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1 Introduction

Firms have fragmented their production activity dramatically in recent years.
However, depending on industrial type, there exist significant differences in
the location pattern of production activity. For example, the location pattern
of consumer electronics production is quite different from that of automobile
industry.

Hard disc drive industry, for example, separated the location of assembly
process globally. Gourevitch, Bohn and Mckendrick (2000) have explored
the following story in detail. In 1980, over 80% of the world’s hard disks
were assembled in the United States. While 15 years later over 80% of the
world’s hard disks were made by US firms, but less than 5% of drives were
assembled in the United States. Most disk drives are assembled in-house
through overseas production networks. Southeast Asia, especially Singapore,
occupies the 64% of world final assembly in 1997. Subassembly with low
skilled and labor intensive activity is done mainly in China. Whereas, R&D
is located mainly in Silicon Valley where the close collaborative process of
firms yields strong knowledge externalities (Saxenian 1996). Furthermore,
such consumer electronics sector developed many global standards.

On the other hand, large automobile companies have established manu-
facturing plants recently in nearly all of major regional markets around the
world because of high trade costs due to government regulations and cul-
tural differences. New plants are also located in the emerging markets such
as Thailand and Indonesia. Rugman and Hodgets (2001) suggests that re-
gional production and large local sales occur in North America, Europe and
Japan.

Such a fragmentation of production activity has been caused by several
major factors. One is the large wage-differentials among countries. In connec-
tion with the example of hard disc drive industry above, the hourly wage rate
for people involved in assembly in 1995 is as follows: China, $.25; Singapore,
$7.28; and United States, $17.20 (Gourevitch, Bohn and Mckendrick 1997).
Another motivation to separate productions arises from the recent develop-
ment of information technology (IT). In general, the information transfer
between headquarters and plants involves more costs when HQs communi-
cate with remote plants, where HQs provide their plants with various ser-
vices such as management, R&D, marketing and finance. For example, Kim
(1999) mentioned about U.S. manufacturing that “the cost of coordinating
the activities of plants located in different regions was higher than the cost



of managing a similarly sized firm with only one plant”. However, the rapid
progress in communication technology has been decreasing communication
costs greatly. Bernstein (2000) shows, for example, that the use of modern
communication equipments reduces significantly the variable costs for Cana-
dian manufacturing industry, which is highly integrated with the U.S. econ-
omy. The third major cause is, of course, the significant decrease in trade
costs of products, which reflects the progress in transportation technology
(based on IT).

The objective of this paper is to provide an analytical framework within
which we can assess the impact of the decrease in communication costs be-
tween HQs and plants and in transportation costs of products on the spatial
organization of multi-unit firms. The recent literature on economic geogra-
phy mostly assumes that firms are integrated, with each firm conducting its
entire operation at a single location (Fujita, Krugman and Venables 1999).
Fujita and Thisse (2002) is an exception, considering a general equilibrium
model in which each firm has the headquarters and a plant. In this paper, we
extend Fujita and Thisse (2002) by introducing multi-plant firms. Indeed,
many multinational firms have a large number of plants in different countries.

The setting of our model is as follows. The economic space consists of
two regions, A and B. The economy has two production sectors, the modern
sector (M) and the traditional sector (T). There are two production factors,
the high-skilled workers and the low-skilled workers. The economy is endowed
with given populations of unskilled and of skilled workers. The skilled workers
are perfectly mobile between regions whereas the unskilled are immobile.
The M-sector produces a continuum of varieties of horizontally differentiated
products under increasing returns, using both skilled and unskilled workers.
The T-sector produces a homogeneous good under constant returns, using
unskilled labor as the only input. The productivity of unskilled workers in the
T-sector is assumed to be higher in region A than in region B. Each variety of
M-good is produced by a separate firm. Each firm has the headquarter and
one or two plants. When a plant is not located with HQ, communication
cost are involved. The second plant requires an additional fixed cost. To
send the differentiated products to the other region, transportation cost is
required. We endogenise the entry decision of firms. Each firm can choose
whether to have a plant in either region or a plant in each region. We focus
on equilibria in which all headquarters are agglomerated in region A (the
core region), while plants may be dispersed. Using our model, we investigate
how different levels of transportation costs, communication costs, and the
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fixed costs for the second plant may generate different spatial patterns of
production.

Following the presentation of the model in Section 2, we determine in Sec-
tion 3 the conditions for the location pattern of plants and the agglomeration
of all headquarters in the core. Section 4 examines the impact of decreasing
trade costs and communication costs on the location pattern of plants. We
show that each firm has a single plant that locates together with the HQ),
when 1) the fixed costs to build an additional plant are large, 2) the trade
costs of manufactured goods are small, and 3) communication costs are high.
By contrast, each firm has a single plant which locates in the separate region
from the HQ, when 1)the fixed costs to build an additional plant are large,
2)the trade costs of manufactured goods are small, and 3)the communication
costs are low. Whereas multi-plant firms emerge when 1)the fixed costs to
build an additional plant are small, 2)the trade costs of manufactured goods
are large and 3)the communication costs are medium. ! In Section 5, we con-
duct the welfare analysis, examining the impact of decreasing communication
costs on the welfare of skilled and unskilled workers. Section 6 concludes the

paper.

2 The model

Based on the general setting introduced in the preceeding section, we spec-
ify our model as follows. Preferences are identical across all workers and
expressed by a Cobb-Douglas utility:

U=Q"T /pr1 - 0<p<l (1)

where () is an index of the consumption of M varieties, while T stands for
the consumption of the output of the traditional sector. When the modern
sector provides a continuum of differentiated varieties of size m, the index @)
is given by

Q= u}m q(z’)”dz’] v 0<p<l1 (2)

where ¢(i) represents the consumption of variety i € [0,m]. In (2), the
parameter p represents the inverse of the intensity of love for variety over the

!These result are consistent with these in Markusen and Venables(2000). However,
they consider only transport costs for products while focusing on how the difference in the
endowments of labor and capital may generate spatial patterns of production.
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differentiated products. When p is close to 1, differentiated goods are close to
perfect substitutes; when p decreases, the desire to consume a greater variety
of manufactured goods increases. If we set
o= L <o
1—p

then o is the elasticity of substitution between any two varieties. Because
there is a continuum of firms, each firm is negligible and the direct interac-
tions between any two firms are zero, but the aggregate market conditions
affect each firm.

If Y is the consumer income, p* the price of the traditional good and p(i)
the price of variety i, then the demand functions are

T=(1-pY/p (3)

. Y p(i)==V
q(i) = ;;(—Z-)pp(—gl)

where P is the price index of differentiated products, given by

p= [ I p<z’>—<ff—l>dz’] o (5)

Substituting (3) and (4) into (1) yields the indirect utility function

i €[0,m)] (4)

v = yp—u(pT)—(l—u)

Technologies in each of the two sectors differ from what is usually assumed
in economic geography models. The technology in the T-sector is such that
one unit of output requires a, > 1 units of unskilled labor in region r = A, B.
Without loss of generality, assuming that the ratio of land to population is
large in region A and small in region B, we set a4 = 1 and ag > 1, thus
allowing unskilled workers in the traditional sector to be more productive
in region A than in region B. Let L4 and Lp be the number (mass) of
unskilled workers in region A and B, respectively. In order to retain the
standard assumption of symmetry between the two regions, we assume that
the spatial distribution of unskilled workers is such that both regions have
the same amount of effective units of unskilled labor:

Lg L

Ly=-2=Z2 6
A ap 2 ()

5



The output of the T-sector is costlessly traded between any two regions and
is chosen as the numéraire so that p* = 1. We further assume that the
expenditure share (1 — u) on the T-good is sufficiently large for the T-good
to be always produced in both regions. In this case, the equilibrium wages
for the unskilled are such that

wh =1 wh =1/ap <1 (7)

Hence, a factor-price motive may explain the multinationalization of firms.
However, as will be seen below, factor price differential is not the only reason
for vertical fragmentation.

The technology of the M-sector is more complex. The setting of a head-
quarter requires a fixed amount f of skilled workers when the firm has a single
plant. Whereas, when the firm has two plants, the setting of a headquar-
ter(HQ) needs a fixed amount (1 + «)f of skilled workers, where 0 < a < 1.
If w denotes the skilled workers’ wage in region r, then, using (6) and (7),
the total income of region r is

Y, =Swf +L/2 r=AB (8)

where S, is the number of skilled worker in region 7. When the HQ is located
in region r and the plant in region s, producing ¢(7) units of variety ¢ requires
[(7) units of unskilled labor;

1(i) = crsq(i)

where ¢, > 0 is the plant’s marginal labor requirement. The value of ¢,
decreases with the effectiveness of the services provided by the HQ to its
plant, which depends itself on the following two factors. First, the accumu-
lation of human capital and face-to-face communications within the same
region generates Marshallian externalities which make the HQ of firm ¢ more
effective in its supply of services to its plant. This implies that c,s decreases
with the number S, > 0 of skilled workers living in region r. Second, the
distance between the HQ and its plant affects negatively the effectiveness of
the HQ-services. This is because (i) it is easier to monitor the effort of the
plant manager when the plant is located near the H(Q than across borders
(Grossman and Helpman 2004) and (ii) the transmission of information at a
distance is often imperfect (Leamer and Storper 2001). More precisely, when
both the HQ and its plant are located in the same region (r = s) we have
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crs = ¢(Sy), whereas ¢, = ¢(S,)Ty holds when they are located in different
regions (r # s). Here, Ty > 1 expresses all the difficulty to communicate
within the firm when the HQ and a plant are physically separated, which is
represented by the iceberg transfer technology of HQ-services to the plant.
When the information is not easily transferred, Ty may become large.

When the plant is set up with its HQ in region r, the plant production
function is thus given by

By contrast, when the plant is located in a different region, we have:

(i) = c(S))Tug(t)  r#s

This specification has two implications. First, when the plant is not located
with its HQ), it is less efficient and therefore needs a larger amount of local
input. That is, we recognize that the physical separation of HQs and plants
generates a cost for firms. However, we also recognize that the development
in communication technologies means the decrease of Ty. Second, unskilled
workers are equally productive under the same level of HQ-services once they
work in firms. This is because firms are able to organize their production
in the same way whatever the plant’s location. Furthermore, because of
the existence of a perfectly competitive traditional sector in each of the two
regions, the nominal wage rate of the unskilled (7) is unaffected by the re-
location of the industrial plants.

The output of the M-sector is shipped at a positive cost according to the
iceberg technology: when one unit of the differentiated product is moved from
region r to region s # r, only a fraction 1/7,s arrives at destination where
T.s > 1. Here, T,; may be different from T, representing an asymmetry in
transport conditions. Within each region, transportation is costless. Thus,
if a firm has a single plant for variety 7 in region r, and serves the two
regions from the plant, then using (4), the demand for variety ¢ (including
the consumption in transportation) is such that

q-(i) = Unpr(i)iapfil + Yyl S(i)Trs]f‘TP;*le 9)

where P, (resp. Ps) is the price index of the differentiated good in region r
(s), which is defined later. Next, given that the marginal production cost of
a variety at a plant in each region is a constant while fixed costs are needed
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for an additional plant, it never happens that a firm has a plant in both
regions while one region is served from the two plants. Thus, if a firm has
a plant for variety 7 in both regions, each plant serves the regional demand
given respectively by

¢-(i) = pY,p, (i) P! (10)

¢s(1) = pYops (i) 7Py~ (11)

Let M (resp. m}) be the set (resp. the mass) of firms whose headquarters
are in region r and a single plant in region s, with r,s = A, B.The profit of
firm i € M with r = A, B is as follows:

= pr(0)g- (i) — w;! f —w/e(S,)g(7)

which yields, using (9), the equilibrium mill price charged by the plant located
in region 7r:

L
pi) = e (12)

Similarly, the profit of firm ¢ € M with r # s is
my = ps()as (i) — w; f — wie(S,) Trgs (i) (13)

So that the equilibrium mill price charged by the plant located in region s is

as follows: Le(s,)

e wye(Sy)T

pi(i) = ==
p

Let M, (resp. my,,) be the set (resp. the mass) of multi-plant (mp) firms

whose headquarters are in region r and a plant in each region. The profit of
firm ¢ € M, is

1€ M and r # s (14)

Ty = Pr(1)¢r(i) + ps(2)gs(0)
wy (1 + a) f —wye(S,)ar(i) — wie(S,) Trgs(i) (15)

which yields, using (10) and (11), we have the same equilibrium mill price
charged by each plant in region r and region s as (12) and (14) respectively.

Using (5), (12) and (14), and recalling that a plant of each multi-plant
firm serves only the region where it locates, we have the regional price index



in region r as follows:

Le(5)) @Y Le(S) T\ Y
sz{(m€+nﬂw)(gﬁé—l> +(mi+nﬁw)(gd§;L£>

(o— —(o— —1/(c-1)
Lo(§ T\ @D L (=07~
mr <w8 c(S,) H) e (ws C(Ss>)
p p

(16)

+ T—(U—l)

ST

in which the first two terms correspond to the varieties produced in region
r and the last two for those imported from region s. The real wages of the
unskilled and skilled workers are defined as follows:

wk = wk /P r=AB
wH =w/pr r=AB

For a given distribution of HQs and plants between the two regions, the
equilibrium profits may be obtained as follows:

= kifwfe(S) OV PT Y PSTT ) —wf f A s (1T)
T = ki[wle(S,) T "V, PO VP —wl f £ s (18)

W;;kp = ki fc(sr)]_(a_l)yrqur_l+k1[wﬁc(ST)TH]_(U_l)YSP;_I _wv{{(l"i_a)f
r#s (19)
where
plo —1)7"
0-0'
is a positive constant. Therefore, the free entry condition becomes

klE

maz{my*, T e T TR, T} =0 (20)
which implies that the wage paid to the skilled workers comes from the
operating profits earned by plants.

Finally, since the HQ of each single-plant firm requires a fixed amount of
skilled workers f, and that of each multi-plant firm requires (1 + «)f, the
skilled-labor constraint in the economy is:

> (my+mp)f+ml,(1+a)f=38 (21)

r=A,B



3 Spatial equilibrium when the HQs are ag-
glomerated

In the rest of the paper, we focus on the case where all HQs locate in region
A, and examine the equilibrium patterns of plant distribution. In this sec-
tion, we obtain the equilibrium conditions for each possible pattern of plant
distribution.

The assumption that all HQs are agglomerated in region A implies that

A

m- =m, mﬁ—l—mg—l—m“‘

_ B_ B_ B _
mp =My My =mp=my, =0

mp
and the skilled labor constraint (21) becomes
(mi +mp)f + (m—mi —mp)(1+a)f =5 (22)

Using (12) and (14), and recalling the note bellow (15), the equilibrium mill
price at the production site in each region is given by

S
P = pa(i) = C<p ) e} and ie M (23)
ST
P = pii) = C(pchH i€ Ml and i€ My, 24

For convenience, we introduce the following notation:

A A A
A _ My A_ Mp A _ My A pA
QA:W HB:W Hmp: m _1_614_93 (24(1)
p* o—1 ap o—1
on = (—*A) = <—) Gap = T;é“_l) ¢Ba = T]L(;U_l)
Pp Ty

By definition, ¢11q/(571) represents the ratio of the mill price in region A over
that in region B, which account for both the communication costs and the
wage differential (i.e. the productivity differential of unskilled workers in the
T-sector). When information transfer were costless, then Ty = 1, and hence
¢ takes the values a% ' > 1; when information transfer were impossible,
then Ty = 00, so ¢y = 0. The index ¢4p (resp. ¢pa) measures the accessi-
bility of the differentiated varieties produced in region A (in region B) to the
market in region B (in region A), taking values between 0 (when prohibitive

10



transport costs) and 1 (zero transport costs). Thus, ¢4p and ¢pa represent
the degree of market integration in the two-region economy.

When all HQs locate in region A, using (7), (16) and (21), we have the
price index in each region as follows:

c(S /(o
Py = %m_l/(”_l) [(1—08) +0pducpa] /Y (25)
c(S 1 /(o
whereas regional incomes become
Yi=Swll +L/2 Yg=1/2 (27)

Using (7), (16), (17), (18), (19), (21) and (27), we obtain the profit of firms
in each type as follows:

A pf(1+a —aby — aby)

4 oS
Swf-ﬁ-L/Z L/2¢AB } e
" [<1 —0p) + 05dndpa (1 —04)ou + 040 an wy f(28)
(Swl + L/2)ppa L/2 o
{(1 —03) +050u0pa (1 —04)bm + Q£¢AB:| wy [ (29)
Ax pf(l4 o —abf — abd)
0 —
" oS
{(1 —03) + 05¢rdpa (1 —04)om +040an 1+ a)wy f

(30)
3.1 Six locational patterns of plant distribution

- a preliminary exposition

In our economy, when all HQs are agglomerated in region A, there exist six
possible patterns of plant distribution:
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Pattern A All plants are located in region A (together with their HQs).
Pattern B All plants are located in region B (separated from their HQs).

Pattern A-B All firms have single plants, some of which locate in region
A, whereas the rest in region B.

Pattern A-mp Some firms have single plants in region A, whereas the rest
are multi-plant firms with a single plant in each region.

Pattern B-mp Some firms have single plants in region B, whereas the rest
are multi-plant firms with one plant in each region.

Pattern mp All firms are of multi-plant, with one plant in each region.

For each pattern, we examine the conditions under which it is an equilib-
rium. Before conducting formal analyses (in the next subsection), however,
in this subsection we explain intuitively which pattern is likely to be realized
when. To do so, it is convenient to introduce the following indexes:

fézz( wicl) )01=:(—121—)0_1::¢BA¢H (31)

whe(S)TuTpa TuTpa
@;(Eﬁﬁﬁiylz(’& y*:ﬂﬁ (32)
A7 \wke(9)Tus apTap bu
implying that X
1 7
A¢B
- <1 33

&5 { (TH)2 Tpa }J 1
A=\ ) 7 (34)
£ ap) Tap
By definition, (£§)1/ (=1) represents the ratio of the marginal production
cost of a variety in region A (and supplying it to region A) over the marginal
cost of producing a unit of a variety in region B and transporting to region A.
In other word, £ measures the relative cost advantage of region B over region
A when serving to the market A (i.e., the market in region A). If &4 > 1,
region B has a cost advantage in market A; whereas if {4 < 1, region A

has a cost advantage in market A. Likewise, & measures the relative cost
advantage of region A over region B when serving to the market B (i.e., the
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market in region B). If €§ > 1, region A has a cost advantage in market B;
whereas if £€§ < 1, region B has a cost advantage in market B.
Since the inequality (33) means that

a>1=¢6f <1
we can conclude that
&4 > 1= {region B has a cost advantage in both markets} (35)

Likewise, since
B>1=¢<1

we can conclude that
¢85 > 1= {region A has a cost advantage in both markets} (36)

For a preliminary study, let us first consider an extreme case such that
a = 1 and hence no multi-plant firm emerge. 2 In this case, there exist only
three possible equilibrium patterns, i.e., Pattern A, Pattern B and Pattern
A-B. For an illustration, we set & = 1 and /o = 0.5. Then, we can obtain
the domain of each equilibrium pattern in the (£4,£5) space as in Figure 1.
(For the exact derivation of the results in Figure 1, see Section 3.2.)

Figure 1

In Figure 1, the horizontal axis (resp. vertical axis) represents the pa-
rameter {4 (resp. £5). Because of condition (35), the relevant region of two
parameters is below the hyperbola, £468 = 1. Consider first point a in the
figure. Since £§ > 1 at this point, we know by (35) that region A has a cost
advantage in both markets; hence, all firms should have plants in region A.
By the same reason, in the parameter area where £§ > 1 and ¢4¢5 < 1, all
firms should have plants in region A. By (32)

T
Bs1esTy
ap

2When o = 1, no multi-plant firm can exist in equilibrium. Indeed, if a multi-plant
firm (producing the same variety at two plants) earns the zero profit (i.e., the equilibrium
profit), then the combined profits of two independent firms, each producing a new different
variety, should be positive (because of less competition). This contradicts the equilibrium.
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Hence, all single-plants choose to locate in region A, when the communication
cost Ty (between HQs in region A and plants) is very high, the wage rate in
region B, 1/ag, is not too low, while the transport cost from region A to B
is not too high, which is not surprising.

By contrast, in the area where &4 > 1 and (565 < 1, region B has a
cost advantage in both markets, and hence all single-plants should locate in
region B. By (31),

(8>1<ap>TyTpa

This happens, again not surprisingly, when the labor cost advantage, ap, of
region B is very large, the communication cost Ty is not very high, while
the transport cost from region B to A is relatively low.

Inside the square in Figure 1, since {5 < 1 and £§ < 1, no region has a
cost advantage in both regions, implying that region A has a cost advantage
only in market A whereas region B only in market B. Hence, it is not clear
a priori which region is better for single-plant firms. However, at point a’ in
Figure 1, for example, the ratio £§ /&4 is relatively large, implying that for the
location of single-plants, region A has a more cost advantage in comparison
with region B. In particular, suppose that transport costs are symmetric so
that Tap = Tpa. Then, we have by (34) that

B T 2(c—1)
Z—Iz = (a—H) when TAB = TBA
B B

Hence, when Ty /ap is relatively large (i.e., communication costs are rela-
tively high in comparison with the labor cost advantage, ag, of region B),
then region A has a more cost advantage in comparison with region B. Fur-
thermore, we can see by (27) that region A has a larger market than region
B. Hence in the area A above the broken curve cd in Figure 1, all firms
choose region A for the location for their plants. > By the opposite reason,
in the domain to the right of the broken curve ec in Figure 1, firms choose
region B for their plants.

Finally, in the domain A-B in Figure 1, it happens that some firms choose
region A for their plants, whereas the rest choose region B. Each point in
the domain A-B is either close to the origin O and/or close to the diagonal
Oc. When a point is close to the origin, each region is in a big disadvantage

3In Figure 1, apart of the broken curve cd is below the diagonal Oc. This is because
the market A is larger than market B, and hence firms choose region A for their plants
even when the ratio &7 /¢5 is a little smaller than 1.
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in supplying the product to the other region. Hence, some plants should
locate in region A while focusing on market A, whereas the rest in region
B while focusing on market B. When a point is close to the diagonal Oc,
the relative cost advantage of neither region is large. In this case, in order
to avoid competition, plants should be dispersed between the two regions.
In particular, we can see by (31) and (32) that when transportation costs
Tup and Tp, are very large, both ¢4 and &5 are very small. Hence, not
surprisingly, plants should be dispersed between the two regions.

We can also show that when p/o becomes smaller (i.e., the expenditure
share p on the differentiated goods is smaller and/or the degree of product
differentiation, 1/0, is smaller), the two broken curves in Figure 1 become
more symmetric with respect to the diagonal Oc. This is because the ag-
gregate income Swk of skilled workers in region A becomes smaller as u/o
becomes smaller (see (28) and (29)), and hence the difference between the
aggregate incomes of two regions becomes smaller.

Now, we consider the more realistic case such that o < 1, and examine
the emergence of multi-plant firms. For an illustration, we set a = 0.2 and
/o = 0.5, and obtain the domain of each equilibrium location pattern of
plants in the (£4,¢%5) space as in Figure 2, which is a modified version of
Figure 1. (Note that we keep /o = 0.5 is both figures.) Given o = 0.2 < 1,
the additional cost for setting up the second plant is relatively small. Thus,
as shown in Figure 2, multi-plant firms emerge when both &4 and ¢% are
small. Indeed, Figure 2 happens to represent the generic case for equilibrium
location patterns under the possibility of multi-plant firms.

Figure 2

In the domains outside the square in Figure 2 where £5 > 1 and 5 > 1
there is no change from Figure 1. Indeed, when £§ > 1, for example, region
A has a lower marginal cost for providing a variety to either market. Thus,
every firm chooses to have a single plant in region A, without bothering
about the second plant. Likewise, when &4 > 1, all firms have single plants
in region B.

Inside the square in Figure 2 where £4 < 1 and ¢§ < 1, region A (resp.
region B) has a lower marginal cost in providing a variety to market A
(resp. market B), but a higher marginal cost in providing it to market B
(resp. market A). Thus, now, each firm must face the trade-off between the
additional fixed cost from setting the second plant and a high marginal cost
in serving the two markets from a single-plant.
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In the domain A inside the square in Figure 2, the value of £% is rather
close to 1, implying that, in terms of marginal supply cost to the market B,
region A dose not have a great disadvantage to region B. Thus, avoiding the
additional fixed cost from setting up the second plant, every firm chooses to
have a single-plant in region A and to serve the product to the two markets.
Likewise, in the domain B inside the square in Figure 2, all firms choose to
have single-plants in region B.

In the domain mp in Figure 2, however, both ¢4 and ¢ are very small,
meaning that, in terms of marginal supply cost, a plant in one region has a
big disadvantage in supplying the product to the other region in comparison
with a plant in the other region. Hence, accepting the additional fixed cost
of the second plant, all firms choose to have two plants, one in each region.
Next, in the domain A-mp in Figure 2, £§ is in the middle between 1 and
0, implying that, in terms of the marginal cost in serving the product to
market B, a plant in region A has a significant, but not fatal, disadvantage
in comparison with a plant in region B. In this situation, some firms choose
to have single plants in region A, whereas the rest choose to have two plants.
Notice that, in market B, each two-plant firm has a larger market share than
a single-plant firm (having a plant in region A), due to the fact that £§ < 1
and the marginal cost pricing given by (23) and (24). However, these multi-
plant firms involve an additional fixed costs. Thus, the two type of firms can
co-exist in the domain A-mp in Figure 2. Likewise, in the domain B-mp,
some firms have single-plants in region B, while the rest have two plants.

When the values of o and p/o change, the boundary of each domain in
Figure 2 change, of course. To examine this issue precisely, however, we need
to determine the boundary of each domain precisely, which is the task of the
next subsection.

3.2 Equilibrium conditions for six locational patterns

In this subsection, we obtain the equilibrium conditions for each locational
pattern, using the profit functions (28) to (30). First, the next lemma iden-
tifies the necessary and sufficient condition for all HQs to be agglomerated
in region A (See Appendix B for the proof).

Lemma 3.1 All HQs are agglomerated in region A when the following con-
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dition holds:
T

c(0) > ———
T

c(m). (37)

In the right-hand side of (37), the term Ty represents the decrease in
communication costs made by a firm when its HQ moves together with its
plant from A to B, whereas the term ng("*” reflects the increase in the price
index of the M-good borne by the skilled workers who move to B with the
HQ. Hence, the inequality above means that all firms choose to agglomerate
their HQs provided that the Marshallian externalities are sufficiently strong
with respect to the ratio of these two opposite effects.

In the rest of the paper, we always assume that condition (37) holds,
and hence all HQs are agglomerated together in region A. Then, utilizing
parameters &4 and 5 defined by (31) and (32), we obtain the equilibrium
conditions for each pattern of plant-distribution. By definition (31) and (32),
the effective domain of the parameter space, (£4,£%), is always restricted to

the area,
€8>0, &8 >0 and €5¢8 <1 (38)

which is taken as granted in the following discussion.

3.2.1 Pattern A

Setting m4* = 0 in (28), the wage rate of skilled labor in region A under
Pattern A can be obtained as follows (See Appendix C for the derivation):

u_  Lu/o

S0 o) .

Clearly, w! increases when the share of the industrial sector (u) and the

degree of product differentiation (1/0) rise. This is because the demand for
each variety increases. Likewise, w! increases with the increase of unskilled
labor (L). This is because the income in both regions increases. Whereas
wh decreases with the increase of skilled labor (S). The increase in the size
of skilled workers causes two effects: first, the income increases in region A;
second, the equilibrium number of firms increases. The second effect cancels
out the first effect on the consumption by skilled workers. But the second
effect remains on the consumption by unskilled workers. Furthermore, the
wage of skilled labor is independent from the communication costs and the
transportation costs because of the iceberg technology.
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Substituting (39) into (27), the ratio of regional incomes in the two regions
is given by
Y, 2
Ya _ 2o
Yp 1—pfo
which increases as p/o increases, not surprisingly.
Using the wage function (39), we can obtain the following lemma which

gives the equilibrium condition for Pattern A (See Appendix C for the proof).

(39a)

Lemma 3.2 Suppose that (37) holds. Then, Pattern A in which all plants
are located in region A together with their HQs is a spatial equilibrium when
the following condition holds:

8> max{

1_:u/0- 1_:LL/U } (4())

1—pfo+2a’ 2—(1+pulo)én

Notice that when o > %, condition (40) reduces to the following one:

1—p/o
(1+p/0)Es

which represents the domain A shown in Figure 1. By contrast, when a <
#, condition (40) defines the domain A shown in Figure 2. It can be
readily seen by (40) that the domain A in Figure 2 continuously expands
downwards as the value of the fixed cost parameter, «, of the second plant
increases up to (1 + p/o)/2.

&=z 5- (41)

3.2.2 Pattern B

Setting m4* = 0 in (29), we obtain the wage rate of skilled labor in region
A, which turns our to be exactly the same as (39) (See Appendix D for the
derivation). The following lemma gives the equilibrium condition for Pattern
B (See Appendix D for the proof).

Lemma 3.3 Suppose that (37) holds. Then, Pattern B in which all plants
are located in region B is a spatial equilibrium when the following condition

holds:

§§>max{ 1+pu/o 1+p/o }

[+ jjo+20° 2= (1= jjo)éB (42)
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Notice that when o > 1_5 /2 condition (42) reduces to the following one:

1+ p/o
(1—p/o)ed

which represents the domain B shown in Figure 1. By contrast, when a <
1_5/ 2, condition (42) defines the domain B shown in Figure 2. It can be
readily seen by (42) that the domain B in Figure 2 continuously expands
toward the left as the value of the fixed cost parameter, «, of the second

plant increases up to (1 — p/o)/2.

§5> 5= (43)

3.2.3 Pattern A-B

In terms of the shares of the three types of firms defined in (24a), Pattern
A-B means 0, = 0, 0 < 04 < 1and 0 < 0 = 1—04 < 1. Setting
4% = 75* = 0 in (28) and (29), again, we obtain exactly the same wage
rate of skilled labor as (39) (See Appendix E for the derivation). Thus, the
income ratio Y4 /Yp remains the same as (39a). We also have the following
share of firms whose plants are located in region B (See Appendix E for the

derivation):

g1 _ (Lt p/0)EReR + (1 = /o) — 265
’ 21— )1 &)

Since 468 < 1, this implies that the share of firms which locate their plants
only in region B increases as u/o decreases, that is, the income ratio Y4 /Yp
decreases.

The following lemma gives the equilibrium condition for Pattern A-B (See
Appendix E for the proof).

=04 (44)

Lemma 3.4 Suppose that (37) holds. Then, Pattern A-B in which all firms
have single plants, some of which locate in region A, whereas the rest in
region B, is a spatial equilibrium when the following condition holds:

{2§§—1—u/0 1-{5—a 1 —pfo

max T T i
(I—p/o)ss = 1—(1+a)s 2—(1+p/o)s
The left-hand side of (45) defines the border between the domain A-B

and the domain A in Figure 2. On the other hand, the right-hand side of
(45) defines the lower border of the domain A-B. When # > « (which

0} < B < (45)
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is the case for Figure 2), the left-hand side of (45) gives the V-shaped lower
boundary of domain A-B depicted in Figure 2. Whereas, when # <«
the bottom part of the V-shaped lower boundary of the domain A-B is cut

by the horizontal axis.

9

3.2.4 Pattern A-mp

In terms of the shares of the three types of firms defined in (24a), Pattern
A-mp means 04 = 0, 0 < 64 < 1 and 0 < Oﬁw = 1-64 < 1. Setting
4" = mr = 0 in (28) and (30), again, we obtain exactly the same wage
rate of skilled labor as (39) (See Appendix F for the derivation). We also
have the following share of firms whose plants are located in region A (See

Appendix F for the derivation):

g1 _ L0—0) = (1+a)ufo} — (1+ )1 = p/o)ek _ 5,
. ot — ufo)(1— €F) -

The following lemma gives the equilibrium condition for Pattern A-mp (See
Appendix F for the proof).

(46)

Lemma 3.5 Suppose that (37) holds. Then, Pattern A-mp in which some
firms have single plants in region A, whereas the rest are multi-plant firms
with a single plant in each region, is a spatial equilibrium when the following
condition holds:

1—a— —
max o pjo a,u/a’ 0p <&
l+a—pujoc—au/o

f 1-¢&—a 1—pfo
<mm{1—(1—|—a) 4 1—,u/0+2a} (47)

The left-hand side of (47) defines the border between the domain A-mp
and the domain mp, whereas the right-hand side of (47) defines the borders
between the domain A-mp and the domain A and between the domain A-
mp and the domain A-B in Figure 2. When % > « (which is the case
for Figure 2), the lower boundary of the domain A-mp is apart from the

1+u/o
2

horizontal axis. Whereas, when < a < 1, the domain A-mp locates

around the origin.
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3.2.5 Pattern B-mp

In terms of the shares of the three types of firms defined in (24a), Pattern
B-mp means 64 = 0, 0 < 04 < 1 and 0 < Hflp = 1—05 < 1. Setting
T3 = mhyy = 0in (29) and (30), again, we obtain exactly the same wage
rate of skilled labor as (39) (See Appendix G for the derivation). We also
have the following share of firms whose plants are located in region B (See

Appendix G for the derivation):

l—a+tpfotap/o—(1+a)(1+p/o)és
a(l —p/o)(1—E5)

The following lemma gives the equilibrium condition for Pattern B-mp
(See Appendix G for the proof).

05 = =04 (48)

Lemma 3.6 Suppose that (37) holds. Then, Pattern B-mp in which some
firms have single plants in region B, whereas the rest are multi-plant firms
with a single plant in each region, is a spatial equilibrium when the following
condition holds:

l—a+p/o+ap/o
l+a+p/o+au/o

A - L+ pjo 1-¢F—a
<%p <mm{1+,u/a+2a’ 1—(1+a)§§} (49)
The left-hand side of (49) defines the border between the domain B-mp and
the domain mp in Figure 2. On the other hand, when # > « (which is
the case for Figure 2), the right-hand side of (49) gives the borders between
the domain B-mp and the domain B and between the domain B-mp and the
domain A-B in Figure 2, whereas, when % < «, only the border between
the domain B-mp and the domain B is defined by the right-hand side of (49).

3.2.6 Pattern mp

Setting 7;41; = 01in (30), again, we obtain exactly the same wage rate of skilled
labor as (39) (See Appendix G for calculation). The following lemma gives
the equilibrium condition for Pattern mp (See Appendix G for the proof).

Lemma 3.7 Suppose that (37) holds. Then, Pattern mp in which all firms

are of multi-plant is a spatial equilibrium only when 0 < a < L:Z;Z and the

21



following two conditions hold:

y_l—a—p/o—ap/o
€4 <
l4+a—p/o—ap/o

A l—a+p/o+ap/o
P=1+a+ulo+aujo

Conditions (50) and (51) define the domain mp shown in Figure 2. By (50)
and (51), we can see that the domain mp in Figure 2 shrinks with a increase
in the additional fixed costs «.

We may summarize the results obtained in this section as follows:

(50)

§

(51)

Proposition 3.1 Pattern mp, in which all firms have one plant in each
region, emerges under a strong relative cost advantage of region A over region
B when serving to the market A and a strong relative cost advantage of region
B over region A when serving to the market B. As region A loses a relative
cost advantage over region B when serving to the market A, some plants
located in region A shift to region B. Whereas, as region B loses a relative
cost advantage over region A when serving to the market B, some plants
located in region B shift to region A.

4 The impact of economic integration on the
distribution of plants

In this section, we explore the impact of decreasing communication costs
between HQs and plants (¢y increases) and decreasing transportation costs
of differentiated products (¢pa and ¢ 4p increase), assuming that Marshallian
externalities are strong enough for (37) to hold.

4.1 Reducing communication costs

In this subsection, we examine the impact of decreasing communication costs
on the location pattern of plants (i.e. increasing ¢z *). From (31) and (32),
¢4 increases and &5 decreases with a decrease in communication costs Ty.
This means that locating plants in region B becomes more attractive to serve

4The increase of ¢z may also arise from the decrease in the difference of productivity
between region A and region B.
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region A and locating plants in region A becomes less desirable to serve region
B. Thus the number of plants in region A decreases whereas that in region
B increases.

To illustrate the shift of location pattern with decreasing communication
costs, observe that when the value of TapTp4 is fixed, equation (33) defines
a hyperbola. In Figure 3, two hyperbolas are depicted under different value
of TagTga. This hyperbola shifts away from the origin as T4gTp4 becomes
smaller. We can see by (31) and (32) that as the value of Ty /ap decreases,
the point (£5,£5) moves on each hyperbola from the upper left to the lower
right.

Figure 3

Overlapping Figures 2 and 3, we obtain Figure 4. We can see that (34) de-
fines the line whose slope is the right-hand side of (34). In Figure 4, the line
is depicted under the smallest communication costs. The point (£4, £§) does
not move over the line with decreasing communication costs. We can see in
Figure 4 that, when transportation costs of products are high like the auto-
mobile industry, the location pattern of plants shifts in the following order
as communication costs decrease: Pattern A — Pattern A-mp — Pattern
mp. Whereas, when transportation costs of products are low like the hard
disc drive industry, the location pattern of plants shifts in the following order
with decreasing communication costs: Pattern A — Pattern A-B — Pattern
B. We can interpret the shifts of location pattern above in the following way:
multi-plants increase in the automobile firms with decreasing communication
costs, whereas single plants in region B increase in hard disc drive firms with
decreasing communication costs.

Figure 4

First, to show these results precisely, we focus on the case where the
location pattern shifts in the following order: Pattern A — Pattern A-mp
— Pattern mp — Pattern B-mp — Pattern B. Using (40) and (47), we can
see that the shift from Pattern A to Pattern A-mp happens by an increase
in &4 and a decrease in £§. Assuming Pattern A-mp to hold, we obtain the
following result from (46):

004 20p
65~ (T 7o) oam— o " (52
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This shows that the share of firms which locate single plants in region A
decreases and the share of firms which locate multi-plants increases gradually
with decreasing communication costs. Using (47) and (51), we can see that
the shift from Pattern A-mp to Pattern mp happens by an increase in &4
and a decrease in £f. Likewise, we can see that the location pattern of
plants shifts from Pattern mp to Pattern B-mp by an increase in &4 and a
decrease in &5, using (49) and (51). Assuming that Pattern B-mp to hold
and considering a decrease in communication costs between HQs and plants
(¢n increases), we can obtain the following result from (48):
jA
Vi _ 2054 >0 (53)
06y (1—p/o)(1 - dpadm)?

This shows that the share of firms which locate single plants in region B
increases and the share of firms which have multi-plants decreases with a
decrease in communication costs. Using (43) and (49), we can see that the
shift from Pattern B-mp to Pattern B happens by a increase of £ and a
decrease of £%.

Furthermore, we need to examine which pattern emerges when the com-
munication costs are the smallest. Setting the smallest communication costs
Ty = 1, we obtain the following result from (31) and (32):

o—1 1 o—1
& = (ﬁ) & = (GBTAB) (54)

Using (50), (51) and (54), we can see that Pattern mp emerges under the
smallest communication costs when transportation costs are large and the
productivity difference of the unskilled between regions is small. Therefore,
when transportation costs are large and the productivity difference of the
unskilled between the regions is small, the location pattern shifts with de-
creasing communication costs in the following order: Pattern A — Pattern
A-mp — Pattern mp. This result imply that multi-plants in automobile firms,
which involve large transportation costs, increase with decreasing communi-
cation costs. Whereas, using (42), (49) and (54), when both of transportation
costs and the productivity difference of the unskilled are large, Pattern B or
Pattern B-mp emerge under the smallest communication costs. Thus, when
transportation costs and the productivity difference of the unskilled between
the regions are large, the location pattern shifts with decreasing communi-
cation costs in the following order: Pattern A — Pattern A-mp — Pattern
mp — Pattern B-mp — Pattern B.
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Next, we focus on the case where the location pattern of plants shifts
in the following order with decreasing communication costs: Pattern A —
Pattern A-B — Pattern B with a decrease of communication costs. Using
(40) and (45), we can see that the shift from Pattern A to Pattern A-B
happens by an increase in £5 and a decrease in £¢§ when transportation costs
are small or when the additional fixed costs are rather large. Assuming
Pattern A-B to hold and considering a decrease in communication costs
between HQs and plants (¢ increases), we can obtain the following result
from (44):

07 1 1+ p/o 1—p/o
Oon  dap2(1 — du/dan)? (1 — ¢padu)?

This shows that the share of firms which have single plants in region B in-
creases and the share of firms which have single plants in region A decreases
gradually with decreasing communication costs. The shift from Pattern A-
B to Pattern B happens by an increase in &4 and a decrease in £, using
(42) and (45). Furthermore, using (42) and (54), we can see that Pattern B
emerges under the smallest communication costs when transportation costs
are small. Therefore, when transportation costs are small, the location pat-
tern shifts with decreasing communication costs in the following order: Pat-
tern A — Pattern A-B — Pattern B. This results implies that the hard disc
drive firms, which involve small transportation costs of their products, have
single plants in low wage countries with decreasing communication costs.

In addition, we examine the shift of location patterns on Pattern A-B.
Assuming that Pattern A-mp adjoins Pattern A-B on (£4,6%) space, we can
see that the location pattern shifts from Pattern A-mp to Pattern A-B with
decreasing communication costs when the following conditions are satisfied:
1) a < pfoor2)a>pjo, g > =2 and £F < 152 (See Appendix G for
the proof). Next, assuming that Pattern B-mp adjoins Pattern A-B on (£3,
£B) space, we can see that the location pattern shifts from Pattern B-mp to
Pattern A-B with decreasing communication costs (See Appendix H for the
proof).

The discussion above may then be summarized as follows.

>0 (55)

+ ¢BA2

Proposition 4.1 When transportation costs are large and the wage differ-
ence is small, the location pattern of plants shifts with decreasing communica-
tion costs in the following order: Pattern A — Pattern A-mp — Pattern mp.
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Whereas, when transportation costs are small, the location pattern of plants
shifts with decreasing communication costs in the following order: Pattern A
— Pattern A-B — Pattern B.

4.2 Reducing transportation costs

In this subsection, we examine the impact of decreasing transportation costs
(i.e., increasing ¢ap and ¢p4) on the location pattern of plants. From (31)
and (32), we have 0¢7/0¢pa = ¢ and 065 /0pap = ¢ These mean that,
when ¢y > 1 (or Ty /ag > 1), the relative cost advantage of region B over
region A when serving to the market A decreases more with decreasing trans-
portation costs, whereas the relative cost advantage of region A over region B
when serving to the market B decreases less with decreasing transportation
costs. Onthe other hand, when ¢y < 1 (or Ty /ap > 1), the relative cost
advantage of region B over region A when serving to the market A decreases
less with decreasing transportation costs, whereas the relative cost advantage
of region A over region B when serving to the market B decreases more with
decreasing transportation costs. Therefore, multi-plant firms become single-
plant firms with decreasing transportation costs. Furthermore, firms locating
single plants in region A increase when communication costs are high with
decreasing transportation costs, whereas firms locating single plants in region
B increase when communication costs are low with decreasing transportation
costs.

To illustrate the shift of location pattern with decreasing transportation
costs in Figures, observe that when the value (T /ag)? is fixed and trans-
portation costs from region A and from region B are the same value, equation
(34) defines a line through the origin in Figure 5. As transportation costs
increase, the location pattern of plants shifts away from the origin along this
line. Since the slope of this line is T4 /a%, when communication costs are
high, the location pattern shifts in Figure 5 with decreasing transportation
costs in the following order: Pattern mp — Pattern A-mp — Pattern A.
Whereas, when communication costs are low, the location pattern shifts in
Figure 5 with decreasing transportation costs in the following order: Pattern
mp — Pattern B-mp — PatternB.

Figure 5

We examine the shift of location pattern when we set transportation
costs from region A and from region B take the same value. First, assuming
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that Pattern mp is held and using (47) and (50), we can see that, when
communication costs are large, the location pattern of plants shifts from
Pattern mp to Pattern A-mp with decreasing transportation costs, that is
an increase of £5 and £§. Whereas, using (49) and (51), we can see that
the location pattern of plants shifts from Pattern mp to Pattern B-mp with
decreasing transportation costs when communication costs are small.
Second, we examine Pattern A-mp. Assuming that Pattern A-mp to hold
and considering a decrease in transportation costs (¢4 and &5 increase), we
can derive the following results from (46):
004 201 - 64
Opap  (1+p/o)(pap — ¢u)? OPpa

These results show that the share of firms which have multi-plants decreases
and the share of firms which have single plants only in region A increases
when transportation costs from region A to region B decrease. Whereas
the share of multi-plants firms and that of firms which have single plants in
region A do not change when transportation costs from region B to region
A decrease. The pace of the relocation of plants to region A becomes slower
as the difference of market size (/o) increases. Furthermore, assuming that
Pattern A-mp adjoins Pattern A-B on (£4,65)-space, we can see that the shift
from Pattern A-mp to Pattern A-B happens with decreasing transportation
costs (See Appendix I for the proof). Whereas, from (40) and (47), we can
see that the location pattern of plants shifts from Pattern A-mp to Pattern
A with decreasing transportation costs, that is an increase in &4 and £5.

Third, we examine Pattern B-mp. Assuming that Pattern B-mp to hold
and considering a decrease in transportation costs (é4 and &% increase), we
have the following results from (48):

=0 (56)

HA HA

W5 _ 201 o (57)

O¢pa (1= p/o)(1 — ¢padn)? Oan
which shows that the share of firms which have multi-plants decreases and
the share of firms which have single plants in region B increases when trans-
portation costs from region B to region A decrease. Whereas the share of
firms which have multi-plants does not change when transportation costs
from region A to region B decrease. The relocation of multi-plants becomes
faster pace when the difference of market size (p/o) is large. From (42) and
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(49), we can see that the location pattern of plants shifts from Pattern B-
mp to Pattern B with decreasing transportation costs, that is an increase
in &5 and £§. Whereas we can see that the location pattern of plants shifts
from Pattern B-mp to Pattern A-B with decreasing transportation costs (See
Appendix 1 for the proof).

Forth, we examine Pattern A-B. Setting dpap = dops = dor and doy =
0, we have

doA 1—pu/o

G, S0 (=) ﬁaﬁf (-0 ()
From this expression, we can see that the share of firms which have single
plants in region A decreases and the share of firms which have single plants
in region B increases when 1) ¢y is large, 2)¢5 is large and 3) &5 is small,
that is small communication costs. Whereas the share of firms which have
single plants in region A increases and the share of firms which have single
plants in region B decreases when 1) ¢y is small, 2)¢5 is small and 3) &5
is large, that is large communication costs. Furthermore, with decreasing
transportation costs, the location pattern shifts from Pattern A-B to Pattern

A when £ < #ﬂ, whereas the location pattern shifts from Pattern A to

Pattern A-B when &3 > ﬁ (See Appendix J for the proof). In addition,
the location pattern shifts from Pattern A-B to Pattern B with decreasing
transportation costs (See Appendix K for the proof).

The discussion above may be summarized as follows.

Proposition 4.2 Suppose that transportation costs from region A and from
region B takes the same value. Then, the number of the firms having plants
in both regions decreases with decrease transportation costs. When communi-
cation costs are small, the number of plants located in region A increases and
that of plants located in region B decreases with decreasing transportation
costs.

5 The welfare analysis

In this section, we examine the impact of decreasing communication costs on
the welfare of workers in the core and the periphery. Since the nominal wages
of the unskilled and the skilled are independent of communication costs, the
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impact of falling communication costs on the welfare is determined by the
change in the price index of manufactured goods in each region.
First, we examine the price index in region A. Using (25), we have
0Py Pa 05opa— (1 — du¢pa)d8s/0on

8¢H - g — 1 (1 — Gé) + 9g¢H¢BA

under either Pattern A, Pattern mp or Pattern A-mp, since 64 = 0 and
004 /0¢y = 0, we have OP4/0¢y = 0. Thus, the welfare in region A does
not change with decreasing communication costs under either pattern, since
all varieties are produced in region A. Under Pattern A-B (0 < 64 < 1),
using (44) and (55), we have:

(n+0)pap(l — dapdn)
20(pap — ¢m)?

implying that OP,/0¢y > 0. Likewise, under Pattern B-mp (0 < 64 < 1),
using (48) and (53), we have:

<0

05054 — (1 — pudpa)003/0dy = —

(1+a)(o + n)psa
alo - p)

implying that 0P4/0¢x > 0. In either pattern, two opposing effects work.
First, the marginal cost of differentiated goods produced in region B de-
creases, which tends to increase P4. Second, the number of plants increases
in region B and decreases in region A, which tends to increase P,. How-
ever, the second effects dominates the first, and hence the welfare in region
A decreases under either Pattern A-B and Pattern B-mp.

Under Pattern B, since 64 = 1 and 8053 /0¢y = 0, we have P4 /0¢y < 0.
Thus, under Pattern B, the welfare in region A increases with decreasing
communication costs. This is because the varieties made in region B are
produced at lower marginal cost due to lower communication costs.

Next, concerning the price index in region B, using (26), we have

OPg _ Pp (1- 04) — (du — dap)004/0dn

0¢H g — 1 (1 — 6£>¢H + 9£¢AB
Under either Pattern B, Pattern mp or Pattern B-mp, since §4 = 0 and
004 /0¢y = 0, we have OPp/d¢y < 0. Thus, the welfare in region B in-

creases. This is because varieties made in region B are produced at lower
marginal cost with a lower communication costs.

Ondna — (1 — dudpa)00p/0dn = — <0

(59)
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Under Pattern A-B (0 < 64 < 1), using (44) and (55), we have:

1
1—604) — (¢om — L >0
(1= 04) = (0n = 045)004/00u ou(l — dudpa)
implying that OPp/0¢y < 0. Likewise, under Pattern A-mp (0 < 64 < 1),
we have:

o —
(1—04) — (bn — ¢ap)004 /0oy = oz(a—JFM,u) >0
implying that 0Pp/0¢y < 0. In either case, two effects work. First, the
marginal cost of differentiated goods produced in region B decreases. Second,
plants increase in region B and decrease in region A. Both effects reduce Pg,
and hence increases the welfare in region B. Finally, under Pattern A, since
04 = 1 and 904 /0¢y = 0, we have OPg/0¢y = 0, implying that the welfare
in region B does not change when Pattern A emerges.
We may summarize the result above as follows:

Proposition 5.1 When communication costs are rather large, all varieties
are produced in the core (=region A). In this case, all workers are unaffected
from the decrease in communication costs. By more decrease in communica-
tion costs, some varieties are produced in the periphery (=region B). In this
case, the unskilled living in the periphery are better off and the workers in
the core are worse off with decreasing communication costs. Finally, when
communication costs are small enough, all plants are located in the periph-
ery. In this case, all workers in both regions benefit from further lowering
communicalion costs.

6 Conclusion

In this paper, globalization is characterized by lower communication costs
between headquarters and plants and lower transportation costs of products.
Each firm has the headquarter and chooses either to have a single plant in
a region, or to have one plant in each region. Under the assumption that
all headquarters are agglomerated in the core and that the productivity of
unskilled workers in the traditional sector is higher in the core than in the
periphery, we have examined the impact of globalization on the location
pattern of plants between the core and the periphery.
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From our analysis, we understand that multi-plants increase with decreas-
ing communication costs when transportation costs of products are large due
to the government regulation and the cultural differences and when the pro-
ductivity difference of the skilled are small. This explains the fragmentation
of the production by the automobile industry. On the other hand, single
plants in the periphery increase with decreasing communication costs when
transportation costs are small. This is suited to the globalization of the pro-
duction by consumer electronics or the outsourcing of call centre. On the
welfare, with decreasing communication costs, we could see that the workers
in the core worse off and these in the periphery better off when the varieties
are produced in both regions under medium communication costs. When
communication costs are small enough, all plants are located in the periph-
ery. In this case, all workers in both regions benefit from further lowering
communication costs.

For further research, it is desirable to consider on the location of plants
producing intermediate goods as well as plants producing final goods. Re-
cently, the share of intermediate goods in trade has been increasing. By
introducing the plants which produce intermediate goods, the forward and
backward linkages would arise between the two types of plants, and we could
explain the overseas expansion of a company producing intermediate goods
as a factor of a fragmentation.

Appendix

A. The profit of firms whose HQs are in region B

Using (7), (16), (17), (18), (19), (21) and (27), we obtain the profit of firms
whose HQ)s are in region B as follows:

B pf(l+ o —afi — afy)

e oS
(Swi + L/2)¢pa L/2 ] o
{(1 —08) + 08dudpa (1 —04)du + 04dap wy f (60)
1 — abdd — a4
ﬂ-f* — Mf( +OZ O-g A (e} B)¢H
Swﬁ’ +L/2 L/2¢AB o
[(1 - (9]‘;‘,) + 9§¢H¢BA (1— 92‘)¢H i 9£¢AB} wg f (61)
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B pf(l+ o —aff — abp)

s =
" oS
(Swi + L/2)pn L/2 B ;
(1—03) 4+ 050udpa (1 —04)on + 04dan (1+a)wg f
(62)

B. Proof of Lemma 3.1

Let us determine when the equilibrium conditions 75* < 0, 75* < 0, and
71'5; < 0 hold. Since all skilled workers are to be in region A, it must be that
wi > wl. Without loss of generality, we may assume that wf = w# which

means
pH
wf = P—ﬁwg (63)

A

From the free entry condition (20), it must hold that ma* < 0, 74* < 0, and
7% < (0. Using (60), (63) and ma* < 0, it is readily verified that 75* < 0

mp

holds if and only if
[ c(0) } . [u — 04)0m + eﬁ*m] /e
c(m) (1—05") + 05" 0udpa

Using (61), (63) and 74* < 0, it is then readily verified that 75* < 0 holds if
and only if

To (64)

T, Y. (65)

{ c(0) rl S {(1 — 04" )om + ej*d)AB]“/(“—l)
c(m) ~ L= 05) + 05" dndna

Using (62), (63) and @7y < 0, it is then readily verified that 7% < 0 holds
if and only if (64) and (65) hold. Condition (65) is always satisfied when
(64) holds. Note that the right-hand side of (64) is strictly decreasing in 64
and strictly increasing in 64 so that 75* <0, 75* <0, and Wﬁz < 0 hold as
long as (64) is satisfied for #4* = 1 and #4* = 0, that is, when condition (37)
holds. Therefore, conditions 75* < 0, 7§* < 0 and Wﬁ; < 0 hold if and only
if condition (37) holds.

C. For Pattern A

Pattern A means #4 = 1 and #4 = 0. From (20), under Pattern A, the

equilibrium conditions are: 74* = 0,748* < 0, Wfl; <0, 78 <0, 78 <0
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and nB » < 0. Supposing (37) to hold, we determine when the conditions
™ A = 0 ﬂé* <0, 7TA* < 0 is satisfied under Pattern A. First, substituting
04 =1 and 05 =0 1nto (28) and setting m4* = 0 yields the wage of skilled
labor in region A which turns out to be exactly the same as (39). Next,
substituting 04 = 1, 04 = 0 and (39) into (29) and setting ma* < 0 yields

1—pu/o
T (TS

On the other hand, substituting 4 = 1, 64 = 0 and (39) into (30) and
setting 72 » < 0 yields

(66)

1—pu/o
B
67
Therefore, conditions 74* = 0, 74* < 0 and Wé’; < 0 are satisfied when (66)

and (67) hold. Conditions (66) and (66) can be expressed together as (40).

D. For Pattern B

Pattern B means 64 = 0 and 05 = 1. From (20), under Pattern B, the
equilibrium conditions are: 74* < 0, 74* = 0, 7TA* <0, 75 <0, 758 <0and
* < 0. Supposing (37) to hold, we determine when the conditions 74* <
0 wg‘* = 0 and WA’; < 0 are satisfied under Pattern B. First, substituting
04 = 0 and 04 = 1 into (29) and setting 75* = 0 yield the wage of skilled
labor in region A which turns out to be exactly the same as (39). Next,
substituting 84 = 0, 04 = 1 and (39) into (28) and setting 74* < 0 yield

¢ 1+ p/o
P21+ p/o)ed

On the other hand, substituting 4 = 0, 64 = 1 and (39) into (30) and
setting 72 » < 0 yield

(68)

1+ p/o
e 69
Therefore, conditions 74* < 0, 74* = 0 and 72 o < 0 are satisfied when (68)

and (69) hold. Condition (68) and (69) can be expressed together as (42).
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E. For Pattern A-B

Pattern A-B means 64 + 604 = 1,0 < 04 < 1 and 0 < HA < 1. From
(20), under Pattern A-B, the equ1hbr1um conditions are: 74* = 0,75 = 0,
i <0, 78 <0, Wg* <0 and B < 0 Supposing (37) to hold, we

mp

determine when the conditions 74* = O 78" = 0 and 7T;‘,‘L; < 0 are satisfied
under Pattern A B. First, substituting Qﬁ =1 — 64 into (28) and (29), and
setting m4* = ma* = 0 yields the wage of skilled labor in region A which

turns out to be exactly the same as (39). Using this wage function, the share
of firms whose plants are located in region B can be obtained as (44) Next,
substituting 04 = 1 — 03, (39) and (44) into (30) and setting 7/ < 0 yield

A
e 2
Setting 64 > 0 in (44) yield
S e )
(1= p/o)s
Likewise, setting 64 < 1 in (44) yields
1—pjo
< s e "
Therefore, conditions 74* = 0, 74* = 0 and 7TA* < 0 are satisfied when (70),

(71) and (72) hold. Con81der1ng that &% is p081t1ve by definition, conditions
(70), (71) and (72) can be expressed together as (45).

F. For Pattern A-mp

Pattern A-mp means 0 < 64 =1—0; <1 and 0 =0. From (20), under
Pattern A-mp, the equilibrium conditions are: 74* = 0,75* < 0, 7TA* =0,

b <0, 7B < O and 7B* < 0. Supposing (37) to hold, we determine when
the conditions 74* = 0, Wﬁ* < 0 and 7TA’; = 0 are satisfied under Pattern A-
mp. First, substituting 673 = 0 into (28) and (30), and setting m4* = 7/ =0
yields the wage of skilled labor in region A which turns out to be exactly the
same as (39). Using this wage function, the share of firms whose plants are
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located in region A can be obtained as (46).Next, substituting 85 = 0, (39)
and (46) into (29) and setting 74* < 0 yield

€5 —
— 73
S )
Setting 04 > 0 in (46) yields
1—p/o
B — - 74
gA<1—u/a+20¢ (74)
Likewise, setting 64 < 1 in (46) yields
—a—pulo—aplo

1+oz—u/a—au/a

Therefore, m4* = 0, 75" < 0 and 7y = 0 are satisfied when (73), (74) and
(75) hold. Con81der1ng that &5 is positive by definition, conditions (73), (74)
and (75) can be expressed together as (47).

G. For Pattern B-mp

Pattern B-mp means 0 < 03 =1 — 62 <1 and 4 = 0. From (20), under
Pattern B-mp, the equilibrium conditions are: 74* < 0,75* = 0, ﬂ,‘f;, =0,

* <0, 7B < 0 and 2% < 0. Supposing (37) to hold, we determine when
the conditions 74* < 0 Wﬁ* =0 and 7TA* = 0 are satisfied under Pattern B-
mp. First, substituting 4 = 0 into (29) and (30), and setting ng* = m/hs = 0
yield the wage of skilled labor in region A which turns out to be exactly the
same as (39). Using this wage function, the share of firms whose plants are
located in region B can be obtained as (48).Next, substituting 04 = 0, (39)

and (48) into (28) and setting 74* < 0 yields

—{p—a
— 76
@‘—1 (1+ )5 7
Setting 04 > 0 in (48) yields
1+pu/o
A
— 77
£B<1+,u/0+204 (77)
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Likewise, setting 64 < 1 in (48) yields

g l—a+p/o+ap/o
A7 1t atplo+apfo

3 (78)
Therefore, m4* < 0, ng* = 0 and 7y = 0 are satisfied when (76), (77) and
(78) hold. Considering that £% is positive by definition, conditions (76), (77)
and (78) can be expressed together as (49).

H. For Pattern mp

Pattern mp means 04 = 03 = 0 and ¢, = 1. From (20), under Pattern
mp, the equilibrium conditions are 74* < 0,75* < 0, Wé; =0, 7f* <0,
7" < 0 and w* < 0. Supposing (37) to hold, we determine when the
conditions 74* < 0,7a* < 0 and ﬂé; = 0 are satisfied under Pattern mp.
First, substituting 4 = 64 = 0 into (30) and setting Wé; = 0 yields the
wage of skilled labor in region A which turns out to be exactly the same as
(39). Next, substituting 4 = 5 = 0 and (39) into (28) and setting 74* < 0
yields (50). On the contrary, substituting 4 = 04 = 0 and (39) into (29)
and setting 73" < 0 yields (51). Therefore, 74* < 0, 753" < 0 and 7% = 0
are satisfied when (50) and (51) hold. Considering that &5 is positive by
definition, Lemma 3.7 is verified.

I. For the shift of location pattern between Pattern

A-mp and Pattern A-B when communication costs
fall

The equilibrium condition for Pattern A-B (70) is rewritten as follows:
(—1+a+&) —E4(-1+ (1 +a)s) >0 (79)

Whereas, the equilibrium condition for Pattern A-mp (73) is rewritten as
follows:
(—1+a+&5) —€(-1+ (1 +a)ép) <0 (80)

Using the first derivative of the left-hand side of (79) and (80) with ¢, it

is verified that the location pattern of plants shifts from Pattern A-mp to

Pattern A-B with a decrease of communication costs when 1’70‘5—% + 32l <
B

1. Whereas the location pattern of plants shifts from Pattern A-B to Pattern

36



A-mp with a decrease of communication costs when 15 —i— Hael > 1. From

(70) and (73), £§ = M which divides Pattern A mp from Pattern A-B

in (&4, £8)-space 1ntersects __,_;{ +ieB —tatép =65 = 1+a Thus, the

location pattern of plants shifts from Pattern A-mp to Pattern A-B when
&5 > ;—Z and ¢§ < ;—3 Whereas the location pattern of plants shifts from

Pattern A-B to Pattern A-mp when &5 < ;—3 and &8 > 1;3 From (47),
1
rao o < Tra < 5=hiaas holds when o > /o and —E— < < 1=2 holds

when o < p/o. Therefore, the location pattern shifts from Pattern A-mp
to Pattern A-B with a decrease of communication costs when the following
conditions are satisfied: 1) a < p/o or 2) @ > p/o, &5 > 172 and €5 < 1+a
Whereas the locatlon pattern Shlfts from Pattern A-B to Pattern A-mp when

plo < a, &g < 172 and £§ > 2.

J. For the shift of location pattern from Pattern B-mp
to Pattern A-B when the communication costs fall

We can rewrite (70) as (79), whereas, (76) as (80). From the first derivative
of the left-hand side of (79) and (80) with ¢, the location pattern of plants
shifts from Pattern B-mp to Pattern A-B with a decrease of communication

costs when %— + 22¢f < 1. The border condition between Pattern

B d Pattern A-B ¢8 = =S8 intersects 5oL 4 lte 1 at
-mp and Pattern A- fA—wmersecsTg—A+ aeB — 1 a

A _ ¢B l1—a+p/otau/o
éB = fA = 1+oz COI’ISldeI'IIlg (49) and USIIlg 1+a < m,

pattern of plants shifts from Pattern B-mp to Pattern A-B when £5
and &5

the locatlon

1+o¢
1+a

K. For the shift of location pattern to Pattern A-B
when transportation costs fall

The equilibrium condition for Pattern A-B (70) is expressed as follows:

GAl-0+a)s) —(1-¢—a)>0

Whereas the equilibrium condition for Pattern A-mp (73) and for Pattern
B-mp (76) are expressed as follows:

Gl-1+a)ds) —(1-¢5—a)<0
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Setting ¢ = ¢pap = ¢pa, the first derivatives of the left-hand side of both

equations with ¢ are derived as (1 — (1 + oz)fA)agB +(1-(1+ a)fB)gi‘;
1 o—

Using (47) and (49), this derivative is positive from = > = and
o—p+2a0
—ﬁa > b +"+" . Therefore, the location pattern shifts from Pattern A-mp or
pt+2a0

from Pattern B-mp to Pattern A-B with decreasing transportation costs.

L. For the shift of location pattern about Pattern A-B
and Pattern A when transportation costs fall

The equilibrium condition for Pattern A-B (72) is expressed as follows:

320 — (n+o)ép)—o+p<0

Whereas the equilibrium condition for Pattern A (66) is expressed as follows:

€520 — (u+0)ép) —o+p >0

Setting ¢r = ¢pap = ¢pa, the first derivative of the left-hand side of both

equations with ¢ is (— (,u—l—a)fA) 05 B4 (20— (,u—l—a)fB)gif; z 0 éa s S

Therefore, the location pattern sh1fts from Pattern A-B to Pattern A when

&8 < piord whereas the location pattern shifts from Pattern A to Pattern

A-B when &4 > i

M. For the shift of location pattern about Pattern A-B
and Pattern B when transportation costs fall

The equilibrium condition for Pattern B (68) is expressed as follows:

20— (0 —wed) —o—p>0

Whereas the equilibrium condition for Pattern A-B (72) is expressed as fol-
lows:

£5(20 — (0 —w)El) —o—p <0
Setting ¢r = ¢ap = ¢pa, the first derivative of the left-hand side of both

equations with ¢ is positive when &4 < U“TH Therefore, the location pattern
shifts from Pattern A-B to Pattern B with decreasing transportation costs.
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Fig.1 Equilibrium domains of three location patterns
without multi-location firms («=1 and u /o0 =0.5)

Fig.2 Equilibrium domains of six location patterns
(=0.2 and u/o0=0.5)
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Fig.4 The shift of location pattern with decreasing communication costs
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