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Abstract
In many countries the difference in labor market performance for skilled and
unskilled workers has increased over the past decades. While an extended
literature exists on the employment effects of trade, less is known about the effects
of factor mobility. Based on the “labor market flow approach”, we develop a
model of persistent structural unemployment for skilled and unskilled workers.
Within this model the effects of capital mobility and migration are analyzed. Given
that real and human capital are complements we find that skilled and unskilled
worker will both gain from capital inflows. Within each labor market segment, the
effects of labor inflows is always negative. The cross effects of labor infows,
however, are non-symmetrical: On the one hand, an inflow of unskilled labor
negatively affects the unskilled segment, but will not affect the unemployment rate
of skilled workers. On the other hand, an inflow of skilled labor will always
negatively affect the unemployment rate in both segments of the labor market. If
policy makers would like to avoid these effect, the number of unskilled must
simultaneously be decreased, the rate of internal real capital accumulation must
be increased or real and human capital must be imported as a bundle.
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I. Introduction

The effects of international integration to labor markets are discussed in various
dimensions. In the recent wage inequality debate increasing globalization is
considered as an important factor. Hence a number of contributions analyze the
effects of international integration and trade liberalization on labor market
performance. One important proposition in this debate is a negative impact from
trade liberalization on unskilled labor. Wood (1998) concludes “... I review and
1

2

reappraise the evidence, suggesting that most of it is, in fact, consistent with the
hypothesis that the main cause of the rise in labor market inequalities is
globalization.” [Wood (1998, p. 1468)]. While the majority of authors focus on

trade, the impact of globalization on domestic labor markets goes well beyond its
linkage with trade. A second channel is opened through factor mobility. Factor
mobility also has been increasing substantially. Between the early 1960s and 2000
world trade increased by a factor of about 50. In the same period only FDI as a
small fraction of total capital mobility expanded by a similar factor. Even
migration of labor rose by a factor of 1.6 in the period 1965 to 1990. While trade
in goods and services affects labor markets more indirectly, migration and capital
mobility directly affect factor markets and relative factor prices. Therefore, both
capital mobility and labor migration must be expected to play a major role for
labor markets.
In the public debate, labor immigration is often suspected of exacerbating labor
3

4

5

6

While increasing wage inequality is an important problem in the US [see e.g. OECD (1997), Gottschalk/
Smeeding (1997), Murphy/Topel (1997)], in many European economies high unemployment rates
especially among low skilled workers are at the centre of the debate. In fact different segments of the
labor market show a highly different development. In Europe, the probability of unemployment has
increased far more for low skilled labor than for high skilled workers.

1

The main focus of these studies is the contribution of trade to the observed increase in the wage gap
between skilled and unskilled labor. See e.g. Wood (1994, 1995, 1997, 1998, 2002), Sachs/Shatz (1996),
Pizer (2000), Krugman (2000) or Glazer/Ranjan (2003).

2

See WTO (2005).

3

UNCTAD (2005).

4

Stalker (2000), table 1.1, p7.

5

Borjas/Freeman/Katz (1996) conclude: “Our factor proportions estimates of the effect of migration and
trade show that immigration contributed more to the decline in relative earnings of high school drop outs
than trade.” Borjas/Freeman/Katz (1996) p.246.

6
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market problems. Immigrants are blamed for displacing domestic workers. While
there is little controversy about the effect of immigration on the own labor market
segment, the debate about cross effects is still open. Will an inflow of skilled
workers reduce or raise the unemployment rate among unskilled workers? Does
immigration of unskilled workers worsen unemployment among skilled workers as
well?
A similar ambiguity arises with respect to capital markets. Does capital market
integration affect the unemployment rate of the skilled or unskilled, or both?
Generally, one would expect that inflowing capital and FDI will have a positive
effect on employment. However, even if this optimistic view might be appropriate
for the aggregate, it is far from clear whether all segments of the labor market will
gain equally. What happens if the inflowing capital only matches with skilled
labor? Will there still be a positive effect on unskilled labor? As Hanson* (1995)
points out, “... the possibility must be considered that international labor market, ...,
operated in such a way as to match machinery and equipment with skill, not only
with the least expensive labor that could be found.” [Hanson II (1995 p.156)].
Although there are several contributions to the discussion of employment effects of
capital mobility with respect to FDI7 and outsourcing8, up to now no consensus has
been reached about the structural effects on different labor market segments.
Further, looking at the rather specific factor relations in real production processes,
cross employment effects of inflowing labor and capital are not really understood
for both labor market segments.
While most of the contributions of the debate above focus on the empirical side
and/or specific phenomena e.g. FDI, the idea of this paper is to systematically
analyze the unemployment effects of international factor mobility on different
segments of the labor market in a more general theoretical approach. The model
attempts to pay particular attention to specific labor market conditions. As pointed
out by the OECD: “...The net outcome on employment depends on the nature of
technological advance, the degree of substitution between inputs, the degree of
labor market flexibility and mechanisms of upgrading labor skills, and the role of
institutions... The failure of equilibrating mechanisms to work adequately can be

traced to skill mismatches, labor market rigidities, and to problems in the

See e.g. Koizumi/Kopecky (1980), Lall (1995), Slaughter/Swagel (1997) or Glass/Saggi (1999), Baldwin/
Venables (1994).

7

See e.g. Feenstra/Hanson (1996), Lawrence (1994) or Slauther (1995).

8
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institutional and regulatory structure of economies.” (OECD (1998 p.49)). To be
able to address the specific problems mentioned by the OECD, like ''mismatch, ...
rigidities and institutional problems”, we take the matching approach to labor
markets as a starting point.9 Using the matching approach it is possible to address
information and transaction cost as well as the institutional framework. Therefore,
this approach is more flexible than the basic neoclassical labor market model,
which is included as a special case.
The model explicitly distinguishes between different skill groups, termed skilled
and unskilled workers. In addition, a third factor of production is real capital,
which embodies production technology. As pointed out in an OECD (1998) survey,
these three factors are employed in a rather specific combination. In the model, the
stylized characteristics of factor relations are captured by a nested CES production
function for the final good. For this factor relations equilibrium unemployment is
determined.
After deriving the long-term unemployment equilibrium for each segment of the
labor market, international factor mobility is introduced and the effects of capital
and labor inflows on relative factor prices and employment rates are analyzed. The
main findings of the analysis are:
1) Skilled and unskilled labor will always gain/lose from capital inflows/
outflows. Due to the capital skill complementarity assumption applied in the
model, an inflow of real capital will increase the real capital stock and in turn
increase employment opportunities. Moreover, since interest rates are costs in the
firms' investments in recruitment, lower interest rates will raise search efforts in
both labor market segments. Higher investments in personnel search activities
increase the probability of finding an appropriate worker for a vacancy. With a rise
in the speed of filling vacancies unemployment rates will decrease.
2) Inflows of any kind of labor will always adversely affect the own labor
market segment. Migration generally increases the labor supply and, with constant
investments in personnel search activities, increases unemployment in the affected
labor market segment.
3) The cross effects of immigration are non-symmetrical: (a) The inflow of
unskilled labor has no effect on the skilled labor market segment. The equilibrium
unemployment rate of skilled labor is immune with respect to the immigration of
9

The matching approach to the labor market goes back to Pissarides (1979, 1985, 2000), Mortensen
(1978, 1986, 1989), Diamond/Maskin (1979), Diamond (1982), Howitt (1985) or Blanchard/Diamond
(1992).
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unskilled labor. (b) The inflow of skilled labor will affect unskilled and skilled
segments negatively.
II. The Model

This section introduces an open economy labor market matching model. In a
labor market flow-matching model there is a continuous separation of existing
jobs. Separations plus workforce growth indicate the inflow into the labor market.
Conversely firms offer vacancies for newly created or existing but vacant jobs. The
number of vacancies offered by firms depends on the cost of employment as well
as the cost of job creation or reemployment. The probability of matching a job
profile with a worker's skill and ability profile determines the flow of unemployed
workers out of the labor market into employment. The matching function covers
mismatch as well as rigidities and institutional characteristics. The separation rate
plus the population growth rate minus the job-matching rate results in the net
change in unemployment. If inflow equals outflow the labor market is in a flow
equilibrium, has a constant unemployment rate.
The formal model is developed in three steps. First, the labor market equilibrium
is characterized. In a second step, the optimal search activities of firms are derived.
Finally, factor income and factor accumulation are introduced.
i.e.

A. Labor Market
1. Workers
We consider an economy with a large number of households. The aggregate
labor endowment of households, , is constant. There are two types of workers,
skilled and unskilled. The unskilled workers, , offer unskilled labor services
while the skilled workers, , offer human capital services. The aggregate share of
both types of workers is constant.
At any point in time workers of each type are either employed, or unemployed
and searching for a job. The number of employed and unemployed workers is
denoted and respectively, with
L

Lu

Ls

Nj

Uj

Nj

+U = L,
j

j

j

= u, s .

(1)

2. Matching Problem
Labor market activities are described by search activities of workers, and job
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creation and reemployment activities of firms. The search activity of workers is
indicated by the number of unemployed in each segment of the labor market, u
and s , while job creation and reemployment activities of firms are measured by
the number of vacancies offered for each type of worker, u and s . The number
of successful job matches, j , is a function of search activities and vacancies:
U

U

V

V

M

M

j

=

M

j ( U j, V j ) ,

j

=

(2)

,

u s.

We assume that the matching technology j ( ) is linear homogenous.10 Thus,
the probability to filling a vacancy, , as well as the probability of finding a job, ,
is a function of the
of j to j only. These probabilities are given by
.

M

q

ratio

M

j

----- =
V

j

M

j

----- =
U

where

j

V

M

j ( Uj

⁄ V j, 1 )

M

j ( 1, V j

⁄ Uj )

p

U

=

:

q

( θ j ) , with ∂ q ( θ j ) ⁄ ∂θ j < 0

(3)

=

:

p

( θ j ) , with ∂ p ( θ j ) ⁄ ∂θ j > 0

(4)
(5)

θj ≡ Vj ⁄ Uj

indicates the tightness of labor market segment =
j

.

u,s

3. Wage Rule

Within the discussion of the matching approach the modeLing of a specific
wage setting process is an important aspect. Wages are determined as the outcome
of a bargaining process between firms and workers.11 In this paper we would like
to keep the wage setting process as simple as possible. We propose a simple wage
setting rule and assume that the wage rate, , grows proportionately (with factor
ω) to the marginal productivity of labor, Nj = ∂ ⁄ ∂ j 12
wj

F

10

F

N

There is empirical evidence that the assumption of a linear homogeneous matching function is
reasonable (See Pissarides (2000, p.35) and the references therein, and Petrongolo/Pissarides (2001)).
Nevertheless, Diamond (1982), Howitt (1985), and Mortensen (1989) allow for increasing returns and
obtain more interesting results including multiple equilibria and coordination failures. With respect to
the purpose of this paper the assumption of a linear homogeneous matching function is a better choice.

See e.g. Mortensen (1978), Diamond/Maskin (1979), Diamond (1982), Pissarides (1985, 2000).

11

The functional from of the prooliction function Xj=Fj(...) in inhrodiced below.

12

Employment Effects of International Factor Mobility~
w

345

(6)

= ω F Nj 0 < ω < 1 .

j

As ω gives the share of productivity growth distributed to labor, it may be
understood as the result of the bargaining process mentioned but not modelled
explicitly.

4. Employment and Labor Market Flow Equilibrium
While the standard model of the labor market is static with respect to presently
employed workers, the labor market flow approach more realistically assumes a
permanent process of job separation and job creation or reemployment. For all sort
of reasons, firms lay off workers or workers leave their present job (separation). At
the same time, firms hire new workers who meat the defined job conditions. The
matching function (2) describes the outflow out of labor market = . The inflow
into labor market is given by the number of jobs which are separated at any point
in time. For simplicity, the separation rate, σ , is assumed to be given and constant.
Thus, a change of employment, · j , is
j

u,s

j

j

N

· =
j

N

M

j

– σj Nj =

j

V q

( θj ) – σj

j

N .

The labor market is in a flow equilibrium if inflow equals outflow:
· = 0 ⇔ V q( θ ) = σ N
j
j
j
j j

(7)

N

The equilibrium unemployment rate ν in each segment is determined
exclusively by labor market tightness13
j

1
υj = -----j = 1----------------------------------,
+ θj ( θj ) ⁄ σj
j
L

q

with

υ

--------j < 0 .

d

U

d

(8)

θj

B. Firms
1. General Production Process
We start with a rather generalized description of the production process. The
homogenous good produced by a single, representative firm is denoted . The
production function is a nested CES function with unskilled labor services, L, and
i

13

conect.

i

X
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capital services, K, as upper level inputs
X

i

=

i

i

i

F ( L , K ) : = [ BL ( L )

–γ

+

i

BK ( k )

–γ

]

1
– --

r

(8)

Capital service Ki is produced using real capital K and human capital services,
H . Goldin/Katz (1998) have justified this kind of production function by two
dimensions in the production process: machine maintenance and assembly. In the
first dimension, skilled workers adopt new technologies and ensure that they work
efficiently in the organization. In the second dimension unskilled labor uses the
equipment in a fully preorganized and prepared assembly process.
i

i

2. Specification of Factor Services and Factor Relations

As summarized by the OECD survey (1998), the following three inputs of
production are in rather specific relations:
Unskilled labor: In the model, technological progress is unskilled labor
augmenting, that is, in standardized production processes less skilled labor can be
easily substituted by new technologies.14 As Acemoglu (2000, p.22) states,
“...advances in equipment often appear to substitute machines for tasks previously
performed by unskilled workers.” The labor augmenting effect of technological
progress is captured by defining an unskilled labor service measured in efficiency
units, L ≡ λ Nu , where λ denotes a productivity parameter with a given constant
growth rate λ̂ .
Human capital, real capital and capital services: Human capital input, H , is
measured as the number of skilled workers presently employed (N ) times the per
capita human capital endowment, h: H i ≡ hNis . Thus, in this growth model
productivity growth of high skilled workers is driven by skill accumulation.15 The
technology is embodied in real capital. Investing in real capital equipment is an
investment in the embodied technology of the machine. Additional machines
require skills and human capital for operation and maintenance. Therefore, the
aggregate capital service is “produced” with real capital K and human capital
i

s

i

For example, automation in industry substitutes for low skill labor assembling a product, but not for
engineers or process managers. A new electronic data processing technology in an insurance company
substitutes for low skilled workers carrying and storing physical files . The electronic processing
technology does not substitute for the skilled clerk who uses the files to provide customer services.

14

This depiction of human capital is consistent with findings by e.g. Krueger (1993), DiNardo/Pischke
(1997), or Entorf/Kramarz (1998) that with respect to information technologies the wage premium for
high skilled labor is likely to be a premium for (unobservable) skills.

15
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service H .
The production of capital services K is also described by a CES function:
i

K:
i

i

i

1
– ---

= ( ( K ) + ( H ) ) . Total production specified as
–µ

–µ

µ

1

Ki = BL ( Li ) + β
:

–γ

( ( Ki ) + ( Hi ) )
–µ

K

–µ

γ – -γ
µ

– ---

(9)

is similar to the one used by Acemoglu (2000) or Krusell (2000).
Factor relations in the production process: Referring to the capital-skill

complementarity hypothesis, which traces back to Griliches (1969),16 authors like
Greenwood/Yorukoglu (1997), Krusell(2000) or Goldin/Katz (1998) argue that the
complementarity of capital and skills is higher than the complementarity of
equipment capital and unskilled labor. From a more historical and long-term
perspective, Goldin/Katz (1998) discuss this hypothesis and point out that even at
the beginning of the last century capital-skill complementarity may have been as
high as in recent periods.17 With respect to Information and Communications
Technologies (ICTs) Arnal/Ok/Torres (2001, p. 4) conclude that “... work needs to
be reorganized to use ICT effectively; there is a complementarity between highskilled labor on the one hand, and physical capital and new technology on the
other.”. The overall empirical findings suggest that equipment capital is more
complementary to skilled workers than to unskilled workers [γ < µ]. The theoretical

model has to account for this stylized fact of factor relations. Following Goldin/
Katz (1998) the most simple way to account for this factor relation is to assume a
high capital-skill complementarity [µ=1 (Leontief-technology)], such that

Ki ⁄
Ki ⁄

H
K

i
i

= κH ≡ κ ,
= κK ≡ 1 .

(10)

See also the discussion by Hamermesh (1986, 1993). After discussing a number of empirical studies
Hamermesh summarizes: “Perhaps the most consistent finding is that nonproduction workers
(presumable skilled labor) are less easily substituteable for physical capital than are production workers
(unskilled labor). .... This supports Rosens' (1968) and Griliches' (1969) results on the capital-skill
complementary hypothesis” (Hamermesh (1986) p. 461).

16

Indirect support comes from Berman/Bound/Griliches (1994), Autor/Katz/Krueger (1998) and Machin/
Van Reenen (1998) who suggests that more computerized industries (capital with embodied IT technologies)
have experienced more rapid skill upgrading.

17
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For the relation between capital-skill services and unskilled labor we assume an
elasticity of substitution s between 0 and 1 [0<s ≤ 1 , 0 ≤ γ < 1 ]. Thus, we
include the Cobb-Douglas case of γ=0. Using equation (10), aggregate output can
be expressed as
i.e.

=

X

( u, N s, h, λ ) := β ( λ N u ) γ + β ( κ h Ns )
–

F N

L

hN

s

1
– --

γ

–γ

K

,

(11)

= κ K.

(12)

–1

3. Search and Optimal Vacancies
A core feature of the matching approach is the introduction of information and
transaction costs in labor market activities. A vacancy of kind offered by firm ,
i
j is a newly created job or the reoccupation of a presently vacant job offered on
the market. The creation of a new job as well as the adjustment for re-filling an
existing job absorbs resources. Costs are incurred by offering and filling a vacancy,
such as search and selection costs, bureaucracy and administrative costs, training
costs as well as all kind of other direct and indirect adjustment costs. The cost to
offer a vacancy is measured in units of the final good. Let Vj denote the real value
of resources necessary to offer an additional vacancy of type .
In order to maximize the value of the firm, optimal factor inputs as well as
optimal vacancies have to be determined. The number of vacancies offered by firm
, ij , is the control variable for adjusting employment. Since firms are small and
cannot individually influence the aggregate number of vacancies, θj is taken as
given for the firm. Since Vj denotes the real value of resources necessary to offer
an additional vacancy of type , the reemployment expenditure of firm in market
equals Vj ij The present value of profits then is
j

i

V

c

i

i

V

c

j

c

i

j

V .

πi : =
0

i
∞ –ρ t
∫0 e { F ( N u,

λ, K ) – w u N iu – w s N is – c Vu V iu – c Vs V is – r K i } dt ,

where ρ denotes the firm's discount.18 Since capital-skill complementarity implies
=
s , the maximization problem is
K

khN

max
πi : =
N,V
0

j

i
∞ –ρ t
∫0 e { F ( N u,

j

s.t. N· ij =
N

i
u

V q

i
j(0)

=

( θ j ) – σ j N ij ,
N

i
j, 0 .

λ, h ) – w u N iu – ( w s + r κ h ) N is – c Vu V iu – c Vu V is } dt ,
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From the first order conditions we obtain the conditions for optimal search in the
two market segments:19
F

F

Ns

Nu

– w u – c Vu q ( θ j ) –1 σ u + ρ – c· Vu ⁄ c Vu – v u θ· u ⁄ θ u = 0,

(13a)

– ( w u + r κ h ) – c Vu q ( θ s ) –1 σ u + ρ – c· Vs ⁄ c Vs – v s θ· s ⁄ θ s = 0 .

(13b)

In these first order conditions v is used to denote the elasticity of ( θj )–1 with
respect to θ j . Since N is identical for all firms and the production technology is
linear homogenous in physical labor inputs, the conditions can be used to describe
individual as well as aggregate search activities. This set of conditions determines
the number of vacancies supplied as a function of the workers' marginal
productivity, the wage rate (adjusted for capital costs) and the expenditures
necessary to maintain or further adjust employment. Throughout this model, we
assume that vacancy costs, Vj , are a constant fraction of output
q

j

F

i
j

c

c

=

Vj

j

,

c X

j

= u, s .

(14)

Since the driving forces of output growth are human capital accumulation and
technological progress, equation (14) implies that the cost of offering a vacancy is
positively related to these factors.

B. Factor Income and Accumulation
Determining factor income and accumulation will close the model. We
distinguish between two kinds of income: labor or wage income, YL, earned by
employed labor, and capital income, YK, earned by interest rates on real capital and
profits. Let r be the net user cost of capital, and π profits20. Labor income and
capital income are then defined as
Y

L

≡ wu Lu + ws Ns ,

(15)

K

(16)

Y

= π + rK.

In Appendix 2 we take that in equilibrium the firm's discount rate equals the interest rate r.

18

For details see Appendix 1b.

19

As we have a simple wage rule given by (5), firms can have profits.

20
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In our economy two assets are accumulated: human capital, H21, and real capital, K.
In order to separate domestic human capital investments and domestic or international
real capital investments, we assume that human capital, as a human resource, is
accumulated from labor income, while real capital is taken from capital income.
If h denotes the average human capital endowment per skilled worker, H ≡ s
is the economy's total human capital stock. Total human capital accumulation,
H· ≡ ∂ H ⁄ ∂ is assumed to be a constant fraction τ of labor income YL:
hL

t

H· ≡ ·

h Ls

=

τY

L

(17)

.

Accumulation of real capital, · ≡ · s = τ L , is financed out of real capital
income with the constant savings rate s
K

hL

· =

K

sY

Y

K

(18)

.

In the closed economy all income which is not accumulated in human or real
capital will be spent on consuming the domestic final product. In the open
economy version, we allow for international factor mobility, i.e. savings are
invested in domestic as well as international real capital. If, at the given world
interest rate, domestic capital productivity is higher than international interest
earnings, the gap between domestic savings and the resulting current account
deficit will be financed by international capital inflows · F . In this case, domestic
real capital formation is · = K + · F , and · F > 0 .
K

K

sY

K

K

III. Closed Economy Steady-state Equilibrium
The analysis in sections IV to VI will mainly focus on the steady state behavior
of the model. The steady state reactions basically reflect the long-run behavior of
factor supply and demand. While the level and the structure of physical labor
supply are constant over time (eq. (1)), labor efficiency in production increases due
to technological progress and human capital accumulation. Therefore, the level and
structure of labor supply in efficiency units are determined by the rates of human
21

Please note: H = hLs is the total human capital accumulated in the economy. As we have
unemployment of skilled labor, human capital is not fully used in production. Only the human capital
stock of the employed skilled workers H = hN s is used. Therefore, there is a difference between
H = hLs H and H.
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and real capital accumulation, (17) respectively (18), and the rate of technological
progress λ̂ . The structure of factor demand depends on the characteristics of the
production function (10) and (11), the development of search costs (14), wages (6),
and labor market tightness, (3) and (7).
Since in the production process human and real capital are complementary factors,
the supply of physical capital places restrictions on the employment opportunities
of human capital and vice versa. However, the market for real capital always
clears. Therefore, the demand structure is dominated by real capital supply. The
human capital endowment of skilled, and thus the rate of human capital
accumulation, then determines how many units of skilled workers are necessary to
complement the input of real capital.
The demand for unskilled workers is a function of productivity and cost. How
the productivity of unskilled labor evolves over time depends on the rate of
technological progress and the rate of capital accumulation. The higher the rate of
technological progress, the higher the efficiency of unskilled labor, and the lower
the demand for physical unskilled labor for any given capital demand. Moreover,
the demand for physical unskilled labor will be the higher, the lower the search
costs and wages for the unskilled.
The long run equilibrium for real capital as well as for skilled and unskilled
workers can be described with three equations. These equations are derived in
Appendix 2 and will be denoted the optimal search function for unskilled
( φ u ( … ) = 0 ) , the optimal search function for skilled ( φ s ( … ) = 0 ) , and the
resource accumulation constraint ( Φ ( … ) = 0 ) .
θ

1
c
0 = 1 – ------------ -----------u------u-------- [
1–
+ p(
)

ω σu

≡ φ u ( θ u, θ s, r, … ), φ u

θu σu +
curve:

r

–

λ̂ ]

L

u

search

–

B

for

K

τϖ ( θs )
------ -----------------------λ̂ σs + ( θs )

–γ

p

(19)

p

unskilled

labor

Similarly we derive an optimal search function for skilled workers, φ s ( … )
1
0 = -----------1–

ω

r

c θ
ωτ p ( θ )
κ ------ ---------------s--------- + -----------s-----s-------- [ σ s + r – λ̂ ] L s
λ̂ σs + p ( θs ) σ s + p ( θ s )

≡ φ s ( θ s, r, … ), φ s

curve: search

f o r skilled

∂φ
∂φ s
∂φ
∂φ
> 0, -------s > 0, -------s > 0, -------s > 0
∂θ s
∂
∂ s
∂τ

with -------

r

L

–

= 0

, as22

( θs )
----- -----------------------β K -ωτ
λ̂ σ s + ( θ s )
p

–γ

p

labor

.

(20)
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The third condition, Φ ( … )
restriction:23
0 =

1–

, represents the economy's long-run resource

= 0

ω – -σ-------+--σ------(θ--θ------)
cu

u

p

u

u

σθ
σ
(θ )
c

Lu

s

τκ ω p ( θ s )
(θ )
σ

u u u
– ------------------------ L s – ----- -----------------------s
s + p
s
u + p
s

≡ Φ ( θ , θ , … ), Φ
∂Φ
∂Φ
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∂
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s

u

s

Lu

(21)

constraint

.

Ls

For this system of equations we can apply the implicit function theorem24 and
establish the existence of a unique solution for the endogenous variables θ , θ , and .
Conditions (19), (20) and (21) are represented graphically in Figure 1. 25
Equation (21) implies that for any given level of aggregate search activity there also
exists an inverse relationship between search activities for different types of workers
and thus, an inverse relationship between the employment levels of skilled and
unskilled labor. This inverse relationship results from the long run resource constraint of
the closed economy - the accumulation constraint for different types of capital. The
restriction is binding as long as the economy does not open up to international capital
flows. The optimal search conditions (19) and (20) then determine which of the feasible
search combinations implied by (21) will result in equilibrium. Figure 1 shows that θ ,
and thus the equilibrium unemployment level of the skilled labor, ( θ ) , is
independent of θ . The shape of the φ ( … ) = 0 function therefore reflects that the only
factors restricting the employment of the skilled labor are the accumulation rates and
technological progress, but not the employment level of unskilled workers. On the
contrary, the φ ( … ) = 0 function has a positive slope. Thus, the demand for unskilled
workers will be the higher, the higher the employment level of skilled labor.
u

r̃

s

s

Us

u

s

s

s

IV. Unemployment Effects of International Capital Mobility
Having derived the equilibrium for the closed economy, we now turn to the open
For details see Appendix 3.

22

For details see Appendix 4.

23

For details see Appendix 5.

24

For a discussion of the shape of the graphical representations of (19)-(21) see Appendix 6.
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economy version to answer the question: How does capital mobility affect
unemployment?
To analyze this question we will assume that in the initial situation the country is
relatively low on physical capital, which in turn implies a relatively high real rate
of interest r as compared to the world market rate . If the country opens up to
capital flows the resource constraint represented by the accumulation function (18)
no longer binds. Consequently, equation (21) no longer restricts search activities in
the labor markets. Only the optimal search conditions (19) and (20) now
simultaneously determine the tightness of labor markets θ̃ and θ̃ for the given
world market interest rate .26
r

u

s

r

φ u ( θ u, θ s, r, … )

= 0,

φu

curve: search

∂φ u ⁄ d r
d θs
------------ = -------------------- > 0
∂φ u ⁄ d θ s
d r φu
φ s ( θ u , r, … )

= 0,

φs

unskilled

shift of the φ

curve: search

∂φ s ⁄ d r
d θs
------------ = ------------------- < 0
dr φu
∂φ s ⁄ d θ s

for

for

u -curve:

skilled

shift of the φ

workers,

labor,

u curve:.

Opening for international capital mobility and (in this case) a reduction of
domestic interest rates will shift the search function for unskilled workers
The system now reduces to two equations solving for the endogenous variables θ and θ . Again we can
make use of the implicit function theorem (see Appendix 7) and determine a unique equilibrium for θ̃ u
and θ̃ s . For the reactions see also again Appendix 6.

26
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Figure 2.

Employment effects of international capital inflows

downward and the search function for skilled upward (see Fig. 2). At the new
equilibrium labor market tightness (θ and θ ) will increase. With the change in
labor market tightness unemployment rates (ν and ν ) in both segments of the
labor market decrease (see (8)).
The economic reactions are straightforward. With a decreasing interest rate, r > r ,
inflowing real capital drives up the real capital stock and increases employment
opportunities. First, due to the capital skill complementarity additional human capital and
skilled workers will be employed. Thus, unemployment in the high skill sector of the
labor market decreases. Moreover, an increasing capital stock will increase productivity
and the demand for unskilled workers, too. As a second effect, the decreasing interest
rate will decrease the opportunity costs for personnel search activities. The real interest
rate27 is a component of the opportunity cost of firms when investing into search activities
instead of real capital. Decreasing opportunity costs translate into higher aggregate search
activities for both types of workers and hence will decrease the unemployment rates in
both segments of the labor market. Therefore, capital inflows/outflows positively/
negatively affect the unemployment rate in both segments of the labor market. If high
unemployment is a major political problem an inflow/outflow of international capital and
a decreasing/increasing domestic interest rate will unambiguously generate positive/
negative employment effects in both segments of the labor market.
u

s

u

s

V. Unemployment Effects of Labor Mobility: Unskilled labor
The effects on unemployment of the mobility of unskilled workers are easy to
Which in equilibrium is the firms' discount rate ρ=r see also Appendix 2.
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derive. Again, optimal search conditions (19) and (20) will determine labor market
search equilibrium in both market segments. According to eq. (20) the demand for
skilled workers is not affected by an inflow of unskilled workers28.
θs
d Lu φs
d

--------------- = 0

shift of the φ

s curve.

Hence, the φ curve will not change its position (see Fig. 3). The φ curve on the
other hand will shift upward with inflowing unskilled labor.29
s

u

θu
>0
d Lu φu
d

----------------

shift of the φ

u curve.

As a result, labor market tightness will decrease in the market for unskilled
workers (θ ↓ ) and hence unemployment increases (ν ↑ ). Immigration of unskilled
workers will increase the unemployment rate for the unskilled. The conclusion thus
is that an inflow of unskilled workers will not be matched by a proportionate
increase of vacancies for unskilled workers. Skilled workers, however, are not
affected by the immigration of unskilled workers. The reason for the neutral effect
is the complementarity of real and human capital. Due to the fixed stock of real
capital the demand for human capital is constant and independent of the supply of
unskilled workers.
u

Figure 3.

Employment effects of migration (unskilled)

See Appendix 3 and 6.

28

See Appendix 2.

29

u
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VI. Unemployment Effects of Labor Mobility: Skilled labor
A rather unexpected unambiguous employment effect is obtained when looking
at the migration effects of skilled labor. An inflow of skilled labor will be negative
for both unemployment rates. The idea that immigrating skilled labor may generate
positive effects for the economy and eventually may help to reduce unemployment
is not supported by this approach. After illustrating the mechanics of the model, we
will discuss that this effect is well covered by the economic logic of this approach.
Therefore, we derive the reactions for the two search functions and obtain:30
d

θs
<0
φs

--------------d Ls

shift of the φ

θs
<0
d Ls φu

s curve

shift of the φ

d

---------------

and

u curve.

Since optimal search conditions (19) and (20) determine labor market
equilibrium in both market segments Fig. 4 can illustrate the resulting effects. An
inflow of skilled labor will shift the φ curve downward, while the φ curve is not
affected. In the new equilibrium both θ and θ , decrease and the unemployment
rates in both segments (ν and ν ) increase. Therefore, immigration of skilled
workers will affect both segments of the labor market negatively.
The economics are straight forward. An immigration of qualified workers makes
skilled workers more available, (un)tightness (θ ↓ ) will decrease and the unemployment rate in the skilled labor market segment will increase. Increasing total employment
of skilled workers will increase search expenditures for the skilled, too. These
expenditures are partly offset by decreasing search expenditures for unskilled, leading to
a substitution of skilled against unskilled workers. Hence, the unskilled segment is
negatively affected, too. Further, an inflow of skilled labor does not necessarily mean that
there is an increasing stock of human capital available in the long run labor market
equilibrium. In the long run equilibrium additional skilled labor will be endowed
according to the accumulation decision of human capital. Therefore, the pure process of
immigration of potentially skilled people will change the domestic human capital stock.
s

u

u

u

s

s

s

VII. Policy Implications
The model discussed in the previous sections addresses the effects of
See Appendix 6.
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international factor mobility. The production factors considered as mobile are
capital and skilled as well as unskilled labor. As a major result, the employment
effects of factor mobility were found to be non-symmetric across market segments.
Most of the asymmetric effects are related to the search and matching process.
They also motivate the major policy implications of the model.
In line with the existing literature, capital mobility is generally improving
efficiency due the higher efficiency of capital allocation in internationally
liberalized markets. In this paper we focus on unemployment and labor markets.
Labor market effects of capital mobility are not symmetric. We find different
effects on unemployment for exporting and importing countries. Skilled and
unskilled labor will always gain from capital inflows due to an increase in marginal
productivity. But for the same reason, they are adversely affected by capital
outflows. In addition, the change in capital supply also affects the search behavior
of firms. Since interest rates are costs in the firms' investments in recruitment,
search activities for both types of workers will increase/decrease if interest rates
decrease/increase. According to the model this effect operates in both labor market
segments, even if real and human capital are complements and substitute for
unskilled labor. As an interesting result we therefore find that inflowing capital
does not increase the unemployment rate of the unskilled. Thus, capital importing
countries will benefit twice. However, unemployment rates for both, unskilled and
skilled labor will increase if the country is a capital exporter. Therefore, capital
market liberalization in capital exporting countries should be accompanied by
policies to avoid negative employment effects. According to the model such
policies must either affect the structure, the level of physical labor or the human
capital endowment of skilled workers. For most policies the asymmetry of the
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resulting effects on different labor market segments is the most important problem.
The only policy which undoubtedly positively affects both segments of the labor
market is an increasing efficiency of the matching process. As a result, for a
potentially capital exporting country, capital market integration and liberalization
should go along with labor market reforms which improve the matching process.
This policy could decrease adverse effects of capital market integration on the
unemployment rate. For example, an improved supply and processing of job
related information will increase the efficiency of the matching process. A higher
search and matching efficiency will then increase the returns on search investments
and counteract the negative incentive effect of capital outflows.
Search related external effects are also responsible for asymmetric cross effects
of migration and changes in labor supply. In general, immigration of any kind of labor
will always adversely affect the own labor market segment. This adverse supply effect is
straightforward. In addition, cross effects also exist. The cross effects of immigration are
non-symmetrical. Due to a joint effect on search activities, an increasing number of
skilled workers also decreases the incentives for firms to search for unskilled workers.
This negative cross effect is also present if skilled workers migrate internationally. While
the immigration of unskilled workers does not affect the unemployment rate of the
skilled, the converse is not true: immigration of skilled workers will have an adverse
effect on the unemployment rate in both segments of the labor market. The popular idea
that immigrating skilled labor may generate positive effects for the economy and
eventually may help to reduce unemployment is not supported by the model. Further, the
negative effect on the unemployment rate of unskilled workers can be partially offset by
an increase in the rate of educational expenditure [ ∂θu ⁄ ∂τ > 0 ]. However, policies
which simply encourage the immigration of skilled workers will eventually increase the
labor market tightness and unemployment for unskilled workers. To attenuate or reverse
the adverse labor market effect, a complementary import of physical capital is necessary.
Physical capital and skilled workers should be attracted as a bundle.

VIII. Summary and Conclusion
This paper analyzes the employment effects of international factor mobility. The
analysis is based on a labor market matching model with skilled and unskilled
workers. The production technology is assumed to be a nested CES function. Real
capital and human capital - bound to the skilled labor - are complements while the
aggregate capital services and unskilled workers are substitutes. Technological
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progress is pure labor augmenting.
The main findings are: 1. Opening up to capital mobility and international
capital inflows will generally have positive effects on the firms' job offers. Skilled
and unskilled labor will gain from capital inflows: Capital inflows will decrease the
interest rate on capital. Since the interest rate on capital is also the opportunity cost
for investments in search activities, a lower interest rate will lead to an increase in
search efforts in both labor market segments. Higher investments in personnel
search activities will increase the probability of filling vacancies, and therefore
reduce the unemployment rates. 2. For both, skilled and unskilled workers, labor
inflows will adversely affect the own labor market segment: Unskilled/skilled
immigration increases labor supply and - given constant investments for search will increase the unemployment rates within these markets, respectively. 3. The
cross labor market effects of immigration are non symmetric: a) The inflow of
unskilled workers will not affect the labor market of skilled labor. In equilibrium,
skilled workers are immune with respect to the migration of unskilled labor. b) The
inflow of skilled labor will negatively affect both unskilled and skilled workers.
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Appendix
Appendix 1a

Unemployment rate and labor market tightness:

due to linear homogenous matching function (2).

Employment Effects of International Factor Mobility~

363

Appendix 1b

Profits of a representative firm are
i

K

where ρ denotes the firm's discount rate. Since profit maximization implies
the maximization problem is
=
k h Ns

for
. This problem can be solved by setting up the present-value
Hamiltonian function H (
µ µ ) with µ as the costate variables. In
addition, let Nj denote the partial derivative of ( · ) with respect to j. Then, the
Hamiltonian conditions are
j= u,s

i

i

i

i

N u, N s, V u, V s,

F

,

u

s

, t

j

F

N

(22a)
(22b)
(22c)
(22d)
and the transversality condition is32
If (22a) is differentiated with respect to time and the result is substituted for µ·
in (22b) and (22c), respectively, we arrive at

j

(13a)
(13b)

364

Thomas Gries and Stefan Jungblut

Appendix 2
Derivation of the functions
foc Nu
The

for

, equation (13a), is equivalent to

φ u ( θ u, θ s, r, … )

=

0

To derive this equation we use the fact that by definition:
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For steady state we can also apply the conditions
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Moreover, according to the production function (11) the factor share of skilled
labor is

and

Partial Derivatives of the implicit function 0

=

φ ( θ u, θ s, r, … )

Let

See Michel (1982) for a discussion of this type of transversality condition in infinite horizon control
problems.
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The partials of the function can then be expressed as
∂φ u
------∂θ u
∂φ u
------∂θ s
∂φ u
------∂r
∂φ u
------∂L u
∂φ u
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βκγ
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γβκ
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–( γ + 1 )

ω
--- Q ( θ ) > 0
s
s
λ̂

Appendix 3
Derivation of the functions φs(θu, θs, r, ...)=0
The foc for Ns, equation (13b), can be expressed as
1
0 = -----------1–ω

r

c θ
τω p ( θ )
κ ------ ----------------s--------- + -----------s-----s--------- [ σ s + r – λ̂ ] L s
σ
+
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θ
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≡ φ s ( θ s, r , … ) ,

–

βκ

p( θs )
τω
------ -----------------------σ
λ̂ s + p ( θ s )

–γ

once the results in Appendix 2 with respect to Nu and the fact that SNu = 1 − SNs are
taken into account.
Partial Derivatives of the implicit function
The partials of the φu function can then be expressed as
s
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Appendix 4
Derivation of equation (21)

Given (18) and (17), in any steady state the following condition must hold:
·
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The growth rate of aggregate human capital is
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=
=

Thus, we have

c u σu θ u - -----------------------cs σs θs ( 1 – ω ) – ------------------------–
L
σu + p ( θu ) σs + p ( θs ) s

K
YL
------ ⇔
s Y--K--- = τ -hL
s

=

p ( θs ) τω
------- -----------------------s κ σs + p ( θs )

Then, a function Φ(θ , θ , ...) can be defined as
u

0 =

1–

s

cu σ u θu - -----------------------cs σs θs ω – ------------------------L
L
u–
σu + p ( θu )
σs + p ( θs ) s

–

p( θs ) τκω
---------- -----------------------s σ s + p ( θ s ) ≡ Φ ( θ u , θ s, … )

(21)

Partial derivative of Φ(...)=0

Once θ q(θ )=p(θ ) is taken into account, the partials of Φ(θ , θ , ...) = 0 can be
evaluated using
u

u

u

u

s
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∂Φ
∂θu

-------

and

∂Φ
∂θ

cu σu θu
∂
------------------------------- L
∂ θu σu + θu q ( θu ) u
2
cu σu – cu σu θu d q ( θu ) ⁄ d θu
– --------------------------------------------------------------- L u < 0 ,
[ σu + θu q ( θu ) ] 2

= –
=

-------
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θ
∂ --------c---s--σ
τκω ∂ -------p---(--θ----s--)------s s
----------------- L – ---------s
∂ θs σs + θs q ( θs )
∂ θs σs + p ( θs )
s
σ
θ
c
τκω ∂ N-˜----(--θ----s--) < 0 ,
∂ -----------s------s-----s-------–
L s – ---------s
∂ θs σs + θs q ( θs )
∂ θs Ls

= –

s

=

The partials of Φ = 0 are

∂
∂Φ
∂θ = – σ ∂θ < 0
∂Φ = – σ ∂ – τκω ∂
∂θ
∂θ
∂θ
∂Φ = 0
∂
-------

Lu

u

Gu
--------

u

u

-------

Ls

s

Gs
--------

s

Qs
---------- -------s
s

s

<0

------r

Appendix 5

For γ ≥ 0 the determinant of the Jacobian matrix of the system of equations (19),
(20) and (27) is characterized by
=

J

−
0

−

+

<0

+ +

−−

0

Since |J|<0 we can apply the implicit function theorem to establish a unique
solution for the endogenous variables θ̃ , θ̃ and .
u

r̃

u

Appendix 6
The shape of the φ curve in the φ −φ plane
u

s

u

Applying the implicit function theorem for the function 0=φu(θu, θ , r, L , L )
[see Appendix 5] and making use of Appendix 2 we have
s

d θs
-------d θu

φ

∂φ ⁄ ∂θ
∂φ ⁄ ∂θ
u

u

u

= – -------------------u

s

> 0,

d θs
-------d Lu

φ

u

∂φ ⁄ ∂
∂φ ⁄ ∂θ
u

Lu

u

s

= – --------------------

< 0,

d θs
-------d Lu

φ

∂φ ⁄ ∂
∂φ ⁄ ∂θ
u

Ls

u

s

= – ------------------- = 0
u

u

,

s
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d θs
-------dr

φu

= –

∂φ ⁄ ∂r
------------------- > 0,
u

∂φ u ⁄ ∂θ s

d θs
-------dτ

φu

= –

∂φ ⁄ ∂τ
------------------- < 0,
u

∂φ u ⁄ ∂θ s

The shape of the φ curve in the θ −θ plane
s

s

u

Applying the implicit function theorem for the function 0=φ (θ , θ , r, L , L )
[see Appendix 5] and making use of Appendix 3 we have
s

d θs
-------d θu

φs

= –

∂φ s ⁄ ∂θ u
-------------------∂φ s ⁄ ∂θ s

= 0

,

d θs
-------d Lu

φu

d θs
-------dr

φs

= –

∂φ s ⁄ ∂L u
-------------------∂φ s ⁄ ∂θ s

= 0

,

∂φ ⁄ ∂r
- < 0,
= – ∂-----------------φ ⁄ ∂θ
s

s

s

d θs
-------d Ls

d θs
-------dτ

φs

φs

= –

= –

u

s

u

s

∂φ s ⁄ ∂L s
------------------- < 0 ,
∂φ s ⁄ ∂θ s

∂φ ⁄ ∂τ
------------------ < 0,
s

∂φ s ⁄ ∂θ s

The shape of Φ-curve in the θ −θ plane
s

u

Applying the implicit function theorem for 0=Φ(θ , θ , L , L ) we have
u

d θs
-------d θu

Φ

= –

s

u

s

– ∂Φ ⁄ ∂θ
----------------------<0
u

∂Φ ⁄ ∂θ s

Appendix 7

For γ ≥ 0 the determinant of the Jacobian matrix of the system of equations (19)
and (20) is characterized by

+ <0
0 +
Since |J|<0 we can apply the implicit function theorem to establish a unique
solution for the endogenous variables θ̃ and θ̃ .
J

=

−

u

u

