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Abstract
We incorporate the now standard knowledge-capital model of multinational firms in a new economic geography setting. The theoretical predictions of the agglomeration patterns in our model suggest that unskilled labor mobility leads to less regional concentration of production than skilled
labor mobility does. Empirically, less agglomeration of production among
European nations than among US regions is observed. Our model shows
that the different patterns in labor mobility can explain actual differences
in the spreading of industries. According to our welfare analysis, trade
liberalization is likely Pareto-improving for a larger region with mobile
unskilled labor.
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”European nations are less specialized than US regions” (Krugman, 1991a, p. 76).
This stylized fact was recently confirmed by the study of Midelfart-Knarvik et al.
(2000). Although European agglomeration also tends to increase, especially after
the ratification of the Maastricht Treaty, facilitating the mobility of production
factors between the EU member states (Haaland et al., 1999, Overman et al.,
2001), there is still a gap in concentration between Europe and the US left,
which may be explained by multinational activity.
Since the early stages of new trade theory, the consideration of multinationals
may be seen as one of the major innovations in the last two decades’ economic
research (Helpman, 1984, Helpman and Krugman, 1985, Markusen, 1984). From
its beginning, this literature distinguishes firms by the scope of activities carried
out: (i) national single plant firms engaging in trade, (ii) horizontal (two-plant)
multinationals serving both the home and the foreign market locally (Markusen
and Venables, 1998, 2000), and (iii) vertical multinationals with production only
in the low-wage country and headquarters in the high-wage economy (Helpman,
1984). Both the horizontal and vertical model characterize multinationals by
intangible assets (knowledge-capital). Only in the knowledge-capital model of
multinationals and trade, all these types of firms may co-exist (for an overview
see Markusen, 2002), which seems well in line with the stylized facts (Carr et al.
2001, Markusen and Maskus, 2002, Egger and Pfaffermayr, 2004).
Only recently, the links between multiregional production and agglomeration
came into the limelight of research. Gao (1999) concentrates on vertical multiregional enterprises (MREs), which exploit international/interregional factor cost
differences. Only one primary factor is used in the differentiated goods sector,
and manufacturing output is either consumed or used as an intermediate input in
the production of manufactures or for plant set-up. He finds that agglomeration
may break down with economic integration (i.e., a reduction in trade costs) or
1
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economic growth. There is no agglomeration at very low transport costs, because
unskilled labor-cost differentials become more important than the agglomeration
forces in shaping production structure. Concerning the introduction of vertical
MREs, he concludes that they speed up the spreading of industries and thus the
process of industrialization.
Raybaudi-Massilia (2000) concentrates on the role of firms’ location choice rather
than workers’ mobility. She introduces two factors, a specific one, land, and a
mobile one, labor. Firms may defect from their location choice by setting up
an additional plant, closing one of the two plants, or moving a plant from one
region to the other. In this model, only horizontal, two-plant MREs may arise.
Accordingly, the evolution of MREs makes agglomeration of production in only
a single country/region less likely.
Ekholm and Forslid (2001) look at vertical and horizontal MREs separately and
(i) confirm Raybaudi-Massilia’s (2000) finding that rising trade costs and the
associated surge of horizontal MREs lead to less agglomeration, and (ii) find that
with vertical MREs agglomeration of headquarters becomes more likely. They
introduce footloose multi-region firms which are not headquartered in a specific
country. This strong assumption leads to a unique symmetric equilibrium. A
reallocation of unskilled labor forces firms in the receiving region to produce at
a higher scale and, therefore, at lower prices. Furthermore, the smaller region
engages proportionally more in headquarter services, as fixed costs are equally
borne by both regions. Accordingly, real (unskilled) labor rewards are lower in
the larger region.
Our approach differs from the available work in several ways. First, it incorporates the now standard model of multinationals and trade, namely the knowledgecapital model, in a new economic geography setting. Therefore, regional (exporting) enterprises (REs) and horizontal as well as vertical MREs may arise endogenously, which allows for a richer firm and core-periphery structure. Similar
to Markusen and Venables (2000), MREs are not footloose but they rather are
headquartered in one specific region where fixed costs are paid.
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Second, we are interested in the dependence of agglomeration patterns on transport costs, allowing either skilled or unskilled labor to be mobile as a response
to differentials in real factor rewards. Despite the conceptual differences to
Raybaudi-Massilia (2000), horizontal MREs make agglomeration less likely also
in our framework.
In line with recent empirical evidence, we argue that the US are characterized by
skilled rather than unskilled labor mobility. Chiquiar and Hanson (2002) point
out that Mexican emigrants to the US exhibit higher skill levels than the average
Mexican worker. Furthermore, Kennan and Walker (2003) find that unfavorable
local income conditions stimulate US interstate migration of skilled male workers.
The result of Adams (2003) that about two thirds of the US immigrants have at
least secondary education levels points in a similar direction.2
In contrast, there are mainly unskilled immigrants in Europe (see Sapir, 2000,
Coppel et al., 2001).3 For instance, Constant and Massey (2003) argue that German immigrants mainly take unskilled and semi-skilled jobs shunned by natives.
This is supported by the large sample study of De New and Zimmermann (1994),
pointing out that immigration in Germany negatively affects the average worker’s
wages, leaving experienced German workers unchanged. Geddes (2003, p. 156)
mentions that ”migrants and their descendants in the UK are more likely found
in lower-income and lower-status occupations, ...”. According to Rygiel (2001),
similar conclusions can be drawn for France.
Associating skilled labor mobility with the US case and unskilled labor mobility with the European case, our model provides a possible explanation for the
different agglomeration patterns observed in Europe and the US. Our analysis
suggests that unskilled labor mobility leads to a relatively more dispersed structure than skilled labor mobility. This fits nicely with the empirical stylized facts
2

A
press
release
by
InfoAmericas
from
June
2001,
available
under
http://tendencias.infoamericas.com/article archive/2001/0601/0601 regional trends.pdf,
indicates that emigrants from many Latin American economies were high-skilled.
3
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of both the different agglomeration patterns and the skill-specific characteristics
of the mobility of workers in Europe and the US. Hence, we might conclude that
these different types of factor mobility together with the activity of multinational
firms are one of the driving forces behind the different agglomeration patterns
observed.
Finally, we investigate the welfare consequences of trade liberalization. This is
important, since, in the long run, trade costs are not necessarily fixed, but they are
affected by regional politics (e.g., infrastructure investments). Hence, countries
may choose to liberalize trade, depending on its impact on factor migration. For
the larger region, the welfare analysis suggests that trade liberalization is likely to
raise both, skilled and unskilled labor wages. For low values of trade costs, both
regions gain individually from further liberalizing trade, irrespective of which
factor is mobile.
The paper is organized as follows. The next section introduces the model, Section
3 looks at the core-periphery patterns. The welfare effects of trade liberalization
are analyzed in Section 4. In Section 5, we assess the robustness of our results
with respect to changes of several decisive parameters. The last section concludes.

2
2.1

The Model
Households

We model consumer preferences as a nest of homogeneous agricultural goods (Zgoods) and manufactures (X-goods), assuming Dixit-Stiglitz preferences (Dixit
and Stiglitz, 1977) for the inner nest of X-varieties:
"

σ−1
σ

Ui = (ni + hi + hj + vj ) xii

+ (nj + vi )

µ

xji
1+τ

σ
# σ−1
µ
¶ σ−1
σ

(Zii + Zji )1−µ , (1)

where Ui is region i’s utility, i = 1, 2, µ denotes the Cobb-Douglas expenditure
share for manufacturing products, and σ > 1 is the elasticity of substitution between varieties. ni is the number of REs of region i, which sell on the local market
and export to region j, hi denotes the number of horizontal MREs headquartered
4

in i, but running production plants in both regions, and vi is the number of vertical MREs with headquarters in i and production plants only in j. In contrast
to horizontal MREs, vertical ones engage in goods trade. Quantities are indexed
twice, with the first subscript indicating the region the good originates from, and
the second one referring to the region where the good is consumed.
We assume that Z-goods are costlessly tradable across regions, whereas X-goods
trade incurs iceberg transport costs (τ ), which are symmetric for either direction
of shipment. In terms of quantity, one unit of consumption of an X-variety in
region j requires a firm in i to send (1 + τ ) units. For convenience, xij and
xji are defined as firm-specific production (of both REs and vertical MREs) for
the respective foreign market. Product market clearing and the complementary
goods prices are thus given by
σ−1
xii ≥ p−σ
µYi
i Pi

⊥

pi ≥ 0,

1−σ
xij = p−σ
Pjσ−1 µYj ,
i (1 + τ )

Zii + Zji ≥

1−µ
Yi
qi

⊥

qi ≥ 0,

(2)
(3)
(4)

where ⊥ indicates that at least one of the adjacent conditions has to hold with
equality. p denotes the price of X-varieties, and q that of Z-goods. Noteworthy,
prices are only indexed once, since all (indigenous and foreign) homogeneous
goods consumed at one location must face the same price. Therefore, qi is the
price of agricultural goods consumed in i. Further, pi is the price of manufactured
goods produced in i. Accordingly, the consumer price of X-goods originating from
i and exported to j amounts to pi (1 + τ ). All varieties produced and consumed
at the same location are sold at the same price because of equal marginal costs.
The price index Pi for differentiated goods consumed in region i is
1
£
1−σ ¤ 1−σ
Pi = (ni + hi + hj + vj ) p1−σ
+
(n
+
v
)
((1
+
τ
)p
)
.
j
i
j
i

2.2

(5)

Factor Markets and Production

The agricultural sector is perfectly competitive, and we take q1 as the numéraire.
Since Z-production only uses unskilled labor (L), variable unit costs (i.e., marginal
5

costs) czi satisfy
czi ≥ wLi

Zii ≥ 0,

⊥

(6)

where wLi is the unskilled labor reward in i. This implies
czi ≥ qj

⊥

Zij ≥ 0.

(7)

There is monopolistic competition in the X-sector, and each firm produces under
a CES technology, using both factors (where ’a’ is the coefficient for skilled labor
and ’1 − a’ for unskilled labor), with an elasticity of substitution of 1/(1 − ρ)
(−∞ < ρ < 1). Cost minimization subject to this technology yields the regionspecific unit input coefficients for the two factors of X-production (skipping the
arguments): aSxi , aLxi . Additionally, REs and MREs require skilled labor to set
up plants (aSn , aSh , aSv ), and they employ unskilled labor to produce firm-specific
assets and blue-prints (aLn , aLh , aLv ).
Factor market clearing requires
Si ≥ aSxi ((ni + hi + hj + vj ) xii + (ni + vj ) xij ) + aSn ni + aSh hi + aSv vi
⊥ wSi ≥ 0.

(8)

Li ≥ aLxi ((ni + hi + hj + vj ) xii + (ni + vj ) xij ) + Zii + Zij
+aLn ni + aLh hi + aLv vi

wLi ≥ 0,

⊥

(9)

where Si and Li are region i’s endowments with skilled and unskilled labor,
respectively. The factor rewards are denoted by wSi and wLi . Variable unit costs
of producing xii or xij are given by cxi = aSxi wSi + aLxi wLi . There is a fixed
markup over variable costs, which is determined by the elasticity of substitution
between varieties:
pi ≤ cxi

σ
σ−1

⊥

xii ≥ 0,

(10)

Free entry implies that firms earn zero profits, since operating profits are used to
cover fixed costs. Therefore, the number of firms is determined by Chamberlin’s
”tangency solution”. Since REs in i have to bear fixed costs of aSni wSi + aLni wLi ,
we have
aSn wSi + aLn wLi ≥

pi (xii + xij )
σ
6

⊥

ni ≥ 0.

(11)

and similarly for vertical and horizontal MREs:
pj (xjj + xji )
σ
pi xii + pj xjj
≥
σ

aSv wSi + aLv wLi ≥

⊥

vi ≥ 0.

(12)

aSh wSi + aLh wLi

⊥

hi ≥ 0.

(13)

In line with the literature, we assume aSn wSi + aLn wLi < aSv wSi + aLv wLi <
aSh wSi + aLh wLi , and, specifically, aSn = aLn = 1, aLv = aLh = 1 + δ, aSv = 1 + γ,
and aSh = 2 + γ, without loss of generality (see Markusen, 2002). Thereby, δ is
the additional unskilled labor requirement to organize a multi-regional network,
and 1 + γ are the fixed costs region i’s MREs have to incur to set up a plant in
j. As mentioned above, horizontal MREs also run domestic production plants,
which is reflected by aSh > aSv .

2.3

Income and Real Wages

We assume that all factors are owned by households, so that consumer income in
region i is given by
Yi = wSi Si + wLi Li .

(14)

The equivalence of total factor income (Yi , Yj ) and demand in each economy
implicitly balances international payments.
Real factor rewards (ω) are normalized by region-specific costs of living (P iµ qi1−µ ),
and are thus given by:

3

ωLi = wLi Pi−µ qiµ−1 .

(15)

ωSi = wSi Pi−µ qiµ−1 .

(16)

Core-Periphery-Patterns

In contrast to most new economic geography models, production of the manufacturing good uses two input factors (S and L). In the standard models it is
straightforward to assume that the factor used in the manufacturing sector is mobile across regions. In our setting, we deal more extensively with factor mobility
assumptions. In line with the literature, both factors are immobile in the short
7

run. In the long run, we investigate situations where either L (intensively used
in production) or S (intensively used in research and plant set-up) is mobile. 4

3.1

Unskilled Labor Mobility

Figure 1 depicts the agglomeration pattern if unskilled labor is mobile, where
λL (λS ) denotes region i’s share of world endowment of unskilled (skilled) labor.
A long run equilibrium is defined similar to Krugman (1991b) by real wage equalization across regions (ωLi = ωLj if unskilled labor is mobile and ωSi = ωSj if
skilled labor is mobile).
We find five interior equilibria, three stable and two unstable ones. The stability
of a long run equilibrium can be verified by exogenously shifting one unit of
unskilled labor to the other region, and deriving the new short run equilibrium.
Then, firms are allowed to enter and exit to avoid losses and exploit profits. If
this reallocation of production factors results in a decline of real wages in the
receiving region, the initial equilibrium can be considered as stable. Otherwise,
the initial equilibrium is unstable, because even more workers have an incentive
to relocate.

− Figure 1 −

We obtain one long run symmetric equilibrium where manufacturing is spread
evenly across the two regions. Such an equilibrium is found in most of the new
economic geography models (see Krugman, 1991b, Fujita et al., 1999). In contrast
to these models, in our framework only REs arise endogenously in the symmetric
equilibrium.
Furthermore, there exist four partially agglomerated equilibria, two stable and
two unstable ones.5 In the partially agglomerated stable equilibrium at λL ≈ 0.25,
4
We have chosen the following parameter values for our simulations: δ = 0.01, γ = 0.1,
σ = 4, µ = 0.8, ρ = −0.5, a = 0.2, τ = 0.2 if constant, L = L1 + L2 = 100, S = S1 + S2 = 60.
As mentioned by Baldwin et al. (2003), if both factors were mobile, a region would become
”extinct”, since everyone would always have an incentive to avoid trade costs by agglomerating
in one region.
5
Remember that the core-periphery model and most of its extensions have at most three
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there are REs as well as headquarters of both horizontal and vertical MREs in
region i. This outcome seems to be somewhat surprising, as one would expect
agglomeration to take place in the larger region. However, the firm structure
per se is not informative with respect to production volumes. In our setting, the
smaller region is relatively skilled labor abundant (since λL < λS by assumption)
and therefore has a comparative advantage in running MREs, since setting up
foreign plants requires additional skilled labor input.6 Region i could be considered as a developed one, specializing in the provision of headquarter services
and skilled labor-intensive goods.7 In contrast, the larger region j is unskilled
labor-abundant, specialized in the production of goods rather than research and
brand proliferation.
Concerning the firm regimes, we find that horizontal MREs exist, if unskilled
labor endowments are very different between the regions. This implies a strong
relative skilled labor abundance of one region, where firms have then an incentive
to run two plants in order to avoid transport costs. Noteworthy, this is in contrast
to the model of Markusen and Venables (2000), where factors are internationally
immobile. If the skilled labor abundance decreases, vertical MREs come into
existence because of factor price differences (even at real factor price equalization,
nominal factor prices can differ quite significantly). If a region becomes unskilled
labor abundant, skilled labor is essential in producing manufactured goods and
therefore not used to set up plants. This effect can even get strong enough to
cause the unskilled labor abundant region to own neither REs nor MREs at all.
So far, we have analyzed the core-periphery pattern and the firm structure at a
specific value of transport costs. Now, we investigate at which levels of transport
costs the core-periphery pattern is a possible outcome (the sustain point as in
Fujita et al., 1999), and at which it is a necessary one (the break point).
Let transport costs (τ ) vary between 0.01 and 0.99. Figure 2 shows the reinterior equilibria, where only the symmetric one is stable (see Baldwin et al., 2003, Fujita et al.,
1999). An exception are Ekholm and Forslid (2001), who obtain two interior stable equilibria
in their model with vertical MREs.
6
Note that we assume that firms use only skilled labor from the home region to set up plants.
7
Since there are variable input coefficients, production of X-goods in region i is much more
skilled labor-intensive than in region j.
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sulting core-periphery bifurcation8 , which we call the ”butterfly bifurcation”. If
transport costs are very high, only horizontal MREs exist due to the proximityconcentration trade-off. In this case, marginal changes in transport costs are
no longer relevant and the price indices in both regions are therefore the same.
Together with the possibility of free trade of agricultural goods and shifting of
factor intensities in production, this leads to an equilibrium area where real wages
are equalized, if only horizontal MREs exist. Hence, shifts of unskilled labor supply in a specific range do not alter the firm structure and, therefore, a long run
equilibrium exists, even at λL 6= 0.5. This is in contrast to Ekholm and Forslid
(2001) who find a unique stable symmetric equilibrium if only horizontal MREs
exist, due to their assumption of footloose MREs forced to cover their fixed costs
in equal proportions in both regions.

− Figure 2 −

At low transport costs, only the symmetric equilibrium is stable in the long run,
because it does not pay off to run horizontal MREs. Vertical MREs do not
exist, since trade barriers are so low that factor price differences cannot increase
enough to make unbundling profitable. Thus, we are left with REs only. Note
that standard new economic geography predicts full agglomeration if trade costs
are low. The different outcome in our model is due to the threefold use of unskilled
labor: in homogeneous goods production, in differentiated goods production, and
in plant/firm set-up.
Looking at Figure 2 in a different way, we find two break points. Moving from
the left towards the right, a symmetric equilibrium remains stable until τ ≈ 0.25.
Then, this equilibrium breaks and only a partially agglomerated equilibrium is
stable in the long run. Starting from high transport costs (i.e., moving from the
right to the left), we obtain another break point at τ ≈ 0.37. There, the long
run stable equilibrium area collapses and a core-periphery pattern necessarily
8

In all bifurcation diagrams long run stable equilibria are depicted by solid lines, areas of long
run stable equilibria are cross-hatched and bordered by dashed lines, and unstable equilibria
are indicated by dotted lines.
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emerges. On the contrary, in a model with REs only, the symmetric equilibrium
would never become unstable, i.e., no break point exists.9
If we are initially in a partially agglomerated equilibrium (for historical reasons
or by incidence), we find an astonishingly wide sustain range at 0.12 / τ /
0.8, resulting from our rich model structure, which allows to exploit real wage
differentials without shifting unskilled labor. This is in line with the empirical
observation that unskilled labor differentials diminish, despite unskilled labor
being still quite immobile (see for instance Barba Navaretti et al., 2002, Puga,
2002). Our outcome suggests that unskilled labor mobility is not necessary to
obtain real unskilled labor rewards equalization, and that an unequal division of
unskilled labor between regions can be a long run stable equilibrium in a wide
range of transport costs.
Now assume that region i owns only 25% of world skilled labor endowment,
keeping unskilled labor mobile.10 Compared to the butterfly bifurcation, the
resulting ”trousers bifurcation” (Figure 3) shows a quite different pattern. At
low transport costs (τ / 0.51), the only long run stable equilibrium is a rather
pronounced core-periphery pattern (0.1 / λL / 0.18). In those cases, mainly REs
from region j and vertical MREs headquartered in i exist. The latter, because
of the relative skilled labor abundance of region i and the former because of
the relatively large home market and the comparatively low transport costs. At
higher transport costs (τ ' 0.51), it becomes attractive to set up foreign plants.
Nevertheless, a long run equilibrium could not be achieved, if unskilled labor were
equally divided. This would lead to horizontal MREs headquartered in j only.
Factor price equalization of the immobile factor would not occur due to the large
difference in skilled labor endowments (wSi > wSj ).
− Figure 3 −
Again, at very high transport costs we find a stable equilibrium area, which is
9

The bifurcation diagrams with REs only are provided in the supplementary material to
this paper following page 25.
10
If λS is constant at 0.75, the resulting bifurcation diagram for region i is a mirror image of
Figure 3 around λL = 0.5, since the share of factor endowments add up to unity.
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dominated by horizontal MREs with a break point at τ ≈ 0.51. Note that there
is no sustain point. Therefore, when starting in a situation with a very unequal
distribution of unskilled labor, the initial core-periphery pattern remains stable
over the whole range of transport costs.

3.2

Skilled Labor Mobility

If skilled labor is mobile and unskilled labor equally allocated (λL = 0.5), there
are three interior equilibria. In contrast to the case of mobile unskilled labor, the
symmetric equilibrium is unstable. Again, two partially agglomerated equilibria
turn out to be stable. In both of them, only REs exist. Horizontal and vertical MREs only come into existence if skilled labor is very unevenly distributed
between the regions in equilibrium.
The ”lampshade bifurcation” (Figure 4) shows a wide equilibrium area at high
transport costs. Again, this is due to the fact that only horizontal MREs exist. At
low values of transport costs, only an unequal allocation of skilled labor satisfies
our long run equilibrium conditions. The reason is that the centrifugal forces are
too strong for a symmetric equilibrium to be stable.

− Figure 4 −

In Figure 4, there is one break point at τ ≈ 0.34 and one sustain point at τ ≈ 0.45.
In other words, we find a very large range (0.99 ≥ τ ' 0.34) where long run
equilibria can arise at different values of λS (0.26 / λS / 0.74), when starting
from very high transport costs. In contrast, at τ / 0.34 partial agglomeration is
the only stable equilibrium, and remains sustainable until τ ≈ 0.45, when starting
from zero transport costs. The lampshade bifurcation shows that with skilled
labor mobility a long run symmetric equilibrium can only be reached, if transport
costs are sufficiently high (i.e., higher than the break point). At lower transport
costs, the centrifugal forces are strong enough to motivate agglomeration. Since
most products incur transport costs lower than 33% (see Baier and Bergstrand,
2001), our model can cope with the observed agglomeration tendency of skilled
12

labor.
As mentioned before, the symmetric equilibrium is unstable if skilled labor is
mobile. Skilled labor migration out of the symmetric equilibrium leads to a
comparative advantage in running MREs for the receiving region. This is a
profitable activity which raises the price of skilled labor and induces further
skilled labor flows. With mobile unskilled labor instead, a shift of one unit away
from the symmetric case induces only few additional REs because of the scarcity
of skilled labor (recall that γ > δ). The latter raises real wages of skilled labor
and the price of the manufactured goods in the enlarging region. The latter
increase in the costs of living leads to a reduction of real unskilled labor rewards.
Comparing this bifurcation diagram to that one of a model with REs only, we
find that MREs lead to a more dispersed structure. This does not contradict
Gao’s (1999) result that vertical MREs speed up the spread of industries, since
in our framework with skilled labor mobility, horizontal MREs become much
more important than vertical ones.11
Turning to the case where unskilled labor endowment in region i is constant at
λL = 0.25 (see Figure 5), we find full agglomeration of skilled labor in region
j at low values of transport costs (τ / 0.49). Region i is therefore specialized
in producing agricultural goods, whereas it imports all the manufactured goods
consumed. Beyond this level of transport costs, there are incentives for region
j to run horizontal MREs. This leads to a less pronounced core-periphery pattern, since setting up foreign plants requires some additional skilled labor input
compared to domestic plants.
− Figure 5 −
Comparing the agglomeration patterns in the cases of skilled and unskilled labor
mobility, we see that overall the concentration tends to be higher when skilled
labor is mobile, for both, equal and unequal endowments of the immobile factor.
11

Skilled labor mobility stimulates real factor price equalization, since the factor price differential for unskilled labor is restricted by costless homogeneous goods trade. Recall that
homogeneous goods only require unskilled labor in production.
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This is especially true for lower values of trade costs (τ < 0.2) which are found
to be the empirically relevant ones (see Hummels, 1999, Baier and Bergstrand,
2001). Therefore, and in accordance with the empirical facts, we suggest to refer
to the case of lower concentration when unskilled labor is mobile as the ”European
Case”, and to the case of higher concentration when skilled labor is mobile as the
”American Case”.

4

Effects of Trade Liberalization on Real Factor
Rewards

In order to determine whether a region is willing to adopt a trade liberalizing
policy, we look at the real factor rewards in each of the previously introduced
bifurcation diagrams. We only account for the long run stable equilibria and
denote in the case of partially agglomerated equilibria region 1 as the mobile
factor scarce one (λ < 0.5) and region 2 as the mobile factor abundant one
(λ > 0.5). Following Wong (2001), we speak of a Pareto-improving change in
trade costs for a region, if at least one factor price in that region increases and
none decreases after liberalization.

− Figure 6 −

Figure 6 depicts the ranges of trade costs where Pareto-improvements are possible, according to the previously introduced criterion. For each bar in the figure,
we show for which long run stable equilibria lowering trade costs is a beneficial
policy.12 To obtain those bars, we investigate the changes of real factor rewards
associated with a decline in trade costs (trade liberalization). Actually, we look
at the graphs of real factor rewards against trade costs.13 If both real factor
reward lines were rising (or at least none of them falling) when moving from the
right to the left (trade liberalization), we consider the range of the rising part of
the curves as a Pareto-improvement region, which is reflected by a bar in Figure
12
13

The darker bar represents region 1, the lighter one region 2.
These graphs can be found in the supplementary material to this paper following page 25.
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6.14
For example for τ = 0.2 we obtain three long run stable equilibria in the butterfly bifurcation (Figure 2). In Figure 6 (column I) we mention that lowering
trade costs in the symmetric equilibrium is Pareto-improving.15 If the regions
are in a partially agglomerated equilibrium, trade liberalization is not Paretoimproving.16 The results in the following paragraphs are derived and depicted in
the same way as explained in the example before.

4.1

Unskilled Labor Mobility

If unskilled labor is mobile and skilled labor evenly distributed, the larger region
(region 2) is in favor of adopting trade liberalization over a broad range of trade
costs in a long run stable, partially agglomerated equilibrium. For initially low
values of trade costs, any further trade liberalization is Pareto-improving in the
symmetric equilibrium (see column I in Figure 6). In the case of an uneven
distribution of skilled labor, lowering trade costs is Pareto-improving for the
skilled labor scarce region (see column II in Figure 6).
Generally, the wages of unskilled labor are higher, and those of skilled labor are
lower if a partially agglomerated equilibrium occurs, compared to a situation
with only horizontal MREs (i.e., τ is high), inducing a more even distribution of
unskilled labor. Even though trade costs are higher in these situations, horizontal
MREs lead to a convergence of real unskilled and skilled labor rewards.

4.2

Skilled Labor Mobility

The result that further trade liberalization is Pareto-improving if trade costs are
already low persists in the case of mobile skilled labor (see column III in Figure 6).
In the range between break point and sustain point (0.34 / τ / 0.45 in Figure 4)
region i would prefer to end up with an unskilled labor endowment distribution
14

Note, that we omit all those cases, where Pareto-improvements are impossible.
As it can be seen there is a bar for region 1 and region 2, which indicates that trade
liberalization is beneficial for both regions.
16
Note, that there is only a bar for region 2. At this level of τ , trade liberalization is beneficial
only for region 2.
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lying in the equilibrium range rather than to switch into a core-periphery pattern.
If unskilled labor endowments are different, the smaller region (region 1) favors
trade liberalization in a wide range of trade costs where full agglomeration is a
long run stable equilibrium (see column IV in Figure 6, which corresponds to
Figure 5).
Summing up, trade liberalization is likely to be Pareto-improving for the larger
region if unskilled labor is mobile. Concerning Europe, this may explain why especially large countries are in favor of the enlargement of the EU (e.g., Germany,
France) and some smaller countries are more cautious (e.g., Lithuania). For low
values of trade costs, both regions gain from further liberalizing trade irrespective
of whether skilled labor or unskilled labor is mobile. As mentioned above, transport costs below 20% seem to be empirically realistic, and therefore the welfare
predictions fit nicely to the observed ongoing reduction of trade barriers in both
Europe and the US.

5

Robustness of the Findings

To investigate the robustness of our results, we discuss variations of the parameters µ, ρ and σ. For every new parameter value, we analyze the effects with
respect to our two reference cases for unskilled as well as skilled labor mobility,
where the respective immobile factor is equally allocated between the two regions.
These reference cases correspond to Figures 2 and 4.
So far, consumers are assumed to spend 80% (µ = 0.8) of their income on manufactured goods (this is well supported by empirical evidence). We lower this
value to (i) µ = 0.5 and (ii) µ = 0.3, which is the value frequently used in new
economic geography models, for instance in Krugman (1991b) or Ekholm and
Forslid (2001). We find that for lower values of µ, MREs become more important, because skilled labor is abundant and therefore the additional fixed costs for
setting up a plant abroad are low (remember that skilled labor is only used in differentiated goods production). Full agglomeration is a rather unlikely outcome in
our framework. Nevertheless, if µ and τ are both low enough, full agglomeration
16

occurs in the case of skilled labor mobility.
We continue by analyzing the effects of reducing the substitutability between
skilled and unskilled labor, ρ, to −5 (corresponding to a TRS of 1/6) and −20
(TRS=1/21), respectively. As skilled labor is not only needed in manufacturing
goods production but also essential for covering plant-set up costs, a lower substitutability between the two types of labor in the production of manufactures
causes the skilled labor reward to rise. Thus, setting up MREs becomes less
attractive and therefore the equilibrium area with only horizontal MREs gets
smaller and only exists for high transport costs. Moreover, we find that the long
run stable, partially agglomerated equilibria are present over the whole range of
transport costs, and that the agglomeration itself is more pronounced. Making
factors in production of manufactured goods more substitutive (changing ρ from
−0.5 to 0.5 (implying a TRS of 2) and 5/6 (TRS=6), respectively), leads the
partially agglomerated equilibria to be more pronounced, and the equilibrium
area with only horizontal MREs appears for a larger range of transport costs.
A lower elasticity of substitution between varieties of the manufactured good
(additionally to σ = 4, we run experiments for σ = 2 and σ = 6) implies that the
equilibrium area with only horizontal MREs becomes smaller or even vanishes.
On the other hand, the ranges of the long run stable symmetric equilibrium as
well as the partially agglomerated equilibria rise as σ becomes lower.
By and large, the main agglomeration patterns in the butterfly and lampshade
bifurcation prove to be robust with respect to changes in µ, ρ and σ. We mainly
observe leftward or rightward shifts of the diagrams, which can be explained by
the changing underlying firm structure (proximity-concentration trade-off).

6

Conclusions

Empirical evidence suggests that European nations are less concentrated than
US regions. To the best of our knowledge, new economic geography models do
not deal explicitly with these differences in the agglomeration patterns so far.
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We incorporate the now standard knowledge-capital model of multinationals in a
new economic geography setting to account for the growing importance of foreign
direct investment in the last decades. Accordingly, regional exporting firms and
both horizontal and vertical multi-regional firms may endogenously arise. There
are two sectors, a homogeneous one producing with unskilled labor only, and
a differentiated one, which unlike most other new economic geography models,
uses both skilled and unskilled labor in production. In contrast to previous
research, we find that the existence of multinationals leads to more pronounced
core periphery patterns.
Recent empirical studies point to an important difference between Europe and
the US, namely that in Europe unskilled labor is more mobile than skilled labor
and that the reverse is true for the US. Accordingly, we analyze the agglomeration
patterns for both unskilled and skilled labor mobility, arguing that the former
represents the European case and the latter one the US case.
The theoretical predictions of the agglomeration patterns in our model suggest
that unskilled labor mobility leads to lower concentration than skilled labor mobility. The different factor mobility between Europe and the US could therefore
be an important factor in explaining the observed differences in the spreading of
industries.
According to our welfare analysis, trade liberalization is likely Pareto-improving
for the larger region if unskilled labor is mobile. This may explain why especially
large EU countries like Germany or France are in favor of the Eastern Enlargement, whereas some smaller countries like Lithuania are more cautious about it.
At low trade costs, both regions gain from even further liberalizing trade irrespective of which factor is mobile. By and large, these results prove robust with
respect to changes in the parametrization of the model.
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Figure 1: Core-periphery pattern with mobile unskilled labor and λS = 0.5.

Figure 2: Butterfly bifurcation with mobile unskilled labor and λS = 0.5.
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Figure 3: Trousers bifurcation with mobile unskilled labor and λS = 0.25.

Figure 4: Lampshade bifurcation with mobile skilled labor and λL = 0.5.
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Figure 5: Muscleshirt bifurcation with mobile skilled labor and λL = 0.25.

Figure 6: Regions of trade costs where Pareto-improvements are possible.
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In the supplement, we investigate the sensitivity of our results in several respects.
In the first section, we provide the figures of real factor rewards for the trade
liberalization scenarios discussed in and underlying Figure 6 of the paper. In
Section S2, we shed light on the role of MREs by analyzing the model with REs
only (i.e., forbidding MREs). Third, we illustrate how changes in the parameters
µ, ρ and σ affect the outcome.
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Figures of Real Factor Rewards

Figures 7 to 10 show the real factor rewards in the long-run stable equilibria of the
butterfly, lampshade, trousers and muscleshirt bifurcation diagrams. From these
figures, we learn for which values of trade costs trade liberalization is Paretoimproving. These regions are depicted in Figure 6 in the paper.
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Figure 7: Real factor rewards in stable equilibria of the butterfly bifurcation.
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Figure 8: Real factor rewards in stable equilibria of the lampshade bifurcation.
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Figure 9: Real factor rewards in stable equilibria of the trousers bifurcation.
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Figure 10: Real factor rewards in stable equilibria of the muscleshirt bifurcation.
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S2

Only Regional (Exporting) Enterprises (REs)

Figures 2RE and 4RE refer to the case of REs only (MREs are not allowed to come
into existence although it might be optimal).1 In the standard core-periphery
model, only capital is needed in the differentiated sector. The resulting bifurcation diagram became known as the tomahawk-bifurcation. Capital mobility
in this traditional model corresponds to skilled labor mobility in our knowledgecapital setting. As it can be seen from Figure 4RE, our model produces a similar
pattern, despite the fact that we do not find full agglomeration for low values of
transport costs.
Concerning the case of unskilled labor mobility, we find that the symmetric equilibrium is the only long-run stable one, irrespective of the level of transport costs.
The reason is that a one unit shift of unskilled labor leads to concentration of
firms in the larger region (this is the well known home market effect). In turn,
this leads to both, higher skilled labor rewards and prices, thereby lowering real
unskilled labor rewards. Accordingly, the symmetric equilibrium is stable.

1

These are the corresponding figures to the butterfly and lampshade bifurcation diagrams.
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Figure 2RE: Only exporting firms allowed with mobile unskilled labor and λ S =
0.5.
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Figure 4RE: Only exporting firms allowed with mobile skilled labor and λL = 0.5.
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S3

Robustness

In the following, we investigate our analysis presented in the paper regarding
the robustness of our model to changes of the parameters. We discuss variations
of the parameters µ, ρ and σ. For every new parameter value, we analyze the
effects with respect to our two reference cases for unskilled as well as skilled labor
mobility, where the respective immobile factor is equally allocated between the
two regions. These reference cases correspond to Figures 2 and 4 in the paper.

S3.1

Alternative Values of µ

In our model we let consumers spend 80% of their income on manufactured goods
(µ = 0.8). We lower this value to (i) µ = 0.5 and (ii) µ = 0.3, which is the value
frequently used in new economic geography models, for instance in Krugman
(1991b) or Ekholm and Forslid (2001).
Note that for both, mobile unskilled labor (Figures 2µ(0.3) and 2µ(0.5)) and
mobile skilled labor (Figures 4µ(0.3) and 4µ(0.5)), we find that for lower values of
µ, MREs become more important, because skilled labor is abundant and therefore
the additional fixed costs for setting up a plant abroad are low (remember that
skilled labor is only used in differentiated goods production and for setting up
plants). For µ = 0.3, skilled labor factor rewards become even low enough to
make MREs attractive over nearly the whole range of transport costs.
Noteworthy, for the equilibrium area with only horizontal MREs, the potential
differences in the size of the two regions diminish, if we decrease µ to 0.3 (0.22 <
λL < 0.78 for µ = 0.5 compared to 0.33 < λL < 0.67 for µ = 0.3). This is due to
the fact that for lower values of µ, concentration of MREs in one region is more
likely. This leads to full agglomeration of headquarters in the larger region and,
therefore, factor price equalization is no longer ensured.
As mentioned in the paper, full agglomeration is a rather unlikely outcome in
our framework. Nevertheless, if µ and τ are both low enough, full agglomeration
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occurs in the case of skilled labor mobility (see Figures 4µ(0.3) and 4µ(0.5)).
These results are fully in line with the findings of Raybaudi-Massilia (2000). She
states that high levels of expenditure on manufactures favor concentration of production, but on the other hand horizontal multinationals restrict the possibility
of concentration.

Figure 2µ(0.3): Butterfly bifurcation with µ = 0.3, mobile unskilled labor and
λS = 0.5.
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Figure 4µ(0.3): Lampshade bifurcation with µ = 0.3, mobile skilled labor and
λL = 0.5.

Figure 2µ(0.5): Butterfly bifurcation with µ = 0.5, mobile unskilled labor and
λS = 0.5.
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Figure 4µ(0.5): Lampshade bifurcation with µ = 0.5, mobile skilled labor and
λL = 0.5.

S3.2

Alternative Values of ρ

We continue by analyzing the effects of a change of ρ, the substitutability between
the two input factors for producing manufactures. First, we change ρ from −0.5
to −5 (i.e., changing the technical rate of substitution from 2/3 to 1/6.). The
lower substitutability between skilled and unskilled labor causes skilled labor to
become more expensive. Thus, setting up MREs becomes less attractive and,
therefore, the equilibrium area with only horizontal MREs gets smaller and only
exists at high transport costs (see Figures 2ρ(-5) and 4ρ(-5)). Moreover, the
spreading equilibrium remains stable for a relatively large range of transport
costs in the case of unskilled labor mobility (until τ ≈ 0.45). There is also a less
pronounced sustain range for the partially agglomerated equilibria.
Lowering ρ even further to −20 (i.e., changing the technical rate of substitution
to 1/21), i.e., making it even more difficult to substitute production factors,
intensifies the pattern described above. The equilibrium area with only horizontal
MREs nearly vanishes, also the partially agglomerated equilibria exist only for
S9

higher values of transport costs, and the spreading equilibrium remains stable
until τ ≈ 0.63 (see Figures 2ρ(-20) and 4ρ(-20)).
Moreover, we find that the long-run stable, partially agglomerated equilibria
are present over the whole range of transport costs, and that the agglomeration
pattern itself is more pronounced. The reason is that more firms have incentives
to relocate to the skilled labor abundant region.
Making factors in production of manufactured goods more substitutive (changing
ρ from −0.5 to 0.5 (implying a TRS of 2) and 5/6 (which corresponds to a TRS
of 6), respectively, leads to lower factor prices and, thus, makes MREs ceteris
paribus more attractive (see Figures 2ρ(0.5), 2ρ(5/6), 4ρ(0.5) and 4ρ(5/6)). The
higher substitutability leads the partially agglomerated equilibria to be more
pronounced and the equilibrium area with only horizontal MREs appears for a
larger range of transport costs.
Overall, we can conclude that lower (higher) values of ρ shift the bifurcation
diagrams to the right (left).
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Figure 2ρ(-5): Butterfly bifurcation with ρ = −5, mobile unskilled labor and
λS = 0.5.

Figure 4ρ(-5): Lampshade bifurcation with ρ = −5, mobile skilled labor and
λL = 0.5.
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Figure 2ρ(-20): Butterfly bifurcation with ρ = −20, mobile unskilled labor and
λS = 0.5.

Figure 4ρ(-20): Lampshade bifurcation with ρ = −20, mobile skilled labor and
λL = 0.5.

S12

Figure 2ρ(0.5): Butterfly bifurcation with ρ = 0.5, mobile unskilled labor and
λS = 0.5.

Figure 4ρ(0.5): Lampshade bifurcation with ρ = 0.5, mobile skilled labor and
λL = 0.5.

S13

Figure 2ρ(5/6): Butterfly bifurcation with ρ = 5/6, mobile unskilled labor and
λS = 0.5.

Figure 4ρ(5/6): Lampshade bifurcation with ρ = 5/6, mobile skilled labor and
λL = 0.5.
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S3.3

Alternative Values of σ

Lowering the elasticity of substitution between varieties of the manufactured
good (σ), we find that the equilibrium area with only horizontal MREs becomes
smaller (comparing Figure 2σ(6) with Figure 2 in the paper) or even vanishes
(see Figures 2σ(2) and 4σ(2)). This is due to the fact that consumers are less
able to substitute between varieties of the manufactured good. Thus, demand for
manufactures is less sensitive to price changes, which makes it less attractive for
firms to produce in both countries. This is because the advantage of horizontal
MREs to be able to avoid transport costs diminishes strongly. In other words,
transport costs are of less importance. This is in line with the result of Markusen
(2002, p. 116), who finds that the likelihood of horizontal multinational firms
rises with the elasticity of substitution.
When unskilled labor is mobile, the partially agglomerated equilibria are observable from τ ≈ 0.12 for all chosen values of σ. Gradually lowering σ, the partial
agglomerated equilibria become more diverse as transport costs increase, since
it becomes more attractive for firms to move into the larger region (see Figures
2σ(6), 2 and 2σ(2)). A long-run stable symmetric equilibrium persists over the
whole range of transport costs, if unskilled labor is mobile and σ is sufficiently
low (see Figure 2σ(2)).
For skilled labor mobility, the partially agglomerated equilibrium remains sustainable for a larger range of transport costs as σ gets lower, and even exists for
all values of transport costs for σ = 2 (see Figures 4σ(6), 4 and 4σ(2)).
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Figure 2σ(2): Butterfly bifurcation with σ = 2, mobile unskilled labor and λ S =
0.5.
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Figure 4σ(2): Lampshade bifurcation with σ = 2, mobile skilled labor and λL =
0.5.
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Figure 2σ(6): Butterfly bifurcation with σ = 6, mobile unskilled labor and λ S =
0.5.

Figure 4σ(6): Lampshade bifurcation with σ = 6, mobile skilled labor and λL =
0.5.
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