The Llnwer!iltg of

research paper series

Globalisation and Labour Markets

Research Paper 2006/50

National Labour Markets, International Factor Mobility
and Macroeconomic Instability

by

Marta Aloi and Teresa Lloyd-Braga

J-‘

(GEP)
""

The Centre acknowledges financial support from The Leverhulme Trust

under Programme Grant F114/BF l'el?quwl mﬁ:_ (;E n"e



The Authors

Marta Aloi is a Lecturer in the School of Economics at University of Nottingham. She
is also an Internal Fellow of GEP. Teresa Lloyd-Braga is an Associate Professor at the

Catholic University of Portugal, Lisbon. She is also affiliated to the CEPR, London.

Acknowledgments

Marta Aloi gratefully acknowledges financial support from the British Academy and
financial support from the Leverhulme Trust under Programme Grant F114/BF is also
gratefully acknowledged. Teresa Lloyd-Braga acknowledges financial and logistical

support from the Leverhulme Centre for Research on Globalisation and Economic
Policy.



National Labour Markets, International Factor Mobility and
Macroeconomic Instability

by

Marta Aloi and Teresa Lloyd-Braga

Abstract

We analyze how global economic integration of factor markets affects the stability of
the macro economy, with respect to expectations-driven fluctuations, when countries
differ in their labour market institutions. It is shown that, due to the occurrence of
equilibrium indeterminacy, liberalization of capital movements is likely to be
accompanied by persistent fluctuations at the world level, while allowing also for
labour movements may bring macroeconomic stability. Whether this also implies
higher welfare in the long run depends on differentials in average firm size across
countries. If the average firm size in a country operating under perfect competition
and full employment is small relative to a country with rigid wages and
unemployment, then free migration reduces unemployment, narrows wage
differentials and expands world output.
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Non-Technical Summary

Although the issue of labour movements, in a world where goods and capital markets are
highly integrated, is taking centre stage in the debate about globalization, the existing
macroeconomic literature has been lacking behind. A number of authors have investigated the
link between capital mobility and macroeconomic instability; none however, to the best of our
knowledge, has addressed the macroeconomic implications of international labour movements.

In this paper we study whether, in a world where goods and capital markets are highly
integrated, the liberalization of labour movements between countries that differ in their labour
market institutions, may stabilize the economies (with respect to expectation driven
fluctuations) and, in addition, raise welfare.

A peculiarity of the recent wave of globalization is that increased integration in goods and
capital markets is accompanied by increased restrictions in labour movements. Is such an
asymmetric process of integration of world markets beneficial or harmful for macroeconomic
stability and efficiency? As regard stability, one major concern is that increased financial
openness can produce unwanted disturbances to economies in so far as domestic capital
becomes more responsive to expected future changes in international prices and,
correspondingly, magnifies the amplitude of fluctuations in real wages or employment levels.
As regard efficiency, one major concern is that labour movement liberalization, between
countries with different labour market institutions, may exacerbate unemployment and reduce
world output.

We show that labour movement liberalization, between economies with integrated capital
markets and different labour market structures, helps to achieve higher aggregate stability by
reducing the scope for expectation driven fluctuations. Our results also suggest that, if the
competitive country becomes a net importer of workers, then moving to a fully integrated world
economy bring about both macroeconomic stability and efficiency. If instead, as a result of
labour movement liberalization, the rigid wage country becomes a net importer of workers, then
the world economy faces a trade off between efficiency and stability. Whether the rigid wage
country becomes a net importer or exporter of workers depends on how large is the gap in the
average firm size between the rigid wage and competitive countries before integration.



1 Introduction

The question of migration is taking centre stage in the debate about global-
ization, however, the existing literature has not, as yet, properly addressed
the implications of international labor movements on macroeconomic sta-
bility.! In this paper we study whether, in a world where goods and capital
markets are highly integrated, the liberalization of labor movements be-
tween countries that differ in their labor market institutions may stabilize
the economies (with respect to expectation driven fluctuations) and, in ad-
dition, raise welfare.

Over the last decade, much research has been devoted to the labor market
effects of globalization and, particularly, to the correlation between unem-
ployment and globalization.? A relatively more recent concern among re-
searchers is also that the observed instability of world markets may be linked
to the increase in international integration of capital markets.? In standard
general equilibrium (neoclassical) trade theory, where international capital
mobility, free migration and free trade in goods can be lumped together via
the factor price equalization theorem, the importance of international flows
of input factors is largely overlooked, since free trade (or alternatively, free
factor mobility) is enough to level out divergences in factor endowments
across economies. In reality, however, countries’ differences go far beyond
differences in factor endowments. Differences in the labor market structure,
for instance, may account for divergences in the wage levels and for the
existence of migration flows, even when product and capital markets are
integrated.* On the other hand, the effect of increased integration of world

! At the micro level, the literature has focused, traditionally, on the relationship between
trade and migration or on the labor-market-adjustment to international labor movements.
At the macro level, the literature has focused on the relationship between migration,
growth and development.

2 Although the evidence on the incidence of increased international economic integration
on labor markets in developed countries is by no means conclusive, many researchers share
the view that labor market rigidities, coupled with trade integration, contributes to the
rise in unemployment. For an extensive coverage of the literature on these issues, see the
volumes edited by Greenway and Nelson (2001).

3See, e.g., Azariadis and Pissarides (2005), Bhagwati (1998), Krugman (1999), Prasad
et al. (2003), Rodrik (1997), Stiglitz (1999).

4Indeed, a relevant and intensively debated source of difference across countries lies
precisely in labor market institutions. Take the case of Europe, with rigid wages and
unemployment, versus the US, with more flexible labor markets and higher levels of em-
ployment. There is an academic debate about whether Europe should move towards a
North American labor market structure to achieve higher employment, and to reduce the
destabilizing effects of globalization in product and capital markets. See, for instance,



capital markets on macroeconomic fluctuations depends on the structural
characteristics of countries and on the nature of shocks (for a survey see Ob-
stfeld and Taylor, 2004). As suggested by Obstfeld and Taylor themselves,
the often unpredictable direction of capital flows in international markets,
points towards expectation driven shocks. Accordingly, in the present paper
we build a model in which endogenous fluctuations in economic variables are
driven by self-fulfilling changes in expectations, and we interpret macroeco-
nomic instability (stability) as local dynamic indeterminacy of the steady
state.?

A well established result, at least in the closed economy literature, is that
the existence of distortions, in otherwise standard dynamic general equilib-
rium models, can induce indeterminacy (see Farmer, 1999). Recently, au-
thors like Coimbra et al. (2005) and Pintus (1997) have shown that labor
market distortions, such as unions or efficiency wages, can induce indeter-
minacy. The present paper, extends this type of analysis to the case of open
economies. Specifically, we develop a two-country dynamic (Overlapping
Generations) model, in which countries produce one identical good, output
and capital markets are perfectly competitive, and the economies differ only
in their labor market structure. One country has perfectly competitive la-
bor markets, full employment and the autarkic equilibrium converges to a
unique (determinate) steady state; while the other country is characterized
by efficiency wages and involuntary unemployment. The latter, under not
particularly stringent parameter restrictions, displays indeterminacy at the
autarkic equilibrium and thereby endogenous fluctuations in output, em-
ployment, wages and interest rates may emerge. We then analyze how in-
ternational factor movements, in the presence of differences in labor market
institutions across countries, affect the local stability properties of the world
economy and the steady state levels of unemployment, wages and output.b

We show that opening up the economy to free capital movements en-
larges the scope for indeterminacy in the rigid wage country and is likely to
bring indeterminacy to world markets. Thereby, the country with perfectly

Freeman (1998) and Bertola and Boeri (2002).

5The occurrence of local indeterminacy implies that there is a continuum of determin-
istic trajectories all converging to the steady state. In this case there are also infinitely
many stochastic fluctuations with rational expectations, close to the steady state, driven
by self fulfilling volatile expectations (see Guesnerie and Woodford, 1992). For this reason,
the occurence of local indeterminacy is frequently associated to macroeconomic instability.

5Bertocchi (2003) also considers differential labor market structures within a dynamic,
general equilibrium. However, the focus in her paper is on small open economies and the
analysis is concerned with the impact of capital market liberalization and unionization on
cross-country income convergence and distribution.



competitive labor markets too experiences output fluctuations and, depend-
ing on expectations of future interest rates, capital flows reversals across
countries can be observed. Allowing also for free labor mobility, though,
may eliminate indeterminacy and, therefore, may have stabilizing effects at
the global macroeconomic level. From a steady state point of view, world
economic integration does not affect wage and employment levels nor output
in the rigid wage country, while it affects its unemployment level. Whether
labor movements liberalization also implies higher welfare in the long run,
however, crucially depends on the gap in employment per firm (that is in
average firm size) between the two countries under autarky. In some cases
labor mobility helps in achieving both stability and efficiency. In particular,
this happens whenever the level of employment per firm in the fully em-
ployed competitive country fall sufficiently short of the corresponding level
in the rigid wage country. In this case, under free labor movements there is
upward pressure on the competitive wage, workers migrate towards the com-
petitive country, unemployment and the wage gap between the two countries
decrease, and world output expands. In other cases, however, a trade off
between macroeconomic stability and efficiency may arise. Specifically, this
happens whenever the competitive country has larger levels of employment
per firm than the rigid wage country. In this case, free labor movements
imply downward pressure on the competitive wage, the rigid wage coun-
try experiences net inflows of workers and higher unemployment, and world
output shrinks.

The outcome that liberalization of capital movements may imply volatile
capital flows is not entirely surprising and is coherent with earlier works by
Lahiri (2001), Sakuragawa and Hamada (2001), Weder (2001) and Meng and
Velasco (2003) among others. These authors, however, disregard distortions
in labor markets.”

The results on labor mobility, on the other hand, provide new insights
on the long run welfare effects of workers’ migration and on its implications
for macroeconomic instability linked to globalization of capital markets. If
workers are free to move, workers’ movements follow the direction of capital

"The papers by Weder and by Meng and Velasco are both extensions of Benhabib
and Farmer (1996), and study how moving from a closed to a small open economy with
free capital movements renders the condition for indeterminacy easier to obtain. Lahiri
(2001) also focuses on the effects of capital mobility on equilibrium indeterminacy in
a small open economy. In Sakuragawa and Hamada (2001), countries differ because of
asymmetric information in financial markets and initial level of wealth. They show that,
depending on the country’s stage of development, capital market integration may lead to
perverse movements in capital flows, which, eventually, may drive the developing country
in a poverty trap state.



movements, which weakens the conditions under which expectation driven
fluctuations may occur; therefore, we should expect less variability in macro-
aggregates linked to changes in expectations. In the long run, net migration
flows can go both ways, depending on initial differentials in average firm size.
As a result, free migration does not necessarily exacerbate unemployment
in the rigid wage country.

These steady state results are also of relevance to dual-economy models a
la Harris and Todaro, since it is demonstrated that liberalizing labor move-
ments, under internationally (or sectorally) mobile capital, may actually re-
duce unemployment and narrow the wage differentials between competitive
and rigid wage countries (or sectors).®

Finally, the outcome that the perfectly competitive wage economy may
be penalized under full integration is in sharp contrast with Davis (1998).
He too considers a two-country model where differences across countries rely
on labor market institutions. His analysis, however, uses a static Heckscher-
Olin framework and focuses on autarkic versus free trade equilibria.? We, on
the contrary, do not assume any trade based on comparative advantages and
focus on the role of factor movements on both steady state and equilibrium
dynamic properties of the system.

The remainder of the paper is as follows. In Section 2 we present the
structure of the model and obtain the perfect foresight equilibrium for the
closed economies. Section 3 focuses on the equilibrium of the world economy
under free capital movements, while equilibrium under both capital and
labor mobility is analysed in Section 4. Section 5 concludes.

2 Autarky

We consider a world made up of two countries, A and B, that share the
same consumption and production structure, but differ in the functioning of
the labor market.!9 In country A there are efficiency wages and unemploy-
ment, while in country B the labor market is perfectly competitive and the

8In their pioneering work on rural-urban migration, Harris and Todaro (1970) show
that allowing for labor movements, between a rigid wage urban sector and a flexible wage
rural sector, exacerbates urban unemployment and, possibly, widens the wage differentials
across sectors.

°In Davis paper the source of labor market imperfections is a minimum wage and,
by use of comparative static analysis, it is shown that a move from autarky to free trade
doubles unemployment in the rigid-wage country (Europe) while the flexible-wage country
(America) suffers no losses in employment and enjoy gains in wage income.

108ince we focus on fluctuations driven by volatile expectations, we assume that pref-
erences and technologies are time invariant.



economy operates at full employment. All agents have rational expectations
and, in what follows, we study the perfect foresight intertemporal equilibria.

We first present the technology and preferences, together with consump-
tion decisions, which are analogous in both countries. Then, for each coun-
try, we lay out the model according to the labor market structure considered,
derive the equilibrium system under perfect foresight, obtain the steady state
equilibria and, finally, study the conditions for the occurrence of local inde-
terminacy. Before proceeding further it should be stressed that, although
we focus on efficiency wages as the source of rigidity in country A labor
market, analogous results would apply if we consider monopoly unions or
search generated unemployment.

2.1 Production and consumption

In each period t = 1, ..., 00, a single output, used as consumption or as capital
good, is produced under perfect competition. Within each country there is
a given number m;, ¢ = A, B, of identical profit maximizing firms. Output
is taken as the numeraire. The technology consists of a constant returns to
scale Cobb-Douglas private production function and a multiplicative labor
externality in production.!’ The production function of a typical firm in
country ¢ is then given by

Al RIS 0<0 <1

where A is a scale parameter, [;; represents the number of units of effective
labor employed by each firm, k;; is the amount of capital available for pro-
duction at the outset of period ¢, and rented by each firm at the rate r;, Zi,t
is the average level of employment in the country (which is taken as given
by each firm), and v is the degree of labor externalities (1 + v measuring the
degree of social returns to scale).!?

The market for capital services is perfectly competitive. Hence, for a
profit maximizing firm, k;; must be such that the marginal productivity

"The existence of social increasing returns to scale, due either to capital or/and labor
externalities, is needed to ensure that the steady state is well defined. This is a feature
which is not peculiar to our set up. See, for instance, Barinci and Chéron (2001), Coimbra
et al. (2005) and Lloyd Barga et al. (2006). As in Lloyd Barga et al. (2006), we use
(country specific) labor externalities to allow for the existence of indeterminacy with a
positive interest rate. Labor external effects can be interpreted as coming from thick labor
market effects or from knowledge spillovers.

2Note that, at a symmetric equilibrium (where Tit = lis ), the aggregate marginal
productivity of labor curve is downward sloping when v < 6.



of capital is identical to the rental rate r;;. At a symmetric equilibrium

liy = l;; and we have,

OAK] 0T =1y, (1)

Population is constant over time and agents live for two periods. In each
period t = 1, ..., 00, there is a continuum of identical young agents, with a
constant given mass N;, i = A, B, native from each country. Preferences of
a typical individual born at ¢ are described by the following lifetime utility
function

a l—«
CitCir1 — A€, (2)

where 0 < a < 1, and ¢;; and ¢; ;41 are consumption in the young and old
age, respectively. Agents work only when young and e;; € {0, 1} represents
the number of units of effective labor (or effort) supplied. A worker con-
tributes with one unit of effective labor (i.e., e;+ = 1) if he/she is employed
(and does not shirk).

A young employed worker, who receives a wage w;;, saves through in-
vestment in productive capital goods, k:ﬁt 11, Which are rented to firms in the
next period and used for consumption in the old age. We assume that capi-
tal is totally depreciated in one period, so that r;; is also the interest factor.
Accordingly, he/she chooses k:{ft +1s Citt Cig+1 to maximize his/her expected
lifetime utility subject to the following constraints: k:fft 41 = Wi — ¢ and
Cit+1l = ri7t+1k3t+1. Hence, the amount of capital goods, thH, bought in
period ¢ by each employed worker, and made available for production at the
outset of period t + 1, is given by,

kzz}ftﬂ = (1 — a)wjy. (3)

Consumption when young and when old, of each employed individual, amounts,
respectively, to

Cz’7t = awi,t (4)
Cigr1 = Titp1(1 — @)wiy,
where 7411 is the expected value, evaluated at period t, of the interest rate

in the next period, which under perfect foresight is identical to its realized
value.



2.2 Equilibrium with efficiency wages and unemployment:
Country A

2.2.1 The labor market. For country A, we use a simplified version of
the Shapiro-Stiglitz (1984) efficiency wage model, which accounts for the
existence of unemployment. If a worker employed in a firm is caught shirking
(i.e., ez = 0) he/she is fired, that is the firm does not pay the wage, and
he/she is forced to enter the unemployment pool. However, employers can
only imperfectly monitor workers. The monitoring technology is not made
explicit, we simply assume that the ex-ante probability of shirking and being
caught is given by 0 < A < 1. A young agent faces three possibilities: either
he/she is employed and does not shirk, or he/she is employed and shirks,
or he/she is unemployed. Combining (2) and (4) the indirect utility of a
worker in each of these alternatives is, accordingly, given as follows,

a®(1— a)l_ari{tilwA,t —a if not shirking
V= (1-Na*(l—a)"r S was  if shirking (5)
0 if unemployed

Firms choose w4, 4 and k4 such that profits are maximized. Since the out-
put of a worker who shirks is zero, at equilibrium the positive wage payed
by firms should be such that it induces workers not to shirk, that is each em-
ployed worker supply e; = 1. Using (5) above, it can be easily seen that em-
ployed workers have no incentives to shirk when Aa®(1 — a)l_arhﬁ_lw At >
a. Accordingly, the problem solved by the firm is the following

77 0 11-06
Ma$ 3 <AlvA,tkA7tlA7t - wA,tlAﬂf - rA,tkA,t> J
watlat,kat€RG |
o l—a,1-a
s.t. Aa®(1 — «) TAf1WAL = a.

Obviously the incentive compatibility constraint is binding and, therefore,
from the first order conditions we obtain, at a symmetric equilibrium, ex-
pression (1) and

(1—6) Ak 15T = way (6)

WAt = way (7)



where,

a

a%(1— a)l_ari}il

(8)

WA =

Expression (8) defines the reservation wage wa., that is the level of wage
at which an employed (not shirking) worker is as well off as an unemployed
worker. Due to the imperfect monitoring technology (0 < A < 1) wages are
set as a mark up (1/X) over the reservation wage (see 7). Expressions (6)
and (1) show, respectively, that the level of employment and the demand
for capital services are such that the wage and the rental rate of capital are
identical to their respective marginal products, as in perfectly competitive
markets.!> Denoting by n% the mass of young agents (per firm) resident
in country A, a symmetric equilibrium with unemployment requires 14 ; <

nit.M Hence, using (6)-(7) we obtain the following Lemma.

Lemma 1 . A symmetric equilibrium in the labor market with unemploy-
ment in country A is characterized by

) b e
_ Wi R
lag = (A(l—G)Aki,t> < TAts

war = (1-10) Ak‘itl;zﬂ > Wat, where Way is given by (8).

As long as international labor movements are not allowed, all young
residents in country A are native from A and, therefore, in Lemma 1 we
have ”ﬁ,t = Ny/mag = ny.

Note that, since w4+ depends on 7441 (see 8), the equilibrium level of
wages and employment is influenced by expectations of future interest rates.
For instance, when expected future interest rate decreases, the reservation
wage and wages increase, leading to a decrease in employment per firm
if v < 0. As we shall see, this opens the door to fluctuations in wages
and employment driven by self-fulfilling volatile expectations (endogenous
fluctuations).

Endogenous fluctuations may have relevant welfare implications. To see
how, consider an equilibrium with volatile expectations and fluctuations

13 Accordingly, given the constant returns assumption at the private level, profits are
Z€T0.

Tndeed, under efficiency wages, unemployment is the meaningfull outcome. If that
was not the case a worker that was caught shirking, and thereby fired from a firm, could
find employment in some other firm, so that workers would always have incentive to shirk
and production would not take place.



around a steady state. In a period where the expected future interest rate
is low (relative to its steady state level) any employed worker benefits from
higher wages and higher current consumption levels, although workers face
a higher unemployment rate; whereas, in a period where the expected future
interest rate is high the reverse would happen.'® Since it is likely that some
generations benefit while others are harmed by fluctuations, we cannot a
priori establish whether an equilibrium with fluctuations driven by expec-
tations is welfare improving or not for the economy as a whole; it depends
on the social welfare function. If the latter is sufficiently concave in utility
of different generations, equilibrium fluctuations may become quite costly
from an inter-generational equity point of view.

Moreover notice that, since in any period ¢t wages are set as a mark
up over the reservation wage, employed workers are better off than un-
employed workers, implying that employment fluctuations affect not only
inter-generational but also intra-generational equity.

2.2.2 Equilibrium dynamic system. To derive the equilibrium dy-
namic system under autarky, we proceed as follows. At equilibrium the
aggregate demand for capital services, mak:y1, must be identical to its ag-
gregate supply, kf', ymala . Hence, using (3) we have that kipq = (1—a)lw;.
Combining the latter and expression (6), we obtain the following capital ac-
cumulation equation for country A

kagr = vk 05, 9)

where 7 = (1 — ) (1 — 0) A. Combining (1), (6), (7) and (9), we obtain

—a)(1-0+v —0(1—(1—a)(1—6 —0+v)(1-0)(1—a)+6—v
(L -8) _ g 60-(-0)A-0) (1 640)1-0)1-al0-w ()

_ _a(l—a)(1-6)'~=
where § = )\Z(aelcfzx(vlw)(lfa) )
Equations (9) and (10) define a two dimensional dynamic model, and
characterize the equilibrium in terms of the two state variables (ka,l4).

5Note that, by the use of (5) and (6)-(8), along any deterministic equilibrium tra-
jectory (with perfect foresight, that is with point expectations), utility of an employed
worker is constant and identical to a (1 — A) /A. However, under equilibria exhibiting
stochastic endogenous fluctuations (sunspot equilibria), utility of an employed worker
will fluctuate, depending on how realized future interest rates (that influence future con-
sumption) match expectations (that influence real wages); that is utility is equal to
al(ras+1/7at+1) — Al /A, where 74,441 is the interest rate in period ¢ 4+ 1 expected at
time ¢, and ra,+41 is the realized interest rate at ¢ + 1.



Note that, in period ¢, k4 is a predetermined variable whose value is given
by past saving. By contrast, [4 is a non predetermined variable whose
value, in period t, is influenced by expectations of future interest rates via
the workers’ reservation wage.

Definition 1 . An intertemporal perfect foresight equilibrium under autarky
for country A is a sequence (kag, lag) € R2,, t = 1,...00, such that (9)
and (10) are satisfied, where 0 < A < 1 is the ex-ante probability of shirking
and being caught.

2.2.3 Steady state. In country A, the interior steady state (ka,l4) €
R% | verifying the dynamic system (9)-(10), with k4 = kay = kagr1 > 0
and 4 =14 =441 > 0 satisfies

S
kA:’YlielA 3 (11)

= gttty (12)

Note that equation (12) gives a unique solution for the steady state value
14.16 Substituting the latter into (11) we obtain the steady state value of
ka.

The steady state values of the wage and interest rate are, accordingly,
given by: wa = [(1—a)? (1 —0).Al4] ™7 and ra=0/(1—a)(l—20). Itis
worth noticing that this economy has a positive interest rate at the steady
state equilibrium, i.e., » > 1, if and only if the propensity to consume when
young satisfies the following restriction, a > (1 — 26) /(1—6). To ensure this,
and other results to follow, from now on we impose the following restrictions
on parameter values.

1+ 26 1—20 1
M —_— = 1
1+39>o¢> ax{l—@’Z}’ (13)

0<60<1/2. (14)

6By Lemma 1, at equilibrium l4 < ma. In order for this condition to be fulfilled

at the steady state, the parameter a has to satisfy the following restriction: 0 < a <
20 pl-a, a % At fta(1=6) : -
An, 0 “a%(1—a)T-9 AT (1 —9)~ 1-¢ . This restriction ensures that, at the steady

state defined in (11)-(12), there is unemployment, i.e. la < na, and it also ensures that
lat < na along trajectories sufficiently close to the steady state.

10



These restrictions cover most empirically relevant values of 6 and «.!”

2.2.4 Equilibrium dynamics and indeterminacy. Local indeter-
minacy occurs when the number of stable eigenvalues is higher than the
number of predetermined variables. The system (9) and (10) is loglinear
and the associated 2x2 Jacobian matrix is provided in Appendix B. Since in
our model there is only one predetermined variable, k4, indeterminacy arises
when both eigenvalues (in absolute value) are lower than 1. The proposi-
tion below dictates parameter conditions under which local indeterminacy
occurs.

Proposition 1 . Assume that (13)-(14) are satisfied, and define vgy =

(a(1=0)—(1-20))/(1 —«a) and U4y, = 2(1 — (1 — 60))/(2a — 1). Then,

country A exhibits indeterminacy under autarky if and only if vg, < v < Vgy.
Proof. See Appendix B. m

Note that assuming o > % implies that vg, > 0. Therefore indetermi-
nacy, with a positive interest rate and capital accumulation, requires a min-
imum degree of labor externalities bounded away from zero.'® Nevertheless,
indeterminacy still occurs with a sufficiently small degree of externalities,
consistent with empirical evidence!® and with a standard negatively sloped
(aggregate) labor demand curve, i.e., v < 6. For instance, indeterminacy
prevails when o = 0.6, = 1/3 and v = 0.18.2° This means that, under em-
pirically relevant values of the propensity to consume, capital share in out-
put and externalities, there are stochastic endogenous fluctuations, whereby
employment and wages fluctuate due to self-fulfilling volatile expectations.

To gain an intuition of why indeterminacy requires a lower bound on
externalities, consider the case of an economy that, at period t, is at its
steady state for some time and that, for some reason, experiences an increase
in the ezpected future interest rate. Then, the reservation wage, w4, will
decrease (see 8) and (see Lemma 1) the current level of employment per
firm, l4,, will increase (assuming v < 6), leading to an increase in capital

1"Estimates from national accounting for OECD countries are usually in accordance
with values of the capital share of output, 6, that belong to the 0.25-0.4 range, and to
values of the propensity to consume when young, «, usually higher than 0.5 .

8Lloyd-Braga et al. (2006) discuss this property at length. Note also that o < }I—gz
ensures Uqy >Vau, and that the same restriction on « applies in Lloyd-Braga et al. (2006)
for an infinetely elastic labor supply.

19The degree of externalities found in empirical works is quite small, usually below 0.3.
See, Basu and Fernald (1997) and Burnside (1996).

20For o = 0.6 and 6 = 1/3 we obtain v4, = 0.17 and g, = 6.
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accumulation k4 ;1 (driven by the wage bill). This, by itself, would produce
a tendency for a decrease in the interest rate at ¢+ 1. However, the increase
in ka1 increases the marginal productivity at ¢ + 1, inducing per se an
increase in employment per firm at ¢t + 1 (since dlogli11/0log ki1 = 0/(0—
v)). Higher employment triggers in turn an increase in the interest rate at
t+ 1. If employment per firm at ¢ + 1 rises by a sufficient amount, that is if
v is sufficiently high, its positive effect on the realized interest rate at t + 1
will off set the negative effect due to the increase in kg11. As a result,
the initial expectation of an increase in future interest rates can become
self-fulfilled. Indeterminacy also implies that equilibrium trajectories will
eventually return back to the steady state. In our case, we should observe
a reversal in the future capital stock, that is the future wage bill should
decrease. The latter will only be possible if {441 does not increase too
much. Note, however, that the required increase in l4 ;11 needed for r4 ;41
to rise is lower the higher the labor externality. Accordingly, a necessary
condition for indeterminacy to occur is the existence of a lower bound on
labor externalities (i.e., v >vgy,).

2.3 Equilibrium with a perfectly competitive labor market
and full employment: Country B

2.3.1 The labor market. In country B, we consider a perfectly com-
petitive labor market with full employment?! (where shirking is not possi-
ble). The firm labor demand in each period t is, therefore, determined by
the identity between wages and the marginal productivity of labor, (1 —
G)Azg,tk%il]gi. Using (4), the indirect utility of an employed worker is
aa(lfa)f*ar}_;’t‘il
vation wage. Hence, when wp; = wp; a young agent is indifferent between
being employed or unemployed, all young agents being willing to become
employed when wp; > wpg;. Therefore, denoting by ng the mass of young
agents per firm resident in country B, it is straightforward to obtain the
following Lemma.

a“(1 —a)l_ar;{j‘rl (wpt — W), where W = is the reser-

Lemma 2 . A symmetric equilibrium in the labor market with full employ-
ment in country B is characterized by
lB,t = ngy

wpt = (1—10) Ak%,tl]”gf > wRy, where Wpy = &

a®(l—a)l-ar

1—a
B,t+1

21For now, note that full employment in country B is needed to ensure the existence
of a two country equilibrium when both capital and labor are free to move. Later on, in
Section 4, we provide a comprehensive discussion of the issue.
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As long as international labor movements are not allowed, all young
residents in country B are native from B and, therefore, in Lemma 2 we
have ng = Np/mp = np.

2.3.2 The equilibrium dynamic system. In country B the equilib-
rium dynamics is summarized by a first-order difference equation; namely,
the capital accumulation equation, kg 11 = (1 — a)wpsnp. Using Lemma
2, we derive a one dimensional dynamic equilibrium model in kp, i.e.,

kBi+1 = ’Yk%,tnjlg_9+y- (15)
Therefore,

Definition 2 . An intertemporal perfect foresight equilibrium under autarky
for country B is a sequence kg > 0, such that (15) is satisfied.

2.3.4 Steady state. The steady state, kg, verifying the dynamic equa-
tion (15), where kp = kg = k441 > 0, is given by,

kp = flelGn}g_aJ”’. (16)

Using (1) and Lemma 2, the steady state values of the interest rate and wage

are, accordingly, given by rg = 0/(1—a) (1 — 0) and wp = [(1 — )l (1-0) Anlg) T 22
It is interesting to note that at the steady state interest rates in both

countries are identical and independent of the levels of capital and employ-

ment per firm.?® This feature, however, does not prevent the existence of

capital movements driven by changes in expectations of future interest rates,

as we shall see in next section.

_0 _1 O+ (1—6 v _
*?We assume that 0 <a < 0'"*a*(1 —a)T9AT7 (1-0)" -7  ng’. This restric-

tion implies that wp > wp at the steady state and therefore wgp,; > wp,; close to the
steady state, as required by Lemma 2. Note that the above restriction is equivalent to
ng > Ali;)a.l,q, where 14 is given by (12).

23This occurs because, at steady state, the interest rate depends only on the propensity
to save and on capital and labor share of output, which are fixed and identical in both
countries due to the assumptions of Cobb Douglas technology and Cobb Douglas prefer-
ence over consumption. Formally, r = 6% where 6 is the capital share in output, y. Also,
savings through investment in capital goods are given by k = (1 — a)wl where (1 — ) is
the marginal propensity to save. Hence, r = —— —L—. Since the labor share in output is

1—am
1 — 0, we obtain that r =0/(1 — a)(1 — 0).
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2.3.4 Equilibrium dynamics and (in)determinacy. Since there is
full employment and capital is a predetermined variable, there is no in-
determinacy at the autarkic equilibrium. Moreover, since the equilibrium
dynamics, given by (15), is loglinear and 6 < 1, all equilibrium trajectories
converge to the steady state. The following proposition restates the result.

Proposition 2 . Under autarky, country B has a (stable) determinate
steady state.

3 Free capital mobility

In this section we first study the equilibrium dynamic system for the case of
free international capital mobility. We then show that a steady state exists,
study the occurrence of local indeterminacy, and derive relevant comparative
static results.

3.1 Equilibrium dynamic system

Liberalization of capital movements between both countries implies a no ar-
bitrage condition in the world capital market, that is interest rates, given
in each country by (1), must be identical in every period. Hence, the equi-
librium world capital stock (K;), available for production in every period t,
must be distributed across firms of both countries in a way such that

Ky = makas+mpkp: (17)
TAt = TBg- (18)
These equations, together with (1), can be used to obtain the level of capital

rented by a representative firm in each country, that is k4; and kg, as a
function of K; and of the level of employment per firm in each country

kAJg = (Kt/mA) 1 T z (19)
2t
= (K 2
k‘B,t ( t/mB) 1+ 2 ( 0)
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where,

l I—G-gu

mp (it '~

= — — . 21
" ma <lA,t> 1)

Capital accumulation in the world is driven by the sum of saving (i.e. labor
income) in both countries,

Kiyi=(1-a) (’LUA,thlA,t + ’LUB,thlB,t) . (22)

From this equation, substituting the expressions for w4 and wpg as given
in Lemma 1 and 2, and using (19)-(20), we obtain the following dynamic
equation

01— _
Kip1/my =~ (Ki/my) l114,t0+yHtl ’ (23)

where,

Hi=H (lat) =1+ 2z¢, #satisfying (21) with [g+= np. (24)

Combining (1), (19), (24), (23) and Lemma 1, we obtain the other dynamic
equation governing employment in country A,

(=) (1=0+v) g (1-a)(1-0) _ ¢ (Kt/mA)—G(l—(l—a)(l—O)) l(1—9+u)(1—9)(1—a)+9—th(1—a)(1—6)2+e.

A+l t+1 = At

(25)

Equations (23) and (25) define the equilibrium dynamic system written in
terms of two variables: K, whose value is determined by the world past
savings, and [ 4, whose value is influenced by current expectations of future
rental rates.?*

3.2 Steady state

A steady state, (K,l4), for the system (23) and (25) is a solution of the
following system of equations

24Note that, although K is predetermined, k4 and kp are non-pretermined variables.
The values of k4 and kg, given in (19)-(20) with z as given in (24), are influenced by
employment per firm in country A, which depends on the reservation wage and thereby
on expectations of future interest rates.
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1—6+v 1-

K/ma= (14277007  with z = (mp/ma) (np/la) 70 (26)

1-6 _0(0-(1-a)(1-6))

Ila=67 ~ (27)

Note that steady state level of employment per firm in country A, as given
in (27), is identical to the steady state level of employment per firm under
autarky, as given in (12). By use of (27), (26), (19) and (20), it can be
checked that the steady state values k4 and kp are the same as in the au-
tarkic equilibrium. Hence, wages and interest rates at the steady state are
also the same. Accordingly we have,

Proposition 3 . Under free capital mobility the steady state values of the
interest rate, wages, employment and capital per firm in both countries are
unchanged with respect to the case of autarky.

To gain an intuition of why steady state values are unchanged note that,
by use of (20), country B capital share of world capital, evaluated at the
steady state, is given by sk = mpkp/K = z/(1+ z). While, by use of
Lemma 1 and 2 and (19)-(21), country B saving share of world savings,
evaluated at the steady state, is given by s% = wpnp/(walarwpnp) =
z/ (14 z). Therefore, at the steady state, the amount of capital goods
used in production in country B is equal to investment in capital goods

through savings (sp = 5’]“3 = s%); the same applying to country A (sljl =

s% = 1 — sp). This means that, at the steady state, there are no net
exports or imports of capital services between countries, and the values of
la, kaand kp are the same irrespective of capital mobility. However, as
discussed in the following section, indeterminacy may occur and in this case
there are stochastic equilibrium trajectories, driven by self-fulfilling volatile
expectations, along which net capital flows between the two countries are

observed.

3.3 Local Equilibrium dynamics and indeterminacy

The dynamic system (23)-(25) implicitly defines a two dimensional non lin-
ear map G, such that (Ky;i1/ma,las+1) = G (Ki/ma,la;) around the
steady state. We follow the usual procedure of (log)linearizing around the
steady state and studying the eigenvalues of the associated 2x2 Jacobian
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matrix evaluated at the steady state. Details are in Appendix B. The fol-
lowing proposition dictates parameter conditions under which indeterminacy
occurs.

Proposition 4 . Assume that (13)-(14) are satisfied, and define
(a(1-6)—(1-20))(1—sp) _ 2(1—a(1-0))(1—sg)
Uk = 1= a)+sB§l —(1-20)/ (lB and Uy = (Za—1)+2sp(1/(1— o? o)’ Then, the
world economy exhibits local indeterminacy under free capital mobility if and
only if v, < v < Ug.

Proof. See Appendiz B. m

Proposition 4 implies that, when free capital movements are allowed, a
country with unemployment may ’export’ instability to the rest of the world
and to an otherwise determinate (stable) economy (country B). Liberaliz-
ing capital movements entails that 'local’ shocks to expectations may now
affect other countries and render the latter also susceptible to equilibrium
fluctuations driven by self-fulfilling volatile expectations. Indeed, changes
(an increase, for instance) in expected future interest rates induce changes
(an increase, if v < @) in the current level of employment per firm in country
A and, thereby, changes (an increase) in its current interest rate, r 4 ;, which,
becoming different (higher) from rp;, induces capital flows between (from)
country B and (to) country A, leading to fluctuations in wages and output
in country B as well.

Note, moreover, that the lower bound on externalities, needed for inde-
terminacy, is now smaller than that required for indeterminacy to prevail in
country A under autarky, i.e., v <vg, since 0 < sp < 1. For instance, when
a = 0.6, 0 =1/3 and sg = 1/2 indeterminacy prevails when v = 0.09.2
Therefore, under capital mobility it is easier to obtain fluctuations driven by
self-fulfilling expectations with small values of v consistent with empirical
evidence. To understand why capital mobility may induce indeterminacy at
a lower value of v, consider the sequence of events following an increase in
the expected future interest rate analyzed under autarky. As referred above,
the initial increase in l4; will tend to trigger, in period ¢, inflows of capital
from country B into country A; which, will further increase current saving in
country A, while it will decrease current saving in country B. Hence, ceteris
paribus, a differential between future returns in the two countries would
arise, which cannot be sustained under perfect capital mobility. Indeed, the
differential in future returns induces a reversal in capital movements from

With § = 1/3 , o = 0.6 and sp = 1/2 we have that vi, = 0.08, while 5 = 0.55 > 6 (cf.
footnote 20). Remark that i < Tqu; however, this is of little relevance because o = 0.55
is still well above empirically plausible values of v.
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country A to country B, which re-establish the no arbitrage condition in
capital markets at t+ 1. The capital inflows in country B at t+1, off setting
the initial outflow at ¢, help bringing the equilibrium trajectories back to
the steady state, as required when indeterminacy occurs. Therefore, due to
these additional effects linked to capital movements, externalities need not
to be as high as under autarky.

4 Integrated equilibrium

In what follows, we presume the existence of free capital mobility between
countries and allow for free international mobility of workers assuming that
firms do not discriminate workers by their origin. Workers can seek employ-
ment in either country A or country B, and can only be employed in the
country of residence. To simplify, we ignore the travel costs of migration. As
in previous sections, we focus on (two-country) equilibria characterized by
efficiency wages and unemployment in country A, and perfect competition
and full employment in country B. Therefore, Lemma 1 and Lemma 2 still
apply, where the mass of young resident per firm in each country, nft, can
now differ from the mass of young native per firm, n;;, ¢ = A, B.

4.1 Equilibrium Dynamic System

Equilibrium in the world labor market is attained when, in each period ¢,
neither workers in country A are willing to move to country B, nor workers
in country B are willing to move to country A. Accordingly, the expected
utility of working in country A should be identical to the expected utility
of working in country B. By use of (2), (4) and (8) the indirect utility of
workers living in country A is (was — way) a®(1 — a)lfo‘ri}‘il if employed
(ear = 1), and zero if unemployed (ea+ = wa ¢ = 0). Since the probability
of being employed is 14+/ nf}’t, the expected utility of a young agent resident
in country A is f;}; (war —way) a*(l —a
At
(4) and the definition of wp; in Lemma 2, the indirect utility of workers

in country B is given by (wpt — wp) a®(1 — a)l_"‘r]li‘jrl, which, with full
employment, is identical to the expected utility of a young agent resident
in country B. Under free capital movements (18) applies, so that ws,; =

Wpt = Wy = —————1—%. Then, the following no arbitrage condition in
) a®(l—a)t—er, ]

the world labor market must hold in every period,

ylerl=e . Similarly, using (2),
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it

wpRt — Wy = ZAT (U)A,t - ’lz)t) . (28)
A
Notice that, from Lemma 1, we have wa; > w; and 4 < nf},t. Therefore,
a two-country equilibrium in the world labor market implies that wa; >
wpR, > Wy, that is wages do not equalize.?6
Dividing both sides of (28) by wa ¢, and recalling that, by (7), @ /wa+ =
A, the above no arbitrage condition can be re-written as,

WEB.t lAt
—= =2+ (1-X)—=. 29
ViR o (29)

From (29) it can be seen that, for a given 4 ¢, the lower is net migration into
country A, that is the lower is ni +—n4, the lower is the wage gap (wp/wa
moves closer to 1). Combining Lemma 1, Lemma 2 and (19)-(21), equation
(29) becomes,

I
nE,=lag ([ A+ (11— A)nf‘T’t . (30)
At

From Lemma 2 recall that Ip; = ng’t, hence ng’t also represents the level

of employment per firm in Country B.
By definition, the world young population N satisfies,

NEmAnA—i—mBnB:mAn§7t+mBn§7t. (31)

Using (31), expression (30) can be re-written as,

1—6
malag

32
N — mBngt (32)

niy=C(lagng,) =lag [ A+ (1 —N)

26Note that the no arbitrage condition in world labor market, requiring wg ; > s, is
not compatible with an equilibrium where unemployment exists in country B. In fact, a
two-country equilibrium would not be possible if unemployment prevailed in the perfectly
competitive country B. In our model, if unemployment prevailed in country B, wages
would be identical to the reservation wage (wp,: = w:) and the expected utility of a
worker living in B would be zero, which is identical to the utility of being unemployed.
On the other hand, the expected utility derived by moving to country A would be positive
(since wa,; > w;); hence, no young agents will be willing to live and work in country B.
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Combining Lemma 1, Lemma 2 and (22) - and recalling that the no arbitrage
condition in the world capital market implies that (19)-(21) must be satis-
fied - the dynamic world capital accumulation equation and the dynamic
equation for employment per firm in country A are given, respectively, by

Kpy1fmy =7 (Kofmy)’ U HE, (33)

—a)(1—6+v —a)(1-6 —0(1—(1—a)(1— —a)(1-0)(1—0+v)+6—v 1—a)(1-6)%+6
() 1—0) 1)00)_ (g, ) ~01~(1-0)(1-0) -0)1=0)1=0+ )+( f{t( -6+
34

)

where,

H= lfI(lA,t) = 1+ z,, zsatisfying (21) with (g ;= ng,n ngyt satisfying (32).
(35)

Note that the only difference between this dynamic system and that with
free capital mobility (23-25) lies in the expression for z;, as employment per
firm in country B is now affected by changes in employment per firm in
country A through (32).

4.2 Steady state

The steady state levels of K, [4 and ng must satisfy

1—60+v 1-6+

Kfma= (1427700, 7 | with z = (mp/ma) (nB/14) 77 (36)

1-6 _ 0(1—(1—a)(1—06))

la=06vr~

1-6

lam v
R ATV A
=(A+(1-A)———= la. 38
S e (39)

4.2.1 Existence. First note that equation (37) gives us the unique solution
for the steady state value [4. Then given l4, and using (31), equation (38)
can be re-written as an identity between two functions in nﬁ /la, ie.,
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nk N nt m l xn
—A)E———A:—B<)\+(l—)\)—%> = RHS(
mala la ma ny

LHS( ﬁ). (39)

la la

A steady state value for n%f/l4 is thus a solution of (39) and, by Lemma 1,
it must also satisfy n%/l4 > 1.

Since equation (39) is non linear multiple steady state may exist. In
what follows we state necessary and sufficient conditions on the world level
of young population, N, for the existence of a unique steady state nﬁ Jla > 1.

Proposition 5 . Assume that v < 1 — 0 and define N1 = (ma + mp)la,
where L4 satisfies (37). Then, under Lemma 1, a unique steady state n% /14 >
1 exists if and only if N > Nj.

Proof. See Appendiz A. m

Using the steady state values of [ 4 and nf} /la we can then determine the
corresponding steady state value of nﬁ and of net migration into country A,
ie., nﬁ —n4. The associated steady state level of employment per firm in
country B is, by use of (31), nft = N/mp — (ma/mp)n&. Finally, given 4
and ng, the steady state value for K is obtained through (36).

4.2.2 Welfare We now state welfare properties of the steady state, by
analyzing how migration flows affect economic activity in both countries.
From expression (37) it can be seen that the level of employment per firm
in country A is identical to the level obtained under autarky or free capital
mobility. Also by use of (1), (6), (36), (37) and (19), it can be checked that
r, wa and k4 remain the same, which leads to the following proposition.?”

Proposition 6 . Assume that the conditions stated in Proposition 5 hold.
Then, migration flows do not affect the steady state world interest rate nor
wages, capital and employnet per firm in country A; which, in a fully inte-
grated economy, are unchanged with respect to the autarkic and free capital
mobility steady states.

Using Lemma 2, (20)-(21) and (36), and given the steady state value
of ng, we can derive the steady state level of capital per firm in country

1 1—04v .
B, kg = ~1-¢ ng -0, and the steady state level of wages in country B,

1
wp = [(1 —a)? (1 —0) A(nft)”] 77, which are both increasing in nft. Hence,

2"Note that, as in the case of perfect capital mobility, there are no net capital movements
at the steady state (hence s = s% = sp).
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using (31), it can be seen that the lower is n£, the lower is net migration in
country A, the higher is ng and thereby kp and wp, and the lower is the
wage differential between the two countries (see 29). Since wages, capital
and employment per firm in country A do not vary with respect to migration
flows, a steady state with a lower value for nff is superior welfarewise than
one with higher values of nﬁ, under a utilitarian social welfare function for
the world. This result motivates the following proposition.

Proposition 7 . Assume that conditions stated in Proposition 5 hold.
Then, the steady state level of net migration into country A is negatively
correlated with the wage, capital and employment per firm in country B,
and with world welfare (according to a utilitarian social welfare function);
and it is positively correlated with the wage gap between the two countries.

We now analyze how unemployment in country A, wages, capital and
employment per firm in country B, and world output compare with the cor-
responding steady state levels realized under autarky or free capital mobility.
Note that, although the steady state level of [ 4 does not change with respect
to the free capital or autarky case (see Proposition 6), unemployment may
increase or decrease according to whether net migration into country A is
positive or negative.

Indeed, if there are net migration flows into country A (i.e., nf}—n A>0)
unemployment, measured by m A(nﬁ —la), will be higher than the corre-
sponding level under autarky and free capital mobility, measured by my (ng — 14).
Since, from (31), the identity m4(nf—mna) = mp(np—nf) must hold, then,
positive net migration in country A corresponds to a decrease in the level
of employment per firm in country B relative to the cases of free capital
mobility and autarky, i.e., ng < np. This implies that wp and kp will also
be lower, and the steady state level of output at the world level decreases
too relative to the case of autarky or free capital mobility. Denoting by
np the level of employment per firm in country B at which the return of
working in country B is identical to that of working in country A at the
steady state under autarky (and free capital mobility), then the conditions
under which there is positive or negative net migration into country A can
be summarized as follows.

Proposition 8 . Assume that the conditions stated in Proposition 5 hold

and define ny = (A + (1 — )\)(lA/nA))I%G la. Then, compared to the steady
state under autarky or free capital mobility, the steady state of the fully
integrated economy exhibits:
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(i) Positive net migration and higher unemployment in country A, lower
wages, capital and employment per firm in country B and lower output in
the world, if and only if ng > n}.

(ii) Negative net migration and lower unemployment in country A, higher
wages, capital and employment per firm in country B and higher output in
the world, if and only if np < nj.

Proof. See Appendiz A. m

Propositions 7 and 8(i) imply that eliminating barriers to international
factor movements may induce a decrease in world output and welfare. Given
that, here, we are analyzing economies operating under several market dis-
tortions, this result is consistent with the theory of the second best, ac-
cording to which the correction of one market failure does not necessarily
improve welfare.

Propositions 7 and 8 (ii) imply that low employment per firm in the
perfectly competitive full employment economy relative to the rigid wage
country, before integration, induce positive net migration into the compet-
itive economy and creates a more efficient world. Indeed, this is the out-
come one would expect in partial equilibrium, or in a static model, if both
countries were characterized by perfectly competitive labor markets and full
employment and factor movements were liberalized. In this case workers
would move to the country offering a higher wage, that is from the labor
abundant country to the labor scarce country, until real wages are equal-
ized. As a result there would be a world redistribution of workers to the
advantage of the more productive country and an expansion in world output.
In our dynamic general equilibrium model, where one of the two countries
is characterized by rigid wages and unemployment, however, the process is
different. Recall that, irrespective of liberalization of factor movements, in
our economy we have w; = [(1 —a)?(1-0) .All-”], i = A, B; that is wages at
the steady state are positively related with employment per firm or, equiv-
alently, with the average firm size.?® Accordingly if, under autarky or free
capital mobility, country B is sufficiently less labor abundant than country
A, the wage in country B is much lower than in country A and expected
income of working in B is relatively low (see 28). To ensure no arbitrage in
the world labor market, then, the wage in country B has to be higher under

28This happens because in our economy capital, being driven by the wage bill, is in-
creasing in employment per firm. Hence, when the latter increases, the level of capital
per firm increases as well, which, by increasing the marginal productivity of labor, leads
to an increase in wages at steady state. Note that, in our model, this is true even for very
small levels of labor externalities.
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full integration. As a result, wages and the average firm size (i.e, ng) in the
competitive country increase, unemployment in the rigid wage country (i.e.,
ni —14) decreases and world output expands. Moreover, although wages do
not equalize, the wage gap between countries is reduced (see 29).

4.3 Local dynamics and (in)determinacy

We now proceed to analyze the local stability properties of the steady state
under full integration. Although the equilibrium dynamic equations under
full integration (33-34) look identical to those under free capital mobility
(23-25), we have to take into account that with migration the level of em-
ployment per firm in country B (ngt), instead of being fixed and identical to
np, depends on l4 ; through expression (32). Indeed, the conditions for inde-
terminacy now become also function of an additional parameter n € (1, +00),
that represents the elasticity of employment per firm in country B with re-
spect to employment per firm in country A evaluated at the unique steady
state.?9

The proposition below summarizes the conditions under which local in-
determinacy prevails.

Proposition 9 . Assume that the conditions in Proposition 5 hold and
deﬁne gy = ~e=(0-20)/0-0))(A-sp(-m) 5 — __20-al-0)(1-sp-1)
L= - a) ( —(1-20)/(1=0)sp(1—n)’ "t = Qa—D)+2(1/(1-0)—a)sp(1-n)’

=1 + 1 3} 29)/ 1 o) and n?> = 1 + %. Then, the world
economy exhz its local mdetermmacy under full integration if and only if
one of the following set of conditions hold:

(a) vy >v >y and 1 <n < n?, or

(b) v >y and n? <n <n'

Proof. See Appendiz B. m

Notice that the minimum bound on labor externalities, v;, required for
indeterminacy is higher than that required under autarky, that is v; >vgay;
while the upper bound is lower, Uy < ¥Uq,. Therefore, the range of values
under which indeterminacy occurs is smaller in the integrated equilibrium
than in autarky. Accordingly, indeterminacy is more difficult to obtain with
free international movements of capital and labor. To explain why, we refer
to the same example analyzed previously, where we considered an increase
in the expected future interest rate. Earlier we saw that, following an in-
crease in the expected future interest rate at time ¢, [ 4 ; increases. Since the
elasticity of employment per firm in country B with respect to employment

29Gee Appendix A, Lemma 4.
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per firm in country A (i.e, n) is positive, higher {4 implies migration into
country B and an increase in current employment per firm in country B.3°
Moreover, capital now flows out of country A into country B. Indeed, since
n>1, ng,t/lAﬂg and z; increase with {4+ (see 21), therefore kp; = K 1th
also increases (see 20). This implies in turn that, for a given predetermined
value K4, capital flows from country A to country B. As a result, under free
labor movements, current savings tend to increase in both countries and so
does world capital at t+1.3! The latter renders more difficult the occurrence
of an increase in r:y1, as initially expected at time ¢. Also, the increase in
world capital tends to increase labor productivity and employment per firm,
which induces a further increase in world savings at ¢ 4+ 1, and thereby of
world capital in ¢ 4 2, reinforcing the initial swerving away from the steady
state observed at time t. Hence the reversal of equilibrium trajectories, re-
quired for indeterminacy, is now more difficult to obtain. Finally, note that
migration flows at ¢ are higher the higher is the responsiveness of employ-
ment per firm in country B to changes in employment per firm in country A;
therefore, for indeterminacy to occur the elasticity n needs to be bounded
from above.

5 Conclusions

Although the issue of labor movements, in a world where goods and capital
markets are highly integrated, is taking centre stage in the debate about
globalization, the existing macroeconomic literature has been lacking be-
hind. A number of authors have investigated the link between capital mobil-
ity and macroeconomic instability. Most recently, Azariadis and Pissarides
(2005) have emphasized the role of capital movements in explaining unem-
ployment volatility in a dynamic general equilibrium set up.3? Also, as testi-
fied by the recent volume by Obstfeld and Taylor (2004), there is a growing
interest in the literature for testing the impact of capital market liberaliza-
tion on macroeconomic performance. None of this, however, addresses the
macroeconomic implications of international labor movements.

A peculiarity of the recent wave of globalization is that increased integra-

39Note that, due to the existence of unemployment in country A, migration into country
B does not imply changes in employment per firm in country A.

31Tt should be stressed that the current capital outflow from country A may partially
damp the increase in savings due to the rise in employment [4 ;.

32 Azariadis and Pissarides (2005) consider a dynamic OLG model of a small open
economy where unemployment exists at equilibrium due to search costs, and equilibrium
fluctuations around the steady state are generated through exogenous productivity shocks.
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tion in goods and capital markets is accompanied by increased restrictions
in labor movements. Is such an asymmetric process of integration of world
markets beneficial or harmful for macroeconomic stability and efficiency? As
regard stability, one major concern is that increased financial openness can
produce unwanted disturbances to economies in so far as domestic capital
becomes more responsive to expected future changes in international prices
and, correspondingly, magnifies the amplitude of fluctuations in real wages
or employment levels. As regard efficiency, one major concern is that la-
bor movement liberalization, between countries with different labor market
institutions, may exacerbate unemployment and reduce world output.

In this paper we have shown that labor movement liberalization, between
economies with integrated capital markets and different labor market struc-
tures, helps to achieve higher aggregate stability by reducing the scope for
expectation driven fluctuations. Our results also suggest that, if the com-
petitive country becomes a net importer of workers, then moving to a fully
integrated world economy bring about both macroeconomic stability and
efficiency. If instead, as a result of labor movement liberalization, the rigid
wage country becomes a net importer of workers, then the world economy
faces a trade off between efficiency and stability. Whether the rigid wage
country becomes a net importer or exporter of workers depends on how large
is the gap in the average firm size between the rigid wage and competitive
countries before integration.
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Appendix A: Steady State Integrated Equilibrium
- Proofs

Proof of Proposition 5 (Ezistence and uniqueness of the steady state).
R R R
In figure 1 we plot the functions LHS(%“) =N __ % and RHS(%) =

mala
1-0

- R
2 [)\+ (1-— )\)i—%] “, for 7—2 € (0,00), considering 14 fixed and given
by (37). The first function is represented by the line LHS, which has a
slope identical to —1, i.e., LHS’ (ni/lA) = —1. See Figure 1, where three
R
different lines represent the LHS (%“) for three different values of N. The
second function is represented by the curve RHS. Assuming that v < 1—4,

R

RHS (7—“) defines a convex negatively sloped function, with a slope identical
A

to,

1—6
1—-6 ms a1 /a\?
RHS' (nf/l4)=-——=(1-)—= [A+ (1 -\ — ) <0. (Al
(/1) =N EE N -0 T () <o Ay
The RHS tends to infinite as nﬁ/l A tends to 0, goes through ma/mp
for n%/l4 = 1 with a slope RHS' (1) = —1%9(1 — A2, and tends to

(mp/ma) NI~/ as nB /i, tends to oo. See Figure 1, where (nf/1a)" is
such that RH S’ ((nf} /1 A)*) = —1, and where we have represented the case
where RHS'(1) > —1, ie., (n%/l4)" < 1; Ny is the value of N at which
LHS(1) = RHS(1), and a is such that LHS(a) = RHS(a) for N = Nj.

[Figure 1]

A steady state value nff/l4 is a value for nf/l4 > 1 at which the two
curves, LHS and RHS, cross each other, i.e., (39) is satisfied. We can
immediately see that, in the case represented in Figure 1 ((n%/1 A)* < 1),
existence of a steady state nf/l4 > 1 requires LHS(1) > RHS(1), i..,
N > (1+mp/ma)maly = Ny, as represented by line LHS3. Otherwise,
if the curve RHS crossed the line LH S, it would do it twice but for values
n%/ly < 1. In the case represented in Figure 1, the condition LHS(1) >
RHS(1) & N > Nj also ensures uniqueness of a steady state value nff/l4 >
1. The reader may easily check that in the other case, where 1 < (nﬁ /1 A) o
RHS'(1) < —1 (i.e.,a = 1,b > 1), the condition LHS(1) > RHS(1) & N >
N1, although not required for the existence of a steady state value nﬁ Jla > 1,
it is required for its unniqueness. Existence of a steady state would only
require N > N, and two steady states would exist for No < N < N;.1
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We now set some other related results, which are important for proofs
of Proposition 8 and Proposition 9. We highlight them in two Lemmas.

Lemma 3 Under the conditions stated in Proposition 5 and given (A1), the
unique steady state satisfies 0 > RHS’ ((nf}/lA)ss) > —1.

Proof. From observation of Figure 1, notice that when N > Ny, the
unique steady state must satisfy (nﬁ/lA)ss > (nﬁ/lA)*, where (nff/lA)* is
such that RHS' ((nlj/lA)*) = —1. Given convexity of the RHS(n%/l4),
this implies that RH S ((n%/14)”) > -1. B

The other result of relevance is linked to the domain of 7, that is the
elasticity of employment per firm in country B with respect to employment
per firm in country A, in accordance with (32), and evaluated at the steady
state.

R Y
diag ng,

Lemma 4 Assume that Lemma 8 holds and define n = {

R
dnB,t la ]
nk.l

BtA

then n > 1 at the unique steady state (nf}/lA)ss > 1.

_ (1-sp)
. . . dnk | 1+228 (1) B
Proof. Using expression (32) we obtain n = | 7=+ At = 5 (i‘f X
At By | R 1-1=0 (1)) —2B)
B'A v sp

where sp = ngmg /nﬁm 4 > 0 represents the ratio of residents in coun-
try B and in country A, evaluated at the steady state under analysis, and
sp = z/ (14 z) € (0,1) represents, as under perfect capital mobility, coun-

16ty
try B share of world capital where now z = (mp/ma) (ng/lA) -6 > (.
1-RHS' (nfi/1a)" &
1+RHS' ((nfi/14)™)
have that, under Proposition 5, n > 1 at the unique steady state (nf} /1 A)SS.
|

Using (A1) we can rewrite n = . By Lemma 3, we then

Proof of Proposition 8 (Net migration) To prove the result of Propo-
sition 8, we just have to show that under condition () there is negative net
migration into country B and that under condition (i¢) there is positive net
migration into country B. Note that, using (31), expression (38) can be
rewritten as,

l v
R A
= 2A+(1-A la. A2
"B ( ( )TLA +nppl — —ming> 4 (A2)
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1—-6

From (A2) it can be seen that if np = nj = </\ +(1- /\)T%)T la, then
net migration is zero, since ng =ng.

R
Differentiating (A2) with respect to nft and np, we obtain that gZ—g =
RHS'(nf/1 o .
#@21)’ where RH S’ (nff/lA) is given by (Al). Since, by Lemma 3,
0> RHS’ ((nﬁ/lA)ss) > —1 at the unique steady state under Proposition 5,
R 1-6
we obtain that g—zg < 0. Therefore, if np decreases from ()\ +(1— )\)—lé‘—> " la

nA
1-6

v

R - l R
then nj increases from ()\ +(1- A)ﬁ) la, so that niy —np > 0, that

is positive net migration into country B. This proves (ii) of Proposition 8.
A symmetric argument proves (). l

Appendix B: Local Indeterminacy - Proofs

Proof of Proposition 1 (Autarky). The system (9) and (10) is log-
linear and deviations from the steady state, dLogKat4+1 = LogK a1 —
LogK 4, and dLoglg+1 = Logla 1 — Logla are determined as follows

{ dhogkar: } e8] (i t-1) [ Ahogkas ]
= =0(1—(1—a)(1— 1—04v)(1-0)(1—a)+0—v
dLogla,t+1 (I—a)(1—0+1) I—a)(1—6+v) dLogla
7

the trace, T, and the determinant, D, of the associated Jacobian matrix, J,
being given, respectively, by

1-0)—a(l—-0+v)
l-a)(1-0)(1—-0+v)
6(1—0)
l-—a)1-01-0+v)

T

D =

The eigenvalues of the 2x2 Jacobian matrix J are the roots of the char-
acteristic polynomial P (\) = A2 — TA + D. Since there is only one pre-
determined variable (capital), indeterminacy arises when both eigenvalues
(in absolute value) are lower than 1. This case will be obtained when,
simultaneously, D > T — 1, D < 1 and D > —T — 1. The condition
D>T—-1<%s v(l—-60) > 0, is always verified given that » > 0 and
<1l D<le (1-0)(a(l—0)—(1-20)) <v(l—-0)(1—-«). Since
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a(l = 6) > (1 —26) under (13)-(14), both left and right hand side of
the latter inequality are positive. Therefore this inequality is satisfied iff
(a(1-0)—(1-26)) _
v > (1—06) - = Yau.
Finally, D > -T—-1<2(1-0)(1 —a(1 —0)) > v(1 —0)(2a — 1). The
left and right hand side of this inequality are both positive, since 2aa—1 > 0

under (13). Hence the latter inequality is verified iff v < 2(1(*22—(_11*)9)) = Vgu,

with gy >vg, if and only if a < ii—%z, the latter inequality being satisfied
under (13).1

Proof of Proposition 4 (Capital mobility). Under perfect capital
mobility, the Jacobian matrix, associated with the linearised system (23)-
(25) around the steady state, is given by

o (1—0+v)+(1-0) gt
_0(1—(1—-a)(1-8)) (1—a)(1-0)(1—0+v)+0—v)+(6+(1—a)(1-6)?) gf;jli
(1—a)(1—0+v)+(1—a)(1-0) jf;jlfj (1—a)(1—04+v)+(1—a)(1-6) j};j‘fj
(B1)
where, by use of (24),
dinH_ 120%v  — ithsp—2/(142) € (0,1). (B2)

dinly 1-0

Using (B2), the trace and determinant of the Jacobian matrix (B1) are,
respectively, equal to

1-0)—al—0+)1-2)(1—0)—(1—0+v)
A-a)(1-01—0+1)1—2)

T = (B3)

01— 0)— 01— 0+ )z

D=0+ a=a)

(B4)

where z = s% € (0,1).

Since 1 — x > 0, the denominator of both T and D is positive. The
condition D > T —1 < v(1—0) > 0, is always verified given that v > 0 and
0<1.D<1&(1-0)(1-s%)(a(l-0)—(1-20)<v(l-—a)(1l-06)+
sB(a(1—0)— (1 —20)). Since a(1—0) > (1—26) under (13)-(14), both left
and right hand side of the latter inequality are positive. Therefore, this in-

(a(1-0)—(1-20))(1-sB)  _ .
) rsPla—(i-z0)/(—ay) — vk Finally, D> —T'—

equality is satisfied iff v > 0
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1< (1-s8)1-0)2(1 - a1 —0)) > v ((1—0) 2a— 1) + 258 (1 — a(1 — 9))).
Both left and right hand sides of this inequality are positive, since 2aa—1 > 0
2(1—a(1-0))(1—sP)
Ca-—1)+2sB(1/(1-0)—a)
the latter inequality being satisfied

under (13). Hence the latter inequality is verified iff v <

1426

Vg, with v >vy if and only if o < 1955,

under (13).1

Proof of Proposition 9 (Capital and labor mobility). Since, equations
(33)-(34) are analogous to (23) and (25), the matrix given in (B1) still
represents the Jacobian matrix, associated with the linearized system (33)-
(34). However, using (35), the elasticity HBH a5 given in (B2), must now

dinis’

be substituted by jllﬁg , that is by the elasticiy of H with respect to l4

evaluated at the steady state. Differentiating (35) and (32) we obtain

din H 1-0+v p
- 1— B
dlnia T ) (B5)

By Lemma 4, n > 1, hence s8(1 — ) < 0. Using (B1) and (B5) it can
be checked that, under labor mobility, the trace and determinant of the
Jacobian matrix are given by (B3) and (B4) with z = s%(1 —n) < 0.

Since z€ (—00,0), 1—x > 0 and the denominator of both 7" and D is pos-
itive. Hence, D > T'—1 < v(1—0) > 0, which is always verified. Also D < 1
< (a-1-20)/1-0)1-2) <v(l—a)+(a—(1-20)/(1-0))x).
Since x = s%(1—n) < 0 and a(1 — ) > (1 — 20) under (13)-(??), the
left hand side of the latter inequality is always positive. If sZ (1 —1n) <
—% sn>nl =1+ (a—(l—gz;ﬁ)l—G))sB’ the right hand side is neg-

. 1 (a—(1-20)/(1-6))(1—sP (1-n))
ativeand D > 1. Ifn < n*, then D < 1forv > A=) T (= (1=20)/(1=0))sF (1=r)

v;. Turning to the condition D > —T — 1, we have D > -T — 1 &
2l—a(1-0)(1—2)>v((2a—1)+22(1/(1—0) —a)). The left hand

side of this inequality is always positive. Since, under (13), 2a — 1 > 0 the

right hand side can be negative or positive. If sZ (1 — ) > —% =

n<n?=1+ %, the right hand side is positive. Hence, if n < n?
2(1—a(1-0))(1-sB (1-n))
and vV < ooy A= =) 5B (1)
then D > —-T — 1.

Finally note that ' > 1% & a < }i—gz, the latter inequality being verified

under (13). Moreover, when o < ﬁ—g’z and 1 < 2, then 7; >v;. Accordingly,

the conditions for indeterminacy, D > T'— 1, D < 1 and D > —T — 1,
are simulataneously satisfied if and only if one of the conditions stated in

Proposition 9 is verified.l

= 1;, then D > —T — 1. Also if n > n?,
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Figure 1: The case of RHS'(1) > 1 <= (nf}/l4)* < 1
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