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Technology and the Human Resource: An Out-of-Equilibrium
Analysis

by
Mario Amendola ancifcesco Vona

1. Introduction
There is no doubt that innovation is nowadays thenndeterminant of
economic growth and that the human resource isaaaal factor of the process of

innovation.

As the role played by this factor the mainstreaewyoint emphasizes labour
market rigidities in the explanation of cross-coig# differences in innovation and
growth performances, and calls for reforms of labmarket institutions to eliminate
such rigidities (Krugman 1994, Nicoletti and Scat@p&003). This is part of a more
general policy consensus on competitive markethe®ngine of innovation and on

monopolistic distortions as the main obstacle tmpetition.

In this context achieving a thorough flexibility ¢dbour markets, i.e. low
unemployment benefits, absence of firing costs drek wages fixing, is
acknowledged as a strong incentive to favour intiegachoices, growth and
employment. It is well known fact that successfelwnproduct innovations enjoy
higher returns, but also that they are risky atéisiand are characterised by a strong
turnover and a pronounced creation and destructia@mployment. Dismissal costs
(employment protection) and rigid wages reduceribentive for investment in risky,
although very productive, technologies and helaingtg human resources in low

productive sectors, characterised by less riskytime innovations (Saint Paul, 1997).

In this light adequate labour market conditionsofavthe ‘right’ investment
and the realization of thoroughly innovative tedogges. This choice, and the
incentives that are conductive to it, are at the @b this analysis. This implies a view
of production and technology according to which gireductive capacity and its
adequate utilisation (the gains of technology) #Hre automatic (immediate or

delayed) result of a simple choice.
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A production theory of this kind, however, is catent only with an
equilibrium context. Only in equilibrium, in faat, is possible to establish a relation
between the basic magnitudes (output, capital eynmat) of the production process.
This relation implies the functioning of a givenoguctive capacity which is
automatically adjusted to the best available tetdgyand thus tends to regularize
the behaviour of the economy. Only in equilibritthien, it is possible to relate inputs
and output on the basis of a relation defined ebe &y technical conditions, and
determine returns and productivity as the expressibthese conditions. In other
words, once you are able to realise the conditifmmsthe choice of the highly
productive technology you have the results of tfisice. Co-ordination problems,
which might hamper the effective appropriationtwd potential returns of technology,
are excluded by the basic assumption.

This paper proposes an alternative view to criicale-examined the
mainstream explanation of the transatlantic divecge i.e. the reversal in the
“catching up' of the U.S. leadership, in a contexére emerging coordination failures
between investments in skills and new skill-biasecthnologies (SBT) are a direct
consequence, on the one hand, of the sequentiaulation over time of the
processes, both of production and skill formatiand, on the other, of bounded
rational agents. Our model has proved to be camistith the explanation provided
by the recent paper of Krueger and Kumar (2004)esim most cases, the transition
to the new technology is viable only if an increaseublic investments in general
and higher education compensates for decreasingcitaf investing in education
among the unskilled workers. In particular, an ofdequilibrium analysis enables us
to stress the importance of educational policiggeeslly in the critical initial phase
of the technological transition. In the U.S., caurtyclical policy interventions such
as student aids and investments in higher educatgwa probably essential in the 70s
to contrast the initial decrease of output and regkilled wages induced by the joint
effect of the ICT revolution and of several adveskecks, i.e. oil crisis.

2. Innovation as an out-of-equilibrium process

An equilibrium state of the economy as describeavalis just the opposite of
what innovation implies.

Innovation is by definition modification of the exing productive capacity, and

thus the breaking of a regular behaviour of thenenny. As a consequence co-



ordination problems are likely to emerge acrossdbenomy. Innovation is then a
process in real time (Georgescu-Roegen (1971),sHitR74)) that can be successful
or not; technological opportunities do not implypguctivity gains as the result of a
simple choice. Returns of innovation depends not nsach on the intrinsic
characteristics of technology as on the co-ordamatboth at the micro and the macro
levels, that is necessary to ensure the viabifityre innovation process.

Innovation implies a restructuring of productivepaeity. Co-ordination issues
arise in the first place in the production prodésslf, and specifically in the dynamics
of the productive resources involved, due to tistodiion of productive capacity that
follows innovation. These issues, however, arecoofined to the production process
but extend to the whole economic system. New gaogsy new types of production
processes and new activities which, in turn, aallrfew forms of interaction among
the existing agents and institutions or even thpeapnce of new actors and
institutions (Metcalfe 1995, 2001).

The key problem becomes to re-establish a balastredture of productive
capacity and to eliminate the market imbalancesolred. This is a necessary
condition for viability of the innovation processichthe possibility to reap the
advantages due to new technologies. In this ligtitiology no longer appears as the
precondition of the process of innovation but asrésult of the latter, interpreted as
an (essentially economic) co-ordination processé€Adola and Gaffard 1998).

The human resource plays a crucial role in thixgse of which the traditional
theory offers only a market view. It is argued herat creation of jobsas opposed to
merely matching of demand and supply of lahoisr a relevant issue when dealing
with innovation, as labour force is a part, an aspé the productive capacity whose
restructuring is the essence of the process ofvatian. A process whose viability it
has been showed requires adequate co-ordinationamisms.

The role of the human resource, as well as the wgr&f labour markets in
terms of flexibility/rigidity, wages policy, employent protection, etc., must then be
looked in relation to the viability of the innovati process. In this light learning
appears as a key contribution to the constructstrncturing of productive capacity,
in that it helps to re-establish the co-ordinato@mtween the accumulation of physical
capital and of human capital.

The focus on learning, and on the co-ordinationvben the accumulation of

the physical and the human capital, is all the nretevant in relation to general



purpose technologies, that is those pervasive tdobres which (like, e.g., ICT
technologies) are the main factor of growth of awledge economy.

These technologies are in strongly skill-biased,Have actually changed the
requirements afasks: on the one hand, by decreasing the demamditirie tasks that
can be provided by computer; on the other handndrgasing that of analytical tasks
as expert thinking and flexible problem solving {éwet al. 2003, Spitz-Oener 2006).
Dealing with these changes implies a high levefefheral education that supplies
adaptable skills (University degrees, PhDs..) rathan vocational training (mainly
based on experience) traditionally important foe throvision of specific skills
(Nelson and Phelps 1969, Krueger and Kumar 2004).

The empirical evidence seems to support this hygsish in spite of their
similar patterns of ICT investments and labour marknstitutions, the U.S.
experienced a better productivity performance weébpect to the U.K. e.g., as the
right explanation of the better productivity perf@ance of the U.S. with respect to the
U.K., two economies with otherwise similar institutts, labour markets and patterns
of ICT investments. In fact, in the year 1999 trecfion of at least graduate workers
in the U.S. population was almost twice that of thK. (27.7% vs. 15.4%) and in the
year 2002 the resources invested in university &itut were 2.65 % of GDP in the
U.S. compared to 1.1% in the U.K. (Basu et al. 2008is is even more so if we
compare the U.S. with other European economiespédzaet al. 2000, Krueger and
Kumar 2004).

However, the sensibly higher costs and the longee to obtain a degree
compared to vocational qualifications is likelytiong about a significant breaking of
co-ordination between the process of accumulatfgrhgsical capital and that of the
human resource. The latter must therefore be iiitethsand accelerated, provided

adequate financial resources are available.

3. Financing the upgrading of the human resource

A capital market solution to the problem of thewoalation of human capital
is unrealistic. Markets for educational loans anperfect, due to the difficulties of
bothmonitoring borrowers and of recovering investmd@alor and Zeira 1994). We
must therefore turn to other financial sources.

Financing may be provided by unskilled workersptay a higher education

for themselves or for their offspring. The inducemeepends on the educational



premium (i.e. increased difference between skiegies and unskilled wages due to
the stronger demand for higher skills associatei Wie introduction of skill-biased
technologies) and that the benefits of educatiomerwreferred to general purpose
technologies, is fully appropriated only by who artdok it

Assuming that the cost of education is equal tolitheg cost plus a tuition
fee, the amount required for one unskilled famiby sustain the education of an
offspring is at least equivalent to the doubleh&f living cost—captured by the notion
of subsistence wage, i.e. the income requiredi®ibisic needs—plus the tuition fee.

The positive difference between the actual ungki¥l@ge and education costs
measures the capacity of accumulation of humantadapf the unskilled cohorts.
Such capacity is greater the higher this differenne, of course, the higher the
propensity to save of the unskillearker.

This capacity, on the other hand, is negativelyea#d by a reduction of
unskilled wages due to decreasing demand for |skéis resulting both from the
shift of firms’ demand towards higher skills, astjumentioned, and to a decline of
productivity, output and employment that charasgsithe construction phase of new
productive capacities, as will be illustrated.

Firms have no direct interest in financing a gehkigher education because
the results cannot be appropriated. However, catigrebver scarce skilled workers
may increase skilled wages up to the point of swalg the entire rent of innovation.
Firms may thus have an indirect interest due tt laoteduction of skilled wages as
the result of an increase in the number of sklledkers and by an increase in growth
and productivity. Co-operative strategies to redineerisk of opportunistic behaviour
are in any case required to form institutional mgements to enhance skill formation
(joint ventures, agreements to finance universitigs

Given that market forces might not be effectivefimancing the required
accumulation of human capital, a public policy absidies to higher education —
whether financed by taxation out of profits of firens or, we shall see, out of their
idle balances - appears a likely option to restwerdination between human and
physical capital accumulation when skill-biasedtedlogies emerge.

This is even more so if we consider that often,the early phases, the
adoption of a new costly technology brings abogeaeralized output decrease - the
well known ‘productivity paradox’ (Amendola and Gafd 1998b) or ‘machinery

effect’ of Ricardian tradition. The disequilibriugenerated in the final goods market



feeds back in the labour market by shrinking thers® of the supply of educational
funds (the revenues and then the financial capaafityinskilled workers, hardly
compensated by the increase in skilled wages)thnd, by reducing the speed of the
human capital accumulation. In this phase sustgithiis accumulation by means of
redistributive subsidies is clearly crucial in arte hamper the widening gap between
physical and human capital.

If the redistributive tax is too high, notwithstamgl a positive effect during the
technological transition, it may also have a negagffect after the transition is
completed, because on one side it can reduce physaf unskilled labour (and via
demand expectations, depress the economy) andheoother, it can stimulate over-
accumulation of skilled labour not consistent witte accumulation of physical
capital.

In this paper it is argued that an out-of-equilibmi analysis focussed on the
viability of innovation puts the ‘flexibility vers rigidity’ issue in a different
perspective with respect to the mainstream polmyr@ach. In particular, the more
flexible the unskilled labour market is, the lessosth the technological transition
will be, as opposed to the dominant policy consenéis a matter of fact, the greater
the downward reaction of unskilled wages to therosmuction of skill-biased
technologies the greater the reduction of the dgpad the unskilled cohorts to
finance higher education. This capacity effect os@mpensates the incentive effect
(widening the gap between skilled and unskilled wages). Bt technological
transition and growth are slowed down, and botimdirand skilled workers
accumulate idle balances. Public subsidies arefibrer crucial to ensure the viability
of the transition. Rigidity of unskilled wages, dhe contrary, dumps down
fluctuations in the capacity to finance the accuatiah of human capital and is, in a
way, a surrogate of public subsidies.

The policy conjectures just outlined will be ex@dranalytically by a model
which derives on previous works (Amendola and Gdffél998a, 2006)). This
presents innovation as an out-of-equilibrium preced creative destruction of
productive capacity, and analyses, in particulli)-Biased technological changes.

The main features of the model are sketched otleimext section.



TheModé
Production

We consider an economy where in each firm prodociso carried out by
means of fully vertically integrated processes ofNeo-Austrian type, using a
heterogeneous primary input (labour). An elemengpaogess of production considers
explicitly the time profile of inputs and outputsdais represented by an input matrix

defined on time and skills and an output vectomaef only on time. The input matrix

whose elements represent the quantities of skslkaad unskilledu labour required in
the successive periods of the phase of construct{fnom 1 ton®) and following it,
of the phase of utilization (from n® +1 to n® +n") where the productive capacity
generates an output.
The output vector is:
b= lbj]
withb, =0,0 j=1..n°,andb, = 0,0 j =n®+1...,n° +n"

At each given momertthe productive capacity of a firinis represented by the

intensity vector:
x(t) =[x (), x" ()]

whose elements are the number of processagejfin constructionx;, and in

utilization, x; , referring to all the technologies in use.

In the Neo-Austrian framework, a skill-biasedheclogy implies a relative
increase in the requirement of skilled labour wéebkpect to unskilled labour, provided
that, at the factor prices prevailing when the &macurs, the new technology is more
profitable than the old one. In particular, we ddas the case in which the relative
increase in the requirement of skilled labour isnaamtrated in the phase of
construction. This assumption captures the fadtdkidled workers are the key input

in the design and construction of a new produatgacity.



Decisions

Wages are paid before the output goes to markag i each period the
"virtual" financial market opens before the labonarket. At the beginning of the
period, each firm (probably) faces a financial ¢omiat. F(t) is the available wage

fund subject to the financial constraint:
FO) =@Q-pyt-D+ ) +h (t-1)
wherey(t-1) are the money proceeds gmds the fixed fraction of consumption out

of profits, h, (t — Dare the idle money balances accumulated in the padf(t) are

the external financial resources. In particulae, ¢éixternal financial resources are such

that: f(t) =min(f°(t), f3(t)), where f°(t)is the demand of external funds

determined according to the actual investmentspaiaduction plans, anfi®(t i9 the

money supplied by the central authority, which \8suane growing at the steady state
rate n. Together with the characteristic of the technglothe wage fundF(t)
determines the desired demand of labour of each typ

While the emergence of a financial constraint delgseon the decisions of the
monetary authority, a human constraint might emefge two reasons: full
employment, or excess demand of at least one ésisskili.

The decision on how much to produce depends onceqmans on final
demand. In the case of an excess of capacity veispect to the expected final
demand, the vector of processes in the phase ldfatiton is scaled down uniformly
by partial utilization of the productive capacibherited from the past.

Investments carried out (the rate of starts of peaduction processes) will
then be the minimum between desired investmentsthadpart of the available

financial resources not required to carry out aurproduction.

Markets and Prices
The effective demand for final outpOXt), is:
~_W(t) + @-7) Ot —2) + h"(t - 1) + ming Ot - 1), K2 (1)) |
p(t)

whereW(t) is the wage fund entirely spent on consumptig); is consumption

D(t)

out-of-profits, which is a constant fractignof money proceedsg at time {-1) and is

10



entirely consumed in peridgl/ is the tax rate that finances public educatis;(t is )

the funds demanded for being maintained duringetheational program, whiler(t)

is the supply of educational funds; and finatl§(t — alfp the idle balances, if any,
accumulated by households in the previous periodghe case of an excess of
demand in the same periods.

In turn, the supply of final outp@& (t)is simply equal to the output produced
in the period plus the real stocks, if any, accluatad in case of an excess supply in
the previous periods and put immediately back emtlarket.

While production and investment decisions areatgd during the period if
plans cannot be fully realized, prices change anlhe junction between periods as a
consequence of market disequilibria observed imptiegious period, given a reaction
coefficientv, expressing the degree of flexibility of the market

Likewise, wages react to disequilibria in the labaooarket. The reaction

coefficientv, captures the degree of labour market rigidity, witthe range of two
polar cases: a purely market-based determinatiowagfes, i.ev, — o, and an
institutionally driven ruley, = 0

The activity of construction and utdtion of productive capacity determines
the vector of labour demand, whose elements arédheand for each type of skills,
whereas the supply of skilled and unskilled workigpends itself on the distribution

of income.

Skills upgrading

The supply of skills is not highly elastic to chasgn the wage premium — the
difference between skilled and unskilled wages calise skill formation takes time
and, also, because there is potential complemgntamong public and private
decisions of investing in education.

For the sake of simplicity, we assume tlgaft), the fraction of people who
want to become skilled at timigis equal to the normalized wage premium. Becoming
skilled is equivalent to attaining an educationagsam, which lasts for one year and
costsp per person.Moreover, during the training period, a studentsdoet work
and, hence, receives a zero income.

Thereby, the effective cost of attaining the edocat program is:

11



C.() =w(t)+p
where p is the tuition fee, whilew(t) is the subsistence wage, defined as the
minimum income needed to satisfy basic needs. WUedkbffsprings can attain
education if and only if the unskilled wage is atdt equivalent to the cost of
education plus the minimum requirement for paresubSsistence:
w, (t) 2 ¢, (t) + w(t)
The differencew, (t) —w(t) leads the capacity of accumulating human capitdhe

economy. Moreover, since the qualitative behavaduskill formation and inequality

might change for different values wf(t) —w(t) , the initial value ofw, (t) — w(t)

crucially affects the capacity of adjusting to kkiased shocks, as we shall see in
what follows.

Out-of-equilibrium dynamics

We begin our analysis by assuming a steadye stdt the economy
characterized by a configuration of the initial wagequality that allows ensuring a
balanced accumulation of human and physical capital

When skill-biased technological change pushes #wm®nomy out-of-
equilibrium, two effects can be initially observeddn the one hand, if

w, (t) —w, (t) increases, the fraction of people who wants to lecekilled increases

as well, i.e.qZ(t) - q?;'(t ) On the other hand, since skill-biased technidenge

might deteriorate the financial position of unstédlworkers by reducing the unskilled
wage a balanced path of accumulation of human dndigal capital can not be
ensured. This negative effect is strengthened byfdht that the adoption of a new
costly technology usually brings initially aboutganeralized output decrease — the
already mentioned machinery effect and productiviigradox - that affects
employment, thus, further shrinking the revenued #me financial capacity of
unskilled workers and hampering the process of &kination at the right pace

In such a situation public subsidies for educagorerge as a solution to make
the technological transition viable. In particulawo competing types of policy will
be analysed:

The first contemplates financing the required aagiation of human capital

by means of a tax on consumption out of profits.

12



KS(@) =0t -1

This policy has redistributive effects that, firdavour firms' owners by
removing the human constraint that prevents outputach its new steady state level
and, at the same time, by reducing skilled wages tduthe increase of supply of
skilled workers; secondly, it favours unskilled wers at the expense of skilled
workers. This policy might have also a negativee@ffon final demand, both in the
long and in the short run, as it shifts resourcesnf current expenditures to
investments.

A second policy option is to tax firms' idle batas

KS(t)=rh, (t-1)

The emergence of idle balances signals that imesst decisions cannot be realized
by firms individually, but rather by increasing tpeovision of public goods in the
economy. In this case, negative effects on finahaled do not emerge since idle
balances can be interpreted as speculative finaine@astments. More generally, this
kind of policy, at least in critical phase of tleehnological transition, does not reduce
the current spending in order to increase pubirestments.

Let us now present the results of the simulatiothisf model.

Theresults of the Analysis

A first result is that a structural modificationtine behaviour of the economy
following a skill-biased technological shock occumscorrespondence to different
initial levels of the difference between the ungkilwage and the subsistence wage.
When this difference is relatively high, the fluations induced by the technological
shock are gradually reabsorbed up to the point evitlee economy reaches a new
steady state characterized by a higher level o&tlegage income per-capitaigures
1). Conversely, when this difference is relatively diriale technological transition is
not viable Figures 2). The model shows a threshold value of this diffee
(w,(0)—w(0)) that determines whether the economy converges higlaer skill
steady state or not.

This result is consistent with the modern view aoewgh and inequality,
whereby a more equal income distribution is assediavith higher average level of
unskilled wages. In the case of missing marketsethrcation a more equal income
distribution allows more people to undergo the amfseducation and thus fosters

human capital accumulation and ultimately growtll@® and Tsiddon 1997).

13



A more interesting result is that the threshaddresponding to a qualitative
change in the behaviour of the economy is functbihe degree of labour market
rigidities. The simulations show that the relatmtween labour market rigidities and
this value is well-established and monotonic. Imtipalar, the more rigid are the
labour markets, the smaller the threshold requioedhe economy to converge to the
high-skill steady stat€Figures 1) and vice versgFigure 3). It is worthwhile
noticing that rigidities in the skilled and the uiled labour markets play an
asymmetric role provided that the parental incorffiece depends essentially on the
unskilled wage, while the evolution of incentivéeet is also related to the one of the
skilled wage. As a matter of fact the simulationafom that the more flexible is the
unskilled labour market, the less smooth is thénetogical transition, whereas the
opposite holds for the skilled labour markdtgy(res 4).

Building upon these results we can now analysestteets of public subsidies
to education on human capital accumulation.

In particular, we examine the effects of the twoliges: a tax on
consumption out-of-profits and a tax on speculatwestments. In the simulations,
we will assume that the tax is imposed once the teelwnology isa regime that is,
only after having observed that, even once allproeluctive capacity that was using
the old technology has ended its life cycle, theequilibria created by the
technological change have not been reabsorbed.

With rigid labour markets the minimum tax on ptefiate required to assure
the viability of the transition is very small. Thisoves that a very small reduction of
current profits for redistributive purposes alloW® economy to adapt to the new
technology by increasing the provision of completagnresources, characterized by
imperfect individual appropriabilityHigure 5).

More generally, the tax rate must be set appatgdsi. On the one hand, a very
small increase in the provision of public goods net enough to offset the
deterioration in the unskilled capacity of accuninqa human capital. On the other
hand, a too large tax rate would depress final delmes a consistent fraction of
consumption out-of-profits flows into supplying edtional funds.

More interesting for the explanation of the US-Hifferent performances is
the outcome of increasing subsidies for educatiora icontext of flexible labour
markets. In this case the increase in the levedubisidies required to re-establish a

balanced accumulation of physical and human cagtaéigher than in the case of

14



rigid labour markets. It conjures a set of "optitadstitutional configurations in

which labour market rigidities and the provision miblic goods are, to a certain
extent, substitutes. In particular, the adversecefdf labour market flexibility on the
technological transition can be reduced by increasducational expenditures.

A tax on profits has a negative influence on fidamand as it induces a net
diversion of resources from consumption to investime education. After the skill
mismatch has been reabsorbed, this policy bringsutabn over-accumulation of
educational funds that has no longer the effectosfering skill formation.These
perverse effects are mitigated provided that tloeesse in the tax rate is not permanent.
However, even in this case, it takes a very lometifor the degree of capacity to
reach its steady state level and for the unemploynoebe re-absorbed .

On the contrary, a tax on idle balances, allowiker achievement of the
higher skill steady state and re-absorption of yslegment, mainly because it does
not affect the level of final demand during thensi@ion. On the other hand, the
flexibility of this policy also explains why theng-run degree of capacity utilization
is higher than it would be with a tax on profitsys$ allowing reaping all the gains of
the new technologyHgure 6). As a matter of fact, one of the reasons why idle
balances are accumulated is that the appeararecskilf mismatch hampers the firms
from investing in new productive capacities as mashthey want. Thus, as the
mismatch is reabsorbed due to the policy carriet] iolle balances are gradually

decumulated and the effect of the policy disappears

Concluding remarks

This work is a first attempt to address safithe most relevant issues for labour
market inequalities, skill-biased technical chargyed productivity dynamics by
means of a heterodox approach. In particular, oafyais has provided new insight
on the explanation of the transatlantic divergendaike the standard literature on
the productivity paradox, the length and the pé&aisy of low productivity levels has
emerged as a consequence of policy failures andicpar institutional
configurations. The analysis implicitly identifies set of "optimal" institutional
configurations in which labour market rigiditiescatine provision of public goods are,
to a certain extent, substitutes. Indeed, the adveffect of labour market flexibility
on the technological transition can be reducedbyeasing educational expenditures.
Interestingly, the resulting interaction of educatil policy and labour market
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rigidities in this analysis is coherent with theeat strand of literature emphasizing
the crucial role of educational policies in explagm the productivity divergence
between economies (Krueger and Kumar 2004, Vandsche et al. 2006).

Moreover, especially in the critical initiphase of a technological revolution,
educational policies are essential to counterbalamerging inequality and thus to
foster skill formation and technological diffusiol.counterintuitive result in terms of
educational policies emerges: while at least aripribe European higher-education
system may guarantee higher social mobility andakiyusignificant because of a
significant cost saving in terms of fees, Europsaudents benefit less than Anglo-
Saxon students from public aid schemes, namelytgrand facilitated loans.
Therefore, one can reach a completely differentkmion regarding the capacity of
ensuring equal opportunities of the two systemmmared to a tuition-free system, an
aid-based approach can better concentrate thecfalasupport where needed. As a
result, an aid-based approach, which includes hm#ths and grants, tends to foster
general education attainments

Finally, the tax on the idle balances offers a sempetaphor to state that the

process of development must contemplate periodswhich some of the
complementary resources (i.e. skills, infrastrugetuy must be built co-operatively and
periods in which each individual fully grasps thairg of its investments. In this
perspective, institutional and political flexibylitmakes the system able to adapt
quickly to such a change, especially in the casdagid labour markets. The sticky
European decision process and the rigidity of thkebikty pact can therefore

contribute to explain the long productivity slowdowf the euro area.
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