Economics and Business Letters

- NE!BL 2(4), 161-168, 2013
[

Does the neoclassical growth model predict interregional convergence? On
the impact of free factor movement and the implications for the European
Union

Sascha Sardadvar”

Department of Socioeconomics, Institute for Economic Geography and Gl<cience, Vienna University of
Economics and Business, Austria

Received: 27 August 2013
Revised: 25 October 2013
Accepted: 28 October 2013

Abstract

This paper sets up a theoretical model of regigmawth with free factor movement. The
analysis shows that factor endowments are cruoialaf region’s attractiveness regarding
factor relocations. In particular, lower endowmesit©iuman capital within other regions are
advantageous for a region’s growth prospects, a&wersa. The paper concludes that under
the framework of free factor movement, the Europ&bmon’s objective of interregional
convergence can only be achieved by subsidisirapdantaged economies.

Keywords: neoclassical growth theory, human capital, migratregional development
JEL Classification Codes: F43, R11

1. Introduction

Since the outbreak of the current crisis in 2008, éuro-zone’s wealthy member states have
displayed relatively high GDP growth. Germany’susttial sector is currently suffering from
a labour shortage and has started to actively itemarkers from Southern Europe. At the
same time, the former cohesion countries of Greleeland, Portugal and Spain, which were
once the primary examples of quick convergence ga®es, display negative growth rates.
During the years of successful cohesion beforecttsts, all of these countries turned from
typical emigration countries to countries with pie® net-migration rates. During the crisis,

" E-mail: sascha.sardadvar@wu.ac.at.

Citation: Sardadvar, S. (2013) Does the neoclalsgimavth model predict interregional convergencea? tGe
impact of free factor movement and the implicatiémsthe European Uniorsconomics and Business Letters,
2(4), 161-168.

Oviedo University Press 161
ISSN: 2254-4380



S. Sardadvar Does the neoclassical growth model predict interregional convergence?

however, these countries returned to negative figtation rates. This indicates that they
may return to their role of supplying the indudised core with labour, in particular with
highly qualified personnel. In other words, theamone’s peripheral countries and regions
currently lose human capital to the core, a proedsish will possibly further support the
core.

Over the past decades, the European Union’s hdakas well as vertical integration have
both increased considerably. As a (preliminaryliteshe EU represents an economic system
in which 28 member states and the respective rafjieconomies are open to free factor
movement and trade. In the same year in which teaties of Rome were signed, Gunnar
Myrdal released his model of regional developmentyhich he criticises neoclassical theory
for its fondness for balancing forces and stablglégia (see Myrdal 1957, p. 135). Indeed,
Solow’s (1956) famous model of economic growth psdconvergence to a particular steady
state output. It is important to note, howevert thia model considers only one economy.
Therefore, the Solow model predicts convergenchiwthe same economy. The expectation
that various economies will converge in terms dfpatiis reasonable only if all economies
under consideration have identical steady stateldeGiven that two economies have access
to the same technology but their steady states taey can only converge in terms of growth
rates while approaching different output levels.

Nevertheless, Barro and Sala-i-Martin (2004, p.)4&bue that regional economies are
similar to each other and therefore should convérgerms of production. Islam (2003, p.
322) points out that “When it comes to regions imitthe same country, the assumption of
identical steady states, and hence of unconditiooiavergence, becomes more plausible.” In
contrast, Myrdal (1957, p. 38) argues that it isrentikely that centripetal forces work in
favour of those economies which are already advingecording to his model, investments
are more likely to take place in already advanaszhemies, and skilled workers are more
likely to move from peripheral to core regions thithe other way round. Krugman’s (1991)
influential model formally shows how factor movernteand deepening integration between
two regional economies may work in favour of theeatly advanced region.

In recent years, empirical studies (Olejnik 200&M®s et al. 2010, Fischer et al. 2010,
Sardadvar 2012, Resende et al. 2013) have repgdtmdid a negative effect of human
capital endowments in neighbouring regions on egvagyrowth. This result might seem
counterintuitive to the idea that regions may benbm existing knowledge in their
neighbouring regions as discussed in some studigsl(e Gallo et al. 2003, Ertur and Koch
2007). These phenomena, however, are neither clictvey to each other nor to neoclassical
growth theory. Although abstract knowledge (tecbgyg) and human capital (skills) are
related, there is a clear distinction between tlheseepts: While abstract knowledge spreads
at low cost and allows lagging behind economiesatich up by adopting, human capital is
embodied in persons and hence rival and excludable.

By accounting for the fact that regions are neadgsgpen and therefore subject to factor
movements, the aim of this paper is to show thaadvanced regions may further benefit
from these movements and that (i) human capitalypla decisive role regarding the
movements’s directions. This paper is organisefblé®vs. First, a basic model with human
capital migration is presented. After that, the wlod extended to allow for two types of
labour migration as well as variable returns. Tihalfsection draws conclusions regarding the
EU’s cohesion policy.

! Official data as available from Eurostat, as ofApil 2013.

% The concept that economies converge in terms iubby any means is usually referred to as undiomil
(absolute) convergence. If variables which distislgieconomies from each other are considered,dheept is
referred to as conditional convergence. For a cetmsive discussion of various concepts of convesysee
Islam (2003).
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2. The basic model and underlying assumptions

When Solow (1956) designed his ground-breaking mdids aim was to explain the US
economy’s growth in the first half of the 20th aeyt Therefore some of the underlying
assumptions are appropriate for a very large aladively closed economy, but for several
reasons not necessarily for regional economiestlyithe assumption of a closed economy
seems inappropriate for regional economies at thenational level, in particular with
respect to trade, labour migration and investmiemid. Secondly, the assumption of constant
returns depends on the size of the region, as agghiion effects may play a role at smaller
scales (e.g. cities). Thirdly, due to open tradd mvestment flows as well as investment
activities by the superordinate administrative upisually but not necessarily the state),
regional saving most likely does not equal regiona¢stments.

Barro et al. (1995) extend the Solow-model for horoapital immigration. In their model,
immigration has a negative effect on the per capitawth of an economy because it
decreases the physical capital stock per workeeréfare, labour migration is expected to
accelerate convergence between nation states dsasveégions (Barro and Sala-i-Martin,
2004, p. 389 and p. 462).

As will be shown below, an increase in the humapitahstock has also the ability to
attract further relocations of human as well assptal capital and may in turn lead to
divergence in the medium and long run. Although khanet al.’s (1992) augmentation of
Solow’s model assumes closed economies, it suaglsekplains why some economies are
more attractive for capital relocations. By abgirar from technology and allowing for
variable returns to scale, the production funchas the following Cobb-Douglas form:

Q =K"H/L 1)
where K is the stock of physical capital is the stock of human capital ard is crude

labour. If y=1-a - £, the production function fulfils the assumption afnstant returns

which corresponds to a scenario in which no furth@ins from specialization are possible,
i.e. with relatively large economies (Romer 200H)e production function’s first derivative
to any of its factors is always positive, for imgta the first derivative with respect ko:

RQ
oK,

= aKia_lHi'BL\fV >0 (2

For any factor whose migration decision dependsmamginal productivity, already well
endowed regions become more attractive. For inetadmeman capital will ceteris paribus be
attracted by a region which is rich in physicalitap

UK, - gLy >0 ©
oH,
The higher the importance of a particular factay, Buman capital, the higher its effect:
0Q /oK. )/oH.
( QI/O,GI)/ ! :aKi”'lHiﬂ'lLV(1+ ,Bln(Hi)) >0H, =1 4)

If, however, the endowment and importance of huroapital are small enough so that
,BIn(Hi) < -1, the economy loses attractiveness.

The Double Role of Human Capital

On the one hand, human capital is another typeapital in which investments in the past
(educational costs) yield higher revenues in thar& (output). On the other hand, human
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capital is embodied in workers as it represents taéents and acquired skills. Therefore, a
worker who supplies human capital receives compmmsdor the raw labour he or she
supplies plus a premium for his or her human chpitalditional product. It follows that in
equilibrium, the wage for a worker who supplies amat of raw labour plus one unit of
human capital equals the sum of their marginal petxl

_9Q, ,0Q, _ B

whereq=Q/L andh=H/L are output and human capital per labour unit,eetyely. The
expression reacts sensitively to changes inas it is also included i : An increase inh

decreases its own marginal productivity, but atdhme time increases marginal productivity
of the other factors.

Factor Growth

In each region, a constant share of outmt,, is re-invested in the physical capital stock,

and a constant shatk of the existing stock depreciates. Moreover, aolditl investmentR,

may take place which is financed by the superotdisgstem. Physical capital relocations
take place if marginal productivities across regioary so that the speed of these relocations
is given by A >0. For simplicity assume that each region has cohsédurns, there is neither
technological progress nor natural population ghpvaind output elasticities are identical in

each region so that output per labour umit k?h?0i, j,t . The differential equation which
describes the evolution of the physical capital stock @t then has the form

dk;,
dt

:S(,iqi,t+n,t+/]a£%_h]_5ki,t (6)

k

it jt

where small letters indicate levels per labour unit, and wheréothe has made use of the
fact thataq/ak =aqk™0i, j,t. Note that it follows from eq. (6) that this expression srictl
decreases with increasestin, asd(dk,, /dt)/oh;, <0.

Each region spends a constant share of outgyt,, for its own educational system. In

addition, human capital suppliers migrate if their wages differJaab out above. For
simplicity, the speed of migration and the rate of depreciddomuman capital movements
are also given byl and J, respectively. The differential equation which describes the
evolution of the human capital stockiimat t then has the form

dh,
dt
Whether a region is able to gain from the migration of human capipgliers depends on

whether it is able to attract the corresponding migrants. Ifishiot the case for because
wages for human capital suppliers are highef int will lose human capital tg . Becausé

permanently produces human capital via its autonomous spesgling, , it will certainly

never run out of human capital but the expression may be negaéimeifavet migration is
positive. Nevertheless, any increaseviny leads ceteris paribus to a decrease ';future

human capital stock.

:SH,iqi,t+/1(Vi,t_vj,t)_5h,t (7)
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Economic Growth

Growth ini att is estimated by the total differential of the protion function with respect
to time

qut — aqi t dki,t + aqi t dh t
dt ok, dt ah, dt

(8)

In order to estimate the influence of human caita] on economic growth im, eq. (8)
is differentiated with respect to

o(da,/ct) __, . 0.,

an (o K (B, 1) ©

The expression is negative ifa’h h, +B% Kk +Byk Kk h, Bk k,>0. If
h . > (1— ,B)/y, the expression is unambiguously negative regssdié other values.

Some interesting conclusions can be drawn from (8). Firstly, if the human capital
endowment inj has reached a certain threshold levelwill suffer from further human

capital increases irj . Secondly, this threshold level decreases withem®es ing. Thirdly,

neither education costs nor subsidies for physiagital investments enter eq. (9), but they
are part of eq. (6). The consequence of the Ietevofold. On the one hand, if regionhas a
lower initial stock of human capital than regignwhich lies above the threshold level, then

under free market forces it can never converge tdecause it permanently loses human
capital to j . On the other hand, increasess;, s, ; andr, lead to higher growth im and

in turn i becomes more attractive. Howeversjf, ands, ; are also increased or are equal

to i ’s values at any, then an increase in remains the only means to alleviate or reverse the
divergence process caused by the migration of hurapital suppliers.

3. Extending the model and inter pretation

If returns to scale are allowed to vary acrossamgi the model becomes more complex
because the available amount of raw labour has tmwhsidered, too. To this end, egs. (6) and
(7) are re-specified for total stocks, SO that

K =8,Q. +R,+4(0Q, /0K, -0Q;, /K, (K, +K;,) =K, and
Hm:Sk'iqyﬁ)l(viyt—vjl)(Hi’t+H”)—5HiI. In addition, the migration of raw labour
between regions takes place as

_ 00. H.
dl"v‘:A 0Q _ 99 (Lit+L].t)+d Wt (10)
dt oL, oL, )t" ' dt

where the first term on the right hand side corrsidiat L strictly follows marginal
productivity, and the second term takes into actthat each unit oH is embodied in one
unit of L. Note thatH might increase whild. decreases, or vice versa.

The influence ofj 's human capital stock on's growth can be derived as

"oEBL 165



S. Sardadvar Does the neoclassical growth model predict interregional convergence?

0(dQ, /ct) _
oH,
(11)
_,Bj/] - ,tLJ,t 4% (1+/“-i,t|-j,t)+ﬂiyjh_+aiaj [kl_”+_tj+(ﬂ] _1)h_(yi +ﬂ|h—J
et >0 it it jt jt t
<0 >0 >0 <0

The equation has the same implications as (9)inbatidition shows the interplay between
elasticities and the regions’ sizes. Three of teums within parentheses support the negative
effect of h,, oni’s growth. Furthermore, the influence bf, becomes more severe jf's

population becomes larger, while variations witbpect to output elasticities tend to increase

or decrease the influence bf, , depending in which region and direction they a@ppe

Figure 1 displays eq. (11) as a function in whi#hvariables buth, . are held constant,
with population sizes normalised so that =L, =1. k , h, andk; , are calculated so that
they equal the steady state values implied by thakitv Romer Weil model iy =a; = 0.3,
B=B=02, y=y, =05, s ,;=5,=025 s,,=5,,=0.15 and 0=0.1. The

diagram displays varying values af showing howi ’'s growth benefits from extremely low

levels of h, , but above a certain threshold value, this effect is reversedg.l fhe varying

threshold levels lie far below the implied levellpf . Furthermore, the higher the value bf

the greater the effect. Changes in other variables ghahift the curves, but do not change
the main implication: ifA > 0, then there is a positive threshold level above which increases
in h, decreasé's growth®

In sum, the model shows that if human capital endowments reacbed relatively high
levels, a further increase in other regions’ human capital stocks haataszeegpact on one
particular region’s output growth. It follows that ceteris paribegional economies which
start out with relatively high levels of human capital will ferthbenefit because it increases
their attractiveness for mobile factors. Since increases increase total relocations at a
deepening of economic integration accelerates these effects and thagebuéirgence.

*with L, = L,, =1, the threshold can be calculated as
h.=(1=8)(8 +vh)kk /(aah (k +k)+ykk (8 +xh (1+4)).
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Figure 1. The effect of human capital increasesjinon i 's growth
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©0.000

-0.025

-0.050

4. Conclusions and outlook

The model has shown that human capital plays asidecrole regarding the integration
process of an economic system such as the EUdetetmines a region’s attractiveness for
mobile factors. Because higher endowments of humsapital increase a region’s
attractiveness, those with initially relatively higgndowments will ceteris paribus benefit
more from economic integration with the outcomet tti@parities across regions increase.
Although such an outcome would represent nothing d@umacroscopic result due to
microeconomic decisions, it may nevertheless beesinable. Therefore, convergence across
regions within a well-integrated economic systenymat be conceivable in the long run.

The model, however, includes several instrumentsufiport convergence across regions.
Firstly, the overall level of integratiod and hence the speed of migration may be altered.
Secondly, regions which suffer from factor reloca may be subsidised so they become
more attractive. Thirdly, returns to scale mayadifacross regions, so that for instance some
(e.g. metropolitan) regions within disadvantagedaarmay nevertheless gain from factor
relocations. Fourthly, re-investment and educatispanding may be increased and possibly
subsidised in disadvantaged regions in order tbadahce negative factor relocation rates.

The EU’s internal market’s four freedoms of freevaiment of goods, capital, services and
people are usually given within national economas] large scale migration from poorer to
richer regions, e.g. within Germany or ltaly, isitgqucommon. In contrast, between nation
states barriers against free movements usuallyt. edswever, with each further step of
integration the EU’'s member states give up instnisevhich are usually associated with
nation states. Hence, member states take on chastict usually associated with regions.
Therefore the mechanisms which determine interregidevelopment within a country have
become more and more relevant for the EU’'s memia¢ess too. This paper has shown that
by introducing these mechanisms into the framewafrkneoclassical growth theory, an
increase rather than a decrease in existing disggmbecomes more likely. It follows that if
both interregional convergence and the free movémérmproduction factors are political
objectives, the EU as well as its member statesildhoontinue subsidising disadvantaged
regions and member states.
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