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We consider an economic geography setting in which firms are free to choose one of the following organizational 

types: (i) integrated firms, which perform all their activities at the same location, (ii) horizontal firms, which 

operate several plants producing the same good at different locations, and (iii) vertical firms, which perform 

distinct activities at separated locations. We show that there exists a unique organizational equilibrium, which 

typically involves the coexistence of various organizational forms. We also give necessary and sufficient conditions 

for the three types of firms to coexist within the same region and show that transportation and communication 

costs have opposite effects on firms’ organizational choices. This suggests that, depending on its nature, the supply 

of a new transportation infrastructure may lead to contrasted locational patterns. 
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. Introduction 

The purpose of this paper is to contribute to a better understanding

f the geography of production by showing how the interplay between

ommunication and transportation/trade costs affects the way firms

rganize their activities across space. Building an economic geography

etting in which both costs are taken into account, we investigate why

dentical firms operating in the same technological and market envi-

onment choose different spatial organizational forms and how these

hoices affect regional prices, outputs, and welfare. While most re-

earch in economic geography is based on external drivers, our approach

tresses the role of communication costs as an internal driver. 

Even since the Industrial Revolution, transportation costs have plum-

eted. However, firms operate multiple plants to supply spatially

eparated markets, thus suggesting that distance remains a major im-

ediment to trade in several sectors ( Hillberry and Hummels, 2008 ).

hat is more, firms are packages of different functions, such as man-

gement, R&D, finance, marketing, and production. Due to the develop-

ent of new information and communication technologies (ICT), firms
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re able to disperse these functions into geographically separated units

n order to benefit from the attributes specific to different locations

 Aarland et al., 2007 ). 

Yet, Fink et al. (2005) find that communication costs have a sig-

ificant impact on trade patterns, especially for differentiated goods.

or multi-plant US firms Giroud (2013) shows that the opening of

ew airline links that reduce the travel time between headquar-

ers and plants generated an increase of 7% in plant productivity.

harnoz et al. (2018) use the development of the high-speed rail-

ay network in France to show how the decrease in passenger travel

ime between headquarters and affiliates allowed a higher concentra-

ion of management functions in the headquarters. In the same vein,

alnins and Lafontaine (2013) observe that a greater distance to the

eadquarters is associated with shorter establishment longevity. Why

s this so? The transmission of knowledge via the new ICT remains in-

omplete and imperfect ( Leamer and Storper, 2001 ). In addition, face-

o-face contacts are still needed between specialized workers operating

n spatially separated plants and headquarters because such contacts al-

ow for immediate feedback in non-routine activities ( Battiston et al.,
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017 ). The list could go on much further. Thus, despite the ICT rev-

lution, we may safely conclude that the communication curse is still

ith us. 

A firm conducting all its activities under the same roof has what we

all a spatially integrated structure ( I -firm). When firms are not spatially

ntegrated, we distinguish between the following two types of spatial

rganization. The firm adopts a horizontal structure when several plants

roduce the same good at different locations ( H -firm). The cost of be-

ng horizontal is the loss in scale economies, while the benefit is direct

ccess to each market with zero transportation costs. By contrast, the

rm selects a vertical structure when it organizes and performs discrete

ctivities at distinct locations, which altogether form a supply chain ( V -

rm). The vertical fragmentation of the firm aims to take advantage of

ifferences in market size, but this involves communication costs be-

ween the headquarters and plants, as well as transportation costs from

he distant region to the domestic one. 

The coexistence of the three types of firms is observed in many real

orld situations. For instance, the Japanese Ministry of Economy, Trade

nd Industry provides a unique dataset, Kogyo Statistics, that describes

he spatial organization of manufacturing firms. Integrated firms ac-

ount for about 71% of the manufacturing sector and vertical firms

ith only one plant for about 12%; the remaining 17% are operated

y multi-plant firms, which are horizontal ( Okubo and Tomiura, 2016 ).

he dataset accounts for firms with more than four full-time employees,

hich probably explains the high share of integrated firms. In Denmark,

he average distance between plants and their headquarters has more

han double during the last three decades, thus showing the growing

mportance of vertical firms, while the share of multi-plant firms has in-

reased ( Acosta and Lyngemark, 2019 ). There is also a vast literature in

rban economics that documents the fact that city centers attract man-

gement or administrative activities, while operation plants are located

n edge cities, hinterland cities of the same country or abroad, where

and and/or labor are cheap ( Henderson, 1997; Henderson and Ono,

008; Rossi-Hansberg et al., 2009 ). 

As pointed out by Helpman (2006) , the diversity of firms’ spatial

rganizations goes beyond these canonical forms. However, we limit

urselves to the above three forms because considering several types of

rganizational forms involves a large number of cases to investigate. For

xample, focusing only on the three canonical types of organization in

 two-region setting yields the discouraging number of 49 candidates

atterns. This should not come as a surprise since, when studying the

eographical separation of front-offices and back-offices in the standard

onocentric city model, Ota and Fujita (1993) find that 11 configura-

ions may emerge as an equilibrium according to the values of the main

arameters of their model. 

Despite a rich literature on multinational enterprises, economic ge-

graphy has neglected to address the simultaneous occurrence of inte-

rated, vertical, and horizontal firms. This is where we hope to con-

ribute by developing a standard setting in which firms have a head-

uarters whose location is given and one or two plants whose lo-

ations are endogenous. More specifically, we assume that firms are

ree to choose the number and locations of their plants in the pres-

nce of transportation, communication, and fixed production costs. We

hen use this setting to study how the interregional distribution of ac-

ivities varies with transportation and communication costs and how

arious regional magnitudes are affected. Furthermore, since our aim

s to study the impact of communication and transportation costs on

rms’ organizational choices, we control for the main factors that ex-

lain differences in firms’ organizational forms in the literature on multi-

ational enterprises, i.e., wage inequality and technological differences

cross space ( Antràs and Yeaple, 2014 ). More specifically, we isolate

arket size as the only ex ante difference between the two regions, a

ariable whose empirical relevance is well known ( Head and Mayer,

004; Redding, 2011 ). 

In a closed economy, when identical monopolistically competitive

rms have the option of investing in new technologies to produce at a
ower marginal cost, they face a trade-off between the cost of adopting

he new technology and market size. Importantly, they all make the

ame choice and remain ex post identical ( Elberfeld, 2003 ). In an open

conomy, whether firms choose to be integrated or horizontal depends

n fixed production costs and the relative size of markets, but the level of

ransportation costs also matters. Taking communication costs on board

llows firms to choose to be vertical or not. These costs interact in a

on-trivial way with market size to determine the share of firms that

hoose a specific organizational form. 

Our main findings are as follows. For any given values of trans-

ortation, communication, fixed production costs, and the relative mar-

et sizes, we first show that there exists a unique equilibrium in which

rms choose their prices, sizes, and types of organization . However, that

he equilibrium is unique does not mean that firms are organized ac-

ording to the same configuration. Instead, the equilibrium configu-

ation chosen by firms typically changes with the parameter values.

part from the extreme cases where all firms are horizontal (inte-

rated) because fixed costs are very low (high) relative to market size,

rms choose different organizational forms . Indeed, (i) not all firms lo-

ated in the smaller region choose to be integrated because their do-

estic market is too competitive; (ii) not all firms choose to be verti-

al because this renders the big market very competitive; and (iii) not

ll firms choose to be horizontal because both markets become very

ompetitive. 

In this paper, we have chosen to focus primarily on the case where

he three organizational forms come together which we call a mixed

quilibrium. For this to happen, market sizes must differ, but not by

oo much. Furthermore, we show that only the smaller region hosts the

hree types of organizational forms; the larger region’s firms remain inte-

rated. In other words, there is one-way offshoring. Some of the smaller

egion’s firms invest in the other region to have a better access to the

arger market. At the same time, other firms remain integrated and fo-

us on the smaller market because the establishment of distant plants

akes competition in the larger market tougher while the displacement

f plants toward the larger region makes competition in the smaller re-

ion softer. However, it worth noting that the same holds for most of

he other equilibria where the smaller region hosts two or one type of

rm. In sum, the larger region’s firms are integrated while it pays for

he smaller region’s firms to be different. 

The foregoing results imply that the home market effect holds true

hen the mass of plants is endogenous: the bigger (smaller) region hosts

 more (less) than proportionate share of plants . This result is reassuring

ecause it shows that our setting is consistent with the economic geog-

aphy literature ( Baldwin et al., 2003 ). However, we want to stress the

ollowing difference: here the mass of plants is endogenous whereas the

ome market effect is usually obtained when the mass of (integrated)

rms is exogenously given. Therefore, that the home market effect still

olds when the mass of plants is endogenous is not a straightforward

mplication of existing results. 

The coexistence of the three organizational forms is socially optimal

nder conditions similar to those that sustain the market equilibrium.

n other words, the coexistence of various organizational forms is not

vidence of a market failure. Nevertheless, since a firm’s production

ost depends on its organizational choice, the cost distribution is now

ndogenous, which implies that the numbers of firms adopting a specific

tructure in the equilibrium and optimal outcomes need not be the same.

o be precise, we show that too few firms are horizontal while too many

rms are vertical. All in all, too few firms invest in the larger region in

rder to soften competition therein. 

Having done this, we study how transportation and communication

osts affect the pattern of organizational types at the mixed equilib-

ium. First, when shipping goods becomes cheaper, the number of plants

perating in each region decreases because firms change their organi-

ational form in response to a drop in transportation costs. Our anal-

sis confirms the classical result in the theory of multinational enter-

rises, that is, fewer firms go multiregional when shipping goods is cheaper
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 Markusen, 2002 ). More specifically, lowering transportation costs leads

o a hike in the number of integrated firms. However, although the num-

er of horizontal firms is reduced, the number of vertical firms rises. 

Second, in accordance with Krugman (1995) and others who argued

hat low communication costs allow the slicing up of the supply chain,

e find that falling communication costs lead to a higher number of mul-

iregional firms . Even though the total number of plants increases, the

maller region hosts fewer plants. Simply put, lower transportation costs

r communication costs have opposite impacts on the spatial patterns of

roduction: in the former more firms are integrated, while in the latter

ore firms are fragmented . In other words, more efficient transporta-

ion fosters the interregional dispersion of production, whereas more ef-

cient communication technologies promote the spatial concentration

f production in the larger region. Our results concur with Baldwin

2016) who argued that drops in transportation and communication

osts are at the origin of two different phases of globalization. 

Third, profits are higher when transportation costs decrease. This

uns against the widespread idea that spatial separation endows firms

ith market power ( Ottaviano and Thisse, 2004 ). Thus, our analysis

hows that, in response to lower transportation costs, firms are able to

estore their profits by rearranging the spatial organization of their activities .

verything being equal, consumers are, therefore, worse-off because re-

ional markets are less competitive. Even when profits are redistributed

o consumers, the impact of a deeper market integration is ambiguous

s it varies with the level of transportation, communication, and fixed

roduction costs. On the other hand, lower transportation costs foster a

igher GDP in each region, but exacerbate regional disparities, whereas

ower communication costs reduce GDP in each region, but promotes

egional convergence. 

This difference in results has an interesting implication from the pol-

cy viewpoint. Indeed, improving accessibility through the provision of

ew transportation infrastructure is one of the main policy instruments

sed by governments and international agencies to foster regional de-

elopment ( Redding and Turner, 2015 ). Policy instruments typically in-

olve the building of highways, high-speed railways, or airports. Our

nalysis shows that these instruments may have different impacts on the

pace-economy. Indeed, new highways makes shipping of commodities

heaper. By contrast, new high-speed railways or airports reduce the

ravel costs of business people and professionals, thus reducing commu-

ication costs by making face-to-face contacts easier. As a result, depend-

ng on its nature, a new transportation infrastructure might generate different

mpacts on the geography of production and the intensity of regional dispari-

ies . When the aim of transport policy is to affect the spatial distribution

f activities, there is a need to distinguish between different types of

nfrastructure, an issue that has been overlooked in the literature. 

Last, when firms are exogenously heterogeneous in productivity, it

s not clear that firms may want to be differentiated in spatial organi-

ational forms because they are already differentiated in costs. There-

ore, we find it natural to investigate what our main findings become

hen firms are heterogeneous à la Melitz. As in the foregoing, we show

hat the smaller region hosts the three types of firms under conditions

hat are similar to those obtained when firms are homogeneous. The

ost efficient firms always choose to become horizontal because these

rms are able to bear the higher fixed costs associated with the opera-

ion of two plants. On the other hand, the organizational form selected

y the medium efficient firms depends on the relative size of the two

arkets. When the asymmetry is strong, the medium efficient firms go

ertical because their domestic market is too small. Otherwise, they

o integrated because their domestic market offers a sufficiently big

utlet. 

Admittedly, our results are obtained using a bare-bone framework.

ccounting for a richer set of effects might turn down some of our con-

lusions. Nevertheless, by recognizing that firms may choose their orga-

izational form, our paper shows that the assumption of integrated firms

nd the emphasis on the transportation costs are not innocuous assumptions

n that they might deliver misleading policy recommendations. 
Related literature. Our model is closely linked to one of the

orkhorses of economic geography, that is, the footloose capital

odel where firms run a single plant and are spatially integrated

 Baldwin et al., 2003 ). By contrast, we allow firms to choose their or-

anizational forms, that is, the headquarters and plants may or may

ot collocate, while firms may operate one or several plants. Therefore,

ur setting can be viewed as the “footloose plant model ”. Behrens and

icard (2007) used an economic geography setting to compare inte-

rated and horizontal firms. These authors find that, as transportation

osts decrease, multiplant firms close their plants in the small region

nd serve this market through trade from the large region. Fujita and

hisse (2006) highlighted the role of communication costs in firms’ de-

isions to go vertical in a setting where all firms are established in the

ore region. They showed that firms located in the core region are inte-

rated, integrated and vertical, and vertical only when communication

osts steadily decrease. Fujita and Gokan (2005) extended this setting

o the case where firms may be integrated, horizontal or vertical. De-

ending on the levels of transportation and communication costs, the

quilibrium outcome involves any one firm type or any two firm types.

obert-Nicoud (2008) used a similar model to show that the spatial frag-

entation of the supply chain may be beneficial to consumers when

ommunication costs are low. 

We differ from these three contributions in at least two major re-

pects. First, in our setting, firms are located in both regions, so that the

ntensity of competition varies with the organizational choices made by

rms located in each region. Second, we investigate a set of issues that

hese authors do not consider. Yeaple (2003) is closer to us in that he

tudies the simultaneous emergence of the three organizational forms.

o do this, Yeaple considered a 3-country setting and shows that the

ame firm may choose to go horizontal in one country and vertical in

he other. 

The paper is organized as follows. The model is described in

ection 2 . Section 3 deals with the equilibrium and welfare analy-

es when firms have the same productivity. The impact of market

ize is discussed in Section 4 , while the various effects triggered by

ower transportation and communication costs are studied in Section 5 .

ection 6 discusses what our main findings become when firms differ in

roductivity. Section 7 concludes. 

. The model and preliminary results 

.1. The economy 

The economy features two regions - 𝑖 = 1 , 2 -, two sectors - one sector

roduces a differentiated good and the other a homogeneous good -, and

ne production factor - labor. The differentiated good is produced under

ncreasing returns by a mass F of Melitz-like heterogenous firms using

abor. Each variety is provided by a single firm and each firm supplies

 single variety. The homogeneous good is produced under constant

eturns and perfect competition using labor. The distribution of firms’

otal factor productivity in the differentiated good sector is the same in

oth regions, while the productivity of the homogeneous good sector is

he same in the two regions. The homogeneous good is costlessly traded.

herefore, its price, hence the wage w i paid in region i , is the same

n both regions. The unit of the homogeneous good is chosen for the

egional wage to be equal to 1 and this good is chosen as the numéraire.

here is a mass L of consumers. In the spirit of economic geography, we

ssume that workers own the firms located in the same region as them.

Each consumer is endowed with one unit of labor, which is supplied

nelastically. Consumers are spatially immobile; region i hosts s i L of con-

umers with s 1 > s 2 > 0 and 𝑠 1 + 𝑠 2 = 1 . We denote by S ≡ s 2 / s 1 ∈ (0, 1)

he relative size of the two regions. Like in the footloose capital model,

e rule out comparative advantage à la Heckscher-Ohlin by assuming

hat the mass of firms in region i is s i F . Although the mass of firms is

xogenous, the mass of plants is endogenous and varies from F to 2 F . 
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1 To keep things simple, we assume the same level of fixed costs in the two 

countries. However, our results remain qualitatively the same when these two 

costs differ but not too much. 
.2. Consumers 

Consumers share the same quasi-linear, logarithmic preferences: 

 = 𝛼 ln 
⎡ ⎢ ⎢ ⎣ 
( 

∫
𝐹 

0 
𝑥 
𝜎−1 
𝜎

𝑘 
d 𝑘 

) 

𝜎
𝜎−1 ⎤ ⎥ ⎥ ⎦ + 𝑧, (1)

here x k is the consumption of variety 𝑘 ∈ [0 , 1] , 𝜎 > 1 is the elasticity

f substitution between any two varieties, 𝛼 ∈ (0, 1) is the salience coef-

cient of the differentiated good in preferences, and z is the consump-

ion of the homogeneous good, while the budget constraint is given by

 𝑃 + 𝑧 = 1 , where X is the consumption bundle in the parentheses of

1) and P is the price index of differentiated good defined below. 

Applying the first-order condition yields 𝑿 𝑃 = 𝛼, which implies that

ach consumer spends 𝛼 units of the numéraire on the differentiated

ood. In other words, a consumer’s budget constraint on the differenti-

ted good boils down to 

𝐹 

0 
𝑥 𝑘 𝑝 𝑘 d 𝑘 = 𝛼, (2)

here p k is the consumer price of variety k . By implication, an increase

n income generates only an increase in the consumption of the homo-

eneous good. 

The individual demand for variety k is given by 

 𝑘 = 

𝛼𝑝 − 𝜎
𝑘 

Δ
, (3)

here the market aggregate 

≡ ∫
𝐹 

0 
𝑝 
−( 𝜎−1) 
𝑘 

d 𝑘 = 𝑃 −( 𝜎−1) (4)

s a monotone decreasing transformation of the CES-price index 

 = 

[ 
∫

𝐹 

0 
𝑝 
−( 𝜎−1) 
𝑘 

d 𝑘 

] −1∕( 𝜎−1) 
. 

.3. Producers 

A firm involves a headquarters (HQ) and one or two production plants .

y convention, we refer to a firm’s location as the location of its HQ. A

Q provides the specialized pre- and post-fabrication services for the

ood to be processed and delivered to customers. For simplicity, we as-

ume that a HQ needs a fixed number of labor units. Each firm chooses

o have a single production facility in one of the two regions or a produc-

ion site in each region where the same variety is produced. To operate a

lant, a 𝜃-firm needs a fixed requirement of f > 0 and a marginal require-

ent of c / 𝜃 units of labor, where 𝜃 is drawn from a given distribution

 ( 𝜃) that is the same in both regions. When firms are homogeneous, the

arginal requirement of labor is the same across firms and equal to c . 

The “distance ” between regions is measured in two different ways.

irst, in line with the literature, when a firm ships one unit of its va-

iety it incurs an iceberg transportation cost 𝜏 > 1; it is costless to ship

he variety to its local customers ( 𝜏 = 1 ). Second, a firm’s HQ provides

arious specialized inputs to its plant(s), while local managers require

egularly pieces of information from their HQs related to specific tasks,

nexpected issues, and more. This implies the existence of communica-

ion costs that link the two units. Since distance affects productivity in

 negative way, it is natural to assume that the plant’s marginal cost is

igher when the HQ and plant are located in distant regions. Alterna-

ively, we may interpret communication costs as a “reduced form ” for

he various management and informational costs generated by spatial

eparation, such as those studied in the literature on the organization

f multi-level enterprises ( Helpman, 2006; Antràs and Rossi-Hansberg,

009 ). 

There is no general agreement about how to model communica-

ion costs. According to some authors, the cost of communication is

lmost entirely a fixed cost because, once a communication device is
nstalled, the marginal cost of sending messages is very low ( Antràs and

eaple, 2014 ). Others model communication costs as an iceberg cost

> 1, with 𝛾 = 1 when plants and HQs are collocated ( Duranton and

uga, 2005; Fujita and Thisse, 2006 ). This can be justified on the fol-

owing grounds. First, using an iceberg cost implies that communica-

ion costs are proportional to the plant output. This is in line with the

iterature on firms’ organization where managers spend time solving

ophisticated tasks arising in distant plants while their working time is

roportional to firms’ output ( Garicano, 2000; Gumpert, 2018 ). Second,

n iceberg cost may account for both communication costs that are un-

elated to distance, as in the case of talks via communication devices,

nd costs that vary with distance, as in the case of travel costs of engi-

eers and business people. Third, since less efficient firms are likely to

xperience higher communication costs, linking communication costs

o marginal costs leads to an inverse relationship between the former

nd firm’s productivity when the plant is located away from its HQ. For

xample, a lower quality of internal resources makes firms more vulner-

ble when HQs and plants are spatially separated. Last, modeling both

rictions in the same way makes it easier to compare their respective

mpact on firms’ organizational forms, while yielding a wide range of

quilibrium outcomes. In what follows, we choose this modeling strat-

gy. 

The choice of a specific organizational form determines a firm’s pro-

uction cost function. In what follows, we describe the cost functions

ssociated with the three types of firms. We denote by q ij the total con-

umption in region 𝑗 = 1 , 2 of a variety produced by a firm headquar-

ered in region 𝑖 = 1 , 2 . 

(i) A 𝜃-firm is said to be integrated ( I ) when it operates a single plant

which is located together with its HQ; the plant supplies both

markets. Hence, the cost function of a I -firm with productivity 𝜃

located in region 𝑖 = 1 , 2 is given by 

𝐶 𝐼 𝑖 ( 𝜃) = 𝑓 + 

𝑐 

𝜃
⋅
(
𝑞 𝑖𝑖 + 𝜏𝑞 𝑖𝑗 

)
with 𝑗 ≠ 𝑖. (5)

The total output, or size, of this firm is thus equal to 𝑞 𝐼 
𝑖 
≡ 𝑞 𝑖𝑖 +

𝜏𝑞 𝑖𝑗 . 

(ii) A 𝜃-firm is vertical ( V ) when it has a single plant, which operates

abroad; the plant supplies both regions. A V -firm faces an addi-

tional cost associated with the operation of a plant set up away

from its HQ. As discussed in the introduction, distance implies

higher coordination and communication costs between the HQ

and its plant. Therefore, the cost function of a V -firm located in

region i is given by 

𝐶 𝑉 𝑖 ( 𝜃) = 𝑓 + 

𝑐 

𝜃
⋅
(
𝜏𝛾𝑞 𝑖𝑖 + 𝛾𝑞 𝑖𝑗 

)
with 𝑗 ≠ 𝑖. (6)

This firm’s total output is given by 𝑞 𝑉 
𝑖 
≡ 𝜏𝛾𝑞 𝑖𝑖 + 𝛾𝑞 𝑖𝑗 . 

(iii) Finally, a 𝜃-firm is horizontal ( H ) when it has a plant in each re-

gion. When a firm splits its production between the two regions,

it incurs an additional fixed cost f ; the marginal costs of the do-

mestic and distant plants are, respectively, c / 𝜃 and 𝛾c / 𝜃. 1 Since

both plants supply the same variety, the activity of a H -firm en-

tails no interregional trade. The cost function of a H -firm located

in region i is then given by the following expression: 

𝐶 𝐻 

𝑖 ( 𝜃) = 2 𝑓 + 

𝑐 

𝜃
⋅
(
𝑞 𝑖𝑖 + 𝛾𝑞 𝑖𝑗 

)
with 𝑗 ≠ 𝑖, (7)

while its total output is equal to 𝑞 𝐻 

𝑖 
≡ 𝑞 𝑖𝑖 + 𝛾𝑞 𝑖𝑗 . 

The expressions (5) –(7) show that transportation and communica-

ion costs affect firms’ production costs in different ways according to

heir organizational form. In particular, the presence of communication

osts implies that the location of HQs matters for the definition of firms’

ost functions. Though firms are heterogeneous in cost efficiency, firms’
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eterogeneity is endogenous because firms choose their marginal costs

hrough their organizational choices. Note also that the communication

ost 𝛾 in (6) cannot be interpreted as a wage wedge between the two

egions. Indeed, this interpretation would mean that producing in i is

ore expensive than in j . However, as 𝐶 𝑉 
𝑖 

and 𝐶 𝑉 
𝑗 

have the same func-

ional form, this would imply that producing in i would be cheaper than

n j , a contradiction. 

Note also the following difference between our setting and standard

odels of economic geography: here the mass of firms (plants) is ex-

genous (endogenous) and profits are positive; in the latter firms are

patially integrated while the mass of firms is determined by the quan-

ity of labor or capital ( Baldwin et al., 2003 ). Assuming that the mass

f firms of each type is determined by the zero-profit conditions appears

o be a tricky issue. Indeed, we show in Section 3.1 that this condition

ever holds but for a zero-measure subset of the plane ( 𝜙, 𝜔 ). More gen-

rally, we will see that our results are independent of the total mass F

f firms. 

.4. Market equilibrium 

Since all region- i firms sharing the same productivity 𝜃 and the same

rganizational form 𝓁 = 𝐼, 𝑉 , 𝐻 choose the same equilibrium consumer

rice 𝑝 𝓁 
𝑖𝑖 
( 𝜃) in region i ( 𝑝 𝓁 

𝑖𝑗 
( 𝜃) in region j ), (3) implies that the profit

unction of a 𝜃-firm is given by the following expression: 

𝓁 
𝑖 ( 𝜃) = 𝑠 𝑖 𝐿 ⋅

(
𝑝 𝓁 
𝑖𝑖 
( 𝜃) 

)1− 𝜎
Δ𝑖 

+ 𝑠 𝑗 𝐿 ⋅

(
𝑝 𝓁 
𝑖𝑗 
( 𝜃) 

)1− 𝜎

Δ𝑗 
− 𝐶 𝓁 𝑖 ( 𝜃) with 𝓁 = 𝐼, 𝑉 , 𝐻,

𝑖, 𝑗 = 1 , 2 and 𝑗 ≠ 𝑖. 

The timing of the game is as follows. First, firms choose their or-

anizational forms and, then, their prices and quantities sold in each

egion. 

For notational simplicity, we choose the unit of output for 𝑐 = ( 𝜎 −
)∕ 𝜎 < 1 to hold. Using (3) , profit-maximization yields the equilibrium

onsumer price of a variety produced in region 𝑖 = 1 , 2 by a I -firm and

old in regions i and j : 

 

𝐼 
𝑖𝑖 ( 𝜃) = 

1 
𝜃

𝑝 𝐼 𝑖𝑗 ( 𝜃) = 

𝜏

𝜃
> 𝑝 𝐼 𝑖𝑖 with 𝑗 ≠ 𝑖. (8)

The consumer prices charged by a V -firm located in region i are as

ollows: 

 

𝑉 
𝑖𝑖 ( 𝜃) = 

𝛾𝜏

𝜃
> 𝑝 𝐼 𝑖𝑖 ( 𝜃) 𝑝 𝑉 𝑖𝑗 ( 𝜃) = 

𝛾

𝜃
< 𝑝 𝑉 𝑖𝑖 ( 𝜃) with 𝑗 ≠ 𝑖, (9)

hile a H -firm in i sets prices given by 

 

𝐻 

𝑖𝑖 ( 𝜃) = 

1 
𝜃

𝑝 𝐻 

𝑖𝑗 ( 𝜃) = 

𝛾

𝜃
> 𝑝 𝐻 

𝑖𝑖 ( 𝜃) with 𝑗 ≠ 𝑖. (10)

Denote by n i ( v i or h i ) the mass of integrated (vertical or horizontal)

rms in region i , so that 

 𝑖 + 𝑣 𝑖 + ℎ 𝑖 = 𝑠 𝑖 𝐹 . (11)

Using (8) –(10) , the market aggregate Δi is given by the following

xpression: 

𝑖 = 𝑛 𝑖 + 𝑛 𝑗 𝜙 + 𝑣 𝑖 𝜙𝜔 + 𝑣 𝑗 𝜔 + ℎ 𝑖 + ℎ 𝑗 𝜔, 

here 0 < 𝜙 ≡ 𝜏−( 𝜎−1) < 1 and 0 < 𝜔 ≡ 𝛾−( 𝜎−1) < 1 whose values mea-

ure, respectively, the freeness of trade and the freeness of communica-

ion. It follows from (11) that Δi can be interpreted as the effective mass

f plants competing in region i , that is, the mass of plants discounted by

he corresponding friction factors 𝜙 and 𝜔 . Indeed, everything works as

f the mass of plants located in region i were equal to Δi . The price index

n one region depends on the spatial structure chosen by firms located

n both regions. As Δi rises through lower transportation or communi-

ation costs, the price index P i decreases because the effective mass of

lants increases. In other words, when the organizational structure of firms

s given, lowering communication and/or transportation costs renders both

egional markets more competitive . 
Using (11) , we can rewrite Δi as follows: 

𝑖 = 𝑠 𝑖 𝐹 + 𝜔𝑠 𝑗 𝐹 − ( 𝜔 − 𝜙) 𝑛 𝑗 − (1 − 𝜙𝜔 ) 𝑣 𝑖 , 𝑖 = 1 , 2 . (12)

Measuring the intensity of competition in a market by the inverse

f the corresponding price index, we may conclude as follows. If all

egion- i firms are integrated ( 𝑛 𝑖 = 𝑠 𝑖 ), competition becomes tougher in

 and softer in region j because all region- i firms produce home, which

rotects region- j firms. If all firms are vertical ( 𝑣 𝑖 = 𝑠 𝑖 ), competition be-

omes tougher in region j , and softer in region i because all varieties are

mported from j . Last, if all region- i firms are horizontal ( ℎ 𝑖 = 𝑠 𝑖 ), com-

etition gets tougher in both regions because each one hosts a larger

ass of plants. In short, the organizational structure of firms affects the

ntensity of competition in both regions. 

Using (3) and (8) –(10) , the profits made by a I -firm, a V -firm and a

 -firm are, respectively, given by the following expressions: 

𝐼 
𝑖 ( 𝜃) = 𝛼𝐿 

[ 
𝜃𝜎−1 

𝜎

( 

𝑠 𝑖 
Δ𝑖 

+ 𝜙
𝑠 𝑗 

Δ𝑗 

) 

− 

𝑓 

𝛼𝐿 

] 
, (13)

𝑉 
𝑖 ( 𝜃) = 𝛼𝐿 

[ 
𝜃𝜎−1 

𝜎

( 

𝜙𝜔 
𝑠 𝑖 
Δ𝑖 

+ 𝜔 
𝑠 𝑗 

Δ𝑗 

) 

− 

𝑓 

𝛼𝐿 

] 
, (14)

𝐻 

𝑖 ( 𝜃) = 𝛼𝐿 

[ 
𝜃𝜎−1 

𝜎

( 

𝑠 𝑖 
Δ𝑖 

+ 𝜔 
𝑠 𝑗 

Δ𝑗 

) 

− 

2 𝑓 
𝛼𝐿 

] 
. (15)

herefore, without loss of generality, we can normalize 𝛼L to 1. In other

ords, a higher total expenditure on the differentiated good is formerly

quivalent to a decrease in the fixed labor requirement. 

An organizational equilibrium is such that consumers maximize util-

ty, each firm maximizes its profits, markets clear, and profits are non-

egative in both regions. Since firms are free to choose the organiza-

ional form across space, the equilibrium profits in region 𝑖 = 1 , 2 are

uch that 

∗ 
𝑖 ( 𝜃) = max 

{
𝜋𝐼 𝑖 ( 𝜃) , 𝜋

𝑉 
𝑖 ( 𝜃) , 𝜋

𝐻 

𝑖 ( 𝜃) 
} ≥ 0 . 

The following remarks are in order. First, I -firms’ profits decrease

ith communication costs because the price indices P i and P j fall, while

 -firms’ profits fall for the same reason when transportation costs de-

rease. Profits of V -firms change with 𝜙 and 𝜔 in more complex ways.

ote already the importance of communication costs for the difference

etween integrated and multiregional firms. If communication costs are

rohibitive ( 𝜔 = 0 ), all firms are integrated. On the other hand, when

ommunication costs are negligible ( 𝜔 = 1 ), the model has a contin-

um of organizational equilibria (see Appendix A ). This is reminiscent

f Krugman (1980) where there is a continuum of locational equilibria

hen 𝜙 = 1 . In what follows, we eliminate those extreme cases by as-

uming that 0 < 𝜔 < 1. Last, if transportation costs are negligible ( 𝜙 = 1 ),
here are no H -firms. Therefore, we assume 𝜙< 1. 

The meager literature that aims to compare transportation and com-

unication costs is not conclusive. At best, it suggest that the rela-

ionship between 𝜏 and 𝛾 varies with the type of products (see, e.g.

allagher, 2013 ). The two cases where 𝜏 is larger or smaller than 𝛾 must,

herefore, be discussed. When transportation costs are lower than com-

unication costs, plugging 𝜏 < 𝛾 in (13) –(15) shows that 𝜋𝐼 
𝑖 
( 𝜃) > 𝜋𝑉 

𝑖 
( 𝜃)

nd 𝜋𝐼 
𝑖 
( 𝜃) > 𝜋𝐻 

𝑖 
( 𝜃) always hold for 𝑖 = 1 , 2 . As a result, no region- i firm

hooses to be vertical or horizontal, which implies that the only orga-

izational equilibrium involves integrated firms in both regions ( I - I ).

n other words, when 𝜏 < 𝛾 firms’ choices are such that there is inter-

egional trade and no distant investment. Additional motives, such as

n interregional wage gap or subsidies provided by local governments

o attract investments, must be added to the setting for vertical and/or

orizontal firms to emerge. By contrast, when transportation costs are

igher than communication costs, we will see that a plethora of equilib-

ia exist according to the values of the different parameters. Since we

o observe organizational diversification in the real world, it is reason-

ble to dismiss the case where 𝜏 < 𝛾 and to focus on the case 𝜏 > 𝛾 or,

quivalently, 𝜙< 𝜔 . 
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The expression (12) becomes easy to interpret when 𝜙< 𝜔 . The term

 𝑖 + 𝜔𝑠 𝑗 in the right hand-side of (12) is the effective mass of plants in

egion i when all i -firms are integrated or horizontal. When some region-

 firms choose to be horizontal, the price of their varieties is affected

y the gap 𝜔 − 𝜙 > 0 between communication and transportation costs.

imilarly, the term (1 − 𝜙𝜔 ) 𝑣 𝑖 accounts for the region- i firms that choose

o go vertical, which generates a price gap equal to 1 − 𝜙𝜔 . When com-

unication costs are lower than transportation costs, everything else

qual this renders market in region i more competitive because more

egion- j firms locate their plants in region i . 

Last, it follows from (13) and (14) that s j / Δj > s i / Δi must hold for

ome region- i firms to go vertical. Since s j / Δj < s i / Δi must also hold for

ome region- j firms to be vertical, V -firms can exist at most in one region.

. Homogeneous firms 

Working with heterogeneous firms could blur the sheer effects that

rive firms in their organizational choices in the space-economy. This is

hy we start with the case of homogeneous firms. 

.1. Equilibrium 

The following result is shown in the Supplementary Material. 

roposition 1. Assume that 0 < 𝜙< 𝜔 < 1 . Then, there exists a unique

rganizational equilibrium almost everywhere in 𝑋 = {( 𝑆, 𝜎𝑓 ) ∣ 0
 𝑆 < 1 , 0 < 𝜎𝑓} . 

It is worth stressing that the uniqueness of the equilibrium does not

mply that firms choose the same organizational form for all admissible

alues of the parameters 𝜙, 𝜔 , S , and f . More specifically, there are 49

ossible configurations, but “only ” 10 of them are equilibrium organi-

ational equilibria. They are given by I - I, I - IV, I - V, I - VH, I - IVH, I

 IH, I - H, IH - IH, IH - H , and H - H . Among these equilibria, we want

o stress the following two polar cases. First, if 𝜎f is high enough and

egions are not too different, then the equilibrium is given by I - I , that

s, all firms are integrated. In this case, there are no interregional invest-

ents and the mass of plants is minimized. At the other extreme of the

pectrum, when 𝜎f is sufficiently low, all firms are horizontal, that is,

he equilibrium is given by H - H . There is no trade because the whole

ange of varieties is produced in each region. In this case, interregional

nvestments are a perfect substitute for trade and the mass of plants is

aximized. In Appendix D , we specify the mass of firms for the config-

rations in which only two types of firms coexist in the smaller region,

hile region-1 firms are integrated, that is, I - IH, I - HV , and I - IV . We

riefly mention the properties of these three equilibria in Sections 4 and

 . Doing this allows us to discuss the robustness of the properties of the

ixed equilibrium. All but one of the remaining equilibria involve inte-

rated and horizontal firms. These patterns are studied in the literature

n multinationals and we do not have much to add to the existing body

f knowledge. The last configuration I - V is associated with very low

ommunication costs and dissimilar regions. 

As discussed in the introduction, we focus here on the case in which

t least one region hosts the three types of firms. We call such a configu-

ation a mixed equilibrium. Since both regions cannot host V -firms, only

ne region, say j , can accommodate the three organizational forms. In

his case, the equilibrium condition in region j is as follows: 

𝐼 
𝑗 = 𝜋𝑉 𝑗 = 𝜋𝐻 

𝑗 > 0 . (16)

In what follows, we determine necessary and sufficient conditions

or homogeneous firms located in one region to become heterogeneous

n the way they organize their production activities. Hence, competition

lone is sufficient for identical firms to operate under the three organiza-

ional forms . First, as shown in Appendix A , at a mixed equilibrium one

egion, say i , hosts only integrated firms ( 𝑛 𝑖 = 𝑠 𝑖 𝐹 ). We then find the

ass of region- j firms which choose each organizational form and show

hat 𝑖 = 1 and 𝑗 = 2 . In other words, diversification arises among the
maller region’s firms. Last, we determine the necessary and sufficient

onditions for the candidate mixed configuration to be an equilibrium. 

When 𝑛 𝑖 = 𝑠 𝑖 𝐹 , we may use (16) to determine the corresponding

quilibrium values of Δi and Δj . 

1. Using (13) and (15) , the condition 𝜋𝐻 

𝑗 
= 𝜋𝐼 

𝑗 
implies 

∗ 
𝑖 = 

𝜔 − 𝜙

𝜎𝑓 
𝑠 𝑖 . (17)

bserve that (4) and (17) imply that 𝑃 ∗ 
𝑖 

decreases with the size of region

 . Similarly, 𝑃 ∗ 
𝑖 

decreases when 𝜎 and/or f falls because more plants

ettle in region i when varieties are less differentiated and/or fixed costs

re lower. 

2. Using (14) and (15) , the condition 𝜋𝐻 

𝑗 
= 𝜋𝑉 

𝑗 
implies 

∗ 
𝑗 = 

1 − 𝜙𝜔 

𝜎𝑓 
𝑠 𝑗 . (18)

For the three firm-types to coexist in a region, the regional indices
∗ 
𝑖 

and Δ∗ 
𝑗 

must be given by (17) and (18) . Note that Δ∗ 
𝑖 

and Δ∗ 
𝑗 

do not

epend on the mass F of firms. 

3. The last condition 𝜋𝐼 
𝑖 
= 𝜋𝑉 

𝑖 
yields 

Δ∗ 
𝑖 

Δ∗ 
𝑗 

= 

𝑠 𝑖 
𝑠 𝑗 

⋅
𝜔 − 𝜙

1 − 𝜙𝜔 
, (19)

hich follows immediately from (17) and (18) . The expression

19) highlights how communication and transportation costs interact

n region- j firms’ spatial choices through the price indices of the two

arkets. 

If 𝜔 = 1 , that is, there are no communication costs, (19) becomes 

Δ∗ 
𝑖 

Δ∗ 
𝑗 

= 

𝑠 𝑖 
𝑠 𝑗 
, 

hich is identical to the equilibrium condition obtained by

elpman et al. (2004) when firms have the same productivity. In

his case, the price index ratio is determined by the relative size of

egions 𝑆 = 𝑠 2 ∕ 𝑠 1 . 
We show in Appendix B that profits are equal across types when the

egion-2 firms are split into the following three groups: 

 

∗ 
2 = 

1 
1 + 𝑆 

⋅
( 

1 + 𝜔𝑆 

𝜔 − 𝜙
𝐹 − 

1 
𝜎𝑓 

) 

, (20)

 

∗ 
2 = 

1 
1 + 𝑆 

⋅
( 

𝜙 + 𝑆 

1 − 𝜙𝜔 
𝐹 − 

𝑆 

𝜎𝑓 

) 

, (21)

 

∗ 
2 = 

1 
1 + 𝑆 

⋅
[ 
1 + 𝑆 

𝜎𝑓 
− 

(1 − 𝜙2 )(1 + 𝜔𝑆) 
(1 − 𝜙𝜔 )( 𝜔 − 𝜙) 

𝐹 

] 
. (22)

But does a mixed equilibrium exist? Inspecting 𝑛 ∗ 2 and 𝑣 ∗ 2 shows im-

ediately that 𝜎f must be bounded below for 𝑛 ∗ 2 and 𝑣 ∗ 2 to be positive.

therwise competition is too soft, or fixed costs are too low, to prevent

ll region-2 firms to be horizontal. Likewise, it follows from ℎ ∗ 2 that 𝜎f

ust be bounded above for ℎ ∗ 2 to be positive. Otherwise competition is

oo tough, or fixed costs are too high, for some region-2 firms to be able

o cover the fixed cost associated with the launching of a second plant.

n short, varieties cannot be very poor or very close substitutes, fixed

osts cannot be very small or very large, or both. 

Using (20) –(22) yields necessary and sufficient conditions for 𝑛 ∗ 2 > 0 ,
 

∗ 
2 > 0 , and ℎ ∗ 2 > 0 to hold. Putting these conditions together shows that

egion 2 hosts the three types of organizational forms if and only if the

ollowing condition holds: 

 𝐿 < 𝜎𝑓 ⋅ 𝐹 < 𝐵 𝑅 , (23)

here B L and B R are bundles of the parameters S, 𝜔 , and 𝜙 defined as

ollows: 

 𝐿 ≡ max 
{ 

𝜔 − 𝜙

1 + 𝜔𝑆 
, 
(1 − 𝜙𝜔 ) 𝑆 
𝜙 + 𝑆 

} 

, 𝐵 𝑅 ≡ ( 𝜔 − 𝜙)(1 − 𝜙𝜔 )(1 + 𝑆) 
(1 − 𝜙2 )(1 + 𝜔𝑆) 

. 
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2 The proof can be obtained from authors upon request. 
Furthermore, for (23) to be feasible, B R must exceed B L . We show in

ppendix B that there exists a unique value 𝑆 such that B L < B R if and

nly if the size ratio S satisfies the following inequalities: 

𝜙

𝐾 

< 𝑆 < 𝑆 < 
1 
𝐾 

< 1 , (24)

here 

 ≡ 1 − 𝜔𝜙

𝜔 − 𝜙
> 1 . (25)

ince S is smaller than 1, it must be that 𝑖 = 1 , which means that region

 hosts only I -firms, while the diversified firms are located in region 2. 

To sum up, we have: 

roposition 2. Assume that 0 < 𝜙< 𝜔 < 1 . Then, there exists a mixed equi-

ibrium if and only if (23) and (24) hold. This equilibrium is given by 𝑛 ∗ 1 = 𝑠 1 
nd (20) –(22) . 

Without productivity differences across firms and an interregional

age gap, the region-2 firms are at a disadvantage in accessing the larger

arket. This is why some of these firms choose to invest in region 1.

hat is less straightforward is that the three organizational forms co-

xist even when there is no exogenous heterogeneity across firms and

egions but their relative size. 

Yet, the intuition behind Proposition 2 is neat. Since the region-1

rms have a direct access to the larger market, they are not incited to

ifferentiate their spatial structures. In other words, the larger region

as no V -firms and H -firms. By contrast, the smaller region accommo-

ates both V -firms and H -firms in order to have a better access to the

arger market. However, for this to happen, the mass of plants estab-

ished in region 1 cannot be too large relative to the size of this region,

or otherwise competition would be very strong. Moreover, the region-1

rms always choose to be integrated while (20) –(22) is the unique equi-

ibrium configuration that prevails in region 2 under (23) and (24) . In

ther words, the equilibrium described in Proposition 2 is the unique

ixed equilibrium. 

Furthermore, what matters for a mixed equilibrium to arise is the

elative size S of the two regions. If they have similar sizes, the region-2

rms have a strong incentive to focus on their domestic market, mak-

ng V -firms unprofitable. By contrast, owing to the fixed cost they have

o bear, these firms have little incentive to invest home when region

 is not big enough, making H -firms unprofitable. As a result, the size

f region 1 must take on intermediate values for a mixed configuration

o arise in equilibrium. In the same vein, the fixed cost associated with

he construction of a second plant cannot be very low, for otherwise

ll the region-2 firms would undertake horizontal investments, neither

ery large, for otherwise no region-2 firms would undertake such in-

estments. This is precisely what (23) says. In addition, fixed produc-

ion costs relative to region sizes cannot be too different for I -firms to

merge, while they cannot be similar either, for otherwise no firm would

e integrated. In short, full diversification requires transportation between

egions which differ in size but not too much . 

To gain more insights, we quantified the conditions of Proposition 2 .

ergstrand et al. (2013) found that the value of 𝜎 is approximately 7,

hile ( Head and Mayer, 2004 ) obtained a value 𝜙 = 0 . 2 in the case of

rade between France and Germany. Choosing 𝜏 = 1 . 3 , which means that

ransportation costs account for 30% of manufactured goods’ prices, we

btained 𝜙 = 0 . 21 . To the best of our knowledge, there is no estimate

f 𝛾. Since we expect communication costs to be low, we have cho-

en 𝛾 = 1 . 05 , so that 𝜔 = 0 . 75 . In this case, a mixed equilibrium exists

hen region 1 is at least 3 times as large as region 2, but not more

han 7.5 times. Raising communication costs to 10% of the goods’ price

 𝛾 = 1 . 10 ), which implies 𝜔 = 0 . 56 , the relative size 𝑠 1 ∕ 𝑠 2 = 1∕ 𝑆 of the

wo regions varies from 7.5 to 12. However, regions are likely to be

ore integrated than nations. Therefore, we also run the same set of

imulations for lower transportation costs, i.e., 𝜏 = 1 . 2 , which implies

= 0 . 34 , and 𝛾 = 1 . 05 . In this case, the interval of admissible values for

 / s becomes (3.0,5.3), while 𝜏 = 1 . 2 and 𝛾 = 1 . 10 yields the interval
1 2 
7.7,12). These results suggest that regions must be fairly dissimilar in

ize for a mixed equilibrium to emerge. However, further drops in com-

unication costs lead to the emergence of a mixed equilibrium with less

issimilar regions in size. For instance, when 𝛾 = 1 . 03 , this interval be-

omes (2,4.2). In sum, region 1 must be relatively larger than region 2,

ut by how much may vary substantially with the parameter values. 

The equilibrium profits 𝜋∗ 1 and 𝜋∗ 2 at the mixed equilibrium can be

btained by substituting (17) , (18) into (13) –(15) and equalizing profits

mong region-2 firms: 

∗ 
1 = 𝜋𝐼 1 = 

( 

1 
𝜔 − 𝜙

+ 

𝜙

1 − 𝜙𝜔 
− 1 

) 

𝑓, 

∗ 
2 = 𝜋𝐼 2 = 𝜋𝑉 2 = 𝜋𝐻 

2 = 

( 

1 
1 − 𝜙𝜔 

+ 

𝜙

𝜔 − 𝜙
− 1 

) 

𝑓. (26) 

Clearly, 𝜋∗ 1 > 𝜋
∗ 
2 > 0 , where the second inequality holds since

< 𝜔 < 1. In other words, firms located in the larger region make higher

rofits, a result driven by the presence of positive communication costs

ecause 𝜋∗ 1 = 𝜋∗ 2 when 𝜔 = 1 . That 𝜋∗ 1 > 𝜋
∗ 
2 agrees with the empirical lit-

rature that stresses the existence of a robust and positive relationship

etween profitability and market size ( Head and Mayer, 2004; Redding,

011 ). Furthermore, all firms cannot make zero profits in the presence

f transportation and communication costs. Indeed, the second expres-

ion in (26) shows that all region-2 firms earn zero profits if and only if

he parameters 𝜙 and 𝜔 are such that the term between parentheses is

qual to 0. In other words, ( 𝜙, 𝜔 ) must belong a zero-measure set of the

ositive orthant for 𝜋𝐼 2 = 𝜋𝑉 2 = 𝜋𝐻 

2 = 0 to hold. As a result, the total mass

f firms cannot be determined by the zero-profit condition when F is en-

ogenous. This may come as a surprise since the zero-profit condition is

lmost ubiquitous in the trade and economic geography literature. This

ifference in results stems from the presence of communication costs,

hile HQs are immobile but plants are mobile. Since individual profits

re independent of F , we assume from now on that 𝐹 = 1 . 
We can use the demand (3) and the equilibrium prices (8) –(10) to

nd the equilibrium size of region-1 firms and the different types of

egion-2 firms: 

 

𝐼 
1 = 

( 

𝜙

1 − 𝜙𝜔 
+ 

1 
𝜔 − 𝜙

) 

𝜎𝑓, 

 

𝐼 
2 = 

( 

1 
1 − 𝜙𝜔 

+ 

𝜙

𝜔 − 𝜙

) 

𝜎𝑓 = 𝑞 𝑉 2 = 

( 

𝜙𝜔 

1 − 𝜙𝜔 
+ 

𝜔 

𝜔 − 𝜙

) 

𝜎𝑓 < 𝑞 𝐻 

2 

= 

( 

1 
1 − 𝜙𝜔 

+ 

𝜔 

𝜔 − 𝜙

) 

𝜎𝑓. (27) 

Hence, the I - and V -firms have the same size, which is smaller than

hat of the H -firms. However, the I - and V -firms sell different quantities

n each region because they set different consumer prices. Moreover, the

ntegrated region-1 firms are bigger than the integrated region-2 firms.

his is because the market size effect ( s 1 > s 2 ) dominates the market

rowding effect triggered by the higher mass of plants located in region

. 

Let us pause and ask whether other interregional heterogeneities

ay yield results similar to Propositions 1 and 2 . The most natural candi-

ate involves regions that differ in productivity but not in size ( 𝑠 1 = 𝑠 2 ).

n this case, region 1 is endowed with a productivity advantage instead

f a size advantage. Following the lines of the above argument, it can

e shown that region 2 hosts the three types of firms if and only if the

roductivity gap is neither too wide nor too narrow. Indeed, if the pro-

uctivity gap is wide enough, no region 2-firm is integrated. On the

ther hand, if the productivity gap is very narrow, no region 2-firm is

ertical. 2 This condition is similar to the condition we obtained about

he relative size S of the two regions. 
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.2. Welfare 

Does the multiplicity of spatial organizations entail a waste of re-

ources? The benefit of using quasi-linear preferences are reaped in the

elfare analysis. Even though we have two groups of individuals who

o not face the same prices, that is, the workers in regions 1 and 2, their

tilities can be added in a utilitarian welfare function. In other words,

he planner chooses the consumption level of each variety and the mass

f firm-types in each region so as to maximize the sum of individual

tilities under the labor constraints: 

 𝑖 𝐶 
𝐼 
𝑖 + 𝑣 𝑖 𝐶 

𝑉 
𝑖 + ℎ 𝑖 𝐶 

𝐻 

𝑖 + 𝑠 𝑖 𝑧 𝑖 = 𝑠 𝑖 𝑖 = 1 , 2 . 

his is equivalent to maximizing 

 ≡
2 ∑
𝑖 =1 

𝑠 𝑖 𝑈 𝑖 − 

2 ∑
𝑖 =1 

(
𝑛 𝑖 𝐶 

𝐼 
𝑖 + 𝑣 𝑖 𝐶 

𝑉 
𝑖 + ℎ 𝑖 𝐶 

𝐻 

𝑖 

)
(28)

ubject to (11) , where we have set: 

 𝑖 ≡ 𝜎

𝜎 − 1 
ln 

[ 

𝑛 𝑖 
(
𝑥 𝐼 𝑖𝑖 

) 𝜎−1 
𝜎 + 𝑣 𝑖 

(
𝑥 𝑉 𝑖𝑖 

) 𝜎−1 
𝜎 + ℎ 𝑖 

(
𝑥 𝐻 

𝑖𝑖 

) 𝜎−1 
𝜎 + 𝑛 𝑗 

(
𝑥 𝐼 𝑗𝑖 

) 𝜎−1 
𝜎

+ 𝑣 𝑗 

(
𝑥 𝑉 𝑗𝑖 

) 𝜎−1 
𝜎 + ℎ 𝑗 

(
𝑥 𝐻 

𝑗𝑖 

) 𝜎−1 
𝜎

] 

+ 1 , 

hile the cost functions are given by (5) –(7) where 𝑞 𝑖𝑗 = 𝑠 𝑗 𝑥 𝑖𝑗 . 

The next proposition is proven in Appendix C . 

roposition 3. Assume that 0 < 𝜙< 𝜔 < 1 . If 

 𝐿 < ( 𝜎 − 1) 𝑓 < 𝐵 𝑅 , (29)

hen the social optimum is such that all firms in the larger region are inte-

rated, while the smaller region hosts the three types of organizational forms: 

 

∗ 
2 > 𝑛 

𝑜 
2 = 

1 
1 + 𝑆 

⋅
( 

1 + 𝜔𝑆 

𝜔 − 𝜙
− 

1 
𝑓 ( 𝜎 − 1) 

) 

, (30)

 

∗ 
2 > 𝑣 

𝑜 
2 = 

1 
1 + 𝑆 

⋅
( 

𝜙 + 𝑆 

1 − 𝜙𝜔 
− 

𝑆 

𝑓 ( 𝜎 − 1) 

) 

, (31)

 

∗ 
2 < ℎ 

𝑜 
2 = 

1 
1 + 𝑆 

⋅
[ 

1 + 𝑆 

𝑓 ( 𝜎 − 1) 
− 

(1 − 𝜙2 )(1 + 𝜔𝑆) 
( 𝜔 − 𝜙)(1 − 𝜙𝜔 ) 

] 
. (32)

Following the same approach as in 3.2, it is readily verified that

 

𝑜 
2 > 0 , 𝑣 

𝑜 
2 > 0 and ℎ 𝑜 2 > 0 if and only if (29) holds. 

It follows from (2) that the manufacturing sector operates as in a

ES one-sector economy where consumers are endowed with an income

qual to 𝛼. In this case, the equilibrium and optimum of a one-sector

conomy coincide even when firms are heterogeneous ( Dhingra and

orrow, 2019 ). Therefore, it is no surprise that the coexistence of dif-

erent organizational forms is not socially wasteful. Indeed, compar-

ng (23) and (29) shows that both the market equilibrium and the so-

ial optimum involve the coexistence of all organizational forms when

 𝐿 ∕( 𝜎 − 1) < 𝑓 < 𝐵 𝑅 ∕ 𝜎. However, the numbers of firm-types in the

maller region need not be the same at the two outcomes. The difference

n numbers stems from the fact that the cost distribution is endogenously

etermined through the noncooperative organizational choices made by

rms whereas the cost distribution is exogenously given in Dhingra and

orrow (2019) . 

Propositions 2 and 3 have the following implication: the whole econ-

my involves too few plants at the market equilibrium ( 1 + ℎ 𝑜 2 > 1 + ℎ ∗ 2 ) .

ince 𝑛 ∗ 2 > 𝑛 
𝑜 
2 , too few region-2 firms become multiregional under com-

etition because these firms hold back their investments in the larger

arket to soften competition therein. As a result, competition in the

arger region becomes weak enough for this market to host too many

 -firms. In other words, by delocalizing their production activities in

he larger region, too many region-2 firms do not invest in their home

egion. Hence, each region accommodates too few plants at the market out-

ome . To put it differently, there is excessive geographical concentration
f production. Note also that Proposition 3 shows that the diversity of or-

anizational forms leads to the minimization of total transportation and

ommunication costs associated with the first-best flows of varieties. 

. The effects of size 

Our set-up allows us to determine the total mass of plants in the

hole economy and their distribution between the two regions. In this

ection, we show how these masses vary with the absolute and relative

izes of the two regions. 

First of all, Proposition 2 implies that the mass of plants located in

he larger region is equal to 𝑠 1 + 𝑣 ∗ 2 + ℎ ∗ 2 > 𝑠 1 , while the mass of plants es-

ablished in the smaller region is 𝑛 ∗ 2 + ℎ ∗ 2 = 𝑠 2 − 𝑣 ∗ 2 < 𝑠 2 . Consequently,

ven though firms are distributed proportionally between regions, the

arger region hosts a disproportionately higher mass of plants . This result

choes the home market effect (HME), which states that the larger re-

ion hosts a more than proportionate share of firms. Recall, however,

he difference between the two settings: in Baldwin et al. (2003) , say,

rms are assumed to be spatially integrated so that a firm’s HQs moves

ith its plant; here, firms’ plants are mobile but their HQs are immobile.

We now study the impact of the relative size of the two regions on

he mass of plants located in region 1 by differentiating 𝑛 ∗ 1 + 𝑣 ∗ 2 + ℎ ∗ 2 with

espect to 𝑆 = 𝑠 2 ∕ 𝑠 1 . First, we have: 

d 𝑛 ∗ 1 
d 𝑆 

= − 

1 
(1 + 𝑆) 2 

< 0 . (33)

Second, some tedious calculations show that the following expres-

ion holds: 

d 𝑣 ∗ 2 
d 𝑆 

+ 

d ℎ ∗ 2 
d 𝑆 

= 

1 
(1 + 𝑆) 2 

( 

1 − 𝜙

𝜔 − 𝜙
− 

1 
𝜎𝑓 

) 

. (34)

y implication of (23) , we have 

𝑓 < 𝐵 𝑅 = 

( 𝜔 − 𝜙)(1 − 𝜙𝜔 )(1 + 𝑆) 
(1 − 𝜙2 )(1 + 𝜔𝑆) 

< 
𝜔 − 𝜙

1 − 𝜙
⇔

1 − 𝜙

𝜔 − 𝜙
− 

1 
𝜎𝑓 

< 0 , 

ecause (1 + 𝑆)∕(1 + 𝜔𝑆) is an increasing function of S while the inequal-

ty holds at 𝑆 = 1∕ 𝐾. Therefore, we have: 

d 𝑣 ∗ 2 
d 𝑆 

+ 

d ℎ ∗ 2 
d 𝑆 

< 0 . (35)

Combining (33) and (34) yields 

d ( 𝑛 ∗ 1 + 𝑣 ∗ 2 + ℎ ∗ 2 ) 
d 𝑆 

= 

1 
(1 + 𝑆) 2 

( 

1 − 𝜙

𝜔 − 𝜙
− 

1 
𝜎𝑓 

− 1 
) 

< 0 . 

Since an increase in s 1 amounts to a decrease in S , the share of plants

ocated in the larger region grows with the size of this region. More

pecifically, a relatively larger region 1 triggers a flow of interregional

nvestments through a higher mass of V -firms. This implies a drop in the

ass of I -firms in the smaller region. 

Furthermore, we have: 

d ( 𝑛 ∗ 2 + ℎ ∗ 2 ) 
d 𝑆 

= 

1 
(1 + 𝑆) 2 

[ 
𝜙(1 − 𝜔 ) 
1 − 𝜙𝜔 

+ 

1 
𝜎𝑓 

] 
> 0 . 

ombining this expression with (35) implies 

d ( 𝑣 ∗ 2 + ℎ ∗ 2 ) 
d 𝑆 

= − 

d 𝑛 ∗ 2 
d 𝑆 

< 0 < 
d ( 𝑛 ∗ 2 + ℎ ∗ 2 ) 

d 𝑆 
. 

Hence, when the relative size of the smaller region decreases, it hosts

ewer I -firms. Moreover, the mass of region 2’s H -firms decreases, but

his drop is more than compensated by the hike in the mass of V -firms

enerated by the larger size of region 1. In other words, region 1 hosts

ore plants belonging to region-2 firms. 

Finally, since 

d ( 𝑛 ∗ 1 + 𝑣 ∗ 2 + ℎ ∗ 2 ) 
d 𝑆 

+ 

d ( 𝑛 ∗ 2 + ℎ ∗ 2 ) 
d 𝑆 

= 

1 
(1 + 𝑆) 2 

(1 − 𝜔 )(1 − 𝜙2 ) 
( 𝜔 − 𝜙)(1 − 𝜙𝜔 ) 

> 0 , 

he increase in the mass of region 1’s plants is smaller than the decrease

n the mass of plants operating in region 2. By implication, the total mass
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f plants in the economy falls when regions become more dissimilar in

ize. 

The following proposition comprises a summary. 

roposition 4. Assume that 0 < 𝜙< 𝜔 < 1 . At a mixed equilibrium, the

arger region hosts a more than proportionate share of plants. Furthermore,

he mass of plants established in this region increases with its size, but the

otal mass of plants operating in the economy decreases. 

Consider now the three neighboring configurations discussed in

ection 3.1 . Under I - IH , the mass of plants in region 1 is given by

 1 + ℎ ∗ 2 > 𝑠 1 , whereas it is equal to s 2 in region 2. When I - HV pre-

ails, there are ℎ ∗ 2 = 𝑠 2 − 𝑣 ∗ 2 plants in region 2 while region 1 attracts

he largest mass of plants, which is equal to 1 > s 1 . Last, when the equi-

ibrium is I - IV , region 1 hosts 𝑠 1 + 𝑣 ∗ 2 > 𝑠 1 while 𝑛 ∗ 2 < 𝑠 2 plants are set up

n region 2. As a result, in each of those three configurations, the HME

olds . Put differently, market integration and new ICTs foster the in-

ustrialization of the larger region at the expense of the smaller region,

hich gradually specializes in management activities. 

. The interregional distribution of activities 

In this section, we study the effects of transportation and communi-

ation costs on the mass of plants and the numbers of each firm-type at

he mixed equilibrium. We also show that transportation and communi-

ation costs have very different impacts on the market outcome and its

elfare properties. 

.1. Spatial frictions and the location of firms 

The most popular thought experiment in economic geography deals

ith the impact of transportation costs on firms’ locational choices. Dif-

erentiating 𝑛 ∗ 2 , 𝑣 
∗ 
2 and ℎ ∗ 2 with respect to 𝜙, we obtain: 

 < 
d 𝑣 ∗ 2 
d 𝜙

< 
d 𝑛 ∗ 2 
d 𝜙

< − 

d ℎ ∗ 2 
d 𝜙

. 

Hence, fewer firms are multiregional when market integration becomes

eeper , so that the mass of I -firms rises. However, the impact on H- and

 -firms are opposite. While a decrease in transportation costs leads to a

maller mass of H -firms since the access to region 1 becomes easier from

egion 2, the mass of V -firms rises because importing goods from region

 to region 2 is cheaper. Since more region-2 firms become vertical,

ewer region-2 firms invest home, which renders market 2 less compet-

tive. Similarly, market 1 becomes less competitive since the drop in

he mass of H -firms is stronger than the hike in the mass of V -firms.

nspecting (17) and (18) where 𝑖 = 1 and 𝑗 = 2 shows that both Δ∗ 
1 and

∗ 
2 decrease, hence both 𝑃 ∗ 1 and 𝑃 ∗ 2 increase, when 𝜙 rises. This runs

gainst the standard result in spatial competition that states that lower

ransportation costs make competition tougher. In our setting, firms are

ble to overcome this effect by changing their organizational forms. This

onfirms once more that models with integrated firms only may lead to

naccurate conclusions. 

It is well known that a deeper market integration induces the relo-

ation of firms from the smaller to the larger region when firms are spa-

ially integrated ( Baldwin et al., 2003 ). Here, the total mass of plants

perating in the larger region decreases faster than in smaller region

hen transportation costs fall. In other words, a deeper market inte-

ration “demagnifies ” the HME. Finally, the fact that production is con-

entrated in a smaller mass of plants when transportation costs decrease

oncurs with the main message of economic geography, that is, lowering

ransportation costs fosters the agglomeration of activities. 

Furthermore, it follows immediately from (17) and (18) that lower-

ng communication costs have a different impact on the two markets.

ndeed, as 𝜔 increases, the effective mass of plants competing in the

arger region rises, whereas the effective mass of plants competing in

he smaller region falls. Consequently, competition is intensified in re-

ion 1 and weakened in region 2. More specifically, since making the
ransfer of information cheaper facilitates the spatial fragmentation of

rms, it is readily verified that 

d 𝑛 ∗ 2 
d 𝜔 

< 0 
d 𝑣 ∗ 2 
d 𝜔 

> 0 
d ℎ ∗ 2 
d 𝜔 

> 0 . 

In other words, lowering communication costs leads more region- 2 firms

o go multiregional , which increases the mass of plants hosted by the

arger market, while the mass of plants established in the smaller re-

ion decreases. Observe the difference with the impact of lower trans-

ortation costs which lead to a drop in the mass of multiregional firms.

his difference should not come as a surprise since the two costs affect

he proximity-concentration trade-off differently: lowering transporta-

ion costs weakens the need for proximity, while lower communica-

ion costs weakens the benefits of concentration. Furthermore, whereas

ower transportation costs weakens the HME, the total mass of plants lo-

ated in the larger region increases with 𝜔 , hence there is magnification

f the HME. That is to say, communication costs play here the same role

s transportation costs in the footloose capital model ( Baldwin et al.,

003 ). Since region 2 hosts fewer plants, decreasing communication

osts also fosters the deindustrialization of the smaller region through

he relocation of manual jobs toward the larger region. 

It remains to investigate how the size of each type of firm reacts

o a drop in transportation and communication costs. Differentiating

27) with respect to 𝜙 and 𝜔 yields the following inequalities: 

𝜕 𝑞 𝐼 1 
𝜕𝜙

> 
𝜕 𝑞 𝐼 2 
𝜕𝜙

= 

𝜕 𝑞 𝑉 2 
𝜕𝜙

= 

𝜕 𝑞 𝐻 

2 
𝜕𝜙

= 

[ 
𝜔 

(1 − 𝜙𝜔 ) 2 
+ 

𝜔 

( 𝜔 − 𝜙) 2 

] 
𝜎𝑓 > 0 , 

𝜕 𝑞 𝐼 1 
𝜕𝜔 

< 
𝜕 𝑞 𝐼 2 
𝜕𝜔 

= 

𝜕 𝑞 𝑉 2 
𝜕𝜔 

= 

𝜕 𝑞 𝐻 

2 
𝜕𝜔 

= 

[ 
𝜙

(1 − 𝜙𝜔 ) 2 
− 

𝜙

( 𝜔 − 𝜙) 2 

] 
𝜎𝑓 < 0 . 

Therefore, trade liberalization makes all firms bigger, regardless of

heir type and location, while the ICT revolution generates the reverse.

gain, transportation and communication costs have opposite effects. 

Our main predictions regarding the geography of production are

ummarized in the following proposition. 

roposition 5. Assume that 0 < 𝜙< 𝜔 < 1 . At a mixed equilibrium, lower-

ng transportation costs makes all firms bigger and leads to a smaller mass

f plants, while lower communication costs have the opposite impact. 

Finally, note that Propositions 2 and 3 imply that the optimal and

quilibrium masses of firms respond in the same way to shocks on

ransportation or communication costs. Therefore, the above results are

riven by the fundamentals of the model. 

As in the above section, we now consider the three configurations

 - IH , I - HV , and I - IV . In the first case, differentiating (D.1) in

ppendix D with respect to 𝜙 and 𝜔 yields: 

d 𝑛 ∗ 2 
d 𝜙

> 0 
d 𝑛 ∗ 2 
d 𝜔 

< 0 , 

hile the impacts of 𝜙 and 𝜔 on ℎ ∗ 2 have the opposite sign because

 2 + ℎ 2 = 𝑠 2 . Therefore, transportation and communication costs have

pposite effects on the masses of integrated and horizontal firms and the

igns are the same as in mixed equilibrium. Indeed, when 𝜙 increases,

eing located in the larger region becomes less attractive for some I -

rms, which choose to shut down their plants in this region in order

o bring communication costs down to zero. Note here the difference

ith Behrens and Picard (2007) who come to the opposite prediction in

 setting without communication costs. Furthermore, that ℎ ∗ 2 decreases

ith 𝜙 also means that lowering transportation costs leads to a smaller

ass of plants in region 1, while the mass of plants in region 2 remains

he same. As a result, the total mass of plants in the economy decreases

hen 𝜙 rises. A drop in communication costs has the opposite effects. 

When I - HV prevails, differentiating (D.2) with respect to 𝜙 and 𝜔 ,

e obtain 

d ℎ ∗ 2 
d 𝜙

< 0 
d ℎ ∗ 2 
d 𝜔 

< 0 . 
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In this case, both costs have the same impact on the mass of hor-

zontal (vertical) firms. This differs from what we have obtained so

ar. This is because lowering transportation or communication costs

akes it less profitable for some region-2 firms to run two plants. Since

 ℎ ∗ 2 ∕ d 𝜙 = − d 𝑣 ∗ 2 ∕ d 𝜙, they prefer to shut down their plant established

n their home region and to supply the larger region from a plant lo-

ated there. This should not come as a surprise because the configu-

ation I - HV arises when regions have fairly different sizes. Further-

ore, since ℎ 2 + 𝑣 2 = 𝑠 2 , the mass of plants in region 1 is unaffected by

 drop in transportation or communication costs. Given that d 𝑣 ∗ 2 ∕ d 𝜙> 0,

ewer plants are located in region 2. Consequently, the total mass of

lants shrinks when 𝜙 increases, which agrees with what we saw above.

he difference is that here lowering communication costs also fosters a

maller mass of plants. 

The case I - IV is more difficult to handle because the equilibrium

ass of integrated or vertical firms is very cumbersome. Therefore,

e use the equilibrium condition 𝜋𝐼 2 = 𝜋𝑉 2 , together with the condition

 2 + 𝑣 2 = 𝑠 2 , and apply the implicit function theorem to determine the

ign of d 𝑛 ∗ 2 /d 𝜙 and d 𝑛 ∗ 2 /d 𝜔 . Tedious calculations show that d 𝑛 ∗ 2 /d 𝜔 is al-

ays negative for the admissible values of the parameters, which means

hat lessening communication costs leads more region-2 firms to pro-

uce in the larger region. By contrast, the sign of d 𝑛 ∗ 2 /d 𝜙 is ambiguous.

ore specifically, it can be shown that, as in the mixed equilibrium case,

 𝑛 ∗ 2 /d 𝜙> 0 holds if 

2 
1 + 𝜙2 𝜙 > 𝜔. 

When this inequality is reversed, d 𝑛 ∗ 2 /d 𝜙 remains positive for inter-

ediate values of 𝜙. Otherwise, d 𝑛 ∗ 2 /d 𝜙 may become negative when

takes on low values while S is small enough. In other words, when

hipping goods between dissimilar regions is expensive, a drop in trans-

ortation costs may lead to more 2-region firms to produce in the larger

egion because shipping varieties from region 1 to region 2 tends to

ecome inexpensive. 

In the last two configurations, V -firms exist because the two regions

ave fairly different sizes and/or communication costs are low. There-

ore, the incentive to offshore production in the larger region becomes

tronger than in the mixed equilibrium case. 

. The impact of spatial frictions on welfare and trade 

We are equipped to study how the spatial frictions discussed above

ffect the regional welfare levels and the interregional gap at a mixed

quilibrium. It is natural to start by considering the impact of trans-

ortation and communication costs on the welfare level achieved in each

egion. Plugging (3) in (1) yields the indirect utilities: 

 1 = 

1 
𝜎 − 1 

ln Δ∗ 
1 + 𝜋∗ 1 𝑉 2 = 

1 
𝜎 − 1 

ln Δ∗ 
2 + 𝜋∗ 2 . (36)

n (36) , the first term is the consumer surplus associated with the con-

umption of the differentiated good, while the second, which is given by

he equilibrium profits, stands for the consumption of the homogeneous

ood. 

Consider first a decrease in transportation costs. It follows immedi-

tely from (17) and (18) that both Δ∗ 
1 and Δ∗ 

2 decrease with 𝜙. Indeed,

ince each region hosts a smaller mass of plants, regional competition is

ofter and the regional price indices are higher. In other words, lower-

ng transportation costs intensifies monopoly distortions. Furthermore,

ince market integration leads to fewer plants in each region, competi-

ion is relaxed in both regions. This allows firms to earn higher profits.

ndeed, differentiating the equilibrium profits (26) with respect to 𝜙

ields: 

d 𝜋∗ 2 
d 𝜙

= 𝜔 
d 𝜋∗ 1 
d 𝜙

> 0 . (37)

Thus, firms can protect themselves against the damaging effects of lower

rade barriers by reorganizing their geography of production . 
The impact of transportation costs on V 1 and V 2 is a priori ambigu-

us. Indeed, the first term in (36) decreases while the second term in-

reases. However, it can be shown that a drop in transportation costs

ay lead to a welfare loss. For instance, when fixed costs are not too high

nd communication costs are not too low, welfare in region 1 decreases

ith transportation costs. Welfare in region 2 falls with 𝜙 when commu-

ication costs are sufficiently low, i.e., when 𝜔 is close to 1. To confirm

ur findings, we appeal to numerical analysis. We choose 𝜙 = 0 . 2 and

= 0 . 7 , which is the value that Head and Mayer (2004) find about trade

n the automotive sector between Canada and the United States. Regard-

ng communication costs, we evaluate the sign of d V 1 /d 𝜙 and d V 2 /d 𝜙

ver the domain defined by (23) and (24) for the range of admissible

alues of 𝜔 . 

When 𝜙 = 0 . 2 , d V 1 /d 𝜙> 0 and d V 2 /d 𝜙> 0 always hold. However,

hen 𝜙 = 0 . 7 , d V 1 /d 𝜙 becomes negative for an interval of communica-

ion cost values. In other words, a deeper market integration need not be

avorable to all consumers . Whatever the sign of the impact, it is worth

tressing that the welfare gains (if any) are driven by the redistribution

f profits. Would firms be owned by absentee share-holders, all con-

umers would be worse-off when transportation costs decrease. 

Let us now come to the impact of communication costs. It follows

rom (17) and (18) that Δ∗ 
1 increases with 𝜔 , while Δ∗ 

2 decreases. More-

ver, differentiating (26) with respect to 𝜔 shows that 

d 𝜋∗ 1 
d 𝜔 

< 
d 𝜋∗ 2 
d 𝜔 

< 0 . (38)

Since the region-1 firms are integrated, they do not benefit from

he drop in communication costs. However, they face a higher mass of

ompetitors on their domestic market. Consequently, the region-1 firms

nd the region-2 vertical and horizontal firms make lower profits in the

arger market. Although the smaller market is less competitive because

ewer region-2 firms remain integrated, the difference in market sizes

s sufficiently big ( 𝑠 1 > 𝑠̄ > 𝑠 2 ) for the losses incurred in region 1 by the

ntegrated region-2 firms to overcome the gains made in region 2. Since
∗ 
2 decreases with 𝜔 , we have d V 2 /d 𝜔 < 0. In other words, at a mixed

quilibrium, lowering communication costs make people in region 2 worse-

ff. Unfortunately, the impact of lower communication costs on V 1 is

gain hard to sign. It can be shown that V 1 decreases with 𝜔 when both

ommunication and transportation costs are low enough. On the other

and, our numerical analysis shows that d V 1 /d 𝜔 > 0 for 𝜎 = 7 , 𝜙 = 0 . 2
nd 0.7. 

In sum, reducing spatial frictions need not be welfare-enhancing. This

nexpected result should not be viewed as an exotica. On the contrary,

t is our contention that it highlights the following fact: when firms may

espond to changes in trade barriers by changing their spatial organiza-

ion, spatial frictions interact in a complex way to determine the gains

f trade and their impact on welfare. Assuming that firms are integrated

ashes out these effects and yields predictions that might be inaccurate.

We now turn our attention to the impact of the two types of costs on

he regional GDPs, which leads to neat conclusions. Regional GDPs are

qual to the wage bills plus profits: 

 𝐷𝑃 1 = 𝑠 1 + 𝑠 1 𝜋
∗ 
1 , 𝐺 𝐷𝑃 2 = 𝑠 2 + 𝑠 2 𝜋

∗ 
2 . 

ince GDP i and the GDP per capita 𝐺𝐷𝑃 𝑖 ∕ 𝑠 𝑖 = 1 + 𝜋∗ 
𝑖 

vary together, in-

ividuals in the larger region are better off than those in the smaller

egion (recall that 𝜋∗ 1 > 𝜋
∗ 
2 ). 

Furthermore, it follows from (37) that a drop in transportation costs

enerates higher profits, hence a higher GDP, in both regions. Moreover,

ince 𝜔 < 1, (37) implies that profits in region 1 increases faster than

n region 2 with 𝜙. Consequently, lowering transportation costs fosters

egional divergence. By contrast, each region ends up with a lower GDP

hen communication costs fall. However, (38) implies that the drop is

harper in the larger region than in the smaller one. Therefore, when

ommunication costs decrease, the regional gap shrinks. 

To sum up, we have: 



T. Gokan, S. Kichko and J.-F. Thisse Journal of Urban Economics 113 (2019) 103191 

P  

m  

c  

d

 

t  

h  

t  

o  

c  

r

 

c  

f  

g  

fi

𝑋

w  

o

𝑋

L

 

s  

r  

p  

w  

h  

d  

m

 

v  

r  

s  

2  

t  

n

7

 

d  

c  

S  

t  

G  

fi  

t  

A  

c  

h  

P

 

a  

t  

(  

t  

c  

o  

w  

h  

w  

p  

m  

𝜋  

i

Δ  

Δ  

N  

w

Δ  

Δ  

w

𝐴  

i

 

fi

𝑛  

𝑣  

ℎ

 

w  

a  

t  

e  

m  

t

(  

f

𝐵  
roposition 6. At a mixed equilibrium, lowering transportation costs pro-

otes regional GDPs, but exacerbates regional disparities. By contrast, de-

reasing communication costs hampers regional GDPs and weakens regional

iscrepancies. 

Since the wage bill is given in each region, regional GDPs vary only

hrough changes in profits. Transportation and communication costs

ave opposite macrospatial impacts because decreasing the transporta-

ion costs softens competition, thus raising regional GDPs at the expense

f a widening of the regional gap in income per capita. By contrast, de-

reasing communication costs strengthens competition, thus reducing

egional GDPs and narrowing the interregional gap. 

Finally, we consider the effect of communication and transportation

osts on interregional trade flows. Since the producer price is equal to 1

or all organizational types, the exports X 12 from region 1 to region 2 is

iven by the sum of the quantities produced by the region-1 integrated

rms and region-2 vertical firms: 

 12 = 

(
𝑠 1 + 𝜔𝑣 ∗ 2 

)
⋅

𝜙

1 − 𝜙𝜔 
⋅ 𝜎𝑓, 

hile the exports X 21 from region 2 to region 1 are given by the total

utput of the region-2 integrated firms: 

 21 = 𝑛 ∗ 2 ⋅ 𝜙 ⋅
𝑠 1 
Δ1 

= 𝑛 ∗ 2 ⋅
𝜙

𝜔 − 𝜙
⋅ 𝜎𝑓. 

Since d 𝑣 ∗ 2 ∕ d 𝜔 > 0 and d 
(

𝜙

1− 𝜙𝜔 

)
∕ d 𝜙> 0, we have: 

d 𝑋 12 
d 𝜔 

> 0 . 

ikewise d 𝑛 ∗ 2 ∕ d 𝜙> 0 and d 
(

𝜙

𝜔 − 𝜙

)
∕ d 𝜙> 0 yields 

d 𝑋 12 
d 𝜙

> 0 . 

A similar argument leads to the following inequalities: 

d 𝑋 21 
d 𝜙

> 0 
d 𝑋 21 
d 𝜔 

< 0 . 

Therefore, at a mixed equilibrium, lowering transportation costs inten-

ifies trade in both directions . This is because lowering transportation costs

educes the advantage of being horizontal, i.e., region- 2 firms can ex-

loit increasing returns more intensively within a single plant. In other

ords, the pro-trade effect associated with a drop in transportation costs

olds true even when firms are free to choose their geography of pro-

uction. Note that trade may expand while welfare in the larger region

ay decrease with 𝜙. In this case, there is wasteful trade. 

Decreasing communication costs also has a positive impact on the

olume of trade from the larger to the smaller region because more

egion-2 firms become vertical. However, the effect on trade from the

maller to the larger region has the opposite sign. This is because more

-region firms have a plant in the larger region. Consequently, unlike

ransportation costs, at a mixed equilibrium lowering communication costs

eed not boost two-way trade . 

. Heterogeneous firms 

In this section, we study what Proposition 2 becomes when firms

iffer a priori in productivity regardless of the organizational form they

hoose. In line with the literature, we consider a Pareto distribution.

ince we focus on the configuration where region 2 hosts the three

ypes of firms while all region-1 firms are integrated, we assume that

 is given by a truncated Pareto distribution 𝐺( 𝜃) = 𝛿 ⋅ [1 − ( 1∕ 𝜃) 𝛽 ] de-

ned on [1 , 𝜃) , where 𝛿 ≡ 𝜃
𝛽
∕( 𝜃

𝛽
− 1) > 1 , while 𝛽 > 2 guarantees that

he productivity distribution has a finite variance. Indeed, as shown in

ppendix A , all region-1 firms are integrated if 𝜃 ≤ 𝐾 

1 
𝜎−1 where K is the

onstant given by (25) . Therefore, for the cases of homogeneous and

eterogeneous firms to be compatible, we must consider a truncated

areto distribution defined on [1 , 𝜃) . 
When firms are heterogeneous, only the most productive firms can

fford to invest in two plants. Hence, the H -firms (if any) are always

he most productive. Consequently, a decrease in transportation costs

communication costs) leads some H -firms to become integrated (ver-

ical). Among the firms that choose not to be horizontal, which ones

hoose to be integrated of vertical? Two cases may arise. In the first

ne, the least productive region-2 firms are integrated: 1 < 𝜃𝑉 2 < 𝜃
𝐻 

2 < 𝜃,

here 𝜃𝑉 2 and 𝜃𝐻 

2 are the productivity thresholds such that a I -firms

as a productivity 𝜃2 < 𝜃
𝑉 
2 , a V -firm has a productivity 𝜃𝑉 2 < 𝜃2 < 𝜃

𝐻 

2 ,

hile a H -firm has a productivity 𝜃2 > 𝜃
𝐻 

2 . In the second case, the least

roductive region-2 firms are vertical, i.e., 1 < 𝜃𝐼 2 < 𝜃
𝐻 

2 < 𝜃. In the for-

er case, the equilibrium conditions are given by 𝜋𝐼 2 ( 𝜃
𝑉 
2 ) = 𝜋𝑉 2 ( 𝜃

𝑉 
2 ) and

𝑉 
2 ( 𝜃

𝐻 

2 ) = 𝜋𝐻 

2 ( 𝜃
𝐻 

2 ) while they are 𝜋𝐼 2 ( 𝜃
𝐼 
2 ) = 𝜋𝑉 2 ( 𝜃

𝐼 
2 ) and 𝜋𝐼 2 ( 𝜃

𝐻 

2 ) = 𝜋𝐻 

2 ( 𝜃
𝐻 

2 )
n the latter. 

In either case, the equilibrium conditions are equivalent to 

∗ 
1 ( 𝜃

𝐻 

2 ) = 

𝜔 − 𝜙

𝜎𝑓 
𝑠 1 ⋅

(
𝜃𝐻 

2 
)𝜎−1 

, (39)

∗ 
2 ( 𝜃

𝐻 

2 ) = 

1 − 𝜙𝜔 

𝜎𝑓 
𝑠 2 ⋅

(
𝜃𝐻 

2 
)𝜎−1 

. (40)

ote that (39) and (40) are, respectively, identical to (17) and (18) ,

hen firms are homogeneous since 𝜃𝐻 

2 = 1 . 
Using (11) , we may rewrite (39) , (40) as follows: 

∗ 
1 ( 𝜃

𝐻 

2 ) = 𝐴 ⋅
[
𝑠 1 + 𝜔𝑠 2 − ( 𝜔 − 𝜙) 𝑛 2 

]
, (41)

∗ 
2 ( 𝜃

𝐻 

2 ) = 𝐴 ⋅
[
𝜙𝑠 1 + 𝑠 2 − (1 − 𝜙𝜔 ) 𝑣 2 

]
, (42)

here A given by 

 ≡ 𝛽

𝛽 − 𝜎 + 1 
⋅
𝜃
𝛽
− 𝜃

𝜎−1 

𝜃
𝛽
− 1 

> 0 (43)

s a normalization constant that guarantees that 𝑠 𝑖 + 𝑠 𝑗 = 𝐹 . 

Following the same approach as in the homogeneous firm case, we

nd that (11) and (39) –(42) yields the following expressions: 

 

∗ 
2 ( 𝜃

𝐻 

2 ) = 

1 
1 + 𝑆 

⋅
⎡ ⎢ ⎢ ⎣ 1 + 𝜔𝑆 

𝜔 − 𝜙
− 

(
𝜃𝐻 

2 
)𝜎−1 
𝐴 

⋅
1 
𝜎𝑓 

⎤ ⎥ ⎥ ⎦ , (44)

 

∗ 
2 ( 𝜃

𝐻 

2 ) = 

1 
1 + 𝑆 

⋅
⎡ ⎢ ⎢ ⎣ 
𝜙 + 𝑆 

1 − 𝜙𝜔 
− 

(
𝜃𝐻 

2 
)𝜎−1 
𝐴 

⋅
𝑆 

𝜎𝑓 

⎤ ⎥ ⎥ ⎦ , (45)

 

∗ 
2 ( 𝜃

𝐻 

2 ) = 

𝑠 2 
𝐴 

⋅ ∫
𝜃̄

𝜃𝐻 2 

𝜃𝜎−1 d 𝐺 

= 

1 
1 + 𝑆 

⋅
⎡ ⎢ ⎢ ⎣ 
(
𝜃𝐻 

2 
)𝜎−1 
𝐴 

⋅
1 + 𝑆 

𝜎𝑓 
− 

(1 + 𝜔𝑆)(1 − 𝜙2 ) 
( 𝜔 − 𝜙)(1 − 𝜙𝜔 ) 

⎤ ⎥ ⎥ ⎦ . (46) 

Since the left-hand side of (46) is decreasing and positive at 𝜃𝐻 

2 = 1
hile the right-hand side is increasing and negative at 𝜃𝐻 

2 = 1 , (46) has

 unique solution. Furthermore, this solution exceeds 1 and is smaller

han 𝜃. Plugging this solution in (44) and (45) yields the corresponding

quilibrium masses of I - and V -firms. As consequence, there exists at

ost one equilibrium and the equilibrium value 𝜃𝐻 

2 is independent of

he respective masses of integrated and vertical firms. 

Similar to the homogenous firm case, it can be shown that (44) –

46) imply that region 2 hosts the three types of firms if and only if the

ollowing condition holds: 

 𝐿 < 

(
𝜃𝐻 

2 
)𝜎−1 
𝐴 

⋅ 𝜎𝑓 < 𝐵 𝑅 . (47)
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Similarly, a mixed equilibrium with heterogeneous firms exists when

 < 
𝜙

𝐾 

< 𝑆 < 𝑆 < 
1 
𝐾 

< 1 (48)

olds. 

Note that the conditions (47) and (48) reduce to (23) and (24) , when

rms are homogeneous because 𝐴 ∕ 
(
𝜃𝐻 

2 
)𝜎−1 = 1 . 

It remains to determine whether the least productive region-2 firms

re integrated or vertical. 

Case 1. Assume that the least productive firms are integrated: 1 <
𝑉 
2 < 𝜃

𝐻 

2 < 𝜃. Then, the masses of integrated, vertical and horizontal

rms are given by: 

 

∗ 
2 = 

𝑆 

1 + 𝑆 
⋅
1 − 

(
𝜃𝑉 2 

)−( 𝛽− 𝜎+1) 
1 − 

(
𝜃
)−( 𝛽− 𝜎+1) , (49)

 

∗ 
2 = 

𝑆 

1 + 𝑆 
⋅

(
𝜃𝑉 2 

)−( 𝛽− 𝜎+1) − 

(
𝜃𝐻 

2 
)−( 𝛽− 𝜎+1) 

1 − 

(
𝜃
)−( 𝛽− 𝜎+1) , (50)

nd 

 

∗ 
2 = 

𝑆 

1 + 𝑆 
⋅

(
𝜃𝐻 

2 
)−( 𝛽− 𝜎+1) − 

(
𝜃
)−( 𝛽− 𝜎+1) 

1 − 

(
𝜃
)−( 𝛽− 𝜎+1) . (51)

For the assumed configuration to be an equilibrium, the equations

44)–(46) and (49)–(51) must be consistent. In particular, (50)–(51) and

45)(46) must be equal. Using (39)–(40) , we then obtain the equilibrium

onditions corresponding to the configuration 1 < 𝜃𝑉 2 < 𝜃
𝐻 

2 : 

𝜃𝐻 

2 
)−( 𝛽− 𝜎+1) = 

𝜙𝐾𝑆 2 + ( 𝐾 − 1) 𝑆 − 𝜙

(1 − 𝜔𝜙) 𝑆 
⋅
[ 
1 − 

(
𝜃
)−( 𝛽− 𝜎+1) 

] 
+(1 + 𝑆) 

(
𝜃𝑉 2 

)−( 𝛽− 𝜎+1) 
, (52)

nd (
𝜃𝐻 

2 
)𝜎−1 

𝐴𝜎𝑓 
− 

𝑆 
(
𝜃𝐻 

2 
)−( 𝛽− 𝜎+1) 

1 + 𝑆 
⋅

1 (
𝜃̄
)𝛽− 𝜎+1 − 1 

= 

(1 + 𝜙𝐾) 𝑆 + 𝜙 + 𝐾 

(1 − 𝜙𝜔 )(1 + 𝑆) 
− 

𝑆 

1 + 𝑆 
⋅

1 (
𝜃̄
)𝛽− 𝜎+1 − 1 

. (53)

It remains to determine under which conditions the inequalities

 < 𝜃𝑉 2 < 𝜃
𝐻 

2 hold. We show in Appendix E that this configuration is

n equilibrium when 𝑆 ∈ [ 𝜙∕ 𝐾, 𝑆 ] , where the constant S is defined in

he same appendix. 

Case 2. Assume now that the least productive firms are vertical: 1 <
𝐼 
2 < 𝜃

𝐻 

2 < 𝜃. Hence, 𝑛 ∗ 2 and 𝑣 ∗ 2 are given by 

 

∗ 
2 = 

𝑆 

1 + 𝑆 
⋅

(
𝜃𝐼 2 

)−( 𝛽− 𝜎+1) − 

(
𝜃𝐻 

2 
)−( 𝛽− 𝜎+1) 

1 − 

(
𝜃
)−( 𝛽− 𝜎+1) , 

 

∗ 
2 = 

𝑆 

1 + 𝑆 
⋅
1 − 

(
𝜃𝐼 2 

)−( 𝛽− 𝜎+1) 
1 − 

(
𝜃
)−( 𝛽− 𝜎+1) , 

hile ℎ ∗ 2 is still given by (51) . 

Following the same approach as in the case above, we obtain the

quilibrium conditions corresponding to the configuration 1 < 𝜃𝐼 2 <
𝐻 

2 : 

 

(
𝜃𝐻 

2 
)−( 𝛽− 𝜎+1) = (1 + 𝑆 ) 

(
𝜃𝐼 2 

)−( 𝛽− 𝜎+1) − 

𝜔𝐾𝑆 2 + ( 𝐾 − 1) 𝑆 − 𝜙

(1 − 𝜙𝜔 ) 𝑆 

×
[ 
1 − 

(
𝜃
)−( 𝛽− 𝜎+1) 

] 
− 1 , (54)
(
𝜃𝐻 

2 
)𝜎−1 

𝐴𝜎𝑓 
− 

𝑆 
(
𝜃𝐻 

2 
)−( 𝛽− 𝜎+1) 

1 + 𝑆 
⋅

1 (
𝜃̄
)𝛽− 𝜎+1 − 1 

= 

(1 + 𝜙𝐾) 𝑆 + 𝜙 + 𝐾 

(1 − 𝜙𝜔 )(1 + 𝑆) 
− 

𝑆 

1 + 𝑆 
⋅

1 (
𝜃̄
)𝛽− 𝜎+1 − 1 

. (55) 

Observe that (53) and (55) are the same. In other words, the equilib-

ium mass of H -firms is the same in the two configurations. However, the

quilibrium masses of I - and V -firms are not the same because (52) and

54) differ. 

It remains to determine under which conditions 1 < 𝜃𝐼 2 < 𝜃
𝐻 

2 < 𝜃

olds. We show in Appendix F that this configuration is an equilibrium

hen 𝑆 ∈ [ 𝑆 , 𝑆 ] . 
Our main findings may be summarized as follows. 

roposition 7. Assume that firms are cost-heterogeneous. Then, a mixed

quilibrium exists if and only if (47) and (48) hold. This equilibrium is

uch that all region-1 firms are integrated while the most productive region-2

rms are horizontal. Furthermore, when (i) 𝑆 ∈ [ 𝜙∕ 𝐾, 𝑆 ] the least produc-

ive region-2 firms are integrated, and (ii) 𝑆 ∈ [ 𝑆 , 𝑆 ] the least productive

egion-2 firms are vertical. 

The intuition behind Proposition 7 is easy to grasp. The most pro-

uctive firms choose to be horizontal because this allows them to avoid

aying transportation costs which exceed communication costs. Which

rganizational form choose the mid-productive firms depends on the rel-

tive size of regions. When the asymmetry is relatively high (bullet (i)

n Proposition 7 ) the mid-productive firms go vertical because they are

ble to provide the large market at lower prices than under the I -form.

owever, if the asymmetry is mild (bullet (ii)), the local market matters

ore, which leads the mid-productive firms to be integrated because

hey can supply the local market at lower prices than under the V -form.

The effect of lowering transportation and communication costs on

he equilibrium configurations is more involved than in the homoge-

eous firm case. Nevertheless, a few neat results hold true. First of all,

e show in Appendix G that 𝜃𝐻 

2 always increases with 𝜙 and decreases

ith 𝜔 . Therefore, as in the homogeneous firm case, the mass of H -firms

ecreases (increases) when transportation costs (communication costs)

all. 

Furthermore, for the configuration where the least productive firms

re integrated, the first term in the right-hand side of (52) decreases

ith 𝜔 , hence 𝜃𝑉 2 also decreases. Consequently, a drop in communication

osts leads to fewer I -firms, like in the homogeneous firm case, while

he change in the mass of V -firms depends on the shape parameter 𝛽

f productivity distribution. Similarly, decreasing transportation costs

eads to hike in 𝜃𝐻 

2 , so that the left-hand side of (52) decreases. Since the

rst term in the right-hand side of (52) increases when 𝜔 < 𝜔 , with 𝜔 =
 𝜙∕(1 + 𝜙2 ) , 𝜃𝑉 2 increases, we may conclude that lowering transportation

osts makes I -firms more profitable (see Appendix G for a proof). Under

hese circumstances, communication and transportation costs have the

ame impacts on I -firms as in the homogeneous firm case. However, the

mpact on the mass of V -firms is ambiguous. 

Finally, regarding the configuration where the least productive firms

re vertical, it can be shown that the second term in the right-hand side

f (54) increases with 𝜔 , so that the impact of 𝜔 on 𝜃𝐼 2 is ambiguous.

owever, a deeper interregional integration leads to an increase in 𝜃𝐼 2 .

imilarly to the homogeneous firm case, more firms thus choose to be-

ome vertical when transportation costs decrease if (i) communication

osts are low enough, i.e., 𝜔 > 𝜔 ∗ where 𝜔 ∗ > 𝜔 , and (ii) regions are

ufficiently asymmetric, i.e., S ∈ ( S ∗ , 1/ K ), where S ∗ > S . 

. Concluding remarks 

Our analysis has shown that neglecting communication costs as

 specific determinant of firms’ spatial structure is unwarranted.

n the contrary, understanding how firms organize their activities

cross regions requires a clear distinction between communication and
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ransportation costs because these costs may affect firms’ choices dif-

erently. In particular, both costs often have opposite impacts on the

eography of production. Since the social optimum also involves di-

ersification under conditions similar to those obtained at the market

quilibrium, the diversification of organizational forms is driven by the

ame fundamentals of the economy, especially transportation and com-

unication costs. 

Furthermore, we have put aside several variables that interact with

patial frictions to determine the geography of production. However,

nsulating the sole effects of transportation and communication costs

as allowed us to uncover that policies which reduce either transporta-

ion costs or communication costs need not have the same effects on

pace-economy. In other words, caution is needed when planning new

ransportation infrastructure. For example, airports are likely to be more

ffective than other infrastructure for knowledge-intensive activities in

hich frequent face-to-face contacts are required. Obviously, more work

s called for here. 

Last, can our results be useful to the empirical researcher? We believe

hat the answer is yes. Wage and technological differences are likely to

e the main drivers in firms’ organizational choices when they compete

cross unevenly developed countries. However, at the interregional,

ubnational level, our analysis suggests that competition on the prod-

ct market is another important force. Although very simple, the setting

sed in this paper is sufficient to show how competition on the product

arket affects the way firms choose their organizational forms, thus sug-

esting to add market imperfections to the list of explanatory variables.

nother challenge is to find smart proxies for commuting costs. Nowa-

ays, such costs are primarily associated with moving business people

mong spatially separated firm units. Therefore, communication costs

re related to travel time between locations. One of the possible strate-

ies, proposed by Giroud (2013) and Charnoz et al. (2018) , is to link

ommunication costs to the opening new direct airline or high-speed

ailway routes. 

ppendix A 

Step 1. Assume that 𝜙< 𝜔 < 1. We show that one region hosts only

ne type of firms at any mixed equilibrium. 

Since only the most productive firms can afford to invest in two

lants, the I -firms (if any) are the most efficient ones. Consequently,

he least productive firms are integrated or vertical. In the first case, the

east productive region- j firms are integrated: 1 < 𝜃𝑉 
𝑗 
< 𝜃𝐻 

𝑗 
< 𝜃, where

𝑉 
𝑗 

and 𝜃𝐻 

𝑗 
are the productivity thresholds such that a I -firms has a pro-

uctivity 𝜃𝑗 < 𝜃
𝑉 
𝑗 
, a V -firm has a productivity 𝜃𝑉 

𝑗 
< 𝜃𝑗 < 𝜃

𝐻 

𝑗 
, while a H -

rm has a productivity 𝜃𝑗 > 𝜃
𝐻 

𝑗 
. The equilibrium conditions are given by

𝐼 
𝑗 
( 𝜃𝑉 
𝑗 
) = 𝜋𝑉 

𝑗 
( 𝜃𝑉 
𝑗 
) . In the second, the least productive region- j firms are

ertical, i.e., 1 < 𝜃𝐼 
𝑗 
< 𝜃𝐻 

𝑗 
< 𝜃. In the former case, and 𝜋𝑉 

𝑗 
( 𝜃𝐻 

𝑗 
) = 𝜋𝐻 

𝑗 
( 𝜃𝐻 

𝑗 
) ;

he equilibrium conditions are 𝜋𝐼 
𝑗 
( 𝜃𝐼 
𝑗 
) = 𝜋𝑉 

𝑗 
( 𝜃𝐼 
𝑗 
) and 𝜋𝐼 

𝑗 
( 𝜃𝐻 

𝑗 
) = 𝜋𝐻 

𝑗 
( 𝜃𝐻 

𝑗 
) . 

Using (13) –(15) , the equilibrium conditions are in both cases equiv-

lent to 

∗ 
𝑖 = 

(
𝜃𝐻 

𝑗 

)𝜎−1 
⋅
𝜔 − 𝜙

𝜎𝑓 
𝑠 𝑖 , (A.1)

∗ 
𝑗 = 

(
𝜃𝐻 

𝑗 

)𝜎−1 
⋅
1 − 𝜙𝜔 

𝜎𝑓 
𝑠 𝑗 , (A.2)

hile the mirror-image equations for region i are as follows: 

∗∗ 
𝑗 = 

(
𝜃𝐻 

𝑖 

)𝜎−1 
⋅
𝜔 − 𝜙

𝜎𝑓 
𝑠 𝑗 , (A.3)

∗∗ 
𝑖 = 

(
𝜃𝐻 

𝑖 

)𝜎−1 
⋅
1 − 𝜙𝜔 

𝜎𝑓 
𝑠 𝑖 . (A.4)

At any equilibrium in which one region hosts the three types of

rms and the other two or three types, at least two of the following

onditions must hold: (i) Δ∗ 
𝑖 
= Δ∗∗ 

𝑖 
and (ii) Δ∗ 

𝑗 
= Δ∗∗ 

𝑗 
. However, 𝜔 −

≠ 1 − 𝜙𝜔 because 𝜔 < 1. This implies Δ∗ 
𝑖 
≠ Δ∗∗ 

𝑖 
and Δ∗ 

𝑗 
≠ Δ∗∗ 

𝑗 
. Hence,

e have: (i) 𝜋𝑉 
𝑗 
( 𝜃𝐻 

𝑗 
) ≠ 𝜋𝐻 

𝑗 
( 𝜃𝐻 

𝑗 
) must hold when 𝜋𝐼 

𝑖 
( 𝜃𝐻 

𝑖 
) = 𝜋𝐻 

𝑖 
( 𝜃𝐻 

𝑖 
) ; (ii)
𝐼 
𝑗 
( 𝜃𝐻 

𝑗 
) ≠ 𝜋𝐻 

𝑗 
( 𝜃𝐻 

𝑗 
) when 𝜋𝑉 

𝑖 
( 𝜃𝐻 

𝑖 
) = 𝜋𝐻 

𝑖 
( 𝜃𝐻 

𝑖 
) ; or (iii) 𝜋𝐼 

𝑗 
( 𝜃𝐻 

𝑗 
) ≠ 𝜋𝑉 

𝑗 
( 𝜃𝐻 

𝑗 
)

hen 𝜋𝐼 
𝑖 
( 𝜃𝐻 

𝑖 
) = 𝜋𝑉 

𝑖 
( 𝜃𝐻 

𝑖 
) . As a result, region i can host only one type of

rms when region- j firms are fully diversified. 

Step 2. Assume now that 𝜙 < 𝜔 = 1 . It follows from (A.1) –(A.4) that

Δ∗ 
𝑖 

Δ∗ 
𝑗 

= 

Δ∗∗ 
𝑖 

Δ∗∗ 
𝑗 

= 

𝑠 𝑖 
𝑠 𝑗 
, (A.5)

hich implies 𝜃𝐻 ≡ 𝜃𝐻 

𝑖 
= 𝜃𝐻 

𝑗 
. Therefore, using (12) and the equilibrium

onditions 𝜋𝐻 

𝑖 
( 𝜃𝐻 

𝑖 
) = 𝜋𝑉 

𝑖 
( 𝜃𝑉 
𝑖 
) and 𝜋𝑉 

𝑖 
( 𝜃𝑉 
𝑖 
) = 𝜋𝐼 

𝑖 
( 𝜃𝑉 
𝑖 
) for 𝑖 = 1 , 2 , as well as

 𝑖 + 𝑣 𝑖 + ℎ 𝑖 = 𝑠 𝑖 for 𝑖 = 1 , 2 , we obtain: 

∗ 
𝑖 = 𝐴 ⋅

[
𝑠 𝑖 𝐹 + 𝑠 𝑗 𝐹 − (1 − 𝜙) 

(
𝑛 ∗ 𝑗 + 𝑣 ∗ 𝑖 

)]
= 

(
𝜃𝐻 

)𝜎−1 
⋅
1 − 𝜙

𝜎𝑓 
𝑠 𝑖 , (A.6)

∗ 
𝑗 = 𝐴 ⋅

[
𝜙𝑠 𝑖 𝐹 + 𝑠 𝑗 𝐹 − (1 − 𝜙) 

(
𝑛 ∗ 𝑖 + 𝑣 ∗ 𝑗 

)]
= 

(
𝜃𝐻 

)𝜎−1 
⋅
1 − 𝜙

𝜎𝑓 
𝑠 𝑗 . (A.7)

here A is a normalization constant given by 

 ≡ 𝛽

𝛽 − 𝜎 + 1 
⋅
𝜃
𝛽
− 𝜃

𝜎−1 

𝜃
𝛽
− 1 

> 0 . 

Hence, we have three equations, that is, (A.5) –(A.7) and four un-

nowns, n j , v i , n i , v j . As a result, there is a continuum of equilibria when

 = 1 . 
Step 3. Consider a mixed equilibrium where the three types of firms

oexist in region j . Then, all region- i firms are integrated when the pro-

uctivity range of these firms is not “too ” large, that is, 𝜋𝐼 
𝑖 
( 𝜃) > 𝜋𝑉 

𝑖 
( 𝜃)

nd 𝜋𝐼 
𝑖 
( 𝜃) > 𝜋𝐻 

𝑖 
( 𝜃) for all 𝜃 ∈ [1 , 𝜃] when 𝜃 does not exceed some thresh-

ld. 

Plugging (24) and (23) into (13) –(15) yields 

𝐼 
𝑖 ( 𝜃) − 𝜋𝑉 𝑖 ( 𝜃) = 

𝜃𝜎−1 𝑓 (
𝜃𝐻 

𝑖 

)𝜎−1 ( 

1 − 𝜙𝜔 

𝜔 − 𝜙
− 

𝜔 − 𝜙

1 − 𝜙𝜔 

) 

, 

𝐼 
𝑖 ( 𝜃) − 𝜋𝐻 

𝑖 ( 𝜃) = 𝑓 ⋅
⎡ ⎢ ⎢ ⎣ 1 − 

( 

𝜃

𝜃𝐻 

𝑖 

) 𝜎−1 

⋅
𝜔 − 𝜙

1 − 𝜙𝜔 

⎤ ⎥ ⎥ ⎦ . 
First, we have 𝜋𝐼 

𝑖 
( 𝜃) > 𝜋𝑉 

𝑖 
( 𝜃) for all 𝜃 because 1 − 𝜙𝜔 > 𝜔 − 𝜙. Sec-

nd, since 𝜋𝐼 
𝑖 
( 𝜃) − 𝜋𝐻 

𝑖 
( 𝜃) is decreasing in 𝜃, 𝜋𝐼 

𝑖 
( 𝜃) − 𝜋𝐻 

𝑖 
( 𝜃) > 0 holds if

𝐼 
𝑖 ( 𝜃) − 𝜋𝐻 

𝑖 ( 𝜃) > 0 ⇔ 𝜃 ≤ 𝐾 

1 
𝜎−1 ⋅ 𝜃𝐻 

𝑖 , (A.8)

here K is given by (25) . In the worst case, 𝜃𝐻 

𝑖 
≈ 1 so that the desired

nequality holds if 𝜃 ≤ 𝐾 

1 
𝜎−1 . 

When firms are homogeneous ( 𝜃𝐻 

𝑖 
= 1 ), (A.8) reduces to 𝜔 − 𝜙 < 1 −

𝜔, which always holds. Q.E.D. 

ppendix B 

We first determine the candidate equilibrium values 𝑛 ∗ 
𝑗 
, 𝑣 ∗ 
𝑗 
, ℎ ∗ 

𝑗 
when

 

∗ 
𝑖 
= 𝑠 𝑖 and, then, find the conditions for (20) –(22) to be positive. Fi-

ally, we show that 𝑖 = 1 and 𝑗 = 2 . 
Step 1. Substituting 𝑣 ∗ 

𝑖 
= 0 into (12) and setting 𝐴 = 1 leads to Δ∗ 

𝑖 
=

 𝑖 + 𝜔𝑠 𝑗 − ( 𝜔 − 𝜙) 𝑛 ∗ 
𝑗 
. Using (17) thus yields (20) for 𝑗 = 2 . Substituting

 

∗ 
𝑖 
= 𝑠 𝑖 and Δ∗ 

𝑗 
into (12) yields (21) for 𝑗 = 2 . Substituting 𝑣 ∗ 

𝑗 
and 𝑛 ∗ 

𝑗 
into

he condition 𝑛 𝑗 + 𝑣 𝑗 + ℎ 𝑗 = 𝑠 𝑗 , we obtain (22) for 𝑗 = 2 . 
Step 2. Set 𝑆 = 𝑠 𝑗 ∕ 𝑠 𝑖 . Using (20) –(22) , the inequalities 𝑛 ∗ 

𝑗 
> 0 , 𝑣 ∗ 

𝑗 
> 0

nd ℎ ∗ 
𝑗 
> 0 are, respectively, equivalent to the following conditions: 

𝑓 > 
𝜔 − 𝜙

1 + 𝜔𝑆 
𝜎𝑓 > 

(1 − 𝜙𝜔 ) 𝑆 
𝜙 + 𝑆 

𝜎𝑓 < 
( 𝜔 − 𝜙)(1 − 𝜙𝜔 )(1 + 𝑆) 

(1 − 𝜙2 )(1 + 𝜔𝑆) 
, 

hich amounts to (23) where 

 𝐿 ≡ max 
{ 

𝜔 − 𝜙

1 + 𝜔𝑆 
, 
(1 − 𝜙𝜔 ) 𝑆 
𝜙 + 𝑆 

} 

and 𝐵 𝑅 ≡ ( 𝜔 − 𝜙)(1 − 𝜙𝜔 )(1 + 𝑆) 
(1 − 𝜙2 )(1 + 𝜔𝑆) 

. 

Step 3. Observe first that the inequality 

𝜔 − 𝜙

1 + 𝜔𝑆 
< 

( 𝜔 − 𝜙)(1 − 𝜙𝜔 )(1 + 𝑆) 
(1 − 𝜙2 )(1 + 𝜔𝑆) 
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ay be rewritten as follows: 

 > 
𝜙

𝐾 

. 

Furthermore, the inequality 

(1 − 𝜙𝜔 ) 𝑆 
𝜙 + 𝑆 

< 
( 𝜔 − 𝜙)(1 − 𝜙𝜔 )(1 + 𝑆) 

(1 − 𝜙2 )(1 + 𝜔𝑆) 
s equivalent to 

 ( 𝑆) ≡ 𝜙𝐾𝑆 2 + ( 𝐾 − 1) 𝑆 − 𝜙 < 0 . (B.1)

Let 𝑆 be the positive root of 𝐹 ( 𝑆) = 0 . Since F ( 𝜙/ K ) < 0 and

 (1/ K ) > 0, the condition (23) holds if and only if 

𝜙

𝐾 

< 𝑆 < 𝑆 < 
1 
𝐾 

, 

hich implies S < 1. Therefore, it must be that 𝑖 = 1 and 𝑗 = 2 . 
Step 4. Since 1∕(1 + 𝜔𝑆) is decreasing in S while 𝑆∕( 𝜙 + 𝑆) is in-

reasing, the latter is smaller than the former if and only if this inequal-

ty holds when S takes on its lowest value, that is, 𝑆 = 𝜙∕ 𝐾. Therefore,

23) and (24) are necessary and sufficient for Proposition 2 to hold.

.E.D. 

ppendix C 

The proof involves several steps. First, we show that the solutions

o the first-order conditions for, say, region i cannot be all positive and

etermine the optimal values of n i , v i and h i under the assumption that

he solutions to the first-order conditions for region j are strictly posi-

ive (Steps 1 and 2). Then, we determine the necessary and sufficient

onditions for region j ’s solutions to be strictly positive (Step 3), while

tep 4 shows that the obtained solutions maximize the total welfare W .

The first letter in the subscript of a variable stands for the firm’s HQ

ocation while the second letter denotes the supplied market. We use

he constraint ℎ 𝑗 = 𝑠 𝑗 − 𝑛 𝑗 − 𝑣 𝑗 > 0 to replace h j in U i and W . 

Step 1. Assume that the optimal solution is such that all three vari-

bles are strictly positive in region j. Differentiating (28) yields the fol-

owing system of equations: 

𝜕𝑊 

𝜕𝑛 𝑗 
= 𝑠 𝑗 

𝜕𝑈 𝑗 

𝜕𝑛 𝑗 
+ 𝑠 𝑖 

𝜕𝑈 𝑖 

𝜕𝑛 𝑗 
− 𝐶 𝐼 𝑗 + 𝐶 𝐻 

𝑗 = 0 , 

𝜕𝑊 

𝜕𝑣 𝑗 
= 𝑠 𝑗 

𝜕𝑈 𝑗 

𝜕𝑣 𝑗 
+ 𝑠 𝑖 

𝜕𝑈 𝑖 

𝜕𝑣 𝑗 
− 𝐶 𝑉 𝑗 + 𝐶 𝐻 

𝑗 = 0 , (C.1)

nd 

𝜕𝑊 

𝜕𝑥 𝐼 
𝑗𝑗 

= 𝑠 𝑗 
𝜕𝑈 𝑗 

𝜕𝑥 𝐼 
𝑗𝑗 

− 𝑛 𝑗 

𝜕𝐶 𝐼 
𝑗 

𝜕𝑥 𝐼 
𝑗𝑗 

= 0 ⇔ 𝑥 𝐼 𝑗𝑗 = 

( 

1 
𝑐Ω𝑗 

) 𝜎

, 

𝜕𝑊 

𝜕𝑥 𝑉 
𝑗𝑗 

= 𝑠 𝑗 
𝜕𝑈 𝑗 

𝜕𝑥 𝑉 
𝑗𝑗 

− 𝑣 𝑗 

𝜕𝐶 𝑉 
𝑗 

𝜕𝑥 𝑉 
𝑗𝑗 

= 0 ⇔ 𝑥 𝑉 𝑗𝑗 = 

( 

1 
𝜏𝛾𝑐Ω𝑗 

) 𝜎

, 

𝜕𝑊 

𝜕𝑥 𝐻 

𝑗𝑗 

= 𝑠 𝑗 
𝜕𝑈 𝑗 

𝜕𝑥 𝐻 

𝑗𝑗 

− ℎ 𝑗 

𝜕𝐶 𝐻 

𝑗 

𝜕𝑥 𝐻 

𝑗𝑗 

= 0 ⇔ 𝑥 𝐻 

𝑗𝑗 = 

( 

1 
𝑐Ω𝑗 

) 𝜎

, 

𝜕𝑊 

𝜕𝑥 𝐼 
𝑖𝑗 

= 𝑠 𝑗 
𝜕𝑈 𝑗 

𝜕𝑥 𝐼 
𝑖𝑗 

− 𝑛 𝑖 

𝜕𝐶 𝐼 
𝑗 

𝜕𝑥 𝐼 
𝑖𝑗 

= 0 ⇔ 𝑥 𝐼 𝑖𝑗 = 

( 

1 
𝜏𝑐Ω𝑗 

) 𝜎

, 

𝜕𝑊 

𝜕𝑥 𝑉 
𝑖𝑗 

= 𝑠 𝑗 
𝜕𝑈 𝑗 

𝜕𝑥 𝑉 
𝑖𝑗 

− 𝑣 𝑖 

𝜕𝐶 𝑉 
𝑗 

𝜕𝑥 𝑉 
𝑖𝑗 

= 0 ⇔ 𝑥 𝑉 𝑖𝑗 = 

( 

1 
𝛾𝑐Ω𝑗 

) 𝜎

, 

𝜕𝑊 

𝜕𝑥 𝐻 

𝑖𝑗 

= 𝑠 𝑗 
𝜕𝑈 𝑗 

𝜕𝑥 𝐻 

𝑖𝑗 

− ℎ 𝑖 

𝜕𝐶 𝐻 

𝑗 

𝜕𝑥 𝐻 

𝑖𝑗 

= 0 ⇔ 𝑥 𝐻 

𝑖𝑗 = 

( 

1 
𝛾𝑐Ω𝑗 

) 𝜎

, (C.2)

here 

𝑗 ≡ 𝑛 𝑗 

(
𝑥 𝐼 𝑗𝑗 

) 𝜎−1 
𝜎 + 𝑣 𝑗 

(
𝑥 𝑉 𝑗𝑗 

) 𝜎−1 
𝜎 + ℎ 𝑗 

(
𝑥 𝐻 

𝑗𝑗 

) 𝜎−1 
𝜎 + 𝑛 𝑖 

(
𝑥 𝐼 𝑖𝑗 

) 𝜎−1 
𝜎

+ 𝑣 𝑖 

(
𝑥 𝑉 𝑖𝑗 

) 𝜎−1 
𝜎 + ℎ 𝑖 

(
𝑥 𝐻 

𝑖𝑗 

) 𝜎−1 
𝜎
. 
Substituting (C.2) into Ωj , we obtain 

𝜎
𝑗 = 

(
𝜎

𝜎 − 1 

)𝜎−1 
Λ𝑗 , 

here 

𝑗 ≡ 𝑠 𝑗 + 𝜔𝑠 𝑖 − ( 𝜔 − 𝜙) 𝑛 𝑖 − (1 − 𝜙𝜔 ) 𝑣 𝑗 (C.3)

Furthermore, plugging (C.2) into the cost functions, we obtain: 

 

𝐼 
𝑗 = 𝑓 + 

𝑠 𝑗 

Λ𝑗 
+ 

𝑠 𝑖 𝜙

Λ𝑖 
, (C.4)

 

𝑉 
𝑗 = 𝑓 + 

𝑠 𝑗 𝜙𝜔 

Λ𝑗 
+ 

𝑠 𝑖 𝜔 

Λ𝑖 
, (C.5)

 

𝐻 

𝑗 = 2 𝑓 + 

𝑠 𝑗 

Λ𝑗 
+ 

𝑠 𝑖 𝜔 

Λ𝑖 
. (C.6)

Differentiating U j and U i with respect to n j and v j and plugging

C.2) in the resulting expressions, we obtain the following system of

 equations: 

𝜕𝑈 𝑗 

𝜕𝑛 𝑗 
= 

𝜕𝑈 𝑖 

𝜕𝑣 𝑗 
= 0 , (C.7)

𝜕𝑈 𝑖 

𝜕𝑛 𝑗 
= 

𝜎

𝜎 − 1 
( 𝜙 − 𝜔 ) 1 

Λ𝑖 
< 0 , (C.8)

𝜕𝑈 𝑗 

𝜕𝑣 𝑗 
= 

𝜎

𝜎 − 1 
( 𝜙𝜔 − 1) 1 

Λ𝑗 
< 0 . (C.9)

Substituting (C.4) –(C.6) and (C.7) –(C.9) into (C.1) and solving for Λi 

nd Λj yields the following expressions: 

𝑗 = 

𝑠 𝑗 (1 − 𝜙𝜔 ) 
( 𝜎 − 1) 𝑓 

Λ𝑖 = 

𝑠 𝑖 ( 𝜔 − 𝜙) 
( 𝜎 − 1) 𝑓 

, (C.10)

hich must hold at any interior optimal solution. 

Step 2. Differentiating W with respect to n i , using (C.4), (C.6),

C.7) and (C.8) in terms of i instead of j , and plugging (C.10) in the

esulting expression yields: 

𝜕𝑊 

𝜕𝑛 𝑖 
= 

(1 − 𝜔 )(1 + 𝜙) 
1 − 𝜙𝜔 

𝑓 > 0 . (C.11)

Therefore, the optimal solution cannot be interior. Moreover, it fol-

ows from (C.11) that 𝑛 𝑜 
𝑖 
= 𝑠 𝑖 , hence 𝑣 𝑜 

𝑖 
= ℎ 𝑜 

𝑖 
= 0 , always maximize W

hen region j ≠ i accommodates the three types of firms at the optimum.

Step 3. We now show when the first-order conditions for region j

ield a strictly positive solution when 𝑛 𝑜 
𝑖 
= 𝑠 𝑖 and 𝑣 𝑜 

𝑖 
= ℎ 𝑜 

𝑖 
= 0 . Setting

 𝑖 = 𝑠 𝑖 and 𝑣 𝑖 = ℎ 𝑖 = 0 into Λi and Λj defined in (C.3) yields the following

wo expressions: 

𝑗 = 𝑠 𝑗 + 𝜙𝑠 𝑖 − (1 − 𝜙𝜔 ) 𝑣 𝑗 Λ𝑖 = 𝑠 𝑖 + 𝜔𝑠 𝑗 − ( 𝜔 − 𝜙) 𝑛 𝑗 . (C.12)

Equalizing (C.10) and (C.12) leads to two equations in n j and v j ,

hich have a unique solution given by (30) and (31) . As for (32) , it is

iven by ℎ 𝑜 
𝑗 
= 𝑠 𝑗 − 𝑛 𝑜 

𝑗 
− 𝑣 𝑜 

𝑗 
. These three solutions are positive if and only

f the following conditions hold: 

 𝜎−1) 𝑓 > 
( 𝜔 − 𝜙) 𝑠 𝑖 
𝑠 𝑖 + 𝜔𝑠 𝑗 

( 𝜎−1) 𝑓 > 
𝑠 𝑗 (1 − 𝜙𝜔 ) 
𝑠 𝑗 + 𝜙𝑠 𝑖 

( 𝜎−1) 𝑓 < ( 𝜔 − 𝜙)(1 − 𝜙𝜔 ) 
(1 − 𝜙2 )( 𝑠 𝑖 + 𝜔𝑠 𝑗 ) 

, 

hich are equivalent to (29) . Given 𝑛 𝑜 
𝑖 
= 𝑠 𝑖 and 𝑣 𝑜 

𝑖 
= ℎ 𝑜 

𝑖 
= 0 , (30) –(32)

re, therefore, positive and the unique solution to the first-order condi-

ions 𝜕 𝑊 ∕ 𝜕 𝑛 𝑗 = 𝜕 𝑊 ∕ 𝜕 𝑣 𝑗 = 𝜕 𝑊 ∕ 𝜕 ℎ 𝑗 = 0 . If (29) holds, it must be 𝑛 𝑜 
𝑖 
= 𝑠 𝑖

nd 𝑣 𝑜 
𝑖 
= ℎ 𝑜 

𝑖 
= 0 because the solutions to the first-order conditions for

egion j are strictly positive. 

Step 4. We now check that (30) and (31) maximize 𝑊 ( 𝑛 𝑗 , 𝑣 𝑗 , 𝑠 𝑗 −
 𝑗 − 𝑣 𝑗 , 𝑛 

𝑜 
𝑖 
, 𝑣 𝑜 
𝑖 
, ℎ 𝑜 

𝑖 
) . Substituting the cost functions (C.4) –(C.6) and the

rst-order conditions (C.7) –(C.9) into (C.1) , we obtain the following two

xpressions: 

𝜕𝑊 

𝜕𝑛 𝑗 
= 𝑓 − 

𝑠 𝑖 ( 𝜔 − 𝜙) 
Λ𝑖 

1 
𝜎 − 1 

𝜕𝑊 

𝜕𝑣 𝑗 
= 𝑓 − 

𝑠 𝑗 (1 − 𝜙𝜔 ) 
Λ𝑗 

1 
𝜎 − 1 

. 
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Differentiating (C.12) yields: 

𝜕Λ𝑖 
𝜕𝑛 𝑗 

= −( 𝜔 − 𝜙) 
𝜕Λ𝑗 
𝜕𝑣 𝑗 

= −(1 − 𝜙𝜔 ) 
𝜕Λ𝑖 
𝜕𝑣 𝑗 

= 

𝜕Λ𝑗 
𝜕𝑛 𝑗 

= 0 . 

It is thus readily verified that the Hessian 

 

 

 

 

 

𝜕 2 𝑊 

𝜕𝑛 2 
𝑗 

𝜕 2 𝑊 

𝜕 𝑛 𝑗 𝜕 𝑣 𝑗 

𝜕 2 𝑊 

𝜕 𝑣 𝑗 𝜕 𝑛 𝑗 

𝜕 2 𝑊 

𝜕𝑣 2 
𝑗 

⎞ ⎟ ⎟ ⎟ ⎠ = 

⎛ ⎜ ⎜ ⎜ ⎝ 
− 

𝑠 𝑖 ( 𝜔 − 𝜙) 2 

Λ2 
𝑖 

1 
𝜎−1 0 

0 − 

𝑠 𝑗 (1− 𝜙𝜔 ) 2 

Λ2 
𝑗 

1 
𝜎−1 

⎞ ⎟ ⎟ ⎟ ⎠ 
as the following characteristic equation: 

𝜆2 + 

1 
𝜎 − 1 

[ 

𝑠 𝑖 ( 𝜔 − 𝜙) 2 

Λ2 
𝑖 

+ 

𝑠 𝑗 (1 − 𝜙𝜔 ) 2 

Λ2 
𝑗 

] 

𝜆

+ 

( 1 
𝜎 − 1 

)2 𝑠 𝑖 ( 𝜔 − 𝜙) 2 

Λ2 
𝑖 

𝑠 𝑗 (1 − 𝜙𝜔 ) 2 

Λ2 
𝑗 

= 0 , 

hich has two negative eigenvalues. Therefore, when (29) holds

30) and (31) maximize W ( n j , v j , h j , n i , v i , h i ). 

Step 5. Finally, for B L < B R , we know from Appendix B that S is

maller than 1. This implies that 𝑖 = 1 and 𝑗 = 2 . Q.E.D. 

ppendix D 

In what follows, we focus on I - IH, I - HV, and I - IV , which are the

eighboring configurations of the mixed equilibrium. The correspond-

ng equilibrium masses of firms are as follows. Proofs are given in the

upplementary Material. 

Case 1. I - IH 

 

∗ 
2 = 

1 
1 + 𝑆 

⋅
( 

1 + 𝜔𝑆 

𝜔 − 𝜙
− 

1 
𝜎𝑓 

) 

ℎ ∗ 2 = 𝑠 2 − 𝑛 ∗ 2 , (D.1)

hen 

ax 
{ 

( 𝜔 − 𝜙) 𝑆 
𝜙 + 𝑆 

, 
𝜔 − 𝜙

1 + 𝜔𝑆 

} 

< 𝜎𝑓 < min 
{ 

(1 − 𝜙𝜔 ) 𝑆 
𝜙 + 𝑆 

, 
𝜔 − 𝜙

1 + 𝜙𝑆 

} 

nd 𝑆 > 𝑆 , where 𝑆 is the positive root of 𝜔𝐾𝑆 2 + ( 𝐾 − 1) 𝑆 − 𝜙 = 0 ,
old. 

Case 2. I - HV 

 

∗ 
2 = 

1 
1 + 𝑆 

⋅
( 

𝑆 

𝜎𝑓 
− 𝜙

1 + 𝜔𝑆 

1 − 𝜙𝜔 

) 

𝑣 ∗ 2 = 𝑠 2 − ℎ ∗ 2 , (D.2)

hen 

(1 − 𝜙𝜔 ) 𝑆 
𝜙 + 𝑆 

< 𝜎𝑓 < min 
{ 

𝜔 − 𝜙

1 + 𝜔𝑆 
, 
(1 − 𝜙𝜔 ) 𝑆 
𝜙 + 𝜙𝜔𝑆 

} 

nd 𝑆 < 𝑆 hold. 

Case 3. I - IV 

 

∗ 
2 = 

1 
𝜔 − 𝜙

⋅
[ 

1 
(1 + 𝑆) 2 

⋅
(1 − 𝜙2 )(1 − 𝜔 ) 

1 − 𝜙𝜔 

− 

1 
1 + 𝑆 

⋅
(1 − 𝜙)(1 − 𝜔 − 2 𝜙𝜔 ) 

1 − 𝜙𝜔 
− 𝜙

] 
𝑛 ∗ 2 = 𝑠 2 − 𝑣 ∗ 2 . 

hen 

( 𝜔 − 𝜙)(1 − 𝜙𝜔 )(1 + 𝑆) 
(1 − 𝜙2 )(1 + 𝜔𝑆) 

< 𝜎𝑓 

nd (24) hold . 

ppendix E 

We determine the conditions on S for 1 < 𝜃𝑉 2 < 𝜃
𝐻 

2 < 𝜃̄ to hold. 

Step 1. 𝜃𝑉 2 < 𝜃
𝐻 

2 . This inequality holds if and only if the first term in

he right-hand side of (52) is negative. Since this inequality must hold

or any value of 𝜃̄, it boils down to (B.1) when 𝜃̄ becomes arbitrarily

arge. Therefore, we have 𝑆 < 𝑆̄ . 
Step 2. 𝜃𝑉 2 > 1 . Since 𝜃𝐻 

2 > 1 and the right-hand side of (52) de-

reases with 𝜃𝐻 

2 , 𝜃
𝑉 
2 > 1 holds if and only if the right-hand side of (52) is

maller than 1 at 𝜃𝑉 2 = 1 : 

𝜙𝐾𝑆 2 + ( 𝐾 − 1) 𝑆 − 𝜙

( 𝜔 − 𝜙) 𝐾𝑆 
⋅
[ 
1 − 

(
𝜃
)−( 𝛽− 𝜎+1) 

] 
+ 𝑆 < 0 . (E.1)

Since (D.1) must hold for any value of 𝜃̄, it boils down to 

 2 ( 𝑆) ≡ 𝜔𝐾𝑆 2 + ( 𝐾 − 1) 𝑆 − 𝜙 < 0 (E.2)

hen 𝜃̄ grows indefinitely. Denoting by S the positive root of 𝐺 2 ( 𝑆) = 0 ,
E.2) holds if and only if S < S . It is readily verified that 𝑆 < 𝑆̄ . Thus,

ombining (48) and (D.2) , we have 1 < 𝜃𝑉 2 < 𝜃
𝐻 

2 < 𝜃̄ if and only if

/ K < S < S . Note also that these inequalities imply 𝜃𝐻 

2 > 1 . Q.E.D. 

ppendix F 

We determine the conditions on S for 1 < 𝜃𝐻 

2 < 𝜃
𝑉 
2 < 𝜃̄ to hold. 

Step 1. 𝜃𝐼 2 < 𝜃
𝑉 
2 . This inequality holds if and only if the first term in

he right-hand side (54) is negative: 

𝜔𝐾𝑆 2 + ( 𝐾 − 1) 𝑆 − 𝜙

(1 − 𝜙𝜔 ) 𝑆 

[ 
1 − 

(
𝜃
)−( 𝛽− 𝜎+1) 

] 
+ 1 > 0 , 

hich reduces to 

 3 ( 𝑆) ≡ 𝜔𝐾𝑆 2 + ( 𝐾 − 𝜙𝜔 ) 𝑆 − 𝜙 > 0 (F.1)

hen 𝜃̄ becomes arbitrarily large. The positive root of 𝐺 3 ( 𝑆) = 0 being

iven by 𝑆 = 𝜙∕ 𝐾, (E.1) holds if and only if S > 𝜙/ K . 

Step 2 . 𝜃𝐼 2 > 1 . This holds if and only if the right-hand side of (54) is

maller than S at 𝜃𝐼 2 = 1 : 

 

𝜔𝐾𝑆 2 + ( 𝐾 − 1) 𝑆 − 𝜙

(1 − 𝜙𝜔 ) 𝑆 

[ 
1 − 

(
𝜃
)−( 𝛽− 𝜎+1) 

] 
< 0 , 

hich is equivalent to 

 2 ( 𝑆) > 0 . (F.2)

hen 𝜃̄ becomes arbitrarily large. 

Observe that (F.2) is the opposite of (D.2) and holds if and only if

 > S . Summing up, we have 1 < 𝜃𝐼 2 < 𝜃
𝑉 
2 < 𝜃̄ if and only if 𝑆 < 𝑆 < 𝑆 .

.E.D. 

ppendix G 

First, we study the impact of transportation and commuting costs on

he mass of H -firms. The left-hand side of (53) is an increasing function

f 𝜃𝐻 

2 and does not depend on both 𝜙 and 𝜔 . The impact of changes in 𝜙

nd 𝜔 on the right-hand side of (53) is captured by the first term, which

an be rewritten as follows: 

(1 + 𝜙𝐾) 𝑆 + 𝜙 + 𝐾 

(1 − 𝜙𝜔 )(1 + 𝑆) 
⋅
[ 
1 − 

(
𝜃
)−( 𝛽− 𝜎+1) 

] 

= 

1 − 

(
𝜃
)−( 𝛽− 𝜎+1) 

1 + 𝑆 
⋅
[ ( 

1 
1 − 𝜙𝜔 

+ 

𝜙

𝜔 − 𝜙

) 

𝑆 + 

𝜙

1 − 𝜙𝜔 
+ 

1 
𝜔 − 𝜙

] 
By differentiating this expression with respect to 𝜙 and 𝜔 , we obtain: [ ( 

1 
1 − 𝜙𝜔 

+ 

𝜙

𝜔 − 𝜙

) 

𝑆 + 

𝜙

1 − 𝜙𝜔 
+ 

1 
𝜔 − 𝜙

] ′
𝜙

= 

[ 
𝜔 

(1 − 𝜙𝜔 ) 2 
+ 

𝜔 

( 𝜔 − 𝜙) 2 

] 
𝑆 + 

1 
(1 − 𝜙𝜔 ) 2 

+ 

1 
( 𝜔 − 𝜙) 2 

> 0 , 

[ ( 

1 
1 − 𝜙𝜔 

+ 

𝜙

𝜔 − 𝜙

) 

𝑆 + 

𝜙

1 − 𝜙𝜔 
+ 

1 
𝜔 − 𝜙

] ′
𝜔 

= 

[ 
𝜙

(1 − 𝜙𝜔 ) 2 
− 

𝜙

( 𝜔 − 𝜙) 2 

] 
𝑆 + 

𝜙2 

(1 − 𝜙𝜔 ) 2 
− 

1 
( 𝜔 − 𝜙) 2 

< 0 . 
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Therefore, 𝜃𝐻 

2 increases with 𝜙 and decreases with 𝜔 , which implies

hat the mass of H -firms decreases (increases) when transportation costs

communication costs) fall. 

Second, the left-hand side of (52) increases with 𝜔 , while the first

erm of the right-hand side 

𝜙𝐾𝑆 2 + ( 𝐾 − 1) 𝑆 − 𝜙

( 𝜔 − 𝜙) 𝐾𝑆 
⋅
[ 
1 − 

(
𝜃
)−( 𝛽− 𝜎+1) 

] 

= 

1 − 

(
𝜃
)−( 𝛽− 𝜎+1) 

𝑆 
⋅
[ 

𝜙

𝜔 − 𝜙
𝑆 2 + 

( 

1 
𝜔 − 𝜙

− 

1 
1 − 𝜙𝜔 

) 

𝑆 − 

𝜙

1 − 𝜙𝜔 

] 
ecreases with 𝜔 : 

 

𝜙

( 𝜔 − 𝜙) 2 
𝑆 2 − 

[ 
1 

( 𝜔 − 𝜙) 2 
+ 

𝜙

(1 − 𝜙𝜔 ) 2 

] 
𝑆 − 

𝜙2 

(1 − 𝜙𝜔 ) 2 
< 0 . 

herefore, 𝜃𝑉 2 decreases with 𝜔 , which leads to fewer I -firms. 

Third, the left-hand side of (52) decreases with 𝜙, while the behavior

f the first term in the right-hand side of (52) is a priori undetermined: [ 
𝜙

𝜔 − 𝜙
𝑆 2 + 

( 

1 
𝜔 − 𝜙

− 

1 
1 − 𝜙𝜔 

) 

𝑆 − 

𝜙

1 − 𝜙𝜔 

] ′
𝜙

= 

𝜔𝐾 

2 𝑆 2 + ( 𝐾 

2 − 𝜔 ) 𝑆 − 1 
(1 − 𝜙𝜔 ) 2 

. 

The right-hand side of this expression has a unique positive root

maller than 1. Since the range of regions’ asymmetry we work with

s 𝜙∕ 𝐾 < 𝑆 < 𝑆 < 1∕ 𝐾, the derivative is positive at 𝑆 = 1∕ 𝐾: 

𝜔𝐾 

2 𝑆 2 + ( 𝐾 

2 − 𝜔 ) 𝑆 − 1 
(1 − 𝜙𝜔 ) 2 

|||||𝑆= 1 
𝐾 

= 

𝜔𝐾 

2 1 
𝐾 2 

+ ( 𝐾 

2 − 𝜔 ) 1 
𝐾 

− 1 

(1 − 𝜙𝜔 ) 2 

= 

( 𝐾 − 1)( 𝜔 
𝐾 

+ 1) 

(1 − 𝜙𝜔 ) 2 
> 0 . 

hen 𝑆 = 𝜙∕ 𝐾, the derivative 

𝜔𝐾 

2 𝑆 2 + ( 𝐾 

2 − 𝜔 ) 𝑆 − 1 
(1 − 𝜙𝜔 ) 2 

|||||𝑆= 𝜙
𝐾 

= 

𝜔𝐾 

2 𝜙2 
𝐾 2 

+ ( 𝐾 

2 − 𝜔 ) 𝜙
𝐾 

− 1 

(1 − 𝜙𝜔 ) 2 

= 

(
𝜔𝜙

𝐾 
+ 1 

)
( 𝜙𝐾 − 1) 

(1 − 𝜙𝜔 ) 2 

s also positive if 𝜙𝐾 − 1 > 0 , which is equivalent to 

 < 𝜔 = 

2 𝜙
1 + 𝜙2 . 

n sum, 𝜃𝑉 2 decreases with 𝜙 for all admissible regions’ degrees of asym-

etry when communication costs are not too large, i.e., 𝜔 < 𝜔 . 

Last, the left-hand side of (54) decreases with 𝜙. In the right-hand

ide, only the second term given by 

− 

𝜔𝐾𝑆 2 + ( 𝐾 − 1) 𝑆 − 𝜙

(1 − 𝜔𝜙) 𝑆 

[ 
1 − 

(
𝜃
)−( 𝛽− 𝜎+1) 

] 
= − 

1 − 

(
𝜃
)−( 𝛽− 𝜎+1) 

𝑆 

×
[ 

𝜔 

𝜔 − 𝜙
𝑆 2 + 

( 

1 
𝜔 − 𝜙

− 

1 
1 − 𝜙𝜔 

) 

𝑆 − 

𝜙

1 − 𝜙𝜔 

] 
s affected by 𝜙. By differentiating the above expression, we obtain: 

− 

[ 
𝜔 

𝜔 − 𝜙
𝑆 2 + 

( 

1 
𝜔 − 𝜙

− 

1 
1 − 𝜙𝜔 

) 

𝑆 − 

𝜙

1 − 𝜙𝜔 

] ′
𝜙

= − 

𝜔𝐾 

2 𝑆 2 + ( 𝐾 

2 − 𝜔 ) 𝑆 − 1 
(1 − 𝜙𝜔 ) 2 

, 

hich is negative when 𝑆 = 1∕ 𝐾 and positive at 𝑆 = 𝜙∕ 𝐾 if 𝜔 > 𝜔 .

oreover, when 𝜔 = 1 the derivative is positive for 𝑆 = 𝑆 . Therefore,

 

∗ > 𝜔 exists such that for 𝜔 > 𝜔 ∗ , there is a threshold value S ∗ such
hat the derivative is positive for S ∈ ( S ∗ , 1/ K ). Hence, 𝜃𝐼 2 increases

ith 𝜙. 

upplementary material 

Supplementary material associated with this article can be found, in

he online version, at doi: 10.1016/j.jue.2019.103191 . 
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