 1)

If the size of transport costs for input transactions precludes international outsourcing,

ie.,ift >4(¢c; —cy) /(L +1)%, we can distinguish the following two cases:*

3Equation (S4) is derived under the assumption ¢; — t (1/2 — ,,)* > cu.
4ot > ¢; is not consistent with outsourcing in the free trade equilibrium (see Section 4).
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(a) If p* < ¢; — 7, with y; = (5L + 7) (L + 1) /4 (see Section 4), then x,, = 0,

mha=|ei—pt - (L+3) 4(L O] ) (6)

and

X' =(p" —c) (L+1), (S7)
according to (17)-(22).
(b) If p* € (¢; — 71, ¢), then z,, = (p* — ¢;) / [3(L 4 1)]4 (5L + 7) /12 and profits of final
goods and input producers are given by

2 c; — pt +7L+5
Ld =13 (L +1) 12

] (L+1), (S8)

and

s —pt TL+5
X2: (pL_Cu) |:30 P :|7

(L+1) LT (89)

according to (17)-(22).
Furthermore, we have to take into account that operative profits of the final goods

producer in country L are

- (7’31; 5>2(L+1), (S10)

if production is integrated. (To see this, subsitute ¢; for p* in (S8).)

Let us investigate case (a) first. Using (S6), (S7) and (S10), we obtain the following
Nash product

U = (L+1){NP} {NP}'°, (S11)

with NPy := [¢; — p* — (L+3) (L+1) /4] — [(TL +5) /12]* and NP, := p* —¢,. An
agreement can only be reached if NP, > 0 and NP > 0 simultaneously hold, i.e., if
co <p¥<e¢;—(L+3)(L+1)/4—[(TL+5) /12]*.

Differentiating Q7" with respect to p* and setting the resulting expression equal to
zero, we obtain®

pri=Ceu+ (1-9) | —

.

(L+3)(L+1)_(7L+5)2 | 812)

4 12

>c,L-—(5L-T—;)(L+1)/4

51f ¢; — (L43) (L +1) /4 — [(TL45) /12]* < ¢y, the Nash product (S11) is not consistent with a

successful bargain.
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with dQI7T /dpt |p o =0. Hence, we find that the Qf"7-maximizing input price consistent

with condition p* < ¢; — v, is given by
p" = min [ﬁL, ¢ — 1] > cu (S13)

Next, consider case (b). Using (S8)-(S10), we can define

— ot TL+51° [TL+5
NPy = | 5P +}—<+

2 L
ci—p TL+5
NP, := (p* —c,
3(L+1) 12 12 ) = (07— ) *

S(L+1) 12

to obtain the following Nash product
QT = (L+ 1)  {NB} {NP}"¢. (S14)

Again, an agreement can only be reached, if NP; > 0 and NP, > 0 (see Footnote 2).
Differentiating (S14) with respect to p* and setting the resulting expression equal to zero,
gives

FT _ _ i+ cw — 2p7 7L
Off % NP1 (-9fata-2t TLE5) g
dpt* 3(L+1)NPspl—¢, NP, 3(L+1) 12

‘®3

/

Explicitly solving equation (S15) for p* is not a simple task. However, from inspection of

®5 we can derive

i +c,  (TL+5)(L+1
PATUALIAL)

as a necessary condition for a Q5 7-maximizing input price. Moreover, noting lim ., dQ57 /dp" =

p (516)

—o0 and lim .. dQET /dp* = oo, it is obvious that input prices determined by Nash bar-
P u 2 p

gaining under regime (b) fulfill®

cu < p¥ < min

Finally, be aware that (¢; +¢,) /2+ (TL+5)(L+1)/8<¢;— (BL+T7)(L+1) /4 if ¢; >
CGi=c,+ (17TL+19) (L + 1) /4 (see (23)). Hence, ¢; > ¢; guarantees regime (a).
Summing up, from a comparison of (S13) and (S17) with (23), it can be seen that input

prices under bargaining are lower (at least not higher) than those determined in Section

6Condition (S17) guarantees NP3 > 0 and NPy > 0.
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4, if there is integrated production in country s and national outsourcing in country L.
Accordingly, under Nash bargaining on input prices it is more likely that the marginal
consumer is resident of the small economy and that country L exports the final good in
the free trade equilibrium. Hence, welfare gains in the large economy are also more likely
to be positive, if there is Nash bargaining on input prices. However, the consequences
for the small economy are less clear-cut. On the one hand, lower input prices make final
goods exports and, therefore, welfare gains of country s less likely. On the other hand,
lower input prices imply that consumers in country s can more easily participate in the
cost advantage of fragmentation and outsourcing, which tends to increase the potential

welfare gains in the small economy.

Free trade equilibrium with ¢ < 4(¢; — ¢,) /(L + 1)

For notational simplicity, let A and B denote the two final goods producers located at
the center of country L and s, respectively. Moreover, let us refer to the input producer
as firm C' below. From Subsection 4.2 we know that input producer C' may have an
incentive to bargain with both final goods suppliers A and B, if parameter domain t <
4(c; — ¢,) / (L +1)? prevails. The associated bargaining problem is represented in Figure
S1.

We think of bargaining as a two-step process. In step one, firms decide on whether to
bargain or not. Based on this decision, there is Nash bargaining on input prices in step
two. At this stage, it is common knowledge which firms participate in the bargaining.
Two scenarios have to be distinguished. If there is exclusive bargaining with final goods
supplier k € {A, B}, the outside options (threat points) of this bargaining unit coincide
with profits under integrated production.” In contrast, if there is simultaneous bargaining
between input producer C' and both final goods suppliers (A and B), outside options in
the Nash bargaining are given by profits that are attainable, if an agreement in the own

bargain (e.g. between A and (') is not reached, given that there is a second bargaining

"We speak of a bargaining unit (AC or BC), if a pair of two firms (4 and C or B and C, respectively)

bargains on the input price.
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unit (BC'). As a consequence, outside options depend on the decision of whether firms
enter the bargaining process or not. In line with the literature on trade union theory
(see Layard and Nickell, 1990; Beissinger and Egger, 2004), firms have perfect foresight
and, therefore, anticipate the corresponding outcome of the other bargaining unit (if one
exists). There is no possibility to renegotiate the bargaining outcome. If bargaining fails,

the outside options are realized.

Price competition at the final
goods market

Final goods
producer in s:

Firm B

Final goods
producer in L:

Firm 4

Bargaining on input
prices

Input producer
inL:

Firm C

Figure S1. The bargaining problem

Let us first consider exclusive bargaining between firm & € { A, B} and input producer
C' (in the abscence of bargaining between k' # k € {A, B} and C). If an agreement is

reached, firms k£ and C' determine an input price p* = 5* that maximizes Nash product
1-¢
Qllc (pk) = {7Tk - Wk,i}g {Xk} ) k= Aa B7 (818)

with 74, = [(7TL+5) /12> and 7p; = [(5L + 7) /12]* being profits under integrated

production (and, thus, the outside options of final goods producers).® —f is the outside

8Use ¢* = cF = ¢; in (17)-(21) and remember that firm A denotes the final goods producer in L, while

firm B is its competitor in s.
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option of input producer C if there is integrated production in both economies. Moreover,

[Ci—pL—%]<L+l) it pl<e—m

7TA,d — oL TL45 2 . I ) (Slg)
[3(LL+1) + T] (L+1) if pelc—mcl
ci—p = I i <o, (S20)

TBd = o s 2 '
s (1) pre (6 -l

are obtained by using ¢* = p”, ¢ = ¢; (Equ. (S19)) or ¢& = ¢;, ¢¢ = p* +t(L+1)* /4
(Equ. (S20)) in (17)-(21). Thereby, pf := p* +t (L +1)* /4, v, = c; — (BL+7) (L + 1) /4
and vy, = ¢; — (TL +5) (L + 1) /4 are considered. In a similar way, we find

L)) (L+1 if L<e —
A = <'0 )( ) 1 PG ’ (S21)

c;i—pt .
(" = cu) [3(Lf1) + %] it  ph e (ci—m,al

S ) (L+1 it < —
X" = @~ ) (L4 1) PomsaTh (S22)

(p* — cu) [;{L_ﬁ) + %] it pfe (e — 7,0

Second, if the input producer negotiates with both final goods suppliers, the respective

Nash products are given by

7k denotes the maximum attainable profits of final goods supplier k € {A, B}, if the
Nash bargaining fails. To be more precise, 7, are the maximum attainable profits, if final
goods supplier k produces integrated, while final goods supplier k&’ £ k outsources input
production. Hence, we can use ¢* =p° and c* = ¢; in (18)-(21) and obtain

0 if  pi<ci—7

TA= G | L5’ P ’ 52
[3(2+{) +57| (L+1) it Py e (6=

with 7§ := 7° +t (L + 1)* /4 and 7° being the solution to Nash problem max,: Q5 (p*),

according to (S18). In a similar way, we obtain

— 0 , if  pr<e-m (S25)
B — L _ . _ )
[3(L+f) +25 (L +1) if Pt e (6=l
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when using ¢* = ¢; and ¢ = 5% in (17) and (19)-(21). Thereby, p” denotes the solution

to Nash problem max,. QF (p”), according to (S18). Moreover, Y3 := x” (p°) and X& :=

x* (p") are determined in (S21) and (822). Finally, noting that (S23) is only relevant, if’
€ (0,L +1), i.e., if (p* — pf) € (—71,72), we obtain

L s 2
P — p; 5L+ 7
- 7L+5]°
. {30('5 p)+ = } (L+1), (S26)

pt —ps  BL+7
3(L+1) 12 |’

X = (pL—cu)(LJrl)—(pL—ps)[

according to (17), (18) and (25).
Let p* = 7%, p~ = 7" be the solution to system

max,. Q2 (p"), stz (p%, p°) € (0,L+1), p* € (cu, ¢, (S27)

max,s 5 (p°), s.t. @ (p%,p°) € (0,L+1), p* € (cuyci —t(L+ 1)? /4] . (528)

Then, the input producer decides for bargaining with both final goods suppliers, if
X (ﬁs,ﬁL) > max[x” (p°), x* (p")], while the input producer decides for exclusive bar-
gaining with final goods supplier A, if x* (p") > max[x*® (5°), x (7°, ﬁL)], and C' decides
for exclusive bargaining with B, if x? (7°) > max[x* (p*),x (»° e )] A final goods
producer decides for bargaining if 7y (ﬁk,ﬁkl) > T, and the input producer negotiates
with &' #£ k, or if m, (ﬁk, ci) and firm k' # k produces integrated.

Based on this characterization, we can derive the outcome of the aforementioned Nash
problem. Unfortunately, the complexity of the problem does not allow us to use ana-
lytical tools. Rather, we have to stick to simulation techniques and to solve numerical
examples for gaining insights about the robustness of our results derived in Sections 4 and
5. Thereby, we use the following parameter values: £ = 0.45, ¢, = 1, ¢; = 35, A = 100,
L € [2,4.75], t € [1,5.75]. (The program code for Mathematica 5.0 is attached at the end

90therwise, there is exclusive bargaining with one final goods supplier.

100f course, max[x? (5°), x* (ﬁL) % (ﬁs,ﬁL)] > 0 must hold.
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of this Supplement.) An illustration of the possible regimes and the related welfare effects

as well as an interpretation of the results can be found in Subsection 6.1 of the paper.

S.2 Long-run considerations

When analyzing the long-run effects of trade liberalization, we deviate from the orthodox
principle of explicitly solving the multi-stage problem (described in Figure 1) by backward
induction. Rather, to keep the analysis tractable and to avoid long and messy formal
expressions, we first investigate the number of input producers that is consistent with a

long-run equilibrium. This gives us the following three regimes:!!
1. no input producer is active in the integrated market;
2. two input producers are active;
3. one input producer is active.

Based on these insights, we distinguish between the different types of long-run equilib-
ria in Section S.2.1-S.2.2. Thereby, we search for the optimal location of input producers
in regimes 2 and 3 and make clear that the respective outcomes are consistent with the

concept of a long-run equilibrium.

S.2.1 A long-run free trade equilibrium with integrated produc-

tion in both economies

Competition under free trade may lead to an outcome with no input producer being active.

For example, consider a scenario with (i) ¢t > 16 (¢; — ¢,) / (L + 1)* and (i) ¢ € (cus &),

T An input producer will enter the market as long as there is a prospect of positive profits. Moreover,
if operative porifts are lower than fixed costs, an active firm would prefer to exit the market (which is
not consistent with the concept of a long-run equilibrium). Thus, price competition in the input market
rules out any equilibrium with more than two input producers. This is a direct consequence of the
assumption that two final goods producers are active (see our discussion in Section 3 and remember that

the entry/exit decisions of final goods producers are given in the short-run as well as the long-run).
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according to (23).'? In this case, fixed costs that fulfill'® (7L +5) /12 < f/(ci — c,) < L
guarantee national outsourcing in country L under autarky and integrated production in
both economies under free trade. As a result, integrated production in both economies
is consistent with a long-run free trade equilibrium. The associated input prices and the

pattern of final goods trade are summarized in Proposition S1.

Proposition S1 Under Assumption 2, if there is integrated production in both economies,
final goods prices in the (long-run) free trade equilibrium are p;, = ¢;+(5L +7) (L + 1) /12
and pj ; = ci+(TL +5) (L + 1) /12. The marginal consumer is located at x3;, = (5L +7) /12,

implying final goods exports of country s.

Proof. Substituting ¢; = ¢® and ¢; = ¢l in (19), (20) and (21) establishes Proposition
S1. m

5L+47

The export-related profit gains lead to a welfare increase of'* AW = / N [p%; — ci] db>
0 in the small economy. (Superscript LR refers to the long-run.) This Correéponds to the
general observation that trade liberalization is always beneficial for the final goods ex-
porting country.

Things are more complicated in the large economy. The final goods producer of country
L serves only consumers, who are located in interval [(5L 4 7) /12,14 L]. Any profit
losses for sales to these consumers that are induced by the pro-competitive effect of trade
liberalization are compensated by consumer surplus gains and leave country L’s welfare
unaffected. However, there are additional profit losses, since local sales to consumers of
interval [1, (5L + 7) /12) are substituted by imports from country s. In addition, there are

also profit losses of the input producer, if national outsourcing under autarky is replaced

by integrated production under free trade. Opposing welfare effects arise from consumer

2Condition (i) guarantees that, irrespective of its location, the single input producer can serve only
one final goods producer under free trade (leading to technical exclusion of international outsourcing in

the long-run).
BNote p* = ¢; and z,, = (5L + 7) /12, according to (23) and (24), and use L + 1 — (5L +7) /12 =

(TL +5) /12,
HUAWEER gives the difference of country k’s welfare in the long-run free trade equilibrium and its

autarky welfare level.
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surplus gains. Consumers located in interval [1, (5L 4 7) /12) purchase final goods at
lower prices under free trade (as compared to the autarky situation). To determine which
effect dominates requires a formal investigation.

Welfare changes in the large economy are given by

5L+7 S5L+7
12 12

swim = [ o - o) - [

L+1
(0" — ci) db — / (ci — ) db+ £, (S29)
1 1

1

with || 1L+1 (¢i — ¢y) db—f > 0 being profits of the input producer under autarky. According

to Propositions 1 and S1, p§ = A— L?/4 and p%; = ¢; + (5L + 7) (L 4 1) /12. Accounting
for transport costs, gives p% (b) = p% + [b— (14 L/2)]* and pei(b) = pi;+ (b— 1/2)%.
Thus, welfare changes in country L can be rewritten as

5L47

AW = / S - L2 - (b 12 db- / o (i — cu) db+f =AW, (S30)

N J/
'

AT

where AT = 22 (L+1) (L — 1)® represents the transport cost disadvantage of country
L for serving consumers located close to the common border. Consumer surplus gains
are dominated by profit losses so that trade liberalization induces a welfare decline in
country L which is given by AW/ = —2(3L3 + 502 =3L —5) — (¢; —c,) L+ f < 0.
Finally, overall world welfare changes are given by AWLE .= AWLE  AWER = AT —

(ci—cy) L+ f ; 0. The sign of AW depends on the particular parameter constellation

and is in general ambiguous.

S.2.2 A long-run equilibrium with two input producers

Note first that addresses =, < 1/2 and x, > 14 L/2 are inconsistent with profit-
maximizing location choices (given the position of final goods producers). Moreover,
for any location of input producer 1, z! € [1/2,1 + L/2], there are only two candidates
for an optimal location choice of input producer 2, namely z2 = 1/2 and 22 = 1 + L/2.

This is due to positive transport costs of input transactions (see our discussion in Section

3). Finally, if x1 = 1/2, then 22 = 1 + L/2 is the best choice, while x2 = 1/2 is the best
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response to L =1+ L/2."> As a consequence, the two input producers are separated to
locations 22 = 1/2 and 2% = 1+ L/2 (the best reply location choices).!6

Next, we identify the optimal price-setting behavior of the two input producers. There-
fore (and similar to stage (iv) in the paper), we impose a restriction on price setting and
assume pf > cy, k € {s, L}, k' € {s,L}.'" This restriction guarantees uniqueness of the
price equilibrium. (See the discussion in Footnote 17 of the paper.) Price competition of
the two input producers leads to a price vis-a-vis the final goods producer at home that
fulfills pf < min [c, +¢ (L + 1)% /4, ¢i|, k= s, L.'® The following lemma applies:

Lemma S1 Under Assumption 2, if there is a single input producer in either economy,
then there is national but not international outsourcing in the free trade equilibrium.

Proof. Lemma S1 follows from condition pf < min [c, +¢ (L + 1)% /4, ¢l k=s,L
and the fact that the final goods supplier buys inputs from the cheapest source. ®

In this case, we can speak of competitive exclusion of international outsourcing. Imita-

tion of the price choice of the input producer in the partner country guarantees a positive

amount of input sales at home, implying 0 < z,,, < L + 1. (See (21).) Hence, operative

Whenever input producer 2 decides for a location to the left of 1+ L/2, i.e. 22 < 1+ L/2, input
producer 1 can underbid any price (larger than the sum of marginal production costs and transport costs)
of producer 2 vis-a-vis the final goods supplier in country L, if producer 1 chooses location x =1+ L/2.
(This is due to transport cost savings.) Hence, in an equilibrium with two input producers, each producer
will serve the final goods supplier located closest to her own address (but not the other one). This insight
allows us to determine the location choices of input producers in a straightforward way. For further

details, see our discussion below.
16The existence of a long-run equilibrium is not more than a hypothesis for the moment. However,

it is shown below that input production at locations z2 = 1/2 and 2% = 1 + L/2 are consistent with

non-negative profits of input producers.

17 pﬁl refers to the input price set by a producer in k € {s, L} vis-a-vis the final goods suplier in country

k' € {s,L}.
18Given the location of final and intermediate goods producers, the final goods supplier in country s

decides for outsourcing only, if ¢; > min |pf, pf, + ¢ (L + 1)° /4}, k' # k € {s,L}. Moreover, if pf <
ok +t(L+ 1)2 /4, there is national outsourcing, while international outsourcing prevails, if pf > pf, +

t(L+1)% /4. (In the case of indifference, the final goods producer decides for national outsourcing.)
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profits of the two input producers are given by!”

- . i
s s pL_ps 5L+7
— (o = e 1
and
[7TL+5  pk—pf ]
L_ (L_ _PL s | 9
X = (o c“)_ 12 3(L+1)] (832)

Since pf < min [cu +t(L+ 1)2 /4, ci} imposes two restrictions on p¥, we can simplify
the following analysis by focussing on a paramter domain with ¢; > ¢, + ¢ (L + 1)2 /4.
This guarantees pf < ¢, whenever pf < ¢, +t(L+1)*/4, k = s,L.2° Then, profit

maximization of the two input producers gives

Cu -+ (17L+1192)(L+1) if t> %’)%211)7
o =] et GLEEED Gy (3L 100 (533)
Cu + 1 (E52)7 if t < BLET
and
P e = 530
cott (B! i < oL

according to (S31) and (S32). Substituting p$* = ¢* and p¥* = ¢ in (21) determines the

location of the marginal consumer

e i 1>y
x _ ) 5L4T | jL41 SLAT 191417
zh, LT Ll i e | SR, ) (835)
5L+7 : S5L47
12 if <

From (S35) it is obvious that x,, (p*, pf*) € [(5L + 7) /12, (17L + 19) /36], implying that
the marginal consumer is resident of the large economy. Hence, country s exports final
output. This is similar to the case of integrated production in both economies and, again,

driven by a transport-cost-related size disadvantage of the large country. However, the

Y9Substituting pi = ¢* and p¥ = ¢ in (21) gives Dy =z, = (pF — p3) /B(L+ 1]+ (BL+7) /12> 0
and Dy, = (TL+5) /12 — (p} — p2) /[3(L 4+ 1)] > 0, according to our considerations above. This is used
in (S31) and (S32).

20The results for ¢; < ¢, 4 ¢ (L + 1)? /4 can be derived in an analogous way.
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hinterland effect is even stronger in the case of national outsourcing in both economies. If
production is integrated, due to its larger hinterland, the final goods producer in country
L decides for a "less aggressive” price strategy than its competitor in s. (This follows
from the analysis in Subsection S.2.1.) In the case of competitive exclusion of international
outsourcing, the larger hinterland of country L implies that both the down-stream and
the up-stream producer in L have an incentive to decide for a higher price than their
counterparts in s. This explains, why in equilibrium both the input price and the final
goods mill price are not lower in country L than in country s. L.e., more precisely, p&* >
ps*, according to (S33), (S34), and, therefore, pj > p¥, according to (19), (20).

So far, we have hypothesized the existence of a long-run equilibrium with two input
producers, without showing that such an outcome is consistent with a long-run equilib-
rium. See Foootnote 16. However, using (S33), (S34) in (S31) and (S32) proves that
under certain parameter constellations input production in both economies (at addresses
x8 = 1/2and 2L = 14+ L /2, respectively) is consistent with positive (net) profits y*—f > 0
and x“ — f > 0 (as well as with condition 1 < f/(¢; — ¢,) < L, see Proposition 1).

The main findings of Subsection S.2.2 are summarized in Proposition S2.

Proposition S2 Under Assumption 2, if there is input production in both economies,
then there is competitive exclusion of international outsourcing and both final goods pro-
ducers make use of national outsourcing opportunities in the (long-run) free trade equilib-
rium. Due to a larger hinterland, the input producer in the large country has an incentive
to set a higher (at least not a lower) price than the input producer in the small econ-
omy. This implies that the transport-cost-related size disadvantage of the large economy
is (potentially) reinforced and that the small country exports the consumption good. An

outsourcing-related production cost advantage of the large country does not arise.

Proof. Proposition S2 follows from the analysis above. m
Welfare effects of trade liberalization are qualitatively equivalent to those identified for
the case of integrated production in both economies. Welfare in the small country rises

and welfare in the large country declines. Overall world welfare is ambiguously affected.

29



This result is formally shown below.

Using xLft > *1, according to (S35), implies that welfare gains in country s are given
by AWLE = / o (pr —c,)db — f > 0.2! (Remember that superscript LR refers to long
run.) Welfare cl;anges in L are given by

awit = [T o) - ola- [ -l (336)

1
where p¢ (b) = p% +[b — (1 + L/2)]” and p* (b) = p*+[b— 1/2]*. p% = A— L?/4 is the au-
tarky mill price of the final goods producer in L, according to Proposition 1. Substituting

ps* = ¢*, according to (S33), and pt* = &, according to (S34), in (19), gives

68L+76)(L+1 . 19L417
R if t= 30
* L+1)2 5L+7)(L+1 . 5L+7 19L+17
ps — Cu+t( 6) + ( 23( ) lf t e [L_H’ 3(L+1)> (837)
Lol (B5L+T7)(L+1) - L+7
Cu+t< 2 ) + 12 if t<5L—:—1

Hence, (S36) can be reformulated as

Fn T (5L +7) (L +1
AWLLR:/l (b — (1+ L/2) — [b— 1/2] db—/l (5L + 1)2< Db - A,
(938)
with
( / T (531 155)(L41) b ’
LI 36 it t> gy
AWy, = / | (G oy gy i te [SE MDY L (S39)
T, 9 if t < BLAT
sy

Using z},, according to (S35), and substituting (S39) in (S38) gives

* L+17)(L .
. (mm . 1) (15 +1 )(L+1) if + Z 29(211)7
AW = [(“L*” L“>+3t( )] if te [—5§j177;fg§1})7) . (S40)
< SO [SERE ()] i e

2L A second input producer has only an incentive to enter if there is a prospect of positive profits.
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According to (S40), AWER < 0. Finally, AWLE = AWEE + AWER implies

AWLE = / [b— (1+L/2)2—[b—1/2db— f

1

(DO p gy e
= { - [ ] g e e [ ) (sa
- DO <

and, therefore, AWE E 0. The sign of AW depends on the particular parameter

constellation and is in general ambiguous.

S.2.3 A long-run equilibrium with one input producer

Determining the long-run equilibrium with only one input producer is not a straightfor-
ward task. For the purpose of better readability, we therefore have organized the formal

discusssion in four steps.

Step 1: Exclusion of locations that are inconsistent with profit-maximizing

decisions

Note first that all locations x, € [0,1/2) and z, € (1+ L/2,L + 1] are strictly dom-
inated by locations x, = 1/2 and z, = 1+ L/2, respectively. Second, let us define
for any location zf € [1/2,(L + 3)/4) a ”counterpart location” in the large economy
ke (L+3)/4,1+ L/2), with a8 —1/2=1+L/2—aL =\ (as wellas 1 + L/2 — 25 =
L —1/2 =: 11).?? Third, be aware that an interior location z,,, with 1/2 < x, < 1+ L/2,
can only be optimal, if there is a positive amount of sales to both final goods producers.
Otherwise, either z, = 1/2 or x,, = 1 + L/2 would be superior, since transpot costs can
be saved.

Now, hypothesize that the input producer decides for a location ¥ € [1/2, (L + 3) /4)
(with a counterpart location 7L € ((L +3)/4,1+ L/2] in the large economy) and, if

input production is at address z;, denote the profit-maximizing input prices vis-a-vis

21f 28 = (L +3) /4, then A = p = (L + 1) /4.
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the final goods producers in countries s and L by p° € (ci — 7, ci] and 7% > ¢; — 1%,
respectively.23 Thereby, A := 7% —1/2 and Ji := 14 L/2 — & have been used. (Moreover,
7" > ¢, must be fulfilled in the case of positive input sales to the final goods supplier in
k € {s,L}. Otherwise, % and 7°, p" are not consistent with profit maximization.) Two
cases can be distinguished:

(a) If ¢; > 0" + N> (TL +5) (L +1) /4, then** z,,, € [(BL +7) /12, L + 1) and

~s P —th. | BL4T , Ci—cu
(IO _CU)[ 3(/24-1) + 12 } Zf t> 7

X = ~L L 41 ~L  ~s ci—ﬁs—txz 5L47 ; < SGizCu (S42)
(P —cu) (L+1) = (7 _p)[S(LH) + 12] if t< 2
(b) I 7 + N = ¢; — (TL +5) (L + 1) /4, then 2, = L + 1 and
v = lci_tf—cu— (7L+5ZL(L+1)} (L+1). (943)

Thereby, p* = ¢; — tii> if t < (¢; — ¢,) /Ji° (international outsourcing) and 7~ > ¢; — tji°
if t > (¢; — cy) /li° (integrated production in L) have been considered. In contrast, if the
input producer decides for the counterpart location in the large economy ZZ, the following
operative profits are feasible:

(c)If¢; >p° +tX2 > ¢;— (5L +7) (L4 1) /4, then p» = 7* and p* = p" are possible price
choices that lead to z,, € (0, (5L + 7) /12) and operative profits

~2
~s5 ci—p°—tA\ 7L+5 . Ci—Cuy
(P = cu) [ S T } if t> s

B o e . (S44)
=) (L+1) = (7 —7") [Be + 2] if t<esp

X:

(d) If p° + I < ¢ — (BL+7)(L+1)/4, the input producer can decide for p = ¢; —
(5L+T7)(L+1)/4— I\ and p® = P, which implies z,, = 0 and

Y= [Ci—{f—cu— (5L+2(L+1)} (L+1). (545)

2 The final goods producer in L decides for integrated production, if ¢; < 5L + tﬁz.
24 Remember that x¥, > (5L +7) /12 if c& > ¢*, according to (21).

. e 2 , . . oo . .
*Indeed, p° +t\ < ¢;— (7L +5) (L + 1) /4 is not consistent with a profit-maximizing price choice. Le.,
) ~2 ~s <2

p° < ci—th —(TL+5) (L + 1) /4 is strictly dominated by a price choice p° = ¢;—tA — (7L +5) (L +1) /4.

See our discussion in Section 4
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From a comparison of (S42), (S43) with (S44), (S45), it is obvious that the optimal
location of the input producer cannot be in interval x, € [1/2,(L + 3) /4). Le., for any
location =¥ € [1/2, (L + 3) /4) that is consistent with non-negative operative profits, there
exists at least one (counterpart) location zZ € ((L + 3) /4,1 + L/2] that leads to higher
profits of the input producer.

Furthermore, =, = (L + 3) /4 cannot be the optimal location choice. To see this,
hypothesize that the single input producer would decide for x, = (L + 3) /4, with profit-
maximizing input prices p* = p* = ¢; — t (L 4+ 1)* /16 vis-a-vis the two final goods pro-

ducers. This leads to operative profits

B (LY
X=|ci—cu n

and z,, = (BL+7)/12. Let us now investigate how a marginal increase of x, over

(L+1) (S46)

(L + 3) /4 would affect operative profits y. Thereby, we assume that the input producer
sets the maximum possible price vis-a-vis the two final goods suppliers (that makes them
indifferent between integrated manufacture and outsourcing of input production), i.e.,

pF=ci—t[(L+1) /44 ¢ and p¥ = ¢; — t[(L + 1) /4 — ¢]>. We define

x(¢) : :[ci—cu—t<%— >2 (L+1)

L+1 2 (L+1 21 5L+ 7
_— = - — 4
[T S ES 5 L5 S
with ¢ > 0. Differentiating (S19) with respect to ¢ gives
dx (¢) L+1 (5L+T7)(L+1)
o 2t 1 o) (L+1)—t 19 : (548)
Evaluating the latter expression at ¢ = 0, we obtain
dx (¢) L?—1
- S49

which is larger than zero, if L > 1 (and ¢ > 0). Hence, z, = (L + 3) /4 cannot be
the optimal location of a single input producer, since a marginal increase of x, would

definitely increase operative profits y. Summing up, we can conclude:
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Lemma S2 If a single input producer is active under free trade, its profit-mazximizing

location must lie in interval ((L +3)/4,1+ L/2].

Proof. Lemma S2 directly follows from the analysis above. m

Step 2: Refining the search for an optimal location of input production

In principle, one may hypothesize that the optimal location of the input producer is chosen
strategically, to deter entry of potential competitors. Since we cannot add further insights
into the discussion of entry deterrence, we make the following assumption to reduce the
complexity (and improve the tractability) of our analysis. For any profit-maximizing
location =} € ((L +3) /4,1 + L/2] of a single input producer, there exists no best response
location of input production that assures positive profits y — f > 0 of a further entrant. To
put it differently, we assume that potential entry of further competitiors does not impact
on the optimal location choice of the input producer. Basically, this is an assumption on
the underlying parameter domain, i.e., a restriction on fundamentals L, f, ¢;, ¢, and ¢.2
In addition, we assume that f < x (x,) holds for a single supplier at the optimal location
x; for production of intermediate goods. This guarantees that the optimal location choice
identified below is consistent with a long-run free trade equilibrium, in which only one
input producer is active.

Under the aforementioned assumptions, two types of equilibria can be distinguished,
namely (i) (L+3)/4 <z, <1+ L/2 and (ii) z, = 1 + L/2. For the moment, let us
focus on case (i) and calculate the optimal choice of z, in interval ((L + 3) /4,1+ L/2).
The respective operative profits x attainable at that location are then compared with the
maximum profits attainable at location x,, = 1 + L/2 (in step 3, below).

We note that p* = ¢; — t (2, — 1/2)* describes the optimal input price vis-a-vis the
final goods producer in country s. Moreover, p’ € (cu, c;—t(1+L/2— xu)2) and pl =

¢ —t (14 L/2 —x,)” are two candidates for an optimal price choice vis-a-vis the final

26 Although it is not formally shown, the existence of such a parameter constellation has been verified

in a simulation analysis. For further discussion see Footnote 30.
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goods producer in country L.?” (See our discussion on optimal price setting in Section 4.)
Operative profits of the input producer (as a function of location x,,) can then be written

as

1 (L . L 2
X' (p" xy) if pt € (cy,ei —t(1+L/2 —xy)
X () = ( ) ( ; ) : (S50)
2 () if pl=ci—t(1+L/2—z,)

Thereby, we use

X' (p5 wa) = (pF — ) (L+1) = [p" — i+t (x0 — 1/2)*] 2 (0", 20) (S51)
with
o ) = R (52
according to (21), and
X () = [ei—cu —t(L+L/2 —2,)"] (L+1)
(0 1/2) — (14 L2 — 2,)7] 5L1; T (s53)

Both x' (p*,z,) and x* (z,) are defined on interval z, € ((L+3) /4,1 + L/2).

Let us investigate regime y! first. By maximizing its profits, the input producer sets
(at stage (ii), according to Figure 1) the optimal p’ for a given location z, (decided for
at stage (i)). By setting the partial derivative of x* (p",z,) with respect to p* equal to

zero, we obtain?®

o (@) = e 5 [ /2= ) + (r — /2] 4 (7L + 5;@ b (854)

Due to condition p” (z,,) < ¢; — t (1 + L/2 — x,,)%, we identify

Ty i (7L+5)Lt(L+3) (555)

2In an equilibrium with 2, < 1+ L/2, the marginal consumer must be at x,,, > 0. Otherwise, location

2, = 1+ L/2 would save transport costs and, therefore, be superior.
280f course, p~ (z4) > ¢, must hold. Otherwise, the outcome is not consistent with profit maximization.
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as a lower bound of possible locations x, under regime x*. Next, we use (S54) in (S51)

to obtain

(L+1)

X' () = {c,- —Cy — % (14 L/2 — 2,)* + (z, — 1/2)°] + (7L+5;(L+ 1)}

_ E (on = 1/2% = (1 + L2 —2,)7] + T2 5;(’3 - 1)} o (1), (S56)
with
o (1) = t(14+L/2—1,)" — (x, — 1/2) L 1TL+19 ($57)

2 3(L+1) 24
To find the optimal location z, under regime x!, we substitute (S57) into (S56) and

differentiate the resulting expression with respect to z,. This ultimately gives

dXdCC(Z:U) _ t(L6+ 1){7L+29:lt(L+3) _(12_15)%}. ($58)

J/

i1 9

m

1

Noting that d='/dt > 0 if x, > (L +3) /4 (ie., in the relevant range), we can show
that ¢ < 12 guarantees a negative sign of dx'(z,) /dz, for all z, > z,. (Remember
that x, > (L + 3) /4 is defined in (S55).) Intuitively, in the case of ¢ < 12, there is an
incentive to shift input production towards location z, = z,, thereby leaving regime y*

(and entering regime x?). Moreover, if ¢ > 12, setting dx' (x,) /dz, equal to zero, gives

7L 429 —t(L+3)

T 12—y (859)
according to (S58). From the fact that
d’x* () t(L+1)
Sl SRSl VA D) R Sl it
) (t ) 6 > 0, (S60)

is positive if ¢ > 12, we can conclude that (S59) determines a profit-minimizing input
location (which is at an address x, > x, if t > 6 (7L +5) /(L —1)). Hence, in the case
of t > 12 there are two candidates for a profit-maximizing location of input production,
namely x, = x,, according to (S55) and x, = 1 + L/2, which are both inconsistent with
regime x!'. To put it differently, it turns out that regime y' is not consistent with a

profit-maximizing location =, € ((L +3) /4,14 L/2).
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Next, we investigate regime x?, as determined in (S53). By searching for the profit-

maximing location choice, we obtain

2 7L+ 17
o _2t(L+1){T—xu} —0, (S61)
according to (S52), so that
TL+17
* - - 2
, 51 (S62)

is the profit-maximizing location for input production under regime x?, as long as t <

576 (¢; — cu) / (7L + 5)* holds.?

Lemma S3 If one input producer is active in the long-run, there are only two candidates
for an equilibrium location, namely (i) xi = (7L + 17) /24, leading to optimal input prices
pt=c;—t[(5L+7) /2417, p* = ¢; — t[(TL + 5) /24]* vis-a-vis the final goods producers in
countries L and s, respectively; and (ii) ¥ = 14 L/2, with input prices as determined in

the short-run, see Section 4.3

Proof. Lemma S3 follows from the analysis above. m

Step 3: Determining the optimal location of input production

Noting that operative profits are given by

e —a - 5L+77L+5
L A 204 24

(L+1), (S63)

if location zf = (7L +17) /24 is chosen in the long-run and being aware that t <
576 (¢; — cu) / (TL +5)° is a necessary condition for z* = (7L +17) /24 to be an opti-

mal location for input production (see Footnote 29), allows us to distinguish the following

YIn contrast, if t > 576 (¢; —c,) / (TL + 5)2 then, the input producer has no incentive to serve the
final goods producer in country s, given that location x,, = (7L + 17) /24 is decided for. In this case, it

is guaranteed that x,, = 1 4+ L/2 remains the profit-maximizing location of input production.
300f course, Lemma S3 is derived under the caveat that potential entry of further input producers has

no impact on the optimal location of input producers. (This excludes entry deterrence as a motive for

location decisions.) See the first pargraph of step 2 and Footnote 26.
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six parameter domains under which z¥ = (7L + 17) /24 may be optimal.*!

Case I: 576 (¢; — ¢,) / (TL+5)° >t >4(c;—c,) /(L+1)* and ¢; > G

Use ¢ = ¢, + (17L 4+ 19) (L + 1) /4 and remember that p* = ¢; — (5L + 7) (L + 1) /4 was
the optimal price choice in the short-run, according to (23). In this short-run equilibrium,
international outsourcing was technically excluded and the final goods producer in the
large economy served the whole integrated market (i.e., z,,, = 0). Operative profits of the

input supplier were given by

= e — e — <5L+71<L+1) (L+1), (S64)

due to ¥, = 1+ L/2. We have to compare x* with x°, according to (S63), (S64), to find
the profit-maximizing location of input production. This comparison implies?

~ 44(L+1)

< T7L+5 (565)

X7 Z x> iff

As a consequence, x,, = 1 + L/2 remains the optimal location, if ¢ is sufficiently large,
while for certain low levels of transport cost parameter ¢, x, = (7L + 17) /24 turns out
to be the profit-maximizing location choice. (Remember our assumption that no further
input producer has an incentive to enter the market, if location x, = (7L + 17) /24 or
x, = 1+ L/2, respectively, is the preferred choice. This implies a condition on the size of

fixed costs f.)

Case IT: 576 (¢; —¢,) / (TL+5)> >t > 4(¢; —¢,) /(L+1)* and ¢; < ¢

Use ¢; = ¢, + (TL+5) (L + 1) /4 In this case, p* = ¢; was the optimal input price in

the short-run. The respective profits were given by

SL+7
12 7

g

X7 = (¢ —cy) (S66)

31 Cases I-I1I refer to three paramter domains with technical exclusion of international outsourcing in the
short-run. Cases IV-VI are based on three parameter domains associated with international outsourcing

in the short-run. See Section 4 for a detailed discussion.
321t can be shown that t = 144 (L + 1) /(7L + 5) is consistent with 576 (¢c; — ¢,) /(7L + 5)% > t >

4(ci — cu) /(L +1)%, if a parameter domain with ¢; > ¢ prevails.
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so that??

o> X > Ci — Cy
=\ i 124 .
XX M e S e N T D

(S67) describes the relvant criterion for an optimal location choice. Again, z, =1+ L/2

(S67)

is chosen if ¢ is sufficiently high, while z, = (7L + 17) /24 is optimal, if ¢ is low enough.

Case IIIL: 576 (¢; — ¢,) / (TL+5)° >t >4(c; —c,) / (L+1)* and ¢; € [ci, @]

In this case, we had pX = (¢; +¢,) /2 + (7L +5) (L + 1) /8 in the short-run, giving

rise to operative profits

. | ci—cu (TL+5)1> L+1
X_{2(L+1)+ 8 } 3 (568)
Then,
1[ ¢s—ca (TL+5)]° 576
o> A > ) oy 1
Xex M t<{<c’ cu) 3{2( PV }}(5L+7)(7L+5)' (869)

~\~
=2

is the relevant criterion for a profit-maximizing location choice. The interpretation of ¢ is

similar to Cases I and I1.3*

Case IV: t <4(¢;—¢,)/(L+1)* and t > (17L +19) / (L +1)

This case is in total analogy to Case I above.3

Case V:t<4(¢;—¢,)/(L+1)? and t < (TL+5)/(L+1)

In this case, optimal input prices in the short-run were given by p* = ¢; — t (L + 1)2 /4
and p’ = ¢;, respectively, so that the final goods producer in country s is engaged in

international outsourcing under free trade. In the short-run, operative profits of the

3For completeness, note that 576 (c; —c,)/(TL+5)> > 48(ci—c,)/[BL+7)(L+1)] >

4(c; — ¢y) /(L +1)? holds.
34For completeness, it has been shown in a numerical experiment that ¢ E =2 is consistent with

576 (c; — cu) / (TL+5)* >t > 4(c; — cu) / (L +1)*. (The respecetive parameter code for Mathematica

5.0 is available from the authors upon request.)
3Note that ¢ < 4 (¢; — ¢,) / (L +1)* guarantees t < 576 (¢; — ¢,) / (7L + 5)°.
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input producer amounted to

(BL+7)(L+1)
48

X7 = |(ci—c,) —t (L+1), (S70)

according to (25). From a comparison of (S63) and (S70), we conclude x* > x7, so
that profit-maximizing location of input production is given by x, = (7L + 17) /24, if
t<4(c;—ecy)/(L+1)*and t < (7L +5) /(L + 1) simultaneously hold.

Case VI: t <4(c;—c,) /(L+1)>and t € [(TL+5) /(L +1),(17L +19) / (L + 1)]

Under this parameter domain, input prices in the short-run were given by p* = ¢; —
t(L+1)*/4 and p* = ¢; — t(L+1)* /8 + (TL+5) (L + 1) /8, according to (26). The

resulting operative profits in the short-run are

X =(ci—cy)(L+1)+

(TL+5) (L +1) t(éii)2

t 7L+5+£ L+1
8 2 2 24 6 4

L+1\*[17L+19 + [L+1
— S e 1
(55) P s ()] em

according to (25) and (26). Together with (S63), we then obtain

s L+l
192

g

X —X

W =+

{WL+®WH%L+QQ— wnﬂ+LuL+mﬂ, (S72)

which is declining in ¢ over interval [(7L +5) /(L +1),t) and increasing over interval
(t, (17TL +19) / (L + 1)].3¢ Moreover, we note that x° — )@“t:% > X7 — XA‘t:QL—ij'
Hence, we evaluate Y’ —x* at t = (17L + 19) / (L + 1), which is lower than zero. As a con-
sequence, x* > x? forany ¢t € [(TL +5) /(L + 1), (17L +19) / (L + 1)], since x* > x7 for
t=(17L+19) /(L + 1). This implies that x,, = (7L + 17) /24 is the profit-maximizing lo-
cation of input production if ¢ < 4 (¢; — ¢,) / (L+1)>and t € [(TL +5) /(L +1),(17L +19) / (L + 1)]

simultaneously hold.

Summing up, we obtain the following intuitive result.

36Noteworthy, ¢ := [67L2 + 142L + 79] / [6 (L+ 1)2} is determined by condition d (XU —x) /dt =0,
according to (S72).
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Proposition S3 If only one input producer is active in the long-run, the profit-maximizing
location for input production is given by xf = (TL 4+ 17) /24, if t is sufficiently low, while
i =1+ L/2 is chosen, if t is sufficiently large. The respective input prices associated

with these locations are described in Lemma S3.

Proof. Proposition S3 follows from the analysis above. m

Step 4: Welfare effects in the long-run, if = = (7L + 17) /24

With respect to the long-run welfare effects of trade liberalization, we focus on parameter
domains that make x,, = (7L + 17) /24 the profit-maximizing location of input production,
given that only one input producer is active. Welfare effects for z, = 1 + L/2 coincide
with the respective welfare effects in the short-run, discussed in Section 5. Substituting®’
pF = ¢; —t[(BL+7)/24) and p* = ¢ — t[(TL+5) /24] for ¢* and ¢*, respectively,
in (21) and using % = (7L + 17) /24, according to(S62), reveals zLft = (5L 4 7) /12.
(Superscript LR refers to the long-run.) Hence, welfare changes in the small economy
must be positive since country s exports the final good in the long-run. Welfare gains
in the small economy are given by AW = flx’L”R [pSLR — ci} db > 0. Moreover, welfare

changes in the large economy are determined by3®

LR LR
‘TTVL

AWER = / I (6) — pER ()] db / (v — o) db

1

+ /01 (p* —cu)db— /:H [ci = p"] db, (ST3)

LR
m

where pf (b) = pf + [b— (1+L/2)], pf = A — L?/4, p£f (b) = pt® + (b—1/2)* and
ptE = ¢; + (L +7) (L + 1) /12, according to (19) in the paper. Hence, (S73) can be

37pl and p* are determined by Lemma S3, respectively.

38 LLL—El (ci — p* ) db are profit losses for input sales to the final goods producer in L, if the input producer

locates at address x = (7L + 17) /24 (in the long-run free trade equilibrium) instead of =, = 1 + L/2

(which was optimal under autarky).
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reformulated as

LR

AWLE = /xm (b= (1+ L/2)> = [b—1/2*} db

LR
_ / (5L + 71)2@ D Avg, (ST4)
1

with

zLR 2 L+1 2
7L+ 5 5L + 7
AWUgy = t db t db
52 /1 ( 24 ) " /x,LnR ( 24 )
7L+ 5

—(ci—cu)—l—t< - )2. (S75)

)t )
+(Ci—cu)—t<7L2jl_5)2. (S76)

It is worth noting that AWLE may be positive or negative, depending on the respective

Substituting (S75) in (S74), gives

AWER Z (R 1) {(3L+5)(L+1)+t

8

parameter domain.

Concerning the change of overall world welfare, we obtain
LR

AWLR = / (b= (1+L/2)P = [b—1/27} db — ATs, (S77)

(L) s (5]
+(ci—cu)—t(7L21_5)2. (S78)

As a consequence, AWLE may be positive or negative, depending on the underlying

which can be reformulated to

AWLR:%R_U{(L—%A(ILH) _,

parameter domain.
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