Labor-MarketIntegration,Investment in Risky Human Capital,
and Fiscal Competition
By DAVID E. WILDASIN*
This paper presents a general-equilibriummodel where human capital investment
increases specializationand exposes skilled workersto region-specificearnings risk.
Interjurisdictional
mobilityof skilled labor mitigatesthese risks; state-contingentmigration of skilled labor also improvesefficiency.Withperfect capital markets,labormarketintegrationraises welfare and reducesex post earnings inequality.If instead
human capital investmentcan only be financed through local taxes, labor-market
integrationleads to interjurisdictionalfiscal
competition,shiftingthe burdenof taxation
to low-skilled immobile workers. Decentralizedpublic provision of human capital
investmentcreates earningsinequalitiesand is inefficient.(JELHOO)

The extent of interoccupational and geographicalmobility of labor appearsto vary substantially by labor type, among regions and
countries, and over time. Within a local labor
market,such as a metropolitanarea, some types
of workers can easily find many potential employers and, in the absence of regulatoryconstraints or restrictive labor-marketinstitutions,
job changes may be relatively costless. For example, many types of service and production
workers, such as those providing basic maintenance, delivery, clerical, assembly, and fabrication services, have skills which are valued by a
wide range of employers in differentindustries.
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Other types of workers have much more specialized skills and may find only a few potential
employers in a locality who might be interested
in exploiting those skills. For example, a given
locality may have only a few firms, or none at
all, who would wish to employ lawyers with
expertise in particulartypes of law, a few major
employerswho might hire staff to supportlargescale advancedinformationsystems, one or two
major universities which recruit for very specialized teaching or research staff, or a small
numberof clinics specializing in particularprocedures or in the treatmentof specific illnesses.
With such a small numberof potential employers, the chance of a highly specialized worker
finding a good employment match within the
local labor market is correspondinglyreduced,
and it would not be surprising,therefore,to find
such workers and firms searching in more than
one local market;in some cases, indeed, workers and employers may search over an entire
countryor over the entire world in orderto find
the best employment match.
Search over a large geographical area does
not, in itself, imply that matches, when found,
will be characterizedby high turnover;if anything, perhaps the opposite would be the case
(see, e.g., Donald 0. Parsons [1986] for a discussion of the durability of employment contracts).It does not necessarily follow, therefore,
that migration rates will be higher for highly
specialized workers. Nevertheless, the empirical evidence indicates that more educated
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INMIGRATION, OUTMIGRATION, NET MIGRATION, AND MOVERS FROM ABROAD FOR REGIONS:
SELECTED YEARS, 1980-1994
(NUMBERS IN THOUSANDS)

Mobility

period

and type of migration

Northeast

Midwest

South

West

706
737
-31
132
101

1,336
960
376
451
827

746
763
-17
396
379

782
797
-15
208

1,421
987
433
351

835
668
167

193

784

650

1,377

1,056
-406
180
-226

890
487
412
889

1993-1994
Inmigrants
Outmigrants
Net internal migration
Movers from abroad
Net migration (including

348
676

abroad)

-328
267
-61

1990-1991
Inmigrants
Outmigrants
Net internal

346
932
-585

migration

Movers from abroad
Net migration (including
1980-1981
Inmigrants

abroad)

464
706
242
207

Outmigrants
Net internal migration
Movers from abroad
Net migration
Source:

(including

209
-367

abroad)

(35)

617
784
871
710
161
514
675

http:Hlwww.census.gov/population/socdemo/migration/tab-a-2.txt.

workers, who may be presumed to have more
specialized skills, do tend to exhibit greater
geographical mobility as measured by migration rates.' Moreover,the fact that gross migration flows vastly exceed net migration flows
indicates that mobility provides a mechanism
for matching specific attributesof workers and
locations. Census data for the United States is
illustrative.2In 1990, only about 60 percent of
Americansresided in the state where they were
born, and in no state did this share exceed 80
percent, indicating that a very large fraction of
the population changes its state of residence at
some point in the life cycle. Some 17-20 percent of the U.S. population changes its residence each year, and although many of these
moves occur within small geographic areas
(e.g., within a county), about 2.5-3.5 percentof
the population has moved from one state to

1 See, e.g., Ronald G. Ehrenbergand Robert S. Smith
(1988 p. 360), who explain that age is the most important
determinantof migration,with young people moving more
than old, and that "educationis the single best indicatorof
who will move within an age group.... [Clollege education
... raises the probabilityof migratingthe most";emphasis in
original.
2 See
http://www.census.gov/ftp/pub/population/www/
migrate.html.

another each year since World War II. The
numberof internalmigrantseach year is generally five-seven times greaterthanthe numberof
movers from abroad.While some of the interstate migration in the United States represents
net flows from one region to another, gross
flows are consistently far greater than net, as
shown in Table 1 for selected years. Thus, there
is substantialand continuing internalmigration
within the United States, much of which takes
the form of "cross-hauling"among relatively
large geographical units such as states and regions. If all workers (and the tasks that they
undertake)were identical, any excess of gross
over net migration-i.e., the bulk of all migration-would represent economic waste. (See
Wildasin and John D. Wilson [1996] for a
model that predicts wasteful migration as an
equilibriumoutcome with rent seeking and imperfect information.) If, on the contrary, this
high level of migrationis undertakenbecause of
its economic benefits, the workers in the East
who move to the West must not be identical to
the workersin the West who move to the East.
And, as indicated, these movers are predominantly better educated and trained members of
the population. In short, the data indicate that
migrationprovides a mechanismthroughwhich
workers, especially those with high levels of

VOL.90 NO. 1

INTEGRATION
WILDASIN:LABOR-MARKET

human capital, continuously match specific
skills to specific jobs, and that this process
generates a level of gross migration substantially higher than the level of net migration.3
The degree of specialization of labor and of
labor mobility across firms, industries, and locations depends on many factors. Building on
the basic insight of Adam Smith that "the division of labor is limited by the extent of the
market,"George J. Stigler (1951) emphasizes
the importanceof expanding output marketsas
a factor contributingto greater specialization.
Expandedinputmarketsare also likely to play a
role. Paul Krugman(1991) emphasizesthe benefits of "dense" labor markets to workers and
firms and suggests that this is a possible factor
contributingto urbanization.By contrast,reductions in the cost of geographicalmobility may
create dense markets by expanding their geographicalscope (Wildasin, 1995). Interfirmand
interindustrylabormobility can be enhancedby
workersif they acquiregeneral,ratherthan specific, human capital and by firms if they adopt
production technologies that permit greater
flexibility in the assignmentof workersto tasks.
The size of marketareas for goods and factors,
the degree of urbanization,the choice of organizationand techniqueby firms,and the amount
and specificity of human capital embodied in

3 A substantialbody of researchin labor economics has
studied the attachment of workers to specific jobs. This
research(see RobertH. Topel, 1991; Topel and Michael P.
Ward, 1992, and references therein) suggests that young
workersare likely to change jobs quite frequently,and that
such job switches give rise to rapid earnings growth. As
workerssucceed in findinghigher-wagejobs, however, their
rateof turnoverdiminishesand the employmentrelationship
becomes more stable. In such a stable employmentrelationship, length of job tenure accounts for much of wage
growth. Many studies in this literaturedo not distinguish
between changes in jobs and changes in location, though it
is clear that the two are to some degree correlated. The
present analysis is not designed to explain recent trends in
wage inequality (see, e.g., Chinhui Juhn et al. [1993] for
discussion and analysis of these trends),but, as will become
clear, it does indicate that changes in geographic mobility
can indeed affect the distributionof earningsboth by equalizing returns within skill categories across space and by
changing the level of skill acquisition. The entire generalequilibrium structureof rewards to skilled and unskilled
labor is thus affected by mobility.
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workers should be presumed to be simultaneously determined.4
The geographical scope of factor markets,
that is, the extent to which factor markets are
spatially integrated,is a matterof considerable
importancefor the analysis of fiscal and other
policies. Governmenttax and expenditurepolicies typically bear on populations within geographically defined jurisdictional boundaries.
The costs and benefits of these policies create
incentives for interjurisdictionalfactor reallocations if jurisdictionalboundariesdo not enclose
marketboundaries,with importantirmplications
for their efficiency and distributionaleffects.
Moreover,factormobility may increasethe cost
to governmentsof raisingrevenue,perhapsconstraining government expenditures in general
and redistributiveexpendituresin particular.To
4 The urban or regional specialization of economic activity and its connection to human capital formation has
been a topic of renewed interestin recent years and it is not
possible to discuss all related literature here. See, e.g.,
Marcus Berliant and Yves Zenou (1997) for a recent discussion and references. Like the present analysis, Philippe
Michel et al. (1996) postulate differentiallyhigher mobility
of skilled labor.In the spiritof Paul Romer (1986) and other
new growth theorists, these authorspostulate labor-market
externalitiesassociated with the employment of skilled labor;explicit dynamicanalysis shows how these externalities
can generatetendencies for long-runagglomeration.Michel
et al., however, take the level of investment in human
capitalas exogenously given. On the empiricalside, Sukkoo
Kim (1995) analyzes trends in regional specialization in
U.S. manufacturing,noting that spatial concentration of
factors can contribute to output specialization, and that
increasedfactor mobility can reduce this type of specialization. This is broadly equivalent to saying that demands for
specialized factors drive factor movements, as postulatedin
the present model. Adam B. Jaffe et al. (1993) provide
evidence that technological innovation is characterizedby
substantiallocalization economies; while their focus is on
spillovers, which are absentin the analysis presentedbelow,
theirbasic findingthatpatent-producingactivities tend to be
spatially concentratedis consistent with the assumptionof
local specialization in specialized, human-capital-intensive
tasks. Naomi R. Lamoreaux and Kenneth L. Sokoloff
(1999) argue that "contractualmobility" for inventorsspecifically, the development of markets in which their
ideas, embodied in patents, can be traded-facilitates the
specialization and division of labor (individuals can more
easily specialize in invention). Clearly, as in international
trade,"tradecan substitutefor migration,"and "contractual
mobility" can substitutefor geographic mobility (or, more
accurately, one can say that geographic mobility provides
one, but only one, type of contractualmobility), highlighting the above-noted interdependencyof goods and factor
marketintegration,specialization, urbanization,etc.
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some authors, factor mobility threatens basic
functions of government,while others see fiscal
competition as a constrainton government inefficiency. Both predictive and normativeanalyses of fiscal interactions in the presence of
factor mobility are the focus of a rapidly growing literature.5
Factor marketintegrationmay increase over
time due to institutionalchange, for instance as
a result of structuralpolicy changes such as the
formation (or dissolution) of political and economic unions (such as the internalmarketof the
United States or the EU), factor marketderegulation (mutual recognition of professional degrees among jurisdictions, relaxation of
occupational licensure requirements,lifting of
capital controls or of restrictions on foreign
investment), and other forms of economic liberalization. Technological changes that facilitate factormovements,such as improvementsin
transportationand communication,contributein
obvious ways to factor market integration.
Technological change is probablyan important
fundamentaldeterminantof long-term institutional and policy change as well (see, e.g., Timothy J. Hattonand JeffreyG. Williamson [ 1994]
and Douglass C. North [1996]). The degree of
factor market integrationdepends not only on
the cost or feasibility of factor movements,
however, but on the benefit and desirabilityof
factor movements. Here, the process of accumulationof humancapitaland the acquisitionof
5 A vast and well-establishedliteraturehas discussed the
equity and efficiency implications of local government finance of elementary and secondary education within U.S.
metropolitan areas; see Robert P. Inman and Daniel L.
Rubinfeld(1979), Dennis Epple and ThomasRomer (1991),
Raquel Fernandez and Richard Rogerson (1996), and
Thomas J. Nechyba (1997) for examples and furtherreferences. A number of studies (e.g., Charles A. M. de Bartolom6, 1990; Epple and Richard Romano, 1998, and
references therein) have drawn attention to the potential
importanceof peer-groupeffects in local education, or to
similar externalities that arise in the labor market (e.g.,
HarryHuizinga, 1997). The present analysis, however, abstracts from such externalities. See Helmuth Cremeret al.
(1996) and Wildasin (1998) for recent surveys of the literatureexamining the implicationsof factor mobility for tax,
income redistribution,and expenditurepolicies. The general
modeling frameworkused in the presentpaperis similar in
some respects to that in Wildasin (1995, 1997), but the
analysis differsby consideringendogenousdeterminationof
skill levels and endogenousdeterminationof tax and expenditure policies.
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increasingly specialized skills that tends to accompany this process is of importance.On the
one hand, for the reasons indicatedabove, individuals with highly specialized skills may wish
to participate in labor markets of large geographical scope; on the other hand, reductions
in the cost of accessing labor markets of large
geographical scope increase the prospect that
workerswith specialized skills and their potential employers will make successful employment matches and this would appear to make
the acquisitionof specialized skills more attractive.

The goal of the present paper is to analyze
some aspects of the complex interplaybetween
labor-marketintegrationand investment in human capital which may be either privately or
publicly financed. Investmentin human capital
takes the form of acquisition of industryspecific skills which expose skilled workers to
wage risks, whereas unskilled workers are assumed to be fully mobile across industriesand
face no wage risk. Unskilled workers are assumed always to be geographically immobile,
while skilled workers are assumed to be either
completely immobile or, as a stylized representation of the effect of marketintegration,costlessly mobile among jurisdictions. In the freemobility case, spatial arbitrageeliminates the
jurisdiction-specific wage risks that skilled
workers would otherwise face, so that integration of the labor market for skilled workers
reduces the variability of the returnsto skilled
labor.
Section I investigatesthe effect of this type of
labor-marketintegrationwithin the context of a
simple general-equilibriummodel of privately
financedinvestmentin humancapital.The analysis shows how factormarketintegrationresults
in a first-best allocation of resources in which
the ex post net returnsto both skilled and unskilled labor are equalized and the level of welfare is increased.
Section II considers the case where human
capital investments are financed by "local" gov-

ernments and compares public financing with
the private-financingcase of Section 1. Governments must decide both on the level of investment to undertake and on the structure of
taxation used to finance the investment. The
analysis begins with the case where skilled
workersare immobile. Section II, subsectionB,
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shows that government policies may result in
higher levels of human capital investment and
higher welfare than under private financing.
They may, however, introduce "horizontalinequities" that do not arise in the privatefinancingcase. Section II, subsectionC, considers the case where skilled workers are mobile.
Integrationof the labormarketfor skilled workers imposes new constraints on the ability of
decentralizedgovernmentsto raise revenue. Indeed, competition for mobile skilled workers
causes local tax systems to be restructuredso
that the cost of human capital investment falls
entirely on immobile unskilled workers. The
total level of investmentin humancapitalis less
than the first-bestlevel that would be achieved
under private financing. Moreover, the equilibrium with public financing is characterizedby
ex ante as well as ex post differences in the net
returns to skilled and unskilled workers, with
the latterbeing worse off than they would be in
the private-financingcase.
Section III concludes with a brief review of
the principalfindings and a discussion of directions for furtherresearch.
I. A Modelof PrivateInvestment
in HumanCapital
The following analysis is concernedwith the
extent of investment in human capital, representedin the model in termsof the proportionof
the populationthatundertakesinvestmentin the
acquisition of specialized skills. The present
section assumes that there is no obstacle to the
financing of such investment by individuals
who may wish to do so. This assumption is
debatable because of the prohibition of credit
contractsin which workerspledge future earnings in orderto borrowto financeinvestmentsin
themselves. Therefore, Section II proceeds on
the alternative assumption that human capital
investment is financed through the public
sector.
A. Basic Structure
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will remain "unskilled."6These skilled and unskilledworkerswill thenworktogetherto produce
outputwhich is tradedat fixed prices on external
markets. All markets are perfectly competitive
and, in particular,all workersare paid according
to their (ex post) marginalproducts.All markets
clear.
Each jurisdiction contains many industries.
Given fixed outputprices, let units of outputbe
chosen so thatthe price of one unit of each good
is one. The output of industry i in a given
jurisdiction is a function f(si, li, 0) of the
amountof skilled and unskilled labor employed
in the industry, denoted by si and li, respectively, and of a randomvariable 0. The function
f exhibits constant returnsto scale in the two
types of labor and is the same for all industries,
and 0 is independentlyand identically distributed (i.i.d.) across industries and jurisdictions
with finite support.7
Assumptionsabout labor mobility among industriesandjurisdictionsplay a criticalrole in the
analysis.Althoughthe model is not explicitlydynamic,some decisionsare made priorto the realizationof the industryshocksandothersaremade
subsequently.In particular,for an expenditureof
e, aniyworkermay acquirethe skills necessaryto
become a skilled workerin a particularindustry.
This decisionis madepriorto therealizationof the
industryshocksandis irreversible.Forexample,a
worker may become a mechanicalengineer, an
architect,a physician,a lawyer, or a biochemist.
The acquisitionof any of these skills is initially
equallycostly,butthe decisionis a permanentone
and cannot be undone, that is, skilled labor is
intersectorally immobile. Unskilled labor, by
comparison,requiresno investmentin specialized
skills; moreover,unskilledworkersare assumed
to be intersectorallymobileafterthe realizationof
the industry-specificshocks.So, for instance,random expansionsor contractionsof the health-care
sector or the constructionsector may resultin ex
post reallocationsof clerical workers, security

6

As will become clear, the crucial feature of "skilled"

labor in this model is the specialization of skills. All work-

The economyconsistsof manyex anteidentical
jurisdictions.Each containsan initial population
of N ex ante identical"native"individuals.Some
of these individualswill acquirespecializedskills
throughinvestmentin humancapitalwhile others

ers may have some level of general humancapital and thus
some level of skills in an absolute sense, but "unskilled"
workers do not possess specialized skills.
7 The assumptionthat the productionfunctionf is of the
same form for all industriesis less restrictivethan it appears
given that 0 takes on industry-specificvalues.
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personnel,or maintenancestaff whose labor services are not industry specific; physicians and
architects,however, cannot switch industriesex
post. One implicationof the ex post mobility of
unskilledlaboris that the unskilledworkersin a
givenjurisdictionmust,in equilibrium,receivethe
same wage, denotedwl.
Although unskilled workers are perfectly intersectorally mobile, they are assumed to be
completely interjurisdictionallyimmobile in accordancewith the observationthat geographical
mobility is strongly associated with educational
attainment. (Given the strong symmetry assumptions of the model, no unskilled workers
will in equilibriumhave an incentive to relocate
in any case.) With respect to skilled workers,
two polar extreme assumptions are considered
in orderto examine the implicationsof changes
in the geographical integration of markets for
skilled labor. In the first polar case, skilled
workers are interjurisdictionally immobile,
while in the second case, they are costlessly
mobile among jurisdictions.Even when skilled
workers are free to move geographically,however, they are still assumed to be bound to the
specific industriesin which they are skilled.
The equilibriumlevel of skill acquisition,the
equilibriumallocation of workersamong industries and jurisdictions, and the equilibriumreturns to skilled and unskilled labor all depend,
in general, on whether the markets for skilled
laborare or are not "integrated,"i.e., on whether
or not skilled workers are geographically
mobile.
B. Factor MarketEquilibriumwith Immobile
Skilled Labor
When skilled laboris interjurisdictionallyimmobile, trained native workers are the only
source of skilled labor in a given jurisdiction.
Thus, if s7 denotes the numberof native workers who are trained for work in industry i, it
follows that the level of employment of skilled
workersin industryi must be given by si si.
The total number of unskilled workers 1 in the
jurisdiction is simply the total population less
the numberof skilled native workers, i.e.,
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The skill-acquisition decision is made ex ante
and is thus a decision under uncertainty. To
understandthe nature of this decision, let us
work backwardsfrom the ex post equilibrium.
Given sn skilled workers in industryi and a
total of 1 unskilled workers, the allocation of
unskilled workers among industries and their
wage must be determinedso that demand and
supply are equated. The demand for unskilled
laborin industryi is determinedas a function of
the level of skilled employment, the industry
shock, and the unskilled wage rate w, from the
marginalproductivitycondition

I(sn,

(2)

ji, 0i) = wI V i

wheref,(Q)denotes the marginalproductof unskilled labor and Oidenotes the realizationof 0
in industryi. The equilibriumvalue of w1 must
clear the labor marketfor unskilled labor, i.e., it
must satisfy
j

(3)

i (sn, Wl, Oi) = 1.

i

Conditions (2) and (3) can be used to solve for
the equilibriumex post allocation of unskilled
labor and its wage rate w, in terms of the Sn7S,
1, and the randomvariables Oi.Furthermore,the
marginal productivity condition for skilled
labor,
(4)

fs

(Sn

ji,

oi) = Wis

V

i

can be used to express the wage of skilled labor
in industry i, denoted by wi, in terms of the
same variables. Note that wis is generally random since it depends on the industry-specific
value of 0 both directly and, through ij,
indirectly.
Workers are assumed to act so as to maximize expected utility, with increasing concave
utility functions defined over net income denoted by u(). Earnings risk is assumed to be
uninsurable,for instance because of underlying
informationalasymmetries.The absence of insurance markets creates a market failure with
importantimplications for the analysis.8
8 The informationalasymmetriesthat preclude the existence of insuranceof earningsrisk are not explicitly present

It remains to show how the level of ex ante
skill acquisitionis achieved. Under the assumption that workersare able to access capital markets in order to finance any desired level of
investmentin humancapital,individualworkers
are free to acquirespecialized skills if they find
it advantageousto do so. Assume that all workers have identical concave utility functions u()
defined over net income. Then the expected
utility of a skilled worker in industry i is
Eu(wi, - e), that is, the expectation of the
utility of risky earnings net of the cost of skill
acquisition.The expected utility of an unskilled
workeris Eu(wl). In equilibrium,expected utilities must be equalized across industries and
skill levels, i.e.,
(5)

Eu(wi,
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e)

=

Eu(wl) V i,

and, in addition, all workers must be either
skilled or unskilled, i.e., (1) must be satisfied.
Conditions (1) and (5) can be used to solve for
the equilibrium level of investment in human
capital in each industryi, as representedby the
number of workers s7 acquiring industryspecific skills, and for the equilibriumnumber
of unskilled workers 1. Under the symmetry
assumptionsimposed on the model, the system
must be in equilibriumwhen each industry attractsidentical numbersof skilled workers,i.e.,
.9 In this situation,the equilibriumwage
Si =
of unskilledlaboris certainsince thereare many
industriesin the jurisdictionsubjectto independent shocks. Thus, in a symmetricequilibrium,
there is an allocation of workers to skilled and
in the model but could be incorporatedat the expense of
notational and analytical complexity. Earnings risk is of
course observed in practice (risky earnings are of central
concern in the literature on precautionarysavings, e.g.,
Angus Deaton, 1991) and the moral hazard problems involved in trying to insure againstthis risk are obvious. As a
special case of the model, workerscan be risk neutralrather
than risk averse, and the analysis in the risk-neutralcase
yields resultsthatarefundamentallythe same as for the case
of perfect insurancemarkets.
9 The symmetricequilibriumis not the only one. Thereis
an indeterminacyin the allocation of skilled workersacross
industriesbecause of the assumptionsof constantreturnsto
scale. However, it seems plausible to focus on the symmetric equilibrium. Alternatively, small frictions or small
amounts of industry-specificfactors would be sufficient to
rule out asymmetricequilibria.

unskilled work, (s', 1'), and industry-specific
returns to skilled labor and the returns to unskilled labor ({wsl5, w'), such that
(1')
(5')

E s's + 1'

Eu(w's

-

N.

e) (=u;(w) V i.

Given the concavity of the productionfunction
f, (s', 1') are uniquely determined.10
C. Factor MarketEquilibriumwith Integrated
Marketsfor Skilled Labor
Now consider the case where the marketsfor
skilled labor are perfectly integrated.In any one
jurisdiction, a particularindustry i may experience a stochastic shock that raises or lowers the
marginalproductof skilled labor, leading to ex
post interjurisdictional flows of the skilled
workersspecific to thatindustry.Thus, the level
of einploymentof skilled workersin industryi,
si, is determinedindependentlyof the number
of native workersin industryi trainedfor work
in that industry,s7. These ex post reallocations
improve the overall efficiency of resource allocation and also eliminate any interjurisdictional
differentials in the returns to skilled labor in
each industry. Because stochastic shocks are
i.i.d. and there are manyjurisdictions,the return
to skilled labor in each industrywill be nonstochastic. Furthermore,by the symmetryassumptions of the model, the return to skilled labor
will be the same across inclustries;this common
returnis denoted by ws.
In equilibrium, workers must be indifferent
ex ante between remainingunskilled or investing in skills in any particularindustry,i.e., letting (w*, w ) denote the equilibriumwages of
10
In the special case of risk neutrality(or when there are
perfect markets for the insurance of earnings risk), (5')
implies that
(F.1)
,
E(w',)-e we=

i.e., the "efficiencycondition"thatexpected returnto skilled
labor net of the cost of investmentin humancapital is equal
to the return to unskilled labor. With risk aversion and
incomplete insurance markets, however, (5') implies that
the expected net returnto skilled laborexceeds the returnto
unskilled labor as the former commands a risk premium.
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skilled and unskilled workers, u(w* - e)
u(w 1, or
(5*)

w-

e

=

w*<

Thus, in an equilibrium with integrated markets, all wage uncertainty disappears and investment in human capital occurs at an
efficient level, such that the extra productivity
of skilled labor is just high enough to compensate for the cost of skill acquisition. Because workers and jurisdictions are assumed
to be ex ante identical, the model cannot
explain precisely which workers will acquire
skills in particular industries, but, given the
symmetry of the model, this is economically
irrelevant in any case. The number of individuals acquiring skills in an "average"jurisdiction and the number of workers who
remain unskilled are determinate, however,
and must take on values (s*, 1*) satisfying
(5*) and
(1*)

s* + l

N.

D. Distributional and Allocative Effects of
MarketIntegration
A comparison of the two equilibriajust described sheds light on the effect of a reduction
in the barriersto mobility of skilled labor. T'he
crucialobservationto make is thatthe allocation
of resources is first-bestefficient when markets
are integrated.Skilled workersin each industry
are drawn,ex post, to thejurisdictions in which
theirproductivityis the highest, while unskilled
workersin each jurisdictionare drawn,ex post,
to the industries in which their productivityis
the highest. Since all workerscan make ex post
switches either among jurisdictions or industries, therecan be no ex post inefficiencies in the
allocation of the stocks of skilled and unskilled
labor, nor any interindustry or interjurisdictional wage differentials. From the ex ante
viewpoint, this means that no workersface any
wage uncertainty;in particular,investment in
skill acquisition is riskless, and thus is unaffected by the absence of marketsin which wage
risk can be explicitly insured. Ex ante human
capital investment decisions are therefore also
efficient.
Since the equilibrium with integrated mar-
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kets is first-best efficient, any other allocation
must lower utility for at least some workers.
In particular, this must be true for the allocation obtained when skilled workers are immobile. Since all workers obtain the same ex ante
utility in both equilibria, it follows that all
workers are better off, ex ante, when factor
markets are integrated. In particular, unskilled workers are better off, which means
that the equilibrium return to unskilled labor
must be higher in the integrated-marketsequilibrium, i.e., w* > w'. Hence we have the
following proposition.
PROPOSITION1: When investmentin human
capital is privatelyfinanced, the integration of
marketsfor skilled labor
(i) raises the equilibrium return to unskilled
labor,
(ii) eliminates income risk and ex post income
inequalityamong skilled workers,
(iii) equalizes the net incomes of skilled and
unskilled workers, and
(iv) raises ex ante (expected) utility for all
workers.
Note that while labor-market integration
raises the ex ante expected utility for all workers, including the skilled, it also eliminates any
ex post wage variation among the skilled. It is
quite possible, therefore, that some (random)
portion of the skilled workers would have
higher net incomes and utility, ex post, when
factor marketsare not integrated.
The welfare consequences of factor market
integration, as described in Proposition 1, are
relatively clear-cut. From a predictive viewpoint, it is also naturalto ask whether greater
mobility for skilled workers results in greater
investment in human capital. Intuitively, one
might suppose that acquisition of specialized
skills is more attractive to risk-averse households when marketintegrationreduces the variability of returns to such skills. The issue is
analytically nontrivial, however, since it involves a comparisonof two discretely different
general equilibria with possibly quite different
levels of household welfare giving rise to income effects; moreover,the degree of substitutability between skilled and unskilled labor
could be high or low and might indeed vary
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significantlyfrom one equilibriumto the next.'1
Analysis of significant special cases of the
model, however, suggests that factor market
integration tends generally to favor increases
human capital investment.12
E. Generalizations
Many of the simplifying assumptions of the
model are made only for simplicity of exposition and can be relaxed without changing the
analysis. Othersare more critical and would not
be so easy to relax. For example, the assumption
that all workersare equally able to acquireskills
in each industry is clearly much stronger than
necessary.Theremay be some workerswho can
only be unskilled or who are only able to acquire skills in certain industries. So long as
these workers are inframarginal,i.e., provided
that there are some workers who, in equilibrium, can move across any pair of skill categories, the analysis is completely unaffected.It is
also fairly easy to see what would happen if
workers differ in the effective quantities of labor that they provide. For example, a "highly
able worker" may be able to supply twice as
many effective units of unskilledlabor as a "not
very able" worker. The existence of heteroge" The effects of uncertaintyon human capital investment have been studied previously by numerous authors,
such as Joseph T. Williams (1978, 1979), who finds that
greater riskiness of returns to human capital reduces the
level of investmentin humancapital by risk-averseagents.
JonathanEaton and Harvey S. Rosen (1980) and Zuliu Hu
(1993) have examined the effects of taxation on labor supply and risk taking when the returnsto labor are stochastic.
The standardapproachin this and other related literatureis
to treat wage rates as uncertain and, for example, to see
what effects a change in the variabilityof wage rates may
have on the level of investment in human capital. Such
analyses are clearly of great interest, but their findings are
not directly applicable in the present context because (a)
they are partial equilibrium in character (in the present
model, the returnsto different types of labor are simultaneously determinedin a general-equilibriumsetting) and (b)
they do not consider the possibility that investment in human capital per se makes the returnto labor more risky (in
the present model, increased investment in human capital
implies increased occupational specialization and, when
labor is immobile, increased earningsrisk).
12 An earlier version of the paper (available on request)
shows that with multiplicative uncertainty,factor market
integrationdefinitely increases humancapital investmentif
workersare sufficientlyrisk averse or if they are risk neutral
and the productiontechnology is Cobb-Douglas.
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neous endowments of effective labor would
give rise to obvious disparities in per capita
earnings among workersbut would not change
the basic findings.
Similarly, the strong symmetry assumptions
provide analytical clarity but clearly some relaxation of these assumptions would only
weaken the results in a quantitativesense without changing their basic nature.For example, if
shocks are partiallycorrelatedamong industries
within a jurisdiction, individual jurisdictions
could have "morefavorable"or "less favorable"
outcomes than average. A jurisdiction with
above-average shocks to the productivity of
skilled workers would attract more skilled
workers when markets are integrated and the
equilibrium wage of unskilled workers there
would tend to be higher than in other jurisdictions. Participationin an integratedmarket for
skilled labor for such a jurisdictionwould tend
to be more harmful to the interests of skilled
workerssince they would suffer greatererosion
of incomes due to competitionfrom outsiders.It
would, however, be beneficial to the unskilled,
whose labor is complementaryto the skilled.
These and similar effects arising from departures from symmetry are not uninterestingbut
they have been previously discussed in other
contexts and do not fundamentallyoverturnthe
findings here; to incorporate them explicitly
would also necessitate a substantialincrease in
notational complexity in order to distinguish
"lucky"(or "rich")jurisdictionsfrom "unlucky"
(or "poor")ones.
The existence of other factors of production
may or may not add significantnew complications. A tradeablefactor of productionsuch as
perfectlymobilecapitaldoes not significantlyalter
the analysis,althoughit could for exampleimply
thatskilledandunskilledlaborarenot necessarily
complementaryand this could in turnmean that
increases in the amount of skilled labor would
reduceratherthanincreasethe returnto unskilled
labor.Thus,to preservethe resultsof the analysis
while allowing for such other factorsof production, it becomesimportantto imposeexplicitlythe
assumptionof complementarityof the two labor
types. This assumptionis probablyempirically
reasonable,however. The presenceof nontraded
factorsof productionotherthanunskilledlabor,or
of nontradedgoods generally (such as land or
housing),raises some additionalissues, however,
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and warrantsfurtheranalysis,as suggestedin the
conclusion.
The assumptionthatfactormarketintegration
is all-or-nothingis also made for analyticalclarity and convenience. More realistically, migration costs would almost never be prohibitively
high nor would they be negligible. However, the
analysis depends essentially on the fact that
reductionsin migrationcosts tend to reduce the
interjurisdictionalvariations in the equilibrium
prices of skilled labor, and not on the complete
absence of such variations that arises in the
extreme case of perfect mobility.
Finally, the assumption that the production
function f is the same for all industries may
seem odd, although,as noted, nothingprecludes
very general differences in the realized production technology as a function of the two labor
types alone, since the randomvariable 0 enters
the productionfunction in a very general way.
More importantly,as a matterof interpretation,
an "industry,"for the purposes of this paper, is
definednot in terms of the specific commodities
thatit producesbut in termsof the specific skills
that it requires of skilled workers. "Industries"
would thus correspondstatistically more to occupational categories for which comparable
amountsof trainingresourcesare required(e.g.,
different types of college or professional degrees) than to particularkinds of consumption
goods, and the identical production function
assumption then means mainly that different
types of skilled workers exhibit identical degrees of complementaritywith unskilled workers (and are separablein productionfrom other
skilled workers). These assumptionsare hardly
innocuous,of course, but the results of the analysis are essentially robust to them in the sense
that the results should hold, approximately,if
the assumptionsare approximatelyvalid.
II. PublicFinanceof Investment
in HumanCapital
A. Basic Structure
While retaining the assumptions regarding
technology, tastes, and endowments introduced
in Section I, suppose now that workers are not
able to financeinvestmentin skill acquisitionon
an individualbasis because of legal restraintson
the appropriability of human capital. The
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present section proceeds under the assumption
that investment in human capital can be implemented only throughthe public sector. Furthermore, attention will be restricted to the case
where these public investments are undertaken
on a decentralizedbasis, i.e., where individual
jurisdictions finance education for their own
residents using their own fiscal resources. The
goal of the analysis is to explore the efficiency
and equity implicationsof labor-marketintegration under these conditions. To do so, it is
necessaryto specify how the level of investment
in human capital is determinedand how public
expendituresfor this purpose are financed.
Fiscal Instrumentsand Constraints.-As in
Section I, skill acquisition occurs prior to the
realization of technological shocks, and it is
naturalto assume therefore that the immediate
financial responsibility for human capital investment in a workerfalls on the jurisdictionin
which that worker is a "native." Thus, in a
jurisdiction in which s7 native residents are
trained with skills in industry i, total public
expenditurewill be e 1i s7. These expenditures
must be financed with taxes or fees of some
kind assessed by the local government. As is
always the case, assumptions about the fiscal
instrumentsavailable to governments are critical and must be chosen carefully. Considerfirst
the revenue instrumentsavailable to the public
sector.
First, one might assume that a jurisdiction
could charge workers directly for the cost of
humancapitalinvestment,eitherrequiringthem
to pay immediately for the cost of the investment (e.g., the case of a student attending a
college in the United States who pays "full
freight") or by extending a loan for which repayment is mandatory (as the federal student
loan programin the United States would be if
repaymentwere fully enforced).13 Such an as13 Exit fees on educated individuals leaving a jurisdiction have been proposed in the "braindrain"context (Jagdish N. Bhagwati, 1976; Bhagwati and Martin Partington,
1976). Such fees could be seen as part of a system in which
public investments in education are financed through the
domestic tax system for nonmigrants and in which emigrants, who would otherwise escape domestic taxation, are
forced to pay in a lump sum at the time of departure.This
system can thus be viewed as one that uses lifetime exposure to the tax system to force repaymentof implicit loans
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sumptionwould imply either that workershave
sufficientnonhumanwealth that recourseto the
private capital marketto finance human capital
investment is not needed or that governments
can effectively circumvent the prohibitionson
contractsin which workerspledge future earnings in exchange for presentresources and thus
supplant (or implement) a perfect capital market. These are interestingcases to consider but
they obviate any capital market imperfections
and, in effect, reduce the problem to the situation already analyzed in Section II; no more
need be said about them here.
As an alternative specification, consistent
with the existence of imperfectcapital markets,
this section assumes thatjurisdictionsmust rely
on taxes imposed ex post on residentworkersto
finance their expenditures. (Earnings and
earnings-relatedtaxes, such as sales taxes, are
majorsourcesof revenuefor most governments,
and most governments are prohibitedfrom, or
incapable of, taxing nonresidents.)It is analytically convenient to suppose that each jurisdiction has two potential tax instruments at its
disposal, namely, a per capita tax on unskilled
workersat rate t, and a per capitatax on skilled
workersat rate ts. This specificationincludes a
uniform head tax as a special case where t1 =
ts. The possibility of differential taxation of
workersby skill level is meantto correspond,in
a simple way, to those features of real tax systems that bear differentiallyon skilled and unskilled workers.For instance,both in the model
and in reality, skilled workers tend to have
higher wage incomes than unskilled workers.
Income tax systems with rates that do not decline rapidly with income (and, a fortiori, systems with proportional or progressive rate
structures)or with personal exemptions effectively differentiate the tax treatment of highand low-income households and thus provide
instrumentsthrough which the tax burdens on
skilled and unskilled workers may be varied.
Similarly, the choice of a tax mix between income and consumptiontaxes is likely to affect
the distribution of tax burdens between skill

to educated nonmigrantswhile emigrants are charged an
explicit fee to buy their way out of the terms of the implicit
loan.

groups. 14 Somewhat less obviously,

govern-

ments can shift effective fiscal burdens among
skill groups through indirect mechanisms such
as business tax relief or infrastructureinvestment expenditures (e.g., high-tech research
parks) that favor industries that disproportionately employ skilled (or unskilled) workers.It is
assumed,however, that governmentsare unable
to impose state-contingent industry-specific
taxes on skilled workers. If such taxes were
feasible, they would enable the government to
provide perfect insuranceagainst earningsrisk.
We have assumed that such insurance is not
possible in the private sector, however, and
unless there is some reason to think that governments have better access to relevant information than potential private insurers,
endowing the public sector with such tax instruments is not easily justified.
With these tax instruments,the budget constraintof each jurisdictiontakes the form
(6)

=
tllI+ts >si=e
si

e

sn.
Si

As in Section I, the level of employment of
skilled workersin industryi, si, must be equal
to the number of native workers who acquire
skills in that industry,Sn, when skilled workers
are assumed to be interjurisdictionallyimmobile. When labormarketsfor skilled workersare
fully integrated,however, there is no necessary
connection between si and si.
It remainsto consider possible constraintson
the ability of the public sector to control the
level of investment in human capital, i.e., the
number of people who become skilled. One
might suppose that this number is controlled
directly by the government,for instance by setting enrollment levels at public universities or
by controlling the levels of critical inputs such
as the amountof investmentin infrastructurein
public-sector educational institutions or the

1' Skilled workerstend to have steeper lifetime earnings
profilesthanunskilled as well as higher lifetime income; for
both reasons, the level and composition of net nonhuman
capital income differs between skilled and unskilled workers. This nonwage income is (in principle)partof an income
tax base but is exempt from taxationunder consumptionor
earnings taxes, and thus the mix of tax instrumentsbears
differentiallyon skilled and unskilled workers.
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numberof staff that they may employ. Indeed,
the common practiceof setting admissionsstandards for higher education suggests that there
may be an importantelement of rationing of
access to higher education, indicative of quantitative controls on the level of human capital
investment.'5Limits on access to humancapital
can only be binding, however, if the expected
utility of skilled workers exceeds that of the
unskilled, a condition that may be observed
empirically but not one that can be assumed a
priori as it depends on the distributionof tax
burdensand on othervariablesto be determined
within the analysis. It is arguable,however, that
it is infeasible for governments to implement
policies that make unskilled workers better off
than the skilled (e.g., high levels of human
capital investment coupled with high taxes on
the skilled, leading to low after-taxincomes for
the skilled relative to the unskilled), since it
might be impossible to compel people to participate in skill acquisitionor education.16 If so,
it is appropriate to impose an incentivecompatibility constrainton the choice of government policies. The following analysis will
thereforeexamine policy choices both with and
without such a constraint.
Policy Determination.-In order to describe
the choice of government tax and expenditure
policies, it is necessary to formulate some hypothesis as to the decision criteria or objective
function that guides public policy.
First,decisions aboutthe level of humancapital investment are necessarily made ex ante,
and the ex ante residents of each jurisdiction
are, by definition, native workers; it makes
sense, therefore,to assume that public expenditure decisions should be made in a mannerthat
reflects their interests.
In the case where skilled workersare mobile,
it is less obvious whether tax policy might re-

15 To be sure, however, private as well as public institutions impose such standards,which presumablyperform
an importantfunction in sorting and stratifyingapplicants.
Of course, such a functioncannotbe capturedin the present
analytical framework,which assumes ex ante identical individuals.
16 As any professor will attest, studentshave an inalienable right (one that is occasionally exercised) to refuse to
learn.
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flect only the interestsof native residents, since
new entrants to a jurisdiction may be enfranchised; however, in the spirit of many previous
analyses of fiscal competition, it is assumed
here that tax policy is chosen in a forwardlooking fashion by existing residents with an
eye to its impact on future locational choices,
i.e., that tax policy decisions cannot be undone
after migrationdecisions are made.17
Given that fiscal policies are determinedex
ante, it is naturalto assume that they are chosen
to maximize the expected utility of native residents. Ex ante choices are made from behind a
"veil of ignorance,"and expected utility maximization (which, in this model, is equivalentto
utilitarianism)is thereforein the interest of all
native residents.'8 The choice of policy may
additionallybe constrainedby an "equal treatment" or "horizontalequity" condition, which
may be taken to representan incentive-compatibility constraint;it is also equivalent to Rawlsian maximin. Thus, it is assumed below that
fiscal policies are chosen to maximize expected
utility for native residents, possibly subject to
an equal-treatmentconstraint.
B. OptimalPublic Policies with Immobile
Skilled Labor
Given levels of ex ante investment in industry-specific human capital in a jurisdiction will
17 Whereas the following analysis assumes that tax policy is chosen ex ante, one might instead consider the case
where tax policy is chosen after investments in human
capital are made but before migration takes place. The
implications of doing so are discussed furtherin a longer
version of this paper, available on request.
18 In reality, many decisions about whether particular
individualsobtain specialized skills (who goes to college, in
which fields they study, whether they obtain professional
training)are made partly on the basis of individual-specific
information,known either to the individuals themselves or
to others. The present analysis sheds no light on the mechanisms that determine exactly which individuals become
skilled and which remain unskilled. On the other hand,
major structuraldecisions about the scale and scope of
education and training (e.g., whether to build a state university systemn,whether to add new campuses or professional schools to an existing system, whether to execute a
long-term shift from public to private financing) involve
long planning horizons, generally on the order of decades.
Knowledge about the attributesof particularindividuals is
much more limited in these decision contexts, which correspond to the ex ante perspective assumed here.

result in an ex post allocationof unskilledworkers across industries and equilibrium gross
wages for unskilled and skilled workers satisfying conditions (2), (3), and (4). The net earnings of skilled workers are equal to their gross
earnings net of any tax imposed on skilled
workers, wis - ts, and the net earnings of
unskilledworkersare similarlyequal to w, -- tl.
The ex ante expected utility of a workerwho is
trainedin skills specific to industryi is therefore
Eu(wis - ts) and the ex ante expected utility of
an unskilled worker is Eu(w1 - tl). Let us
assume that each jurisdiction directly controls
the number Sn of native workers who receive
trainingin the skills specific to each industryi,
and that, reflecting the symmetryof the model,
the same number of workers Sn is selected for
trainingin each industry.'9 Thus, as in Section I,
subsectionB, the equilibriumwage of unskilled
workers w, is nonstochastic.
When a jurisdictionchooses policies subjectto
constraint,it attemptsto maxan equal-treatment
imize the commonlevel of expectedutilityfor all
households.This amountsto solving the problem
(denoted"HE"for "horizontallyequitable")
(HE)
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correspondingwages and employmentlevels for
unskilledand skilled workers.
On the other hand, when jurisdictions maximize expected utility without an equaltreatmentconstraint,they solve
(U)

max lu(w

tJ) - sn

Eu

(wi-

ts)

subject to (1) and (6). Let (sU, lU, tu, tu)
denote a solution to (U) and, similarly, let wuI
wU, and (u denote the correspondingwages and
employment levels for unskilled and skilled
workers. Let us now characterizethe solutions
to (HE) and (U).
OptimalPolicy with Equal Treatment.-The
first-orderconditions characterizinga solution
to (HE) imply (see Appendix) that
(8)

cov(u

tHIE], HE) (dw1\HE

[wHE-

t

Eu (W.s

max u(w1 - t,)
(sn,l,t

-

,tl)

tHE

+ e

-

dlJ

tS

subject to (1), (6), and
(7)

u(w1 - t1) = Eu(wis - ts)

where (7) is the horizontal equity or equaltreatment constraint. [Note that this equaltreatment or horizontal equity condition is
guaranteedin the private-financingcase by the
arbitragecondition(5').] As a matterof notation,
let (sHE, HE, t1E, t1E) denote a solutionto (HE)
and, similarly,let wHE, wis,1 and 41H denote the
'9 In cases where governmentsactuallyprovide (and do
not just finance) training,for example throughstate universities, the empirical counterpartof the choice of the s7's
might consist of decisions about whether to establish
schools of medicine, engineering, veterinaryscience, etc.,
and how many students to admit to each. The assumption
that jurisdictions direct the industry or occupationalcategory composition of human capital investment is not
crucial, however. Any mix of skills chosen directly by a
local governmentcan be replicatedas a decentralizedequilibrium.

where (dwlIdl )HE < 0 denotes the generalequilibriumresponse of the wage of unskilled
labor to an increase in 1, evaluated at the solution to (HE). This condition can be used to
comparethe optimalhorizontallyequitablepublic policy with the private-financingequilibrium.
Considerfirstthe case where workersare risk
neutralso that u'( ) is constant.The covariance
on the left of (8) is then zero, which, along with
the government budget constraint (6), implies
0 In this case, skilled
that ts E = e and tE
O.
workers bear the full cost of their training,just
as in the private-financingequilibrium.The optimal level of investment in human capital is
also identical to that in the private-financing
case, since the horizontal-equityconstraint(7)
reduces to the arbitragecondition (5') [or (F.1)]
when tS
e = t1 = 0. The public-financing
solution thus produces an outcome that replicates that for private financing when workers
are risk neutral.
-
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More generally, however, the covariance in
(8) is nonzero. In fact, it would ordinarilybe
negative, that is, industrieswith favorabletechnological shocks would be characterizedboth
by high employment of unskilled labor and by
high wages, and thus a low marginalutility of
income, for workers with industry-specific
skills. It is thus reasonableto assume
(A)

cov(u'[wiS

-

tj,

li) <

0.

Although it may not hold generally, (A) is plausibly satisfiedin many importantcases.20When
(A) is satisfied,it follows from (8) and from the
government budget constraint (6) that tHIE >
O> t~IHE- e. For given tax rates, the equilibrium utility of unskilled workers is decreasing
in I and the equilibrium expected utility of
skilled workersis increasingin 1. Satisfactionof
the horizontalequity constraint(7) thus requires
a value of 1 lower than in the private-financing
equilibrium.Hence we have the following proposition.
PROPOSITION2: Assume that (A) holds, that
marketsforskilled labor are not integrated,that
human capital investmentis publicly financed,
and that public policies are constrained to be
horizontally equitable. Comparing to the
private-financing equilibrium, the equilibrium
under optimalpublic financing is characterized
by
(i) a higher common level of ex ante utilityfor
all workers,
(ii) a higher level of investmentin human capital,
(iii) tax burdens on skilled workers less than
the cost of their training, with positive
taxes on unskilled workers,
(iv) higher before-tax wages for unskilled
workers, and

20

As discussed furtherin an earlierversion of the paper,
available upon request.
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(v) lower expected before-taxwages for skilled
workers.
One can see from Proposition 2 that there is
a clear market failure in the private-financing
case, in the sense that it is possible to raise the
expected utility of all workers by introducing public finance of human capital investment. When condition (A) holds, this is
brought about by increasing the level of human capital investment. Since skilled and un-skilled labor are complementary factors of
production, an increase in the number of
skilled workers reduces their wages, and
raises the wages of unskilled workers. Starting from the level of human capital investment achieved under private financing, at
which the expected utilities of skilled and
unskilled workers are equalized, training additional workers would depress the expected
utility of the former and raise that of the
latter. With public financing of human capital
investment, however, the tax system allows
unskilled workers (the "gainers" from an increase in the number of skilled workers) to
compensate skilled workers (the "losers") by
bearing some of the cost of training. This can
be done in such a way that both groups, i.e.,
all workers, are made better off. Note that
individual unskilled workers can be better off
even when they pay taxes to support skilled
workers only because of the general-equilibrium impact that this has on their before-tax
wages. In an atomistic environment, no individual unskilled worker can affect the equilibrium structure of wage rates by making a
voluntary contribution toward the cost of skill
acquisition for others. It is therefore individually irrational for unskilled workers to subsidize investment in human capital. The
ability of the public sector to enforce such
contributions by all unskilled workers, however, makes it possible for both skilled and
unskilled workers to achieve higher welfare.
In effect, the general-equilibrium structureof
wage rates is a kind of public good which can
only be altered by concerted action through
the public sector.
Expected Utility Maximization.-Now suppose that government policies are chosen to
maximize expected utility in each jurisdiction
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without constraining skilled and unskilled
workers to have equal expected utilities. The
first-order conditions from the maximization
problem (U) imply (see Appendix) that
coV(u'[wf

(9.1)

-

4'],

(
dw1U
1")

=

U

dl)

Eu'(wiu-tu)

(t + e - tu)
(u[w

-

t'] -Eu[wu

-

tu])

Eu'(wlU- tu)
(9.2)

u'(wu

-

t4) = Eu'(wu

-

tu).

The first of these conditions is identical in form
to the corresponding first-ordercondition (8)
obtained in the equal-treatmentcase except for
the presenceof the termsat the end representing
the difference between the level of utility for
unskilled workers and the expected utility for
skilled workers. At the solution to (HE), this
difference vanishes and (8) and (9.1) both hold.
However, in the utilitariancase, condition (9.2)
must also be satisfied. This condition requires
that tax burdens be shared between unskilled
and skilled workers so as to equalize the (expected) marginalutilities of income, a standard
condition for optimal income distributionunder
utilitarianism.It is possible that (9.2) could hold
at the solution to problem (HE), in which case
the solutions to (HE) and (U) coincide.21 In
general,however, the fact that (expected) utility
levels are equalized under horizontally equitable policies (or in a private-financingequilibrium) does not imply that (expected) marginal
utilities are equalized. Hence we have the following proposition.
PROPOSITION 3: Assume that markets for
skilled labor are not integratedand that human
capital investmentsare publiclyfinanced. Governmentpolicies that are chosen to maximize
aggregate (expected) utility do not generally

21
In particular,(9.2) must hold when workers are risk
neutral since they then have identical marginal utilities of
income. Expected utility maximizationthereforecoincides
with the optimal horizontally equitable policy which, as
already noted, replicates the private-financingequilibrium.
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replicate the private-financingequilibrium,and
are not generally horizontallyequitable.
The fact that utilitarianismmay be inconsistent with horizontal equity is noteworthy
(Joseph E. Stiglitz, 1982). (i) It implies, first,
that rationing constraints on either skilled or
unskilled employment must be imposed to attain outcomes that are not horizontally equitable. For instance, if the expected utility of
skilled workersexceeds that of unskilled workers at the utilitarianoptimum, it is necessary to
ration access to human capital investment,
whereas it would be necessary to ration access
to unskilled jobs (i.e., to impose training on
workers) if the opposite were the case. In the
latter case, however, incentive compatibility
may make it impossible to implement the expected-utility maximizing policy; if so, the
equal-treatmentor "maximin"policy described
previously is the best feasible policy from an
expected-utilityperspective. (ii) Second, it implies that equal treatmentlowers average welfare for the residentsof a jurisdiction.Assuming
that they hope to maximize expected utility,
workers standing behind a veil of ignorance
would strictlyfavor utilitarianpolicies over horizontally equitable ones and over private-financing arrangements for human capital
investment.From this truly ex ante or constitutional perspective, botlh market outcomes and
horizontally equitable government policies are
inefficient and would be unanimously rejected
in favor of the utilitarianwelfare criterion.22
Comparingutilitarianoutcomes with private
financing, it is remarkablethat the former are
generally characterizedby greater ex post inequality than the latter. Normally, utilitarian
social welfare functions with risk-aversehouseholds (or other specifications of individual and
social preferences that imply aversion to inequality and risk) give rise to public-sectorinterventions (e.g., redistributive taxes) which

22
To say that the horizontally equitable policies are
inefficient is not to deny that some households might be
better off with such policies than they are with those that
maximize expected utility. At least some households will be
better off in the latter case, however, and all households
would strictly prefer a gamble in which, ex ante, they have
the same chance of being selected as a skilled or unskilled
worker as anyone else.
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bring aboutmore equal outcomes at the expense
of efficiency losses. In this model, however,
private financing of skill acquisition is associated with ex ante equality among households
and is inefficient, i.e., compared to utilitarian
public-sector policies, laissez-faire outcomes
sacrifice efficiencybut achieve greater equality.
C. Policy and Market Equilibriumwith
IntegratedMarketsfor Skilled Labor
Integrationof the markets for skilled labor
significantly changes the conditions under
which public policies are made. A jurisdiction's
attempts to recaptureits investment in human
capital by taxing skilled workers will be
thwartedby theirsubsequentmobility. Since the
mobility of skilled labor constrains the mix of
taxes thatjurisdictions will choose, the ex ante
equilibriumlevel of investment in human capital will also be affected, as shown in this
section.
To begin with, note that the interjurisdictional mobility of skilled workers implies that
after-tax earnings of workers in each industry
must be equalized across jurisdictions and, by
the law of large numbers, these earnings are
nonstochastic. Assuming that each jurisdiction
takes the tax policies of every otherjurisdiction
as parametricallygiven, this means that the net
returnto skilled labor in each industryis taken
as parametricallyfixed by every jurisdiction.
Furthermore,given the symmetryof the model,
these returnswill be equalizedacross industries.
Thus, let (os denote the equilibriumnet returnto
skilled labor.The fact that the equilibriumlevel
of employment of skilled workers, s, is determined ex post in such a way as to insure that
skilled workers receive the given net rate of
return ws can be used to decompose and simplify the analysis. In particular,it is possible,
first, to show how each jurisdiction's tax policy
is chosen; once this is known, one can then
analyze the choice of the level of investmentin
human capital.
Tax Policy.-Note first that the utility of
skilled workers is determinedby ws, which is
exogenous to the policy choices of any one
jurisdiction. Thus, the choice of taxes (tl, ts)
can only affect the utility of unskilled native
residents. For a given level of investment in
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human capital (s', 1), this means that the tax
policy (tl, ts) must be chosen to maximize the
net income of the unskilled, w, - tl.23 In solving this problem, it is necessary to take into
account the dependence of the ex post level of
employment of skilled workers s on local tax
policy.
Solving this problemleads to the well-known
result (not derivedhere formallyin orderto save
space) that ts = 0, that is, when a small jurisdiction can impose lump-sum taxes on those
whose welfare it is attemptingto maximize (in
this case, the welfare of the unskilled workers),
it should impose no tax at all on mobile factors
of production.Thus,jurisdictions competingfor
mobile skilled labor will rely entirely on taxes
on immobile unskilled labor to finance human
capital investment.24
Investmentin Human Capital.-The fact that
every jurisdiction chooses t, = 0 when skilled
labor is mobile and that any public investment
in human capital must be financed by taxes on
immobile unskilled workerscan be exploited to
simplify the analysis of investment in human
capital.
First, each jurisdiction takes , as parametrically given. Thus, no jurisdiction's choice of
the level of investment in human capital can
affect the utility u(w,) of any native workers
who acquire specialized skills. Furthermore,
since ts= 0, the gross returnto skilled labor
ws Ws must be taken as given by each juris
diction. By constantreturnsto scale in production, this means that the gross rate of returnto
unskilled labor w, is also exogenously fixed
(from the factor-pricefrontier) from the viewpoint of any one jurisdiction. Hence, the utility
of an unskilled worker, u(w,

-

t,), can only be

influenced by a jurisdiction's choice of tl; in
particular,then, higher levels of investment in
human capital entail higher taxes on unskilled
23 Recall the problem (U), now optimizing only with
respect to the tax instruments(tl, tS), taking the level of
investmentin humancapitaland thus I and s' as determined
in the first stage and taking >i Eu(wi, -- u(&o,)as
exogenous.
24 Although it may seem paradoxicalthat the utility of
the unskilled is maximized when they pay all of the taxes
and leave the skilled untaxed,this is nothing other than the
application of the standardoptimal tariff argumentto the
taxation of a mobile factor of production.

VOL.90 NO. ]

WILDASIN:LABOR-MARKET
INTEGRATION

workers which must, in turn, lower their aftertax incomes and make them worse off. In essence, by taxing unskilled workers, a
jurisdictioncan raise resourcesthat allow other
workersto become skilled and thus to obtainthe
utility level u(w,), but only by harming unskilled taxpayers.For this reason (and as demonstrated formally below) equal treatmentfor
skilled and unskilled workers is incompatible
with any nonzero level of public provision of
education, and any equilibrium with publicly
financed education must be one in which the
skilled are betteroff thanthe unskilled.Publicly
financedinvestmentin humancapital must thus
be characterizedby rationingof access to education. For these reasons, attentionis henceforth
restricted to the case where each jurisdiction
chooses the level of human capital investment
to maximize the expected utility of its native
residents with no equal-treatmentconstraint.
Formally, the maximization problem facing
any one jurisdiction is thus
(U')

max W=

Snu(Ww)

(sn,l,tl)

+ lu(E[f1(s, li)]
i,

-tl)

subject to (1) and (6). Note that this problem
differs in several respects from the corresponding problem (U) for the case where marketsfor
skilled labor are not integrated:the utility accruing to skilled native workers is now exogenously given, their tax ts is set equal to zero,
and the equilibriumvalue of s is not constrained
to be equal to s'; all of these differences are
attributableto the fact that each jurisdiction is
small and open ex post with respect to the
economywide markets for skilled labor. The
first-order conditions for this problem (as is
readily verified) reduce to
(10)

u(w)

-

u(w1

=u'(w-

-

t1)

tl))(e + ti).

In equilibrium, the systemwide gross rates of
returnon skilled and unskilled labor,ws and wl,
must be such that (10) holds in all jurisdictions
and such that neitherskilled nor unskilled labor
is in excess demand or supply.
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As noted above, and as demonstratedformally in (10), the equilibrium utility level of
skilled workers must exceed that of unskilled
workers. To interpret(10) further,observe that
a jurisdiction that invests in human capital for
one additionalworkerchanges the utility of that
worker by the utility differential u(ws) u(w, - tl) shown on the left-hand side of (10).
This also necessitates an increase in the tax
burdenon the remainingpopulationof unskilled
workers 1, however. Moving one worker from
the ranksof the unskilled to the skilled has two
effects on the local tax rate tl. On the one hand,
investing in the human capital of one more
native workerentails an outlay of e, and, on the
other hand, it reduces by one the number of
taxpaying unskilled workers, each of whom is
contributingt1 in taxes. Thus, the net fiscal loss
from investing in one more worker is (e + tl)
and this must be made up by taxing the remaining unskilled workers sufficiently to keep the
local budget in balance. The resulting loss in
welfare is the term on the right-hand side of
(10). This term is definitely positive, implying
that the utility differentialbetween skilled and
unskilled workers on the left-hand side of (10)
must also be positive.
D. Distributional and EfficiencyEffects of
MarketIntegration
The precedingresults suggest that the impact
of labor-marketintegrationmay be quite different when human capital investments are financed through public rather than private
means. We have already observed that the mobility of skilled labor has an importanteffect on
the structureof taxation: when skilled workers
are perfectly mobile, competition among jurisdictions eliminates the taxes that they pay (ts =
0) and only unskilled workers are taxed to finance humancapitalinvestrnent.Whathappens,
however, to the level of investment in human
capital?
To gain some initial insight into this issue,
observe that (10) reduces to (5*) in the special
case where the utility function is linear.25Thus,
if there is no inequality or risk aversion, each
jurisdictionwill choose the same level of invest25 Take u(y) - a + by and substituteinto (10).
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ment in human capital s that would be obtained in an equilibriumwith perfect, integrated
markets and private finance of human capital
investment. This level of investment satisfies
the "productionefficiency" requirementthat investment is carriedout to the level at which the
return on the marginal unit of skilled labor is
just high enough to cover the cost of skill acquisition. Unlike in the perfect markets case,
however, this does not result in the elimination
of net income differentialsbetween skilled and
unskilled workers,since the lattermust, in equilibrium, finance the human capital investments
of the former.
More generally, if workers are risk averse,
and the utilitariansocial welfare functionis thus
inequality averse, the level of investment in
human capital will differ from s*. Intuitively,
some sacrificein the efficiency of humancapital
investment is warrantedin order to reduce the
inequalityin the returnsto skilled and unskilled
labor. Formally,taking a Taylor expansion of u
about w,

-

t,, we have that

MARCH2000

workers sufficient to finance all public expenditures on human capital investment,
(ii) eliminates income risk and ex post income
inequalityamong skilled workers, and
(iii) results in ex ante inequalities by making
unskilled workers worse off than skilled
workers.
PROPOSITION 5: Comparing the equilibria
with integrated marketsfor skilled labor with
privatelyfinanced versus publicly financed human capital investment,publicfinancing results
in

(i) less investmentin human capital,
(ii) lower earnings and welfare for unskilled
workers,
(iii) higher earnings and welfare for skilled
workers, and
(iv) lower aggregate (utilitarian) social welfare.

(1 1)
u(w, + e) = u(w1
?

I

-

tl) + u'(w,

u"(w,

-

t1)(e

-

t1)(e + ti)

+ tl)2

+ terms of higher order.
Using (10) and the concavity of the utility function, it follows that
(12)

Of course, if privatefinancingis not feasible,
it would be misleading to interpretProposition
5 to suggest the policy implication that factor
marketintegrationfavors a switch from public
to private financing. Rather, it simply reveals
that factor market integration can have quite
different efficiency and distributional consequences in differenttypes of economies. Potential policy implications of the analysis are
discussed furtherbelow.

w?+e<ws
I1L Conclusion

which implies that the equilibrium level of s
with publicly financed human capital and integrated markets for skilled labor must be less
than s*. To summarize,we have the following
propositions.
PROPOSITION 4: When human capital investmentsare publiclyfinanced and each jurisdiction chooses public policies that maximize
the expected utility of native residents, the integration of marketsfor skilled labor
(i) drives the tax burden on skilled workers to
zero, resulting in a tax burden on unskilled

The analysis in the preceding sections has
been conductedwithin the context of a deliberately stylized and simplified model. Its most
critical featuresare the assumptionsthat human
capital investmentcontributesto specialization,
that specialization leads to greater income risk,

and that more highly skilled individuals are, or
could become, relatively spatially mobile. A
first lesson from this analysis is that integration
of the markets for skilled labor, by increasing
the opportunities for spatial arbitrage among
skilled workers,reduces the variabilityof their
incomes and improves the efficiency of the uti-
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lization of human capital. This is true whether
investmentin humancapitalis privatelyor public financed.
When the acquisition of human capital is a
private decision, for example because capital
marketimperfectionsdo not impede private finance of education and training,integrationof
the marketfor skilled laborproducesa first-best
efficient allocation of resources, including an
efficient level of investment in human capital.
Taking all general-equilibriumeffects into account, the returnto unskilled labor is higher in
the integratedequilibrium,as is overall welfare.
Increasedmobility of skilled workers has quite
different effects when skill acquisition is publicly financed,however. In this case, mobility of
skilled labor drives individual jurisdictions to
shift the entire burden of financing public expenditures onto unskilled workers. This outcome is inequitablein an ex ante sense since it
results in higher net incomes and welfare for
skilled workers. Furthermore,the level of investment in human capital is inefficiently low
and the net incomes of unskilled workers, and
overall social welfare, are lower thanin the case
of private financing.
The formal analysis has drawn a sharp distinctionbetween privatelyand publicly financed
human capital investment. In interpretingthe
results, it is important to remember that, in
practice, much human capital investment involves a mix of the two. Public-sectorinvolvement in formaleducationis found at all levels in
modern economies and the public sector may
dominatethe provision and financingof education in some cases. The U.S. experience clearly
illustrates,however, that private and public education can coexist, and the historical experience in many countries attests to the important
role thatprivateresourcescan play in education.
Even in societies where most formal education
is conducted throughpublic-sectorinstitutions,
students often forgo or curtail participationin
the labor market and thus sacrifice immediate
earnings. This cost of education is typically
borne in large part by students themselves (or
their families). Private-sector financing also
usually predominatesin such forms of human
capital investment as on-the-job training. An
interestingissue suggested by the formal analysis is whetherthe integrationof factor markets
might lead to a shift towardmore privatefinanc-
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ing of human capital investment.26Recall that
when skilled labor is assumed to be immobile,
the equilibriumwith public financing of human
capitalgenerally welfare-dominatesthe privatefinancing equilibrium,whereas the opposite is
true when skilled workers are mobile. The
model focuses on the purepolar cases of private
and public finance and it cannot therefore be
readily used to show how factor marketintegration could affect the public-/private-financing
mix. Indeed, in a more general model, private
capital market imperfections, tax distortions,
and factor mobility could give rise to quite
complex interactionsnot capturedhere. Still, it
seems plausible to conjecture that private financing would tend to expand and public financing would tend to contract as the mobility
of skilled workers increases.27 Modeling the
equilibriummix of privateand public financing
for human capital investment, and its dependence on the natureof labor-marketconditions,
would be an interesting issue for future research.
There are many ways in which the simple
analysis presented here can be developed further. Section I, subsection E, discusses several
possible generalizations and conjectures. The
presence of immobile resources other than unskilled labor as well as the potentialmobility of
unskilled workers themselves could certainly
have important implications for some of the
conclusions. In the presentanalysis, increasesin
the mobility of skilled workers implies that the

26

It may be of interest to note that the share of state
governmentcontributionsto higher educationin the United
States declined steadily from 30.7 percentin 1980-1981 to
23.4 percentin 1994-1995; for public institutionsof higher
educationalone, the correspondingfiguresshow a decline in
state government contributionsfrom 45.6 percent to 35.9
percent (National Center for Educational Statistics, 1998
Tables 324 and 325). By contrast,tuition and fees account
for a rising shareof the cost of higher education(from 21.0
percentto 27.2 percentfor all higher-educationinstitutions,
and from 12.9 percentto 18.4 percentfor public institutions
alone) over the same period.
27 Another possibility is that public financing would be
shifted from lower to higher levels of governmentin pace
with the expansion of the geographical scope of factor
markets.Studentloan programsfinancedby centralgovernments may be of increased importance if the mobility of
skilled workers increasingly curtails the ability of lowerlevel governments to raise revenues for human capital investment.

92

THEAMERICANECONOMICREVIEW

cost of publicly financed human capital investment is shifted to unskilled workers;that result
follows from the assumptionthat the unskilled
are immobile. The presence of additional immobile resources would give rise to other
sources of local rents that might end up bearing
the costs of skill acquisition, while mobility of
the unskilled would imply that they would not
bear these costs. As noted at the outset, the
differential mobility of skilled and unskilled
workersis empiricallywell established,and the
basic conclusions of the analysis here should
survive in any more general framework that
exhibits such a mobility differential and in
which the mobility of skilled workersincreases
relative to the unskilled. Furtherexplicit analysis of these issues, however, would be worthwhile.28
A furtherissue that warrantsdiscussion is the
possibility that investment in human capital itself reduces the costs of migration and thus
contributesdirectlyto factormarketintegration.
Foreign-languagetrainingprovides an obvious
example of such investment; as anotherexample, if their advertisingis to be believed, many
"international"M.B.A. programs equip their
graduatesto function in "global"markets.Human capital theory typically views educationas
productivityenhancingeitherto all firms ("general" human capital) or to individual firms
("6specific"human capital) (e.g., Robert J. Willis, 1986). Some forms of education, however,
might best be regardedas "mobilityenhancing,"
which might in turn be viewed as a way of
reducingthe location-specificity,ratherthan the
firm- or industry-specificity,of human capital.
One might reasonablypostulate that "mobilityenhancing"human capital is complementaryto
othertypes of skills. The model analyzed above
assumes thatskilled workersare also potentially
spatially mobile whereas unskilled workers are
never mobile and thus can be viewed as embodying this type of complementarityin an extreme
form. Ratherthan arbitrarilyassuming mobility
costs for skilled workers to be prohibitive or
negligible, however, it would be interesting to
treatthe degree of factormarketintegrationand

the level of skill acquisition as jointly endogenously determined.

APPENDIX

DERIVATION OF (8):
Using (1) to eliminate s'",form the Lagrang-

ian for (HE), STHE

=

U(W1 -

t1) +

+

p(ttl

e](N - 1)) + !L(u(wl - tl) - Eu(wis t)). The first-orderconditions characterizinga
solution to (HE) are (omitting the superscripts
HE for simplicity)
[ts

-

a-THE

(A1.1)

- tl)

u,
-u(WI

[
+ ,L[U U(WI -

-

Eu'(w,

+ p(t, + e

(A1.2)

(A1.3)

a-THE

=

at

at

dw,
dw,
dl

t)

-

tJ dw1,

-

tS)

Eu'(wis

-

0

tJ) + p(N-

1)

af5E

(1 + /L)u'(wI

atHE

at,

-

t1)

+ pl

zz0

where dwl/dl and dwi,ldl denote the generalequilibrium changes in the ex post wages of
unskilled and skilled labor that result from an
increase in 1. Note that the linear homogeneity
of the productionfunction implies that

(A2)
28 As discussed in Wildasin (1998), explicitly dynamic
models appear to hold considerable promise for fruitful
analysis of imperfect labor mobility.
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dw,,
dl

1i dw,
s'" dl

from concavity of the production function, it
follows that dwl/dl < 0.

Collect terms in u'(w1 - tl) in (All) and
substitutefrom (A1.2) and (A1.3) for (1 + ,u)
and ,u to obtain
N-I
dw1
1 dw +
dl
Eu'(wi,

(A3)

X
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-

Eu'(w.I

tJ

dw~
dl F (t? + e-ts)

-

tJ)

(A5.3)

-h-at,

-lu'(w1

-- tl) + pl = 0.

Condition(9.2) follows from combining (A5.2)
and (A5.3). Using (A5.2) to eliminate p in
(A5.1) and manipulationssimilar to those used
in deriving (8) yields (9.1).

= O.
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