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1. Introduction

The relocation of firms, which affects market structure in advanced countries, is ameatter of
current interest given the liberdization currently under way in world trade. Thisissue has been
andyzed conddering firms as privatedy owned. The objective of private firms is to maximize
profits and, thus, a private firm decides to change its locationif its profit can be increased by
doing s0. However, in many advanced countries private firms compete with firms which are
patly owned by the government. These firms referred to as semipublic, maximize the
weighted average of the socid welfare and thar own profits (weighted wdfare). Therefore, a
semipublic firm relocates only if weighted wefare is thereby increased; thus, when such afirm
decides whether to move it takes into account not only its own profit but aso the consumer
aurplus, the producer surplus and the income obtained by workers. The weight of socid
wefare in the objective function of the semipublic firm depends on the percentage of its shares
owned by the government. As a result, that percentage is a crucid factor when deciding
whether to relocate. The objective of this paper is to andyze the reocation decison of
domestic firms and how it affects socid wefare in advanced countries when private firms
compete in the product market with semipublic firms.

Although there are various factors that lead firmsto move their plants, this paper focuses on
relocations that seek to reduce labour costs since there is currently more and more empirical
evidence that shows that firms are deciding to move to countries where wage costs are lower.1
In advanced countries, the labour market is characterized by high levels of unionization,
whereas in less advanced countries there is little or no trade union presence or wage

bargaining, so labour costs are lower.

1 For example, the European textile sector is closing factories in Europe to relocate in countries with lower

wages due to the total liberalization of the textile trade that took place in 2005.



An example that illugrates the problem andyzed here is given by the automobile firm
Volkswagen (VW). This firm is partly owned by the government of Lower Saxony, which
holds approximately a 20 percent stake (Esser, 1998). This firm owns nine plantsin Germany
and one each in Belgium, Portugd and Spain. VW aso owns severd plants in Eagtern
Europe.2 Reports have suggested that VW is conddering closing its Brussds plant. This
scaing down of the carmaker’s Western European plants, followed by relocation in countries
with lower labour codts, is vitd to VW's future survivd. It is largely inevitable that more
factories in Western Europe, be they in Germany, Belgium or dsawhere, will be closed to
make way for increased production in low wage countries. Such closures are vitd to the

surviva of large European carmakers (Automotive Business Review, 7/13/2005).3

The literature studying the location decisors of firms has manly anayzed the different
factors that influence such decisiors, e. g. reducing wage costs, entering foreign markets and
edtablishing cooperation agreements between firms (see Feensira, 1999; Mucchidli and
Saucier, 1997), and how governments can influence them when dl firms are privately owned
(see, for example, Blomstom and Kokko, 2003; Fumagdli 2003; Barcena-Ruiz and Garzon,
2003a). These studies have been extended to analyze whether the relocation of companiesis
harmful to the countries out of which they move because of the resulting loss of employment
when the labour force is unionized (see Lommerud et d., 2003; Leahy and Montagna, 2000).
However, these papers do not anayze how firms location decisons are affected by the

existence of a semipublic firm that competes with private firms in the product market.

Most of the literature on mixed oligopoly usudly consders only one country and one public
firm (see for ingance De Frga and Delbono, 1989, 1990; Corneo and Jeanne, 1994; White,
1996; Willner, 2001). This literature has been extended to andyze, anong other issues, how
market structure is affected by the existence of a semipublic firm (see Matsumura, 1998,
Bércena-Ruiz and Garzén, 2003b), by the exigtence of internationd trade assuming that a

2 http://www.volkswagen-environment.de/buster/buster.asp?i=_content/aktuelles 114.asp



publicly-owed firm competes with both domestic and foreign firms (see for instance Fedl and
Pal, 1996; Pdl and White, 1998) and by the fact that there may be severa publicly-owned
firms located in different countries competing with private firms Barcena-Ruiz and Garzon,
2005a, 2005b). However, these papers do not analyze whether firms located in advanced
countries want to relocate their plants.

Tofill this gap in the literature, we study how the structure of marketsin advanced countriesis
affected by the relocation of firms and how it affects socid welfare when private firms competein
the product market with firmsthat are jointly owned by the private and public sectors. In order to
andyze this question we condder an economy made up of two firms a privae firm and a
semipublic firm. Both firms have the same technology, which exhibits congant returns to scae,
and they produce a homogeneous good. Labour is the only factor used in the production
process, dl workers are unionized and there is a separate, independent union at each firm. In
order to determine the wage st a each firm we consder the monopoly-union modd, which
assumes that the unions set the wage while the firms choose the employment level once the wage
is &t by unions (see Booth, 1995). Firms are able to close their plants located in an advanced
country to relocate in acountry with lower wages, paying afixed cogt. In the latter country the

wage costs are lower because workers are not unionized.

We obtain that when the fixed cost of relocating the firmislow (high) enough both (neither)
of them relocate(s). When the fixed cost takes an intermediate va ue and the government owns
a low enough percentage of the shares in the semipublic firm only one firm moves and there
are two equilibriac in one of them the semipublic firm relocates and in the other the private firm.
Findly, for the remaining parameters vaues only the semipublic firm changesitslocation This
last result is counterintuitive snce it does so in spite of the fact that it cares about the utility of

3 http://www.automotive-busi ness-review.com/article_feature.asp?guid=8F99CB05-CIB8-4FCE-9AAE
31619EAF7C11



domestic workers:4 The explanation of this result is the following. When a firm relocates, it
reduces its production cost and increases its output levd; as a result, market competition
increases. If the private firm does not relocate the semipublic firm does, because the increases
in consumer surplus and in its own profit (due to the increase inits output) offset the lower
utility of domestic workers, the lower profit of the private firm and the cost of relocation. On
the other hand, if the semipublic firm moves, the private firm does not, because market

competition would be excessively high, which harms its profit.

We aso obtain that if only one firm relocates, socia welfare is greater if that firmis the
semipublic firm. In that case, the greater consumer and producer surpluses offset the lower
union utility compared with the case in which only the private firm relocates. Findly, at least as
many firms relocate when the relocation decision is taken by firms themsdves aswhen it is
taken by an agent whose objective is socid wdfare. Thisis because the private firm does not
take into account the utility of the workers and the profit of the firm that remainsin the country
when it decides whether to relocate. Moreover, the semipublic firm maximizes weighted

welfare rather than socia welfare.
The rest of the paper is organized as follows. Section 2 presents the modd. Section 3
gudies the decison by firms as to whether or not to relocate. Section 4 andyzes whether the

decison taken by firms reduces socid welfare. Conclusons are drawn in Section 5.

2. The modd

4 possible extension of the paper isto consider that there are two countries and two multiproduct firms:
one firm is private and the other one is semipublic. Each multiproduct firm ownstwo plants, one located in
each country, that produce substitute goods. Each firm is owned by investors fromone of the countries.
The firms can relocate their plants to a third country where wage costs are lower. In this context the
semipublic firm prefersto relocate the plant located in the foreign country rather than the one located inits

own country.



We consder an economy made up of two firms producing a homogeneous good: one firm
is jointly owned by the public and private sectors, and the other firm is private. They are
denoted by 0 and 1, respectively.S Inverse demand function is given by:

P=a—0o—ds,

where p isthe price of the good and ¢ is the amount of the good produced by firm i, i= 0, 1.

We assume that labour is the only factor used in the production process. Firm i hires L;
workers with a uniform wage rate w;. Both firms have the same technology and exhibit
congtant returns to scale such that ¢, = L;. All workersin each firm are unionized and thereis a

Separate independent union at each firm. Unions and firms are both risk neutrd. In order to
determine the wage st a each firm, we consider the monopoly-union modd, which assumes
that the unions st the wage while the firms choose the employment level once the wage is set
by unions (see Booth, 1995). The utility function of the union &t firm i isitswage bill: U;(w;, L)
=w L, i=0, 1

We assume that when afirm relocates it closes its production plant and sets up anew one
in a country where wage costs are lower because since its workers are not unionized. In order
to smplify the andyds, and with no loss of generdity, we assume that the wage paid in that
country is normalized to zero. The firm has to pay a fixed cost F to relocate its production
plant. Thus, given that labour is the only factor used by each firm, the profit of firm i isgiven

by:

S Bos (1986, p. 231) points out that when publicly-owned and private firms exist in an economy, “Partial
analysis must be centred on duopolistic or oligopolistic structures where one of the participantsisapublic
enterprise. The great advantage of such an analysisisthat it reveal s the whole range of possible outcomes

as depending on the different possible reactions of the economic agents considered”.



pi=@-g—g-w)g-F,itjij=01, 2@

where F,=F and w,=0 if firm i relocates and, F;=0 and w; is postiveif firm i remansin its

present country.

As usud, socid welfare comprises the consumer surplus, CS, the producer surplus, PS,
and the rents obtained by the workers, U. Specificdly, we assume the following socid welfare
function:

W= CS+ PS+ U, 3)

where CS= (g, + §,)%/2, PS= p,+ p,;ad U = U,+ U;. Union rents are included as that

part of the producer surplus which is absorbed by the unions.6 We assume that the semipublic
firm is jointly owned by the public sector and private domestic shareholders. The private firm
is owned by domestic shareholders. Thus, even if the private and the semipublic firms relocate,
their profits are included as a part of the socid welfare of this economy.

The private firm chooses the output level, g, that maximizes its profit given by (2) for i=1
and j=0. We assume that the government owns a percent of the sharesin the semipublic firm,
wherea T (0, 1). Following Matsumura (1998) we congder that asemipublic firm maximizes
the weighted average of the payoff of the government and its own profit (denoted as weighted

welfare). Therefore, the semipublic firm chooses the output level g, that maximizes

V=aW+(1-a)p, 4

wherep, isgivenby (2), fori =0andj =1, and Wisgiven by (3).

6 Thisis usual in literature. See, for example, Brander and Spencer (1988), Mezzetti and Dinopoulos (1991),
Bughin and Vanini (1995), Ulph (1996) and Naylor (1998).



The objective of this paper is to study the firms' decision as to whether to relocate when a
private firm competes with a semipublic firm in the product market. To that end we propose a
three dage game with the following timing. In the first stage, firms decide smultaneoudy
whether or not to relocate. In the second stage, unions set wages Smultaneoudy. Findly, in the
third stage, firms amultaneoudy choose ther output and employment levels. We solve the
game by backward induction from the lagt stage of the game to obtain a subgame perfect
Nash Equilibrium.

3. Reaults

Given that we have a private firm and a semipublic firm that can relocate thar productive
plants, there are four subgames to be andlyzed: neither firm relocates (denoted by NN), only
the semipublic firm relocates (denoted by RN), only the private firm relocates (denoted by
NR), and both firms relocate (denoted by RR). Next, we solve the second and third stages of
the game when neither firm relocates.

3.1. Neither firm relocates

In the third stage, the private firm chooses the value of g, that maximizesits profit given by
(2), for i=1, j=0 and F; = 0. The semipublic firm chooses the value of q, that maximizes
weighted welfare given by (4) where Fy = 0. From the first order conditions of these

maximization problems we obtain the output and employment levels as a function of wage

rates.
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It is easy to see that the output and employment of the semipublic (private) firmincrease
(decrease) witha. Thisis because as a increases, the weight of socid welfare (and, thus, the

consumer surplus) in the objective function of the semipublic firm becomes gresater.

In the second stage, given (5), the union &t firm i sets the wage, w;, that maximizes union
rents, Ui(w;, wp) = w; Ly(w;, wy), i*j, i, j =0, 1 Solving these problems we obtain the

following result.

Lemma 1. When neither firm relocates, the wage, output and employment levels, the

profit of each firm, the utility of workers, the consumer surplus, social welfare and

weighted welfare are:
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It can be shown that the output levels and the wages paid at both firms are postive snce a

-

I (O, 1). On the other hand, as only the semipublic firm takes the consumer surplus into

account it produces more and hires more labour than the private firm (LY > LM ). This
permits the union a the semipublic firm to set a higher wage (W™ >w"" ) and obtain a

greater utility (U N >U M),



Next, we solve the second and third stages of the game when only the private firm

relocates.

3.2. Only the private firm relocates

In the third stage of the game the semipublic firm chooses the value of ¢y that maximizes
weighted welfare given by (4) and the private firm chooses the value of g, that maximizesits
profit given by (2), for i=1 and j=0, where w,=0, F, = 0 and F, = F. From the first order
conditions of these maximization problems we obtain that the output and employment levels as

afunction of wage rates are given by (5), where w;=0.

In the second stage, given the output and employment levels as a function of wage rates,

the union at the semipublic firm sets the wage, w,,, thet maximizes union rents, U,. Solving this

problem we obtain the following result.

Lemma 2. When only the private firm relocates, the wage, output and employment
levels, the profit of each firm, the utility of workers, the consumer surplus, social

welfare and weighted welfare are:
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Next, we solve the second and third stages of the game when only the semipublic firm
relocates.
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3.3 Only the semipublic firm relocates

In the third Stage of the game the semipublic firm chooses the vadue of ¢, that maximizes
weighted welfare given by (4) and the private firm chooses the value of ¢, that maximizesits
profit given by (2), for i=1 and j=0, where w,=0, F, = F and F; =0. From the first order
conditions of this maximization problem we obtain that the output and employment levels as a

function of wage rates are given by (5), where w,=0.

In the second stage, given the output and employment levels as a function of wage rates,
the union a the private firm sets the wage, w;, that maximizes union rents, U,. Solving this

problem we obtain the following result.

Lemma 3. When only the semipublic firm relocates, the wage, output and
employment levels, the profit of each firm, the utility of workers, the consumer surplus,
social welfare and weighted welfare are:

_al-a) rv__ a&(5-3) RN _ | RN _ a(l-a)
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F.

Next, we solve the second and third stages of the game when both firms rel ocate.

3.4 Both firmsrelocate
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In the third stage of the game the semipublic firm chooses the vadue of ¢, that maximizes
weighted welfare given by (4) and the private firm chooses the value of ¢, that maximizes its
profit given by (2), for i=1 and j=0, where w,=0, w,=0, F,=F and F,=F.7 From the firgt

order conditions of these maximization problems we obtain the following resuilt.

Lemma 4. When the private and the semipublic firms relocate, the wage, output and
employment levels, the profit of each firm, the utility of workers, the consumer surplus,

social welfare and weighted welfare are:

_ 201 _ 2
We" =W =0, o :3-a2a " :aﬁ 22)’ o =P E713(.12;))2 _

a’(2- a)? WRR = a’(2-a)(4- 3)
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2(3- 2a) 2(3- 2a)

2F,

_a’(2+a(2- a)(2- 3a))

VRR
23- 2a)?

-(1+a)F.

Once the second and third stages of the game have been andyzed in dl four subgames, it
remains to solve the first stage of the game.

3.5 Firms decisions asto whether or not to relocate

In this section we study whether firms want to relocate ther plants to a country where

wage costs are lower. Taking into account lemmeas 1 to 4 the following result is obtained. F;
denotes the vaue of F such that p;™ =p, F, denotes the vaue of F such that
piR =p™, F; denotes the vaue of F such that V"R =V "R and, findly, F, denotes the
vaueof F suchtha VRN =V |t can be shown that F,= F, if andonly if a =a". The

vauesof F; (i=1, 2, 3,4) and a” are relegated to Appendix 1.

7 1n the second stage of this subgame there is no wage bargaining since both firms move to a country

where wage costs are lower and, thus, wy=w;=0.
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Proposition 1. Both firms relocate if FEF,. Neither firm relocates if Fé F,. There are
two equilibria if F,2 F3 F5: in one of them only the semipublic firm relocates, and in the

other, only the private firm. For the remaining values of parameter F, only the

semipublic firm relocates.

Proof. See Appendix 1.

The result shown in Ropogtion 1 is illugrated in Figure 1. When a increases, market
competition is greater and the private firm finds relocation |ess attractive. Therefore, the private
firm moves for lower values of parameter F, which meansthat F, and F, decrease with a.
Moreover, if a rises, weighted welfare V is greater if the semipublic firm rdocates than if it
does not, because of the greater weight of the consumer surplus. Therefore, if a increases the
semipublic firm finds relocation more attractive and moves for greater vaues of parameter F.

Asaresault, F; and F, incresse with a.

[INSERT FIGURE 1 AROUND HERE]

If relocation of the private firm to a country with lower wages does not require any
invesment (i.e. if F=0), then p>p™ and pR>p ™. This means that the private firm
relocates regardless of what the semipublic firm decides. The relocation of the privete firm
reduces the wages that it pays, and consequently its production costs, and increases its market

share, which in um increases its profits. On the other hand, if F=0, then V "*>V N and

V RNV \which means that the semipublic firm relocates regardless of whether or not the

private firm does so. When the semipublic firm relocates the output of industry and, thus, the
consumer surplus rises (CSFR>CSR and CRN>CSWN). The utility obtained by domedtic
workers decreases (JRR<UNR and URN<UNN) gnce domestic employment and wages are

lower. Moreover, p<pM, and pF>plM, i=N, R As the increases in the consumer

13



aurplus and the profit of the semipublic firm offsat the reductions in the utility of domestic
workers and the profit of the private firm, weighted welfare is greater if the semipublic firm
relocates. Therefore, if reocating a firm does not entail any costs, both firms have a pogtive
incentive to relocate. By contrast, the fixed cost F is anegdive incentive to relocation.

When the fixed cogt, F, islow enough (FEF,) the pogitive incentive to relocate is stronger

than the negative one in both firms and, thus, they both relocate. When F is high enough
(F® F,) nether firm relocates since the negative incentive to relocate is stronger than the

pogtive onein both firms.

When F takes an intermediate value and a is low enough F,2 F3 F3), only one firm

relocates and there are two equilibria: in one the semipublic firm relocates, and in the other the
privete firm (see Figure 1). In this case, as F takes an intermediate value, the positive effect
outweighs the negative one only in one of the firms. Therefore, if onefirm relocates, the other
firm does not find it profitable to follow suit. This happens only if a is low enough (a <a’).
As a increases the weight of socid wefare in the objective function of the semipublic firm
rises, and its production and market competition are thus greater. As a result, the private firm
finds relocation less attractive and the criticd level of F for which the private firm wants to
relocate is lower. On the other hand, as a increases, the weight of the consumer surplusin the
objective function of the semipublic firm is grester and, thus, weighted welfare increases more
if the semipublic firm relocates than if it does not. This means that the semipublic firm finds
relocation more atractive and relocates for greater values of F. Asaresult, as a increases,
the range of values of parameters for which there are two equilibria decreases, and the two

equilibriaonly exigtif a <a ™ .

For the remainder of the vaues of F only the semipublic firm relocates (see Figure 1). In
this case, if the semipublic firm rel ocates, the private firm does not follow suit Snce competition
in the product market would be excessvely high, which harms its profit. As aresult, the private
firm does nat find it profitable to pay the relocation cost. If the private firm does not relocate

14



the semipublic firm does, snce the increases in consumer surplus and in its own profit offset
the lower utility of domestic workers, the lower profit of the private firm and the cost of
relocation. As a result, only the semipublic firm relocates. It should be noted that as
a increases the range of parameter vaues for which only the semipublic firm relocates
increases dnce the weight of the consumer surplus in the objective function of the semipublic

firm becomes gredter.

4. Doestherdocation of firmsreduce social welfare?

Next we analyze whether the relocation of the firms reduces socid wefare. We compare
fira the socid wefare obtained if only the private firm moves with that obtained if only the

semipublic firm does.

Proposition 2. When only one firm changes its location, social welfare is greater if it is

the semipublic firm that rel ocates.

This proposition shows that when only one firm relocates, the government prefersit to be
the semipublic firm rather than the private firm (WRN > WAR), Given that only the semipublic
firm takes the consumer surplus into account, the increase in the output of indudtry is greeter if
this firm is the one that moves. As the consumer surplus increases with the output of industry
CSNW s greater than CSN\R. The producer surplus is greater if it is the ssmipublic firm that
relocates (PSRN > PSWR) dnce the greater output produced by the semipublic firm with lower
costs generates a greater producer surplus. On the other hand, the utility of domestic workers
is greater if it is the private firm that relocates (UNR>URN) since in this case the production of
the firm that remains in the country is greater and it pays more wages. The greater consumer
and producer surpluses obtained when only the semipublic firm relocates offset the lower
union utility compared with the case in which only the private firm relocates, which means thet
socid welfareis greater in the first case (WRN >WAR), Therefore, when only one firm moves,
the government prefersit to be the ssmipublic firm.

15



Given tha socid wdfare is not maeximized when the private firm relocates, we next

compare socid wefare in the remaining cases. This comparison gives rise to the following

result. Let F,,, and F,, denote the vaues of F such that W™ =W and W =wWRN|

respectively. Thevauesof Fy (i=1, 2) are relegated to Appendix 2.

Proposition 3. Social welfare is maximised when both firms relocate if FEF,,;, when

neither firmrelocatesif F3 F,, and when the semipublic firmrelocates if F,\,>F>F,;.

Proof. See Appendix 2.

Propogtion 3 is illugtrated in Figure 2. In this figure, we denote the preference of the
government by the superscript W.

[INSERT FIGURE 2 AROUND HERE]

This proposition shows that for agiven a the government prefers neither firmto relocate if
parameter F is great enough (F2 F\,) since the cost of moving the firms is high enough. If
parameter F decreases (when F\,>F>F,,;), it is worthwhile for one firm to relocate from a
socid welfare point of view. We have seen in proposition 2 that when only one firm relocates,
socid wdfare is greater if it is the semipublic firm. On the other hand, in this zone CSRN >
CSW, PSN > PSWN gnd URN < UNN, and it can be shown that the greater consumer and
producer surpluses offsat the lower utility of unions. Therefore, if the semipublic firm relocates
socid welfare is greater than if neither firm relocates. Findly, if parameter F is low enough
(FEF\y) the greatest socid welfare is obtained when both firms relocate.

Next we compare firms decision whether to relocate as shown in proposition 1 with that
taken from a socid welfare point of view, shown in proposition 3. From this comparison we

obtain the following result.
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Proposition 4 At least as many firms relocate when the decision is taken by firms as

when it istaken considering social welfare.

Proof. See Appendix 3.

This proposition is illudrated in figure 3. Proposition 4 dtates that at least as many firms
relocate to a country with lower wage @sts if the decision is taken by an agent whose
objectiveis socid wdfare asif it is taken by the firms themselves.

[INSERT FIGURE 3 AROUND HERE]

When FEF,,;, both firms relocate and this maximizes socid welfare. When F,£F, neither
fim relocates and this maximizes socid welfare. When F,E£FEF,,,, only the semipublic firm

relocates and this maximizes socid welfare. In these three cases, the decision taken by firmsis

driven by efficiency reasons and, thus, coincides with that preferred by the government.

When F,,EF£F,, both firms relocate when it is socidly optima for neither firm to do so.
When F,<F<Mir{F,,,, F;}, both firms rdocate when it is socidly optima for only the
semipublic firm to do so. When F;£F£EF,, only one firm relocates when it is socidly optimal
for nather firm to do so. Findly, for the remaining vaues of parameter F, only the semipublic
firm relocates when it is socidly optima for nether firm to do so. These results are dueto the
fact that the utility of the workers and the profit of the firm that remainsin the origina country
(if any) has grester weight in socid wefare than in the objective function of the semipublic firm
and decreases in case of relocation. On the other hand, the private firm only consders its

profit when it decides whether to relocate.
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5. Conclusions

The literature sudying firms decisions as to whether to relocate does not andyze how
those decisions are affected by the existence of a semipublic firm that competes with privete
firms in the product market. On the other hand, the literature on mixed oligopoly does not
andyze whether firms located in advanced countries want to relocate their plants. Tofill this
gap, we analyze how the dructure of markets in advanced countries and socid welfare is
affected by the relocation of domestic firms when there is a firm partidly owned by the

government that competes with a private firm.

The objective of private firms is to maximize profits and, thus, a private firm decides to
relocate if its profit is increased thereby. The objective function of a semipublic firm is the
weighted average of the socid welfare and its own profit Snce the government owns a
percentage of its shares. Therefore, a semipublic firm decides to relocate only if the weighted
wedfare increases. Unlike the private firms, when a semipublic firm decides whether to relocate
it takes into account not only its profit but aso the consumer and producer surpluses and the
utility of workers. The weight of socia welfare in the objective function of the semipublic firm
depends on the percentage owned by the government, so it isa crucid factor when such afirm
has to decide whether to relocate.

We obtain that when the fixed cost of relocating is low (high) enough both (neither) of the
firms relocate(s). When the fixed cogt takes an intermediate vaue and the government owns a
low enough percentage of the shares in the semipublic firm only one firm relocates and there
aretwo equilibria: in one the semipublic firm relocates, and in the other the private firm. Fndly,
for the remaining parameter values only the semipublic firm relocates. We also obtain that for
the range of parameter vaues such that only one firm relocates, socid wefareis gregter if it is
the semipublic firm. Moreover, at least as many firms relocate when the decision is taken by

firms themselves as when it is taken considering socid welfare,
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One possible extension of the paper is to consder two countries and one firm located in
each country. These firms produce a homogeneous good and consumers in both countries can
buy the product independently of the location of the firms. Each firm is owned by the investors
of the country in which it is located and decides whether to relocate its production plant to a
country with lower wages, paying a fixed codt. In this context, the main results of the paper

hold.
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Appendix 1
From lemmeas 1 to 4, the following results are obtained:
) prR>pN if and only if F<F, and pR>p if and only if F<F,, F,<F,, where

F, - 3a?%(1- a)? and F, = a®(5- 4a)%(7- 4a)(23- 12a) _
4(3- 2a)? 16(15- 8a)?(3- 2a)?

i) VRR>SV™if and only if F<F; and VNSV if and only if F<F,, F,<F,, where

. a®(24- 27a +8a?) ad F. = a?(5- 3)?%(161- 234a +10% 2 - 16a %)
s 32(3- 2a)2 ! 8(2- a)(15- & )%(3- 2a)? '

From (i) and (ii), the result shown in Propogtion 1 and illustrated in Figure 1 is obtained.
In order to plot Figure 1, it is necessary to show that F, and F,, decrease with a, while F5; and

F, increasewith a (note that O<a <1):

fF, __3a°1-a) _, fF, _ a°(5- 4a)(2655- 4400a +2432a° - 448a°)

fTa  2(3-2a) ' fa 43- 2a)(15- 8a)3 <0
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TFs _3a°(5-2a)
fa 32(3-2a)?

F, _ a?(5- 3a)(17865- 50435a +57233a 2 - 32621a * +9334a * - 1072a °) <0
fa 8(2- a)?(3- 2a)%(15- 8a)3 '

On the other hand, it can be shown that F,>F, for dl a>0 and F,=F, for a=0, F;>F;
for dl a>0 and F;=F, for a=0. Findly, F5;<F, if andonly if a<a*, wherea™ isthe value of
parameter a, such that: 2650-9845a +11816a 2-5824a 3+1024a 4=0. It is easy to prove that
(2650-9845a +11816a 2-5824a 3+1024a4) is drictly convex in a, takes value 2650 when
a=0, and tends to =179 when a tendsto 1. Therefore, there exists a unique vaue of al (0,

1), denoted as a*, such that the above expression is equd to O. It can be shown that a*™”
0.5095.

Appendix 2
From lemmas 1 to 4, the following results are obtained:

RR _ ~ a’(1- a)°9- 5a)

; RN _
YW - W 8(3- 2a)%(2- a)?

+F >0if and only if F>F,y,.

- a’(5- 3a)%(35- 4% +16a?)

i) WNN - ywWRN = + F >0if and only if F>F,,.
) 8(15- &)%(3- 2a)%(2- a)? Y e
_ 2 _ 2 _ 2
iy W - yRR =222 5- G r 2 )(20- 298 +10 ) | o o if oy only if FoFyg,
(15- 8a)2(3- 2a)
- 2 -
i) W - wRR = 2308 | e hit o only if F>F,.
32(3- 2a)?
_ 2 _ _ 3
vy W e = 2987 AN RR)T s it ang onlyif oy,
32(15- &)2(3- 2a)
2 2
iy WR RN = 2878 (20- 29 +10a7%)

32(2- a)?(3- 2a)
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_a*(-a)’@- &) . _a*(5- 3a)°(35- 4% +16a?)
83- 2a)2(2-a)2’ " 8%15- @)3(3- 22)%(2- a)?

wa=

Where  Fy,

a’(5- 6a +2a2)(20- 2% +10a ?) . _a*(9- 8a) . _5a%(7- 4a)(5- 4a)°
(15- 82)%(3- 2a)? M 33-22)2" ™ 3205- 8)2(3- 22)2

Comparing the values of Fy, we dbtain thet: (i) Fp,>max{F\s, Fua Fuwa} >Fwg (i) if

* % % * % %

a<a™", then Fyz>Fu>Fw if a>a™", then Fy,>Fz>Fs if a=a™", then
Fus=Fws=Fws- Where a*** isthe value of parameter a, such that: 1175-4520a +5952a 2—

3264a3+640a4=0. It is easy to prove that (1175-4520a+5952a2-3264a3+640a4) is
grictly convex in a, and that it takes value 1175 when a =0, and tends to —17 when a tends
to 1. Therefore, there existsauniquevaueof al (0, 1), denoted asa***, such that the above
expressonisequa to 0. It can be shown that a***~ 0.5601.

Comparing the socid welfare obtained in the different cases the fallowing is obtained: (i) if
F>Fyp  then  WANSWRNSWARSWRR: (i) if  Fy,>F>max{F,s Fw}, then
WRNSWANSWARSWARR: (iii) if F\\z>F>F, 5, then WRNSWARSWANSWRR: (i) if F\\z>F>F,,,
then WRNSWARSWRRSWAN, - (V) if . >F>F, 5, then WRNSWANSWRRSWAR: - (vi) - if
Fus>F>Fys, then WRNSWRRSWANSWAR: - (vii)  if min{F,;, Fy}>F>F,,, then
WRNSWRRSWANRSWAN: (viii) if F<F\,;, then WRRSWRNSWARS\ANN,

Appendix 3

It can be shown that F,>F,,, F \,<min{F,, F3}, and that F;>F,,, if and only if ad
a<a™1 (0, 1), a**<a*, where a** is the vdue of paameter a, such that:
1025+a (- 7960 +a (18616 + 3 (- 6756 +a (3833+16a (-69+8a))))) =0. It can be
shownthat a**~ 0.2132.
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Figure 2. Illugtration of Proposition 3
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Figure 3. Illugtration of Proposition 4
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