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Abstract
In this paper, we analyse the implications of labour market integration in a
two-region model with local human capital externalities and congestion e¤ects. We
show that integration can be a double-edged sword. Integration and the ensuing
agglomeration of skilled labour can reduce ‘real’ income in both regions. Even
if there is a ‘winning’ region, human capital and real income in the two regions
together might decline (but need not). However, integration can increase total
real income even if it depresses human capital formation. We further explore how
the degree of labour mobility and the strength of the congestion e¤ects shape the
impact of integration on human capital and income.
JEL Classi…cation: F22; R23; J24; R12
Keywords: Human capital; migration; labour market integration; agglomeration
We are grateful to Marcel Gérard, Ji Guo, Christoph Lülfesmann, Volker Meier, Tobias Seidel and
Dan Shilcof for very helpful comments. We have also bene…ted from discussions at the NorwegianGerman Seminar on Public Economics, at several CESifo conferences, at the conferences of the International Institute of Public Finance, the German Economic Association and its Committee for Population
Economics, the Royal Economic Society and the Global Political Economy Network, and at a seminar
at Beijing Normal University. An initial draft was written while A. Haupt was visiting the Center for
Economic Studies at the University of Munich. He is grateful to the members of CES and the Economics
Department for their hospitality and stimulating discussions, and to CES for …nancial support for this
research visit. This is a thoroughly revised and extended version of an earlier working paper which was
distributed as "Integration, Mobility, and Human Capital Formation".
y

Plymouth University, Graduate School of Management and Plymouth Business School, Drake Circus, Plymouth, PL4 8AA, United Kingdom, tel: +44 1752 585655, fax: +44 1752 585633, email:
alexander.haupt@plymouth.ac.uk
z

University of Jena, Carl-Zeiss-Str. 3, 07743 Jena, Germany, tel: +49 3641 943231, fax: +49 3641
943232, email: silke.uebelmesser@uni-jena.de

Jena Economic Research Papers 2014 - 020

1

Motivation

Labour market integration is often promoted as a means to enhance overall e¢ ciency, as
it enables mobile skilled workers to become employed where they are most productive. In
the presence of scale economies, skilled workers can agglomerate in speci…c regions and
take advantage of positive externalities, thereby increasing aggregate income. By creating
better job opportunities for skilled workers, labour market integration also provides
greater incentives to become skilled in the …rst place.
In this paper, we scrutinise this line of reasoning. We analyse the interactions between labour market integration, agglomeration and human capital formation. More
speci…cally, we explore how these interactions depend on labour mobility. This issue is
important because dismantling all legal barriers to labour migration might have a very
di¤erent impact on di¤erent regions and cities, depending on how willing the population is to take advantage of the new liberties. For example, consider the labour market
integration in the European Union. In this case, agglomeration might reshape, say, competing German and Austrian regions and cities much more profoundly than German and
French regions and cities. In the former case, a common language and culture suggests
a highly mobile workforce after integration, whereas in the latter case language and cultural barriers still impose substantial impediments to mobility even once legal obstacles
to migration have been abolished. Similarly, agglomeration is expected to a¤ect the
integrated European labour market very di¤erently from the US one.
To explore the implication of integration for di¤erent degrees of mobility, we develop a
model with two regions, each of them consisting of an urban and a rural area. Industrial
production takes place in the two urban areas, while the rural areas are home to the
agricultural sector. The natives of each region di¤er in ability and inter-regional mobility,
and they decide on their education and location, with the caveat that inter-regional
migration is only possible if the labour markets of the two regions are integrated. Workers
employed in the urban industrial sector bene…t from local human capital externalities,
but su¤er from negative congestion e¤ects.
In this framework, labour market integration leads to agglomeration of skilled workers. Not surprisingly, one region might bene…t from agglomeration at the expense of
the other region. More surprisingly, both regions might be worse o¤ after integration in
the presence of both human capital externalities and congestion e¤ects, with each region
experiencing not only lower ‘real’income (that is, wage income net of education and congestion costs) but also fewer skilled workers than in the case of non-integrated markets.
In general, and when considering the two regions together, both total real income and
total human capital might be higher or lower after integration. Interestingly, integration
can yield higher total real income, although it depresses human capital formation.
1
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Analysing how the degree of labour mobility exactly a¤ects the impact of integration,
we identify di¤erent patterns. In one pattern, labour market integration decreases total
human capital and total real income for low levels of inter-regional labour mobility, raises
total real income but depresses total human capital for intermediate levels of mobility,
and increases both total human capital and total real income for high levels of mobility.
Relating the emerging patterns to the strength of the urban congestion e¤ects allows us to
…nd further relationships. While integration will have a positive impact on total human
capital and real income if mobility is high and congestion e¤ects are weak, it reduces
real income in both regions and total human capital if mobility is high and congestion
e¤ects are strong. The variety of possible outcomes cautions against simple conclusions
and policy recommendations. It also shows that labour market integration can have very
di¤erent implications for human capital and income, depending on inter-regional labour
mobility and congestion e¤ects.
Our paper connects labour market integration to agglomeration, human capital formation and inter-regional mobility. As a result, we contribute to two strands of the
literature. First, there is the literature on brain drain (see, for instance, Miyagiwa, 1991,
Mountford, 1997, Stark et al., 1998, Beine et al., 2001, Grossmann and Stadelmann,
2011, and Mountford and Rapoport, 2011). These contributions analyse the impact
of migration of skilled workers on human capital formation, usually from the perspective of the poor country, assuming exogenous productivity di¤erentials between rich and
poor countries. In contrast, we consider two ex-ante identical regions, and analyse the
emergence of endogenous asymmetries through agglomeration. We are interested in the
implications of agglomeration for human capital and real income in each of the two
regions and in the two regions together. Our approach highlights, for instance, that
integration can make both regions worse o¤.
Second, there is the literature on the new economic geography (for instance, Krugman, 1991, Forslid and Ottaviano, 2003, P‡üger and Südekum, 2008, and Gallo, 2010).
These papers analyse the location of economic activities and the agglomeration of physical, knowledge and human capital. As far as these papers consider human capital, they
assume an exogenously …xed total stock of human capital. By contrast, we endogenise
the accumulation of human capital. This enables us to study the interplay between
agglomeration and human capital formation. As already argued above, the e¤ects of
agglomeration on human capital and income can work in opposite directions. Also, we
can identify additional distortions caused by agglomeration. In particular, agglomeration
changes the individual incentives to invest in human capital; it induces some talented
but immobile individuals to relinquish education, while it encourages less talented but
mobile individuals to become skilled. By considering agglomeration in a framework

2
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with endogenous human capital formation, we contribute to bridge the gap between the
literature on brain drain and on the new economic geography.
The paper proceeds as follows: In the next section, the model is introduced. Sections 3
and 4 analyse and characterise the equilibria in the cases of non-integrated and integrated
labour markets, respectively. In section 5, the impact of labour market integration on
total human capital and total real income is assessed. Also, we explore how the level
of inter-regional labour mobility a¤ects the implications of integration and present two
numerical examples to illustrate the general conclusions. In section 6, we discuss two
extensions. Section 7 concludes the paper.

2

The Model

We start by presenting the characteristics of the regions, industry, agriculture, and individuals.
Regions, Industry, and Agriculture Consider two ex-ante identical regions Upstream and Downstream, each of them containing an urban area and a rural area. In
the rural area of each region, unskilled workers live and produce an agricultural good,
using a Ricardian technology. More precisely, a …xed number of unskilled workers is
needed to produce one unit of the agricultural good. This agricultural good is, in turn,
freely traded at the exogenous world market price. Thus, each unskilled worker in the
agricultural sector generates an income of w, which is equal to the constant output per
worker evaluated at the world market price.
In the urban area of each region, there is a continuum of symmetric, pro…t maximising
…rms on the unit interval. These …rms produce a high-quality good with skilled workers
only. This industrial good is freely traded in the world market at the normalised price
of unity. The production technology exhibits constant returns-to-scale at the …rm level
and increasing returns-to-scale at the local level. More precisely, the output of …rm k of
region i’s industrial sector is
(1)
yik = A(Hi )hki ,
R
1
where hki and Hi , Hi = 0 hti dt, denote the number of skilled workers employed by …rm
k of region i and the number of all skilled workers employed by the local industry. We
also refer to Hi as the regional human capital. Regional productivity A(Hi ) is a strictly
increasing and concave function of the regional human capital Hi over the domain [0; 2],
with A(0) > w. This function is assumed to be at least twice-continuously di¤erentiable.
The production function (1) captures the notion that the close proximity of skillintensive …rms and skilled workers in an urban area generates agglomeration bene…ts.
3
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These bene…ts are modelled as human capital spillovers. On the downside, urban agglomeration also causes congestion costs Ci to those living in the urban area, i.e., to the
skilled workers, who constitute the urban population. For instance, a larger urban population implies that individuals su¤er from more pollution, spend more time commuting,
are more likely to be a victim of a crime and face higher living costs. Let us denote the
pecuniary equivalent to all such congestion costs by Ci , with
Ci = C(Hi ) = f (Hi ) .

(2)

The function f (Hi ) is strictly increasing and strictly convex in the size of the urban population Hi , and ful…ls the properties f (0) = 0 and f 0 (0) = 0. For analytical convenience,
it is assumed to be at least twice-continuously di¤erentiable. The positive parameter
is simply a scale parameter which captures the strength of the congestion e¤ects.1
Individual Characteristics and Options The number, or mass, of people native to
each of the two regions Upstream and Downstream is normalised to unity. In each population, individuals di¤er in their ability and inter-regional mobility. Ability is captured
by individual education costs, i.e., the costs of becoming a skilled worker. Let eji denote
the education costs of native j of region i, and let us assume that these education costs
eji are uniformly distributed over the interval [0; e].
All individuals are perfectly mobile between the rural and the urban area within their
native region. By contrast, only natives of each region are perfectly mobile between
the regions and can move to the other region at no cost, with 2 (0; 1). The remaining
(1
) natives are perfectly immobile between the regions and will never leave their
home region. The distribution of education costs is the same across the inter-regionally
mobile and immobile groups.
Individuals make two decisions. First, each individual chooses whether to become
skilled or not (education choice). Skilled workers are employed in the industrial sector,
while unskilled individuals work in the agricultural sector. Second, and only if labour
markets are integrated, each inter-regionally mobile individual chooses whether to stay
in his home region or to migrate to the other region (migration choice). Within each
region, skilled workers work and live in the urban area, where the industrial sector is
located; unskilled workers do so in the rural area, which is home to the agricultural
sector.
1

Urban congestion e¤ects could have also been introduced in a more microfounded fashion by, for
instance, explicitly adding the costs of commuting to a central business district and a housing market
to the model (see, e.g., Tabuchi, 1998). However, such a more detailed modelling strategy would lead
to the same key feature: congestion costs increase, as the urban population grows.

4
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No individual has any market power. When making the decisions, individuals take
the choices of the others and of …rms, and thus the wages and congestion costs, as
given. They maximise their individual ‘net’wage, which is de…ned as gross wage net of
education costs and congestion costs.
Remark The assumptions that the industrial sector only employs skilled workers and
the agricultural sector only uses unskilled workers are crude simpli…cations. In section
6, we therefore explore an extension in which unskilled individuals work in both the
industrial and the agricultural sector. As we show, this extension does not change our
key conclusions. However, it enables us to explain the stylised fact that the percentage
of migrants among skilled workers is greater than among unskilled workers (see, for
instance, Docquier and Marfouk, 2006). This is particularly interesting, since ability
and mobility are not correlated in our framework. In a further extension, we also discuss
the case of land as a second production factor in the agricultural sector.

3

Non-Integrated Labour Markets

Consider the benchmark case of non-integrated labour markets. With perfect competition, unskilled workers earn w in the agricultural sector. Skilled workers receive a
skilled wage wi according to their marginal product A(Hi ), which is exogenous from the
perspective of each single …rm in the industrial sector. The resulting inverse aggregate
demand for skilled labour in region i is
wi =

@yi
= A(Hi ).
@hki

(3)

The skilled wage increases with the regional human capital, re‡ecting the positive spillover
e¤ect.2 However, this does not necessarily imply that …rms will pay a higher skill premium pi , de…ned as pi wi w C (Hi ), if the regional human capital rises. This skill
premium pi captures the e¤ective wage gain of a skilled worker compared to an unskilled
worker in the agricultural sector once the congestion costs are taken into account. It
enables us to alternatively express the inverse aggregate demand for skilled labour in
2

There is empirical evidence that the skilled wages increase with the number of skilled workers - at
least for some range of the size of the skilled population. Dustmann et al. (2005) show, with evidence
from the UK, that an in‡ow of immigrants with a high level of education (A-levels or college/university
degree) has, if anything, a positive e¤ect on wages of natives with the same educational background.
Similarly, Friedberg (2001) establishes for the Israeli labour market that when immigrants enter highskilled jobs, native wages rise. Grossmann and Stadelmann (2013) con…rm these results, which have
been derived for individual countries, with data on bilateral migration.

5
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region i as
pi = A(Hi )

(4)

[w + C (Hi )] =: B(Hi ).

The regional skill premium pi = B(Hi ) is a strictly concave function of the regional
human capital Hi . It will increase (decrease) with the number of skilled workers if the
positive productivity e¤ect of more skilled workers dominates (is dominated by) the
negative congestion e¤ect of a larger urban population. In …gure 1a, the threshold level
H max constitutes the turning point. For low levels of human capital, the congestion e¤ect
is rather weak, and a strong productivity e¤ect will drive the skill premium up if the
number of skilled workers grows. By contrast, for high levels of human capital, and thus
of urban population, a strong congestion e¤ect will lead to a decline in the skill premium
if even more skilled workers move to the urban area.3
In the case of non-integrated labour markets, individuals can decide on their education only. Native j of region i will become skilled if and only if the skill premium pi
exceeds the individual education costs eji , i.e., pi
eji . Thus, the aggregate supply of
skilled workers in region i is
Si =

pi
e

,

pi = eSi .

(5)

In equilibrium, the labour markets in the two regions are cleared, and all education
choices are optimal, given the resulting skill premium. Jointly, the demand function
(4) and the supply function (5) determine the equilibrium in the regional skilled labour
market. To ensure an ‘interior’outcome with some individuals remaining unskilled and
working in the agricultural sector, we assume that e > B(H max ). Then, the equilibrium
number, or mass, of skilled workers and the corresponding skill premium are implicitly
given by
Hi = Si , A (Hi ) [w + C (Hi )] = eHi , and pi = eHi .
(6)
The equilibrium number of unskilled workers simply equals Li = 1
We can state proposition 1.

Hi .

Proposition 1 Non-Integrated Labour Markets.
In the case of non-integrated labour markets, an equilibrium exists and is unique.
3

There are various channels which make skilled wages increase with the number of skilled workers. In
a monopolistic competition framework, a larger number of skilled workers positively a¤ects the number of
di¤erentiated …rms. This in turn raises skilled wages. Grossmann and Stadelmann (2011), for instance,
follow this line of reasoning. Our approach has the advantage that it is more tractable. In contrast to
Grossmann and Stadelmann (2011), we can capture both agglomeration economies and diseconomies in
a tractable model.

6
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Figure 1: Labour Market Equilibrium - Part 1
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Throughout the paper, we relegate the proofs to the appendix and focus on the
economic intuition in the main text. Figure 1a illustrates the equilibrium in the skilled
labour market in the benchmark case (ignore the dotted line for the time being). It
depicts the inverse labour demand and supply functions, which are the same for the two
symmetric regions. The intersection of the two curves gives the equilibrium number of
skilled workers Hi and the corresponding skill premium pi in each region.
The equilibrium number, or mass, of skilled workers Hi can, in principle, be greater or
smaller than the threshold H max . This is again illustrated in …gure 1a. As the congestion
parameter increases, the skill premium curve rotates inwards (see the dotted curve).
Its peak is to the left (right) of the intersection of the demand and supply curves for
su¢ ciently large (small) values of . More precisely, we can show that there exists a
max 4
critical value max > 0 such that Hi
H max if
.
If the congestion costs are not too large (i.e., if
< max ), then labour market
integration sets the stage for inter-regional migration and increasing agglomeration of
skilled workers in one of the two urban areas, as will be shown in section 4. This is the
insightful scenario on which we focus in this paper. Therefore, we make assumption 1.
Assumption 1

<

max

.

At the very end of section 4.4, we will brie‡y discuss the implication of large congestion
parameters, which violate assumption 1. Intuitively, high congestion costs act as a barrier
to agglomeration and can prevent any inter-regional migration, as will be explored in
more detail below.

4

Integrated Labour Market

Next, we analyse the equilibria in the case of integrated labour markets and compare
them with the outcome under non-integrated labour markets.

4.1

Education and Migration Intertwined

Labour market integration does not a¤ect unskilled workers, since they can still earn
w in the rural area of their home region and cannot achieve a higher income in the
Let us de…ne crit such that B 0 (1) = 0 for = crit , with crit > 0. Then, congestion costs (2) and
crit
skill premium (4) imply that B 0 (1) > 0 for < crit . Thus, H m ax
1 for
, while Hi < 1 is
crit
satis…ed (see proof of proposition 1). That is, H m ax > Hi holds at least for
. Additionally,
m ax
we can show that H
< Hi for su¢ ciently large values of (details are provided upon request).
Then, as both H m ax and Hi are continuous functions of , there exists a m ax > crit such that (i)
Hi = H m ax for = m ax and (ii) Hi < H m ax if < m ax .
4
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other region. Hence, unskilled workers have no incentive to migrate. For simplicity,
and without a¤ecting our results, we assume that mobile unskilled individuals who are
indi¤erent between the rural areas of the two regions stay at home. (In section 6, we
consider an extension in which some unskilled workers move to the urban area of their
neighbouring region to work there in the industrial sector.)
By contrast, labour market integration has substantial implications for skilled workers. As we will analyse in detail, it gives rise to an inter-regional di¤erential in the
skill premia and thus provides incentives for mobile skilled workers to migrate from the
urban area of the low-premium (‘losing’) region to the urban area of the high-premium
(‘winning’) region. For convenience, we refer to the ‘winning’(‘losing’) region as region
1 (2), i.e., p1 > p2 . As moving to the winning region enables individuals to reap higher
returns on human capital, education and integration choices are now intertwined, with
the decision on education depending on both ability and mobility.
Consider mobile natives of the losing region who can now easily move to the highpremium region. They base their education decision on the skill premium in the winning
region. More precisely, such a mobile individual j of region 2 will become skilled if and
only if the premium p1 exceeds the education costs ej2 , i.e., p1 ej2 . Thus, skilled labour
supply of immigrants in the winning region is M = m p1 =e, where m 2 [0; 1] stands for
the share of mobile skilled workers who migrate from region 2 to region 1.
In contrast to these mobile individuals, the immobile individuals of the losing region
stay put. All those individuals remaining in region 2 will become skilled if and only if
the skill premium p2 exceeds their education costs ej2 , i.e., p2 ej2 . Overall, the number
of skilled workers native to the losing region is S2 = [m p1 + (1 m ) p2 ] =e, of whom
S2 M = (1 m ) p2 =e stay in region 2.
In the winning region, individuals have no incentive to leave, and the domestic supply
of skilled labour of the natives is given by the same function as in the case of nonintegrated markets, i.e., S1 = p1 =e. Thus, the aggregate skilled labour supply in the
winning region is S1 + M = (1 + m ) p1 =e. To sum up,
p1
e
p2
m )
e

S1 + M = (1 + m )

,

S2

,

M = (1

e
(S1 + M )
(1 + m )
e
p2 =
(S2 M ) .
(1 m )

p1 =

and

(7)
(8)

The inverse demand for skilled labour in each region is still given by (4).

4.2

Agglomeration Equilibria

In an equilibrium, labour markets are cleared in the two regions and all education and
migration choices are optimal for the resulting skill premia. Then, the demand function
9
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(4) and the respective supply functions (7) and (8) yield the equilibrium conditions
H1

= S1 + M , A (H1 )

H2

= S2

M , A (H2 )

e
(1 + m
e
[w + C (H2 )] =
(1 m

[w + C (H1 )] =

)
)

H1 ,

(9)

H2 .

(10)

and the equilibrium skill premia
p1
p2

e
(1 + m
e
=
(1 m

=

)
)

H1 ,

(11)

H2 .

(12)

As mobile skilled natives of region 2 move to the urban area in region 1 as long as there
is an inter-regional di¤erential in the skill premia in favour of region 1, the equilibrium
migration share is either m = 1 if p1 > p2 or m 2 [0; 1] if p1 = p2 . Finally,
the equilibrium number, or mass, of unskilled workers is L1 = 1 (H1
M ) and
L2 = 1 (H2 + M ).
Labour market integration leads to a particular form of equilibria, to which we refer
as agglomeration equilibria, de…ned as follows:
De…nition 1 An agglomeration equilibrium is an equilibrium in which (i) at least some
skilled workers native to region 2 migrate to the urban area of region 1 and (ii) human
capital in region 1 exceeds that in region 2, i.e., m > 0 and H1 > H2 .
Importantly, the term ‘agglomeration’refers here to inter-regional agglomeration, i.e., to
the fact that the urban area in one region is more agglomerated than the urban area in
the other region.
We cannot identify whether Upstream or Downstream is the winning (losing) region
in an agglomeration equilibrium. Such an equilibrium is thus only determined up to the
permutation of the two ex-ante identical regions Upstream and Downstream across the
two indices. Nevertheless, we refer to any bundle (m ; H1 ; H2 ) as ‘one’equilibrium,
although in fact this bundle stands for two equilibria.5 With this quali…cation in mind,
we state proposition 2.
Proposition 2 Integrated Labour Markets and Agglomeration Equilibria.
In the case of integrated labour markets, at least one agglomeration equilibrium exists.
Three types of agglomeration equilibria are possible regarding the characteristics of the
skilled labour markets.
5

For notational convenience, we omit the equilibrium quantities L1 and L2 when referring to
equilibrium bundles.

10
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(i) Type 1: All mobile skilled natives of region 2 migrate to the urban area of region
1. Compared to the benchmark with non-integrated labour markets, human capital and
the skill premium are larger in region 1 and smaller in region 2. That is, m = 1,
H2 < Hi < H1 , and p2 < pi < p1 .
(ii) Type 2: All mobile skilled natives of region 2 migrate to the urban area of region 1.
Compared to the benchmark with non-integrated labour markets, human capital is larger
in region 1 and smaller in region 2. The skill premium is larger in region 1 than it is
in region 2, but weakly smaller than it is in the benchmark with non-integrated markets.
That is, m = 1, H2 < Hi < H1 , and p2 < p1
pi .
(iii) Type 3: In general, only some mobile skilled natives of region 2 migrate to the urban
area of region 1. Compared to the benchmark with non-integrated labour markets, human
capital is larger in region 1 and smaller in region 2. The skill premia are identical in the
two regions and lower than in the benchmark. That is, m 2 (0; 1], H2 < Hi < H1 ,
and p2 = p1 < pi .
Figures 1b, 2a and 2b illustrate agglomeration equilibria of type 1, 2 and 3, respectively. Whereas the labour demand function is still identical for the two regions, skilled
labour supply is now higher in the winning region than in the losing region. Consequently,
each of the …gures 1b, 2a and 2b depicts two intersections of demand and supply curves,
showing equilibrium human capital H1 and H2 and the corresponding skill premia p1
and p2 in the two regions.
Let us discuss the economic intuition for these agglomeration equilibria. Small levels
of skilled migration from region 2 to 1 lead to an increase in the skill premium in the
winning region (see, e.g., …gure 1b). By contrast, the skill premium declines in the losing
region. Hence, migration generates an inter-regional skill premium di¤erential in favour
of region 1, which triggers further migration to this region. If the initial in‡ow of skilled
workers causes human capital in the winning region to grow above the critical level H max ,
then further immigration will drive down the skill premium even in this region, as the
productivity gains cannot compensate any more for surging congestion costs. Whether
such a situation arises hinges on the magnitudes of the congestion e¤ect and mobility.
Depending on these magnitudes, the three di¤erent types of agglomeration equilibria can
emerge.
In an agglomeration equilibrium of type 1 (see …gure 1b), even though all mobile
skilled individuals of region 2 move to the urban area of region 1, the resulting premium
p1 is still above the benchmark premium pi , re‡ecting the fact that the overall increase
in productivity and thus the skilled wage outweighs the rise in congestions costs.6 Compared to the case of non-integrated markets, human capital in region 1 increases for two
6

The number of skilled workers employed in region 1 might be below or above the threshold level
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Figure 2: Labour Market Equilibrium - Part 2
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reasons: …rst, mobile skilled natives of region 2 emigrate to region 1 to take advantage
of a higher skill premium there. Second, a higher premium incentivises not only more
natives of region 1, but also more mobile individuals of region 2, to invest in education
and become skilled, thereby reinforcing the supply of both skilled natives and skilled
immigrants in the winning region. Conversely, human capital in region 2 declines for
two reasons: …rst, mobile skilled natives leave the losing region, as already mentioned
above. Second, the decline in the local skill premium as a result of the out‡ow of human
capital discourages the remaining natives of region 2 to become skilled.
In an agglomeration equilibrium of type 2 (see …gure 2a), the skill premium falls
below the benchmark pi even in the winning region. While integration still raises the
productivity of skilled workers in region 1, the resulting increase in the skilled wage is
now more than compensated by rising congestion costs. Still, all mobile skilled natives of
the losing region move to the urban area of the winning region, as the skill premium drops
even further in the losing region. Even more drastically, in an agglomeration equilibrium
of type 3, immigration and the induced congestion costs cause the skill premium in
region 1 to fall so sharply that it reaches the level of the skill premium in region 2.
As the premia are then the same in the two regions, migration ceases and some mobile
skilled natives of region 2 remain in their home region (see …gure 2b).7
In an agglomeration equilibrium of type 2 or 3, human capital again increases in
region 1 compared to the case of non-integrated markets, but only because of skilled
immigration, and despite the fact that a smaller premium discourages natives of region
1 and mobile individuals of region 2 to invest in education. Obviously, human capital
again falls in region 2, as its mobile skilled labour force at least partly emigrates and
fewer natives …nd it bene…cial to become skilled. Importantly, the incentives to invest
in education are now depressed across the board, and not only for immobile individuals
in the losing region.
For convenience, table 1 shows the characteristics of the three types of agglomeration
equilibria at a glance (see upper half of table 1; the lower part will be explained later). At
the regional level, the key di¤erence between the equilibria is whether the skill premium
in the winning region is above or below the benchmark premium pi .
H m ax . This issue is irrelevant, since the key feature of this equilibrium type is the property that the
premium p1 exceeds the benchmark pi .
7

Strictly speaking, the term ‘winning region’ is not quite correct in the case of an agglomeration
equilibrium of type 3, given that we have introduced this term to label the region with a (strictly)
higher skill premium. We ignore this slight inaccuracy. Also, with identical premia in the two regions,
migration in two directions is possible. That is, a share m1 (m2 ) of the mobile skilled workers native
to region 1 (2) might move to region 2 (1). Then, the equilibrium share m = m2 m1 would capture
net migration from region 2 to 1, which would still be uniquely determined.
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Table 1: Characteristics of the Three Types of Agglomeration Equilibria
Outcomes

Type 1

m =1
Human capital H2 < H i < H 1
Skill premium p2 < pi < p1
Total premium H1+2 H 1+2 ) N P 1+2 > N P 1+2
and total
H1+2 < H1+2 ^ N P1+2 > N P1+2
human capital H1+2 < H 1+2 ( N P 1+2 N P 1+2
Migration

Type 2

Type 3

m =1
H2 < H i < H 1
p2 < p 1 pi

m 2 (0; 1]
H2 < H i < H 1
p2 = p1 < p i

H1+2 < H1+2 ^ N P1+2 < N P1+2

Interestingly, labour market integration distorts the education decision if an agglomeration equilibrium of type 1 or 2 materialises. Then, the skill premia di¤er across
regions. As a result, talented but immobile natives of the losing region shy away from
education, whereas less talented natives of the winning region, and less talented but mobile natives of the losing region, become skilled.8 This kind of distortion does not occur
in an agglomeration equilibrium of type 3, since the skill premia are equalised across
regions in this case.

4.3

The Role of Mobility and Congestion

Having characterised the possible agglomeration equilibria in general, we now relate the
agglomeration equilibria more precisely to the congestion cost and mobility parameters,
and .
Proposition 3 Mobility, Congestion, and Agglomeration Equilibria.
For given regional productivity and congestion cost functions, A(Hi ) and C(Hi ), and
education cost parameter e, two patterns of agglomeration equilibria can emerge:
(i) Weak congestion pattern: a single agglomeration equilibrium of type 1, and none of
type 2 or 3, exists for all mobility parameters 2 (0; 1). This pattern emerges if the
congestion cost parameter is strictly below a threshold value > 0.
(ii) Strong congestion pattern: a single agglomeration equilibrium of type 1, and none of
type 2 or 3, exists for all 2 (0; b), b < 1, whereas at least one agglomeration equilibrium
of type 2 or 3, and none of type 1, exists for all 2 [b; 1). This pattern emerges if the
< max .
congestion cost parameter exceeds a threshold value , with
8

We do not question the empirical observations that mobile workers tend to be high-skilled (see, for
instance, Ehrenberg and Smith, 1994, for the US, Uebelmesser, 2006, for Germany, and Coniglio and
Prota, 2007, for Italy). However, we cast some doubt on the suggested causality that skilled workers
become mobile. In contrast, we argue that mobile workers become skilled. This argument is in line with
Eggert et al. (2010).
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For ‘well-behaved’speci…cations, such as the ones that will be used in our examples in
section 5.3, there exist coinciding threshold values and . This situation is illustrated
in …gure 3, which supports our explanation of proposition 3.
In general, higher mobility swells the ranks of skilled workers willing to migrate. It
thus drives up skilled labour supply in the winning region, which in turn makes the
negative congestion e¤ects of a larger urban population more likely to prevail over the
positive productivity e¤ect of more skilled workers. After all, the marginal productivity
gains decline, while the marginal congestion costs increase with the number of skilled
workers employed in the urban area. Hence, as mobility increases, the resulting skill
premium initially rises and then may possibly fall. This implies that we may move from
an agglomeration equilibrium of type 1 (i.e., p1 > pi ) to one of type 2 or 3 (i.e., p1 pi ),
but never vice versa. (See table 1 for a summary of the equilibrium characteristics.)
However, in the case of weak congestion e¤ects, only an agglomeration equilibrium
of type 1 exists, as stated in part (i) of proposition 3 (see …gure 3). For < , the
congestion e¤ects are so small that even if the whole population of the losing region is
perfectly mobile and all its skilled workers move to the urban area of the winning region,
the induced rise in the congestion costs will still fall short of the increase in regional
productivity. Thus, labour market integration raises the skill premium in region 1 for
all levels of the mobility parameter .
The impact of integration is less clear-cut in the case of strong congestion e¤ects
(i.e., > ), as stated in part (ii) of proposition 3 (see, again, …gure 3). Then, the
productivity gains in the winning region still outweigh the rise in the congestion costs,
but only if the in‡ow of skilled workers from the losing region is small. That is, an
agglomeration equilibrium of type 1 still exists, but only if mobility is low (i.e., < b).
Once mobility is high (i.e., > b) and the winning region faces a substantial level of
immigration, the strong congestion e¤ects dominate any productivity gains. The skill
premium falls below its benchmark level pi , and an agglomeration equilibrium of type 2
or 3 emerges.

4.4

Uniqueness and Stability

There might be more than one agglomeration equilibrium, but then these equilibria are
of type 2 or 3. However, we can specify su¢ cient conditions that rule out multiple
agglomeration equilibria altogether. To show this, let us consider symmetric B(Hi )functions; that is, for all H 2 [0; H max ], B(H max
H) = B(H max + H) and thus
B 0 (H max
H) = B 0 (H max + H) hold. Then, we can state:
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Figure 3: Mobility, Congestion, and Equilibria
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Proposition 4 Agglomeration Equilibrium and Symmetric B(Hi )-Functions.
Assume that the B(Hi )-function is symmetric. Then, a single agglomeration equilibrium
exists. This equilibrium is either of type 1 or 2, but never of type 3.
The symmetry assumption excludes too strong congestion e¤ects and thus agglomeration equilibria of type 3. We will later use a speci…c symmetric B(Hi )-function as one
of our examples to illustrate our arguments.
We conclude Section 4 with two brief remarks. First, the equilibrium in the benchmark case of non-integrated labour markets also constitutes an equilibrium in the case
of integrated labour markets, irrespective of whether a general or symmetric B(H)function is considered. However, this non-agglomeration equilibrium with m = 0 and
H1 = H2 = Hi is locally unstable in the case of integrated labour markets. In contrast,
at least one of the existing agglomeration equilibria is locally stable. When analysing the
outcome with integrated labour markets, we thus focus on the agglomeration equilibria
and ignore the unstable non-agglomeration equilibrium. Details on the stability of the
equilibria are provided in appendix B.
Second, if assumption 1 were violated and the human capital Hi already exceeded the
threshold level H max , then the equilibrium in the case of non-integrated labour markets
would also constitute a locally stable equilibrium in the case of integrated markets. Such
a locally stable non-agglomeration equilibrium requires a rather large cost parameter .
Then, starting from the equilibrium with non-integrated markets, high congestion costs
dominate the productivity gains of any increase in the number skilled workers in one of
the urban areas from the outset and thus prevent inter-regional agglomeration. As this
16
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case is not particularly insightful, we focus on the agglomeration equilibria that arise
under assumption 1.

5

Total Human Capital and Net Skill Premium

We are now able to assess how labour market integration a¤ects the two regions as a
whole, and how this overall impact is driven by the level of mobility and the strength
of the congestion e¤ects. In our framework, the ‘net’wage, de…ned as gross wage net of
congestion and education costs, captures individual welfare. (In section 1, we referred
to this net wage as real income.) The net unskilled wage equals w in both regions,
irrespective of whether labour market integration has taken place. By contrast, the
net skilled wage is w + pi eji , w + p1
ej1 , w + p2
ej2 or w + p1
ej2 , depending
on whether labour markets are integrated, and whether the respective skilled native of
region 2 migrates. As the constant component w emerges in all wages, we can ignore
it and focus instead on the ‘net’skill premium, de…ned as the skill premium net of the
individual education costs. This net skill premium is trivially zero for unskilled workers
and, again depending on integration and migration, pi eji , p1
ej1 , p2
ej2 or p1
ej2
for skilled workers. (Recall that the ‘gross’ skill premia pi , p1 and p2 already take
account of congestion costs, but not of individual education costs.)

5.1

The Impact of Labour Market Integration

In the case of an agglomeration equilibrium of type 1, labour market integration generates
winners and losers. All skilled natives of the winning region bene…t from integration,
and so do all skilled natives of the losing region who are mobile and thus move to the
winning region, since all their net skill premia increase— irrespective of whether those
individuals would or would not have become skilled in the case of non-integrated markets.
By contrast, all skilled workers who stay in the losing region su¤er from a lower skill
premium. Additionally, those immobile unskilled natives of the losing region who would
have become skilled without integration are also worse o¤ because they lose the net skill
premium pi eji . All other unskilled workers remain una¤ected.
In the case of agglomeration equilibria of type 2 or 3, there are no winners at all. All
skilled workers face declining net skill premia. Those unskilled workers who would have
been skilled without integration lose out as well. Only the other unskilled workers are
as well o¤ as without integration.
As integration potentially leads to winners and losers, we are interested in whether
the winners can at least hypothetically compensate the losers. Therefore, we explore
the impact of integration on the total skill premium, P1+2 = p1 H1 + p2 H2 , and, more
17
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importantly, the total net skill premium, N P1+2 = P1+2 -total education costs (i.e., education costs of all skilled workers as a whole). Additionally, we analyse how integration
a¤ects total human capital, H1+2 = H1 + H2 , and whether the impact on human capital
is systematically related to the impact on the total net skill premium.
The total net skill premium is given by
N P1+2 = 2 pi Hi
N P1+2 =

p 1 H1

e
(Hi )2
2
e
(H1 )2 + p2 H2
2(1 + m )

(13)
e
2(1

m )

(H2 )2

(14)

in the case of non-integrated and integrated labour markets, respectively. To facilitate
the further analysis, we describe the relationship between the total skill premium and
the total net skill premium in lemma 1.
Lemma 1 With both non-integrated and integrated labour markets, the total net skill
premium is exactly half as high as the total skill premium, i.e., N P1+2 = (1=2)P1+2 and
N P1+2 = (1=2)P1+2 .
As a result of the relationship established in lemma 1, there is no need to consider
the total net skill premium and the total skill premium separately. This makes it simpler
to compare the equilibrium in the case of non-integrated markets with the agglomeration equilibrium in the case of integrated markets. We summarise our conclusions in
proposition 5.
Proposition 5 The Impact of Labour Market Integration.
Part (a): If an agglomeration equilibrium of type 1 materialises, then labour market integration leads to one of the following three outcomes: (i) Total human capiH1+2 . Then, the total net skill premium also rises, i.e.,
tal increases, i.e., H1+2
N P1+2 > N P1+2 . (ii) Total human capital declines, but the total net skill premium
increases, i.e., H1+2 < H1+2 and N P1+2 > N P1+2 . (iii) The total net skill premium
decreases, i.e., N P1+2 N P1+2 . Then, human capital also declines, i.e., H1+2 < H1+2 .
Part (b): If an agglomeration equilibrium of type 2 or 3 materialises, then labour market
integration causes a decline in total human capital and the total net skill premium. That
is, H1+2 < H1+2 and N P1+2 < N P1+2 .
The lower half of table 1 shows these results at a glance. Let us …rst discuss part
(a) of proposition 5. If agglomeration causes a substantial increase in the skill premium
in region 1 relative to the losses in region 2, then integration will strengthen the overall
incentives to invest in education, and total human capital will grow. If this happens,
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the total skill premium will inevitably increase, as will the total net skill premium. This
scenario is illustrated in …gure 4a, with an almost linear (inverse) labour demand function
B(Hi ), which can stem, for instance, from a linear productivity function combined with
a very weak congestion e¤ect (i.e., very small congestion parameter ). Here, the labour
supply curves in the case of non-integrated and integrated labour markets are plotted in
a single diagram. As the intersections between the demand curve and the supply curves
show, labour market integration causes a substantial increase in the skill premium in
region 1, from pi to p1 , but only a minor decline in the skill premium in region 2, from
pi to p2 .
Importantly, the total net skill premium may increase even if human capital declines.
As a consequence, we cannot infer from the fact that there are fewer skilled people that
there are no overall bene…ts from agglomeration. In this scenario, the rise of the skill
premium for some individuals not only compensates for the loss of others, but also makes
up for the fall in the total number of skilled workers.
However, if the premium decline in region 2 is su¢ ciently drastic relative to the
increase in region 1, the total net skill premium will decrease, and such a drop will
always be accompanied by a decrease in total human capital. This scenario is illustrated
in …gure 4b, which shows a strongly curved (inverse) labour demand function B(Hi ).
Now, labour integration induces only a minor rise of the skill premium in region 1, from
pi to p1 , but a very pronounced reduction in the skill premium in region 2, from pi to
p2 .9
Part (b) of proposition 5 is evident. If the skill premia drop in both regions below
their level in the case of non-integrated markets, the incentives to invest in education
will fall as well. Then, total human capital and the total net skill premium will decline
compared to the case of non-integrated markets, although more skilled workers will be
employed in region 1.

5.2

The Role of Mobility and Congestion

Next, we explore how the overall impact of integration depends on the degree of mobility
and the extent of congestion. The following proposition assesses the implications of a
highly mobile labour force. It follows immediately from proposition 3.
Proposition 6 High Mobility and the Impact of Labour Market Integration.
(i) Consider the weak congestion pattern, as described in proposition 3. Then a critical
9

The potentially negative impact of labour market integration on total human capital and the total
net skill premium does not at all rely on the fact that B(Hi ) eventually declines with regional human
capital Hi . Even if equilibrium human capital H1 falls short of the threshold H m ax , both total human
capital and the total net skill premium can decline.
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Figure 4: Impact of Integration on Human Capital and Skill Premium
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value < 1 exists such that integration boosts total human capital and the total net skill
premium for all > . That is, H1+2 > H1+2 and N P1+2 > N P1+2 if > .
(ii) Consider the strong congestion pattern, as described in proposition 3. Then a critical
value < b exists such that integration reduces total human capital and the total net
skill premium for all > . That is, H1+2 < H1+2 and N P1+2 < N P1+2 if > .
Recall that if weak congestion e¤ects are at work (see proposition 3 and …gure 3 for
< ), only an agglomeration equilibrium of type 1 exists. That is, the skill premium
in the winning region always exceeds its level in the benchmark case of non-integrated
labour markets (see proposition 2 and table 1). Consequently, integration will always
generate overall gains if individuals are su¢ ciently mobile, i.e., if enough individuals
are able to move to region 1 and join the winners. Then both total human capital
and the total net skill premium will rise. However, the overall bene…ts conceal severe
distributional con‡icts. While a larger share of mobile individuals increases the gains
in the net skill premium of those employed in the winning region, it also means larger
losses in the net skill premium of those working in the losing region.
Obviously, the situation is very di¤erent in the presence of strong congestion e¤ects.
Then, for su¢ ciently high levels of mobility, an agglomeration equilibrium of type 2 or
). That is, the skill premia of both
3 emerges (see proposition 3 and …gure 3 for
regions fall below the level in the case of non-integrated markets (see proposition 2 and
table 1). Thus, labour market integration makes skilled workers in both regions worse
o¤ and depresses both total human capital and the total net skill premium.10
Complementing proposition 6, we now analyse the overall implications of integration
in the case of low mobility levels.
Proposition 7 Low Mobility and the Impact of Labour Market Integration.
A critical value crit > 0 exists such that integration reduces total human capital and the
total net skill premium (i.e., H1+2 < H1+2 and N P1+2 < N P1+2 ) for all 2 (0; crit ) if
[2 + "B;H (Hi )] [1

"B;H (Hi )] <

(Hi ),

(15)

where "B;H (Hi ) = B 0 (Hi )Hi =B(Hi ) and (Hi ) = B 00 (Hi )Hi =B 0 (Hi ).
As an agglomeration equilibrium of type 1 materialises for su¢ ciently low levels of
mobility (see proposition 3 and …gure 3), the overall impact of integration is ambiguous
10

This conclusion is somewhat reminiscent of a result in Baldwin et al. (2003, ch. 17). They allow for
congestion e¤ects in a two-region model with agglomeration, capital mobility and endogenous growth.
Baldwin et al. (2003, ch. 17) argue that low mobility costs of capital might be detrimental to growth
rates. However, as their model still predicts a positive ‘level’e¤ect in one of the two regions, it is not
clear whether lower growth rates indeed lead to lower welfare at any point in time.
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without further speci…cations (see proposition 5). To understand proposition 7, note
that (H) captures the elasticity of the slope of the (inverse) labour demand function
with respect to changes in the number of skilled workers; it thus re‡ects the curvature
of B(Hi ). If this curvature is su¢ ciently pronounced, the scenario plotted in …gure 4b
prevails. Then, labour market integration moderately raises the skill premium in region
1, but sharply decreases the skill premium in region 2. As mobility is low, the relatively
small increase in the number of better-o¤ skilled workers in the winning region cannot
compensate for the decline in both the skill premium and the number of skilled workers
in the losing region. Thus, integration reduces both total human capital and the total
net skill premium. For the elasticity condition (15) to be ful…lled, j (H)j > 2 is su¢ cient,
since the left-hand side of inequality (15) is smaller than 2.11
Proposition 7 implies that even under the weak congestion pattern, labour market
integration can reduce total human capital and the total net skill premium for low levels
of mobility. This outcome occurs despite the fact that under this pattern both total
human capital and the total net skill premium rise for su¢ ciently high levels of mobility.
Such a situation is depicted in …gure 5, which is consistent with one of the examples
analysed in detail in the next section. Consider the lower part of the diagram ( < ).
As the mobility parameter increases, we move from an agglomeration equilibrium with
a lower level of both total human capital and the total net skill premium than in the
case of non-integrated markets (for < crit ) to one with less total human capital and
a higher total net skill premium (for crit < < ) to one with a higher level of both
total human capital and the total net skill premium (for > ).

5.3

Examples

To illustrate the propositions, we consider the following function for the regional skill
premium (see (4))
pi = A(Hi )

[w + C (Hi )] = 2Hi + 0:1

Hi2 =: B(Hi ),

(16)

which results from a linear regional productivity function and a quadratic congestion
function, speci…ed as A(Hi ) = 2Hi + 0:1 + w and C(Hi ) = Hi2 , respectively. In the
following two examples, e is set to 1:6.
Example 1 Let us set

= 1. Then, the regional skill premium is given by

11

The assumptions about A(Hi ) and C(Hi ) and assumption 1 imply that B(Hi ) > 0, B 0 (Hi ) > 0,
B (Hi ) < 0 and B(Hi )=Hi > B 0 (Hi ). Thus, while (Hi ) < 0, "B;H (Hi ) = B 0 (Hi )Hi =B(Hi ) 2 (0; 1)
holds. Then, simple calculations reveal that [2 + "B;H (Hi )] [1 "B;H (Hi )] < 2 for all "B;H (Hi ) 2 (0; 1).
Hence, condition (15) is ful…lled for j (H)j > 2.
00
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Figure 5: Critical Mobility values and Weak Congestion
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The function B(Hi ) is symmetric (as de…ned in section 4.4), positive for all Hi 2 [0; 2],
and strictly concave. It peaks for Hi = 1.12 Under this speci…cation, a weak congestion
pattern emerges: an agglomeration equilibrium of type 1 exists for all mobility levels,
i.e., m = 1, H2 < Hi < H1 and p2 < pi < p1 for all 2 (0; 1) (see propositions 2
and 3). This is illustrated in …gure 6.
Figures 6a and 6b show the human capital employed in the two regions and the
corresponding skill premia in the agglomeration equilibrium as a function of the mobility
parameter . Since the agglomeration equilibrium converges towards the equilibrium
in the case of non-integrated markets as the mobility parameter approaches zero, the
starting points of the curves capture the values of human capital and the skill premium
in each region in the economic benchmark (see the grey horizontal line). For all mobility
levels, the levels of human capital and the skill premium in the winning (losing) region
are above (below) the corresponding levels in the case of non-integrated markets, as
…gures 6a and 6b clearly illustrate.
Figures 6c and 6d depict total human capital and the total net skill premium in
the agglomeration equilibrium as a function of mobility. Again, the starting points
of the curves give the levels of these variables in the case of non-integrated markets.
12

For the speci…cation in example 1 and e = 1:6, e > B(H m ax ) = 1:1 is satis…ed. This guarantees an
interior solution, i.e., non-negative numbers of both skilled and unskilled individuals.
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Figure 6: Weak Congestion Pattern
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Comparing these benchmark values with the corresponding values in the agglomeration
equilibrium shows that, depending on the mobility level, all three outcomes described in
part (a) of proposition 5 occur. First, for high levels of mobility (i.e., > = 0:62),
both total human capital and the total net skill premium are larger with integrated
markets than with non-integrated ones. This outcome is consistent with proposition 6
(see also …gure 5). Second, for intermediate mobility levels (i.e., 2 ( crit ; ), crit =
0:30), agglomeration reduces total human capital compared to the case of non-integrated
markets, whereas it increases the total net skill premium. Third, both total human
capital and the total net skill premium are smaller with integrated labour markets than
with non-integrated ones for low mobility levels (i.e., < crit = 0:30). This is consistent
with proposition 7 because "A;H (H1 ) = 0:53 and
(H1 ) = 1:35 imply that condition
(15) is ful…lled.
Example 2 Let us now set = 3. B(Hi ) is no longer a symmetric function. It is
positive for all Hi 2 [0; 0:71] and strictly concave. It peaks for Hi = 1=3 + 0:1.13
This speci…cation generates a strong congestion pattern. An agglomeration equilibrium of type 1 emerges for relatively low mobility levels (i.e., < b = 0:55), whereas an
agglomeration equilibrium of type 2 prevails for high mobility levels (i.e.,
b = 0:55).
This is in line with proposition 3, and is captured in …gure 7, the counterpart of …gure
6 (see also …gure 5 for an overview of the di¤erent types of equilibria as functions of
and ).
As …gure 7b illustrates, the skill premium in region 1 now exceeds the skill premium
in the non-integrated economy only for low mobility levels. For high mobility, the skill
premia in both regions fall below the benchmark level (indicated by the grey horizontal
line). Compared with the levels in the case of non-integrated markets, the number of
skilled workers employed in region 1 is still higher in the agglomeration equilibrium (see
…gure 7a), but total human capital is lower for all levels of mobility (see …gure 7c).
Similarly, the total net skill premium is lower with integrated markets than with nonintegrated ones, irrespective of the mobility level (See …gure 7d). This is consistent with
propositions 5 and 6, with the critical level = 0. It is also in line with proposition 7,
since the values of the elasticities "A;H (H1 ) = 0:27 and
(H1 ) = 3:61 again imply
that condition (15) is ful…lled.
13

For this speci…cation with
again satis…ed.

= 3 and e = 1:6, the condition for an interior solution e > B(H m ax ) is
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Figure 7: Strong Congestion Pattern
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5.4

Labour Market Integration - Curse or Blessing?

In the presence of agglomeration and congestion e¤ects, labour market integration can
have rather complex implications. We are inclined to assume that at least one region
bene…ts from agglomeration, even if its gain is at the expense of another region. As
our model highlights, this need not be the case if congestion e¤ects are su¢ ciently
strong. Then, labour market integration and the ensuing agglomeration can reduce
human capital and skill premia in both regions, and this outcome is the more likely the
higher the level of mobility. Hence, high mobility can be detrimental to the welfare of
both regions, instead of promoting prosperity. Indicative of such an outcome is that the
skill premia are fairly equal in the two regions despite substantial net migration from
one region to the other.
However, the impact of mobility is very ambiguous. If congestion e¤ects are weak,
high mobility ensures that labour market integration does not only bene…t the winning
region, but also increases both overall human capital and the total net skill premium.
However, even under these circumstances, total human capital and the total net skill
premium can decline for low levels of mobility, as illustrated in example 1 above. In
this scenario, low mobility is an obstacle to overall gains from labour market integration.
In any case, every overall gain comes at the expense of distributional con‡icts, with
one region clearly losing out. Moreover, as example 2 nicely illustrates, labour market
integration can lead to a fall in total human capital and the total net skill premium for
all levels of mobility.
Finally, we show that there is no easy correlation between human capital and the net
skill premium. Even if total human capital drops as a result of labour market integration,
the total net skill premium can still be higher than in the case of non-integrated markets.
Interestingly, labour market integration distorts the education choice. Open borders
make it more attractive for mobile individuals to acquire education relative to immobile
ones. While some talented but immobile individuals will invest less in education, some
less talented but mobile individuals will increase their human capital investment. This
distortion accelerates the gains in the winning region, if any, as well as the losses in the
losing region.14 It does so, however, without necessarily implying a positive correlation
between total human capital and the total net skill premium, as previously mentioned.
14

Fershtman et al. (1996) discuss a somewhat similar distortion. In their model, individuals di¤er in
ability and initial wealth. People with high wealth but lower ability crowd people with less wealth but
higher ability out of activities that enhance growth if these activities are associated with social status.
This is detrimental to growth, although it increases the steady-state number of skilled workers. In our
model, with mobility distorting educational choices, the crowding out might not even go hand in hand
with an increase in the number of skilled workers.
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6

Extensions

To check the robustness of our results, we explore two extensions of our basic model.
First, we add unskilled labour as complementary input in industrial production. Second,
we introduce land as a second factor of production in the agricultural sector. As we will
show, our previous conclusions remain una¤ected. However, these extensions provide
some further insights that are consistent with stylised facts.

6.1

Unskilled Labour as Industrial Input Factor

Assume now that unskilled labour is not only used in the agricultural sector as in the
basic model, but it also enters industrial production. More precisely, the output of …rm
k of region i’s industrial sector is now given by
1
yik = A(Hi ) min hki ; lik

,

(18)

where lik denotes the number of unskilled workers employed by …rm k of region i.
The modi…ed production function (18) re‡ects the fact that skilled and unskilled
workers are complementary inputs in manufacturing. For instance, team assistants cannot replace engineers, but the more engineers there are, the more team assistants are
needed.15 Consequently, pro…t maximising …rms hire
unskilled workers per skilled
R1
worker, leading to a regional demand for unskilled industrial labour of Li = 0 lik dk =
Hi . Then, the urban population of region i, which is now formed of skilled and unskilled industrial workers, amounts to Hi + Li = (1 + ) Hi , causing congestion costs
C ((1 + ) Hi ) = f ((1 + ) Hi ).
In the benchmark case of non-integrated labour markets, unskilled workers can work
in the agricultural sector and earn an income of w, or they can work in the industrial
sector. With perfect intersectoral mobility, unskilled workers are indi¤erent between
the two choices in equilibrium, implying that unskilled industrial workers are exactly
compensated for the congestion costs in the urban area. Thus, the unskilled wage in the
industrial sector is
(19)
vi = w + C ((1 + ) Hi ) .
In the case of integrated labour markets, mobile unskilled individuals can also migrate
and work in the other region. In equilibrium, they are indi¤erent between working in
either sector in either region. Again, the unskilled wage is given by w in the agricultural
15

In this and many other examples, the term ‘unskilled’has to be interpreted as ‘relatively unskilled
compared to other, more skilled workers’. In this vein, most of the studies surveyed by Hamermesh (1993)
…nd that unskilled (blue collar) and skilled (white collar) workers are complements in production.
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sector and by (19) in the industrial sector. In line with empirical evidence, wages are
higher in urban areas than in rural areas; i.e., vi > w. They are also higher in bigger
agglomeration centres than in smaller urban areas; i.e., v1 > v2 if H1 > H2 .16
Perfect competition in the labour market implies that the regional skilled wage wi
is equal to the marginal contribution of a skilled worker to pro…ts, given that the share
of skilled to unskilled workers is optimally chosen by each …rm in the industrial sector.
The resulting inverse aggregate demand for skilled labour in region i is
wi = A(Hi )

vi = A(Hi )

[w + C ((1 + ) Hi )] ,

(20)

yielding the regional skill premium
pi = A(Hi )

(1 + ) [w + C ((1 + ) Hi )] .

(21)

In contrast to the basic model (see (3)), the skilled wage will now decline with the
number of skilled workers if their number exceeds a threshold level H crit (cf. (20)). As
the population in the urban area grows, attracting the complementary unskilled workers
becomes more and more expensive, which initially curbs and ultimately depresses the
skilled wage.
Despite this di¤erence between the basic and the extended model, the relationship
between the skill premium and the number of skilled workers remains qualitatively unaltered, as comparing the skill premia (4) and (21) shows. Likewise, the supply of skilled
labour is also qualitatively una¤ected by the extension and still given by (5), (7) and
(8). Thus, the previous propositions also correctly characterise the equilibria and the
implications of integration on human capital and the (net) skill premia in this extended
version of the model.
However, we can now provide an additional proposition about the migration pattern.
To this aim, let N denote the number of unskilled workers who migrate from the losing
to the winning region. Moreover, let us con…ne our attention to ‘interior’equilibria, that
is, to equilibria in which at least some unskilled individuals still work in the agricultural
sector.
Proposition 8 Migration Patterns
In an agglomeration equilibrium of type 1 or 2, the share of migrants among skilled
workers native to the losing region strictly exceeds the share of migrants among unskilled
workers native to the losing region, i.e., M=S2 > N= (1 S2 ). This inequality will also
be satis…ed in an agglomeration equilibrium of type 3 if (i) vacant unskilled positions
in the industry are …rst …lled with natives and then with potential immigrants and (ii)
16

For empirical evidence of this ‘urban wage premium’, see, e.g., Glaeser and Maré (2001).
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unskilled workers in the agricultural sector prefer to work in their native region as long
as wages are identical.
Recall that, in the losing region, the share of mobile natives who become skilled is
greater than the corresponding share of immobile natives, simply because the skill premium in the winning region exceeds the one at home. This ‘overrepresentation’of skilled
workers among the mobile population then translates into a relatively higher migration
rate of skilled individuals compared to unskilled ones. This outcome is in line with international migration data, which shows that in most countries the migration rates of
high-skilled workers are higher than the corresponding rates of less skilled individuals.17

6.2

Land as Production Factor in the Agricultural Sector

Finally, we brie‡y discuss how introducing land as a second input in the agricultural
sector a¤ects our results. Assume that land and unskilled labour are substitutes in
agricultural production. To get a grasp of the implications of this extension, consider …rst
an agglomeration equilibrium of type 1 in which labour market integration increases total
human capital. Then, if mobility is su¢ ciently high, unskilled workers become scarcer
in both regions and their wages rise. Consequently, most unskilled workers bene…t from
integration along with skilled workers in the winning region. Only some of those unskilled
workers in the losing region who would have become skilled under non-integrated labour
markets lose out, as do the skilled workers in the losing region. Also, the rise in unskilled
wages curbs the increase in total human capital. If mobility is rather low, matters are
more complicated. Then, it is possible that labour market integration raises the number
of unskilled workers and lowers unskilled wages in the losing region, as fewer natives
become skilled.
If total human capital declines in response to integration, which is certainly the case
in an agglomeration equilibrium of type 2 or 3, then our previous arguments can be
reversed. As unskilled labour tends to be more abundant, unskilled wages are likely to
fall, and the unskilled workers join the ranks of those who lose out from integration.
17

For empirical evidence, see, e.g., Docquier and Marfouk (2006). They establish the emigration rates
of low-, medium- and high-skilled individuals for a wide range of countries. In 2000, for instance, the
emigration rates of high skilled natives exceed those of the other skill groups in 38 out of 44 analysed
European countries.
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7

Concluding Remarks

In the era of globalisation, it has become increasingly important to assess the consequences of economic integration. In this paper, we have focused on the impact of labour
market integration on human capital formation and wage income. We have shown that
integration and the ensuing agglomeration give rise to a complex picture. Whether labour
market integration generates overall bene…ts and fosters human capital accumulation at
the aggregate level depends very much on circumstances such as the costs of congestion
and the mobility of the population. The political prospects of …ne-tuning labour market integration might be limited. For instance, even if political decisions could a¤ect
mobility, it would be far from clear what degree of mobility would be optimal. Low, intermediate or high mobility levels could maximise the total net skill premium, depending
on the strength of the agglomeration and congestion e¤ects. This ambiguity cautions
against simple conclusions and policy recommendations.

Appendix A
Proof of Proposition 1:
Let us de…ne the excess inverse demand for skilled labour in region i as (Hi ) :=
B(Hi ) eHi , which is a continuous function. In equilibrium, (Hi ) = 0 must hold.
As (0) = B(0) = A(0) w C(0) > 0 (recall that A(0) > w and C(0) = 0) and
(1) = B(1) e < 0 (recall that B(H max ) < e), there exists at least one Hi 2 (0; 1)
such that (Hi ) = 0 and 0 (Hi ) = B 0 (Hi ) e < 0. This follows from the intermediate
value theorem. Moreover, this equilibrium value is unique, since 00 (Hi ) = B 00 (Hi ) =
A00 (Hi ) C 00 (Hi ) < 0 (recall that A00 (Hi ) 0 and C 00 (Hi ) > 0) and thus (Hi ) < 0 for
all Hi > Hi . See …gure 1a. (This equilibrium is also stable.)
Proof of Proposition 2:
Step 1 (labour market equilibrium): Let us now de…ne the excess inverse demand
functions for skilled labour in regions 1 and 2 as 1 (H1 ) := B(H1 ) [e= (1 + m )] H1
and 2 (H2 ) := B(H2 ) [e= (1 m )] H2 , which are continuous functions. For any given
e 1 (m; ) such that 1 (H
e 1 (m; )) = 0, and a unique
bundle (m; ), there exists a unique H
e 2 (m; ) such that 2 (H
e 2 (m; )) = 0. This follows from applying the line of reasoning
H
e 1 (m; ) and H
e 2 (m; ), the
in the proof of proposition 1 with minor amendments. For H
labour markets in the two regions are cleared. Denote the corresponding skill premia
e 1 (m; )) and pe2 (m; ) = B(H
e 2 (m; )), and the corresponding interby pe1 (m; ) = B(H
regional premium di¤erential by pe (m; ) := pe1 (m; ) pe2 (m; ).
e 1 (m; )) =
Step 2 (implication of agglomeration for human capital): Note that 1 (H
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e 1 (m; )) = 0 imply that dH
e 1 =dm > 0 and dH
e 2 =dm < 0. Furthermore,
0 and 2 (H
e 1 =dm > 0 and
e 1 (0; ) = H
e 2 (0; ) = Hi . This relationship and the derivatives dH
H
e 1 (m; ) for all m 2 (0; 1].
e 2 =dm < 0 imply that H
e 2 (m; ) < Hi < H
dH
Step 3 (implication of agglomeration for skill premia): Note that pe1 (0; ) = pe2 (0; ) =
e2
H
e 1 (m; ) Q H max , and de
e 1 ) dHe1 R 0 , H
p2 =dm = B 0 (H2 ) ddm
< 0.
p1 =dm = B 0 (H
wi , de
dm
These relationships have two implications: First, pe2 (m; ) < pi for all m 2 (0; 1]. Second, either (a) pe1 (m; ) > pi for all m 2 (0; 1] or (b) pe1 (m; ) R pi , m Q m.
b In the
crit
latter case, there might exist a migration level m
2 (m;
b 1] such that pe2 (mcrit ; ) =
pe1 (mcrit ; ).
Step 4 (agglomeration equilibria): In an agglomeration equilibrium, either (a) m =
1 and pe (1; ) 0 or (b) m < 1 and pe (m ; ) = 0. Let us combine these equilibrium
conditions with the results of the steps 1, 2, and 3. Then, only three di¤erent types of
agglomeration equilibria can emerge:
e 1 (1; ) and
e 2 (1; ) < Hi < H1 = H
First, if pe1 (1; ) > wi , then m = 1, H2 = H
p2 = pe2 (1; ) < pi < p1 = pe1 (1; ) constitute an agglomeration equilibrium of type 1.
e 2 (1; ) < Hi < H1 =
Second, if pe2 (1; ) < pe1 (1; ) pi , then m = 1, H2 = H
e 1 (1; ) and p2 = pe2 (1; ) < p1 = pe1 (1; ) pi constitute an agglomeration equilibH
rium of type 2. In this case, m
b 1.
crit
Third, if pe2 (m ; ) = pe1 (mcrit ; ) for some mcrit 2 (m;
b 1], then m = mcrit , H2 =
e 2 (mcrit ; ) < Hi < H1 = H
e 1 (mcrit ; ) and p2 = pe2 (mcrit ; ) = p1 = pe1 (mcrit ; ) <
H
pi constitute an agglomeration equilibrium of type 3.
In section 5, we show examples of agglomeration equilibria of type 1 and 2. An
agglomeration equilibrium of type 3 will emerge if the increasing part of the B(H)function is very ‡at, the decreasing part is very steep, and each region’s number of
skilled workers in the case of non-integrated markets is already close to H max .
Proof of Proposition 3:
In the proof of proposition 2, step 3, we show that either (a) pe1 (m; ) > pi for all
m 2 (0; 1] or (b) pe1 (m; ) R pi , m Q m,
b with m
b < 1. (See proof of proposition 2 for
all de…nitions.) Applying the same line of reasoning leads to either (aa) pe1 (1; ) > pi
for all 2 (0; 1) or (bb) pe1 (1; ) R pi , Q b.
(i) Weak congestion pattern: Consider the case (aa) pe1 (1; ) > pi for all 2 (0; 1).
e 2 (1; ) < Hi < H1 = H
e 1 (1; ), and p2 = pe2 (1; ) <
In this scenario, m = 1, H2 = H
pi < p1 = pe1 (1; ) constitute an agglomeration equilibrium of type 1 for all 2 (0; 1)
(cf. proposition 2). There is only one agglomeration equilibrium of type 1 because
m = 1 yields unique levels of H1 , H2 , p1 , and p2 for any given . Moreover, if
pe1 (1; ) > pi , then, too, pe1 (m; ) > pi for all m 2 (0; 1). That is, pe1 (m; ) pi is not
possible, and thus any agglomeration equilibrium of type 2 or 3 is excluded.
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The case (aa) certainly prevails for = 0. Then, B(Hi ) > B(Hi ) for all Hi > Hi
e 1 (1; )) = pe1 (1; ) > pi = B(Hi ) for all 2 (0; 1).
e 1 (1; ) > Hi , B(H
and thus, as H
Using continuity arguments, we can conclude that the case (aa) also emerges for values
of su¢ ciently close to zero. This guarantees the existence of a threshold level .
(ii) Strong congestion pattern: Consider the case (bb) pe1 (1; ) R pi , Q b. As
pe1 (1; ) > pi for all 2 (0; b), we can again apply the arguments of part (i), yielding
that a single agglomeration equilibrium of type 1, and none of type 2 or 3, exists for
2 (0; b). However, as pe1 (1; ) pi for all 2 [b; 1), no agglomeration equilibrium of
type 1 can exist for any 2 [b; 1). There remain two possibilities.
First, pe1 (1; ) > pe2 (1; ) holds for all 2 [b; 1). In this case, m = 1, H2 =
e 2 (1; ) < H < H = H
e 1 (1; ), and p = pe2 (1; ) < p = pe1 (1; ) p constitute an
H
i
1
2
1
i
agglomeration equilibrium of type 2 (cf. proposition 2). There is only one agglomeration
equilibrium of type 2 because m = 1 yields again unique levels of H1 , H2 , p1 , and
p2 for any given .
Second, pe1 (mcrit ; ) = pe2 (mcrit ; ) holds for some mcrit 2 (m;
b 1] and 2 [b; 1) (see
proof of proposition 2 for de…nitions). In this case, the corresponding m = mcrit ,
e 2 (mcrit ; ) < Hi < H1 = H
e 1 (mcrit ; ), and p2 = pe2 (mcrit ; ) = p1 =
H2 = H
pe1 (mcrit ; ) < pi constitute an agglomeration equilibrium of type 3 (cf. proposition 2).
As mcrit is not necessarily uniquely determined in this case, multiple equilibria of type
3 can exist, and they can co-exist with an agglomeration equilibrium of type 2.
Finally, we prove the existence of a threshold . If = max , then B(Hi ) < B(Hi )
for all Hi > Hi , as Hi = H max for = max (see section 3 and footnote 4). Thus, as
e 1 (1; )) = pe1 (1; ) < p = B(H ) for all 2 (0; 1). By
e 1 (1; ) > H = H max , B(H
H
i
i
i
max
de…nition of
(see section 3 and footnote 4), and due to continuity arguments, the
following will be true if is su¢ ciently close to max : there exists a threshold level b
such that (i) pe1 (1; ) pi is now satis…ed for 2 (0; b] and (ii) pe1 (1; ) < pi still holds
for 2 (b; 1). That is, the case (bb) exists for values of that are su¢ ciently close to
max
, guaranteeing the existence of a threshold level .
Proof of Proposition 4:
To prove proposition 4, we only have to show that no agglomeration equilibrium of
type 3 exists. The other conclusions of proposition 4 follow directly from proposition 3.
Recall that the inter-regional premium di¤erential pe (m; ) is positive for su¢ ciently
small m. Thus, if there exists an agglomeration equilibrium of type 3, where pe (mcrit ; )
= 0, then d [ pe (mcrit ; )] =dm = de
p1 (mcrit ; ) =dm de
p2 (mcrit ; ) =dm 0 must hold for
at least one mcrit . Consequently, if we can show that de
p1 (m; ) =dm < de
p2 (m; ) =dm
for all m such that pe1 (m; ) = pe2 (m; ), then an agglomeration equilibrium of type 3 is
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impossible:
dp2
dH1
dH2
, B 0 (H1 )
< B 0 (H2 )
dm
dm
dm
"(H1 )
"(H2 )
,
B(H1 ) <
B(H2 )
(1 + m ) [1 "(H1 )]
(1 m ) [1 "(H2 )]
dp1
<
dm

,

B 0 (H1 )B(H1 )

B 0 (H2 )B(H2 ) <

B 0 (H1 )B(H1 )"(H2 )

(22)

B 0 (H2 )B(H2 )"(H1 ),

where B 0 (Hi ) = A0 (Hi ) C 0 (Hi ) and "(Hi ) = B 0 (Hi )Hi =B(Hi ). To rearrange the inequalities, we have used the comparative statics results
1
"(H1 ) B(H1 )
dH2
1
"(H2 ) B(H2 )
dH1
and
,
=
=
0
dm
(1 + m ) [1 "(H1 )] B (H1 )
dm
(1 m ) [1 "(H2 )] B 0 (H2 )

(23)

which follow from 1 (H1 (m; )) = 0 and 2 (H2 (m; )) = 0 (see proof of proposition 2).
Also, 1 (H1 (m; )) = 0 and 2 (H2 (m; )) = 0 have been used to derive the third line of
(22).
In the case of a symmetric B(H)-function, p1 = B(H1 ) = B(H2 ) = p2 implies that
B 0 (H1 ) = B 0 (H2 ). Thus, the left-hand side of the third line of (22) is zero. In contrast,
the right-hand side is positive, since B(Hi ) > 0, B 0 (H1 ) < 0, "(H2 ) > 0, B 0 (H2 ) > 0,
and "(H1 ) < 0. Thus, inequality (22) is ful…lled, and an agglomeration equilibrium of
type 3 is impossible.
Proof of Lemma 1:
The total net skill premium is given by
e
H2 +
2(1 + m ) 1
1
1
=
B(H1 )H1 + B(H2 )H2 =
2
2

N P1+2 =

p 1 H1

p 2 H2
1
P1+2 ,
2

e
2(1

m )

H22
(24)

where we used the equilibrium conditions B(H1 ) = eH1 =(1+m ) and B(H2 ) = eH2 =(1
m ) (see (9) and (10)).
Proof of Proposition 5:
As N Pi = (1=2)Pi (see lemma 1), we can phrase the proof in terms of the total skill
premium Pi instead of the total net skill premium N Pi .
Part (a): Assume that an agglomeration equilibrium of type 1 materialises, i.e.,
m = 1.
(i) First, we show that H1+2 > H1+2 is possible. To this end, we consider the
boundary case where B(Hi ) = A(Hi ) [w + C(Hi )] = d + Hi for H 2 H; H , H <
H2 , H > H1 , and e > d + 2 (see …gure 4a). Then, H1+2 = 2d= (e
), H1 =
) d] = [e (1
) ], implying that H1+2 >
[(1 + ) d] = [e (1 + ) ], and H2 = [(1
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H1+2 , 2 e > 0. Finally, we can slightly manipulate A(Hi ) or C(Hi ) such that B(Hi )
is strictly concave and still yields H1+2 > H1+2 .
Second, we show that H1+2 H1+2 ) P1+2 > P1+2 . Note that
(p1 )2
(p2 )2
P1+2 = (1 + )
+ (1
)
e
e
2
2
p p
e
2
2 (p1 )
2 (p2 )
> (1 + )
+ (1
)
+ (1 + ) (1
) 1 2 =
H1+2
2e
2e
e
2
, (p1
p2 )2 > 0
(25)
h
i
h
i
2
2
Thus, P1+2 > e H1+2
=2. We also know that H1+2
H1+2 , e H1+2
=2
h
h
i
i
2
2
=2 = 2 (pi )2 =e = P1+2 . To sum up, P1+2 > e H1+2
=2 and, if H1+2
e H1+2
h
i
2
H1+2 , e H1+2
=2 P1+2 . Hence, H1+2 H1+2 ) P1+2 > P1+2 .
(iii) First, the logical relationship H1+2
H1+2 ) P1+2 > P1+2 implies P1+2
P1+2 ) H1+2 < H1+2 . Second, we show that P1+2 < P1+2 is possible. Comparing
equilibrium values yields p1 > pi > p2 . Thus we can write p1 = pi + " and p2 =
, with " > 0 and 0 < < pi . By choosing the components A(Hi ) and C(Hi )
pi
of B(Hi ) appropriately, " can be in…nitesimally small. Moreover, H1 > (1 + )Hi ,
)Hi follow from (6), (9), and (10). Thus,
lim H1 = (1 + )Hi and H2 < (1
"!0

lim p1 H1 = (1 + ) pi Hi and p2 H2 < (1
"!0

) (pi

)Hi , implying that limP1+2 <
"!0

) Hi < 2pi Hi = P1+2 .
2pi Hi (1
(ii) By choosing the components A(Hi ) and C(Hi ) of B(Hi ) appropriately, we have
P1+2 = P1+2 , implying that H1+2 < H1+2 . But then, we can slightly manipulate A(Hi ) or
C(Hi ) such that p1 new = p1 + (with an in…nitesimally small ), P1+2new > P1+2 = P1+2 ,
and still H1+2new < H1+2 .
Part (b): Assume that an agglomeration equilibrium of type 2 or 3 materialises.
pi (see proposition 2 (ii) and (iii)). Hence, S2 < S2 and
Then, p2 < pi and p1
S1
S1 , implying H1+2 < H1+2 . Since both skill premia and total human capital
decline after integration, P1+2 P1+2 must hold.
Proof of Proposition 6:
(i) As N P1+2 = (1=2)P1+2 (see lemma 1), we can phrase the proof in terms of the
total skill premium P1+2 instead of the total net skill premium N P1+2 . As p1 > pi ,
we can write p1 = pi + ", " > 0. Jointly with H1 > (1 + )Hi , this leads to P1+2 >
(1 + ) (pi + ") Hi . Also, (1 + ) (pi + ") Hi > 2pi Hi , > (pi ") = (pi + "). As
P1+2 = 2pi Hi and (pi ") = (pi + ") < 1, we can conclude that for all " > 0, 9 < 1 :
P1+2 > P1+2 for all
.
(ii) The second part can be proved by ‘reversing’the arguments of part (i). Moreover,
note that H1+2 < H1+2 and N P1+2 < N P1+2 must certainly be true if 2 [b; 1), i.e., if
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an agglomeration equilibrium of type 2 or 3 materialises (see proposition 3 (ii)). Due to
continuity, H1+2 < H1+2 and N P1+2 < N P1+2 must then also hold for some which is
slightly smaller than b. Thus, < b.

Proof of Proposition 7:
Recall that for su¢ ciently small , an agglomeration equilibrium of type 1 materialises
(see proposition 3). Using this result, N P1+2 ( ) can be expressed as a function of . Also,
N P1+2 (0) = N P1+2 holds in the (hypothetical) case of = 0. As a consequence, if we
can prove that either (i) dN P1+2 ( )=d =0 < 0 or (ii) dN P1+2 ( )=d =0 = 0 and
d2 N P1+2 ( )=d 2 =0 < 0, then N P1+2 ( ) < N P1+2 for su¢ ciently small . After some
rearrangements, we …nd that dN P1+2 ( )=d Q 0 if and only if
[B(H1 )]2

0
B(H1 ) + B 0 (H1 )H1
2 B(H2 ) + B (H2 )H2
Q
[B(H
)]
.
2
B(H1 ) B 0 (H1 )H1
B(H2 ) B 0 (H2 )H2

(26)

Let us denote the term on the left-hand side by (H1 ( )) and the term on the right-hand
side by (H2 ( )). For = 0, (H1 ( )) = (H2 ( )) because H1 ( ) = H2 ( ). Thus,
dN P1+2 ( )=d =0 = 0. Consequently, we have to prove that d2 N P1+2 ( )=d2 =0 < 0.
It turns out that d2 N P1+2 ( )=d2 =0 < 0 if and only if
d (H1 )
dH1
, [2 + "(Hi )] [1

=0

<0,

"(Hi )] <

d (Hi )
<0
dHi
B 00 (Hi )Hi
=:
B 0 (Hi )

(Hi ),

(27)

where we made use of H1 (0) = Hi and "(Hi ) = B 0 (Hi )Hi =B(Hi ). The …nal inequality
(27) is the condition in proposition 7. This condition ensures that a critical value crit
exists such that N P1+2 ( ) < N P1+2 for 2 (0; crit ). From proposition 5, part (a.iii), it
follows then that H1+2 ( ) < H1+2 for 2 (0; crit ).
Proof of Proposition 8:
First, consider an agglomeration equilibrium of type 1 or 2 (i.e., m = 1 and p1 >
p2 ). The maximum number of unskilled migrants N equals the number of mobile natives
M = (e
of region 2, , minus the number of skilled migrants, M , i.e., N =
p1 )=e, where we used M = p1 =e. Using N = (e p1 )=e, M = p1 =e and S2 =
[ p1 + (1
) p2 ] =e yields M=S2 > N = (1 S2 ) , p1 > p2 . This proves the …rst part of
proposition 8, since p1 > p2 is obviously satis…ed.
Next, consider an agglomeration equilibrium of type 3 (i.e., m < 1 and p1 =
p2 ). Under the assumption that vacant unskilled positions are …rst …lled with natives and then with potential immigrants, the number of unskilled immigrants who
work in the industrial sector of the winning region is given by N = H1 (1 S1 ) =
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[ (1 + m ) p + p e] =e (i.e., demand for unskilled workers in region 1 minus domestic
supply), where we used H1 = (1 + m ) p1 =e and S1 = p1 =e. Using the expressions for
N , H1 and S1 as well as S2 = p2 =e leads to M=S2 > N = (1 S2 ) , e > (1 + ) p2 . The
latter inequality is ful…lled in the case of an ‘interior’equilibrium (i.e., an equilibrium in
which some unskilled individuals still work in the agricultural sector). In this case, the
overall supply of unskilled workers has to exceed the total demand for unskilled workers
in the industrial sector; that is, 2 S1 S2 > H1+2 = (S1 + S2 ) or, equivalently,
e > (1 + ) p2 . This proves the second part of proposition 8.

Appendix B
As argued in section 4.4, the equilibrium in the case of non-integrated markets is also an
equilibrium in the case of integrated markets in addition to the agglomeration equilibria
(and at least one agglomeration equilibrium exists, as proposition 2 states). The following
lemma considers the stability of these equilibria. More precisely, we consider a distortion
of the equilibrium migration m and analyse the stability of the equilibrium for given
numbers of mobile and immobile skilled workers.
Lemma 2 (i) With integrated labour markets, a non-agglomeration equilibrium with
m = 0 and H1 = H2 = Hi exists but is unstable. (ii) An agglomeration equilibrium
of type 1 or 2, if it exists, is locally stable. Similarly, at least one equilibrium of type 3,
if it exists and none of type 2, is locally stable.
Proof of Lemma 2:
(i) The equilibrium conditions are ful…lled for m = 0, p2 = pe2 (0; ) = p1 =
e 2 (0; ) = H1 = H
e 1 (0; ) = Hi (in particular, the equipe1 (0; ) = pi and H2 = H
librium conditions m < 1 and pe (m ; ) = 0; see proof of proposition 2 for all
de…nitions). However, an equilibrium is locally stable if and only if either (a) m = 1
and pe (m ; ) > 0 or (b) m < 1 and d [ pe (m ; )] =dm < 0. As d [ pe (0; )] =dm =
de
p1 (0; ) =dm de
p2 (0; ) =dm > 0, the non-agglomeration equilibrium is unstable.
(ii) If an agglomeration equilibrium of type 1 or 2 materialises, then the stability
conditions m = 1 and pe (m ; ) > 0 are ful…lled. These types of equilibrium are
locally stable. Next, assume that at least one agglomeration equilibrium of type 3, and
none of type 2, exists. (Recall that an agglomeration equilibrium of type 1 can never
co-exist with an equilibrium of type 3, as proposition 3 implies.) Then, pe (1; ) < 0
and, as pe (m; ) > 0 for su¢ ciently small m, at least one critical value mcrit exists such
that pe2 (mcrit ; ) = pe1 (mcrit ; ) and d [ pe (mcrit ; )] =dm < 0. In this case, there is at
least one locally stable agglomeration equilibrium of type 3 with m = mcrit .
37

Jena Economic Research Papers 2014 - 020

References
[1] Baldwin, Richard, Rikard Forslid, Philippe Martin, Gianmarco Ottaviano and Frederic Robert-Nicoud (2003): Economic Geography and Public Policy, Princeton University Press, Princeton.
[2] Beine, Michel, Frédéric Docquier and Hillel Rapoport (2001): "Brain Drain and
Economic Growth: Theory and Evidence", Journal of Development Economics 64,
275-289.
[3] Coniglio, Nicola D. and Francesco Prota (2008): "Human Capital Accumulation and
Migration in a Peripheral EU Region: The Case of Basilicata", Papers in Regional
Science 87, 77-95.
[4] Docquier, Frédéric and Abdeslam Marfouk (2006): "International Migration by
Educational Attainment (1990-2000) - Release 1.1", in: Caglar Ozden and Maurice Schi¤ (eds): International Migration, Remittances and Development, Palgrave
Macmillan: New York, 151-199.
[5] Dustmann, Christian, Francesca, Fabbri and Ian Preston (2005): "The Impact of
Immigration on the British Labour Market", Economic Journal 115, F324-F341.
[6] Eggert, Wolfgang, Tim Krieger and Volker Meier (2010): "Education, Unemployment and Migration", Journal of Public Economics 94, 354-362.
[7] Ehrenberg, Ronald G. and Robert S. Smith (1994): Modern Labor Economics:
Theory and Public Policy, Harper Collins: New York.
[8] Fershtman, Chaim, Kavin M. Murphy and Yoram Weiss (1996): "Social Status,
Education, and Growth", Journal of Political Economy 104, 108-132.
[9] Forslid, Rikard and Gianmarco Ottaviano (2003): "An Analytically Solvable CorePeriphery Model", Journal of Economic Geography 3, 229-240.
[10] Friedberg, Rachel M. (2001): "The Impact of Mass Migration on the Israeli Labor
Market", Quarterly Journal of Economics 116, 1373-1408.
[11] Gallo, Fredrik (2010): "Resisting Economic Integration when Industry Location is
Uncertain", European Economic Review 54, 467-482.
[12] Glaeser, Edward L. and David C. Maré (2001): "Cities and Skills", Journal of Labor
Economics 19, 316-342.

38

Jena Economic Research Papers 2014 - 020

[13] Grossmann, Volker and David Stadelmann (2011): "Does International Mobility of
High-Skilled Workers Aggravate Between-Country Inequality?", Journal of Development Economics 95, 88-94.
[14] Grossmann, Volker and David Stadelmann (2013): "Wage E¤ects of High-skilled
Migration: International Evidence", World Bank Economic Review 27, 297-319.
[15] Hamermesh, S. Daniel (1993): Labor Demand, Princeton University Press: Princeton.
[16] Krugman, Paul (1991): "Increasing Returns and Economic Geography", Journal of
Political Economy 99, 483-499.
[17] Miyagiwa, Kaz (1991): "Scale Economics in Education and the Brain Drain Problem", International Economic Review 32, 743-759.
[18] Mountford, Andrew (1997): "Can a Brain Drain be Good for Growth in the Source
Economy?", Journal of Development Economics 53, 287-303.
[19] Mountford, Andrew and Hillel Rapoport (2011): "The Brain Drain and the World
Distribution of Income", Journal of Development Economics 95, 4-17.
[20] P‡üger, Michael and Jens Südekum (2008): "Integration, Agglomeration and Welfare", Journal of Urban Economics 63, 544-566.
[21] Stark, Oded, Christian Helmenstein and Alexia Prskawetz (1998): "Human Capital
Depletion, Human Capital Formation, and Migration: A Blessing or a ’Curse’?",
Economics Letters 60, 363-367.
[22] Tabuchi, Takatoshi (1998): "Urban Agglomeration and Dispersion: A Synthesis of
Alonso and Krugman", Journal of Urban Economics 44, 333-351.
[23] Uebelmesser, Silke (2006): "To Go or not to Go: Emigration from Germany",
German Economic Review 7, 211-231.

39

