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Abstract
We build an expanding product variety endogenous growth model where both human capital and -

-ideas are complements. One peculiarity of the economy under analysis is that in the sectors where both

kinds of capital are accumulated no spillover effect does exist. Many insights arise from the model.
Firstly, due to the complementarity hypothesis, muitiple steady states emerge. Secondly, growth does
not depend on the scale of the economy and turns out to be sensitive to the monopoly power enjoyed by
local intermediate monopolists. Finally, when skilled labour and ideas are perfect complements,
product market competition is unambiguously bad for grov)th.
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Human capital accumulation and R&D are certainly two of the most important engines of growth
and, strangely enough, in the last few years only few attempts have been made in order to integrate
them within 2 unified and homogeneous framework. Stokey (1988) and Young (1993), for example,
build theoretical models in which the interaction between endogenous technological change and human
capital formation is explicitely taken into account. However, in these papers skills accumulation
happens through leaming-by-doing and on-the-job-training in the production activity rather than a
separate formation (or education) sector. Grossman and Helpman (1991, Ch. 5.2) also endogenize both
human capitat and technical change. In their set-up, though, education sector does require no skilled
labour and incentives to accumulate human capital depend, in equilibrium, only on an exogeneously
specified .'."choqling technology and agents’ time preference. Bicher (1996) addresses a very interesting
puzzle one faces when analysing the human capital-technical change relationship. In fact, from a
theoretical point of view, although technical change can increase the demand for humen capital, and
consequently the wage premium of skilled over unskilled workers, a higher level of education shouid
lead to a higher supply of skilled labour and then to a fall in the wage differential (unlike what the long-
run data seems to predict). In Eicher's 1996 paper, skilled labour is assumed to be an input in
education, research, and in the absorption of innovations into production. As a consequence, the
absorption of new technologies requires the withdrawal of human capital from research and education,
so that, at the end, higher rates of technological change increase the relative wage, but fower relative
supply of skilied labour, '

Unlike the literature cited so far, we suppose that in the economy there exist two different inputs
(human capital and ideas) that can be accumulated over time in two separate and skilled labour
intensive séctors. These two inputs (human capital and R&D) are such that in the long run they are
éomplements to each other. In addition, and unlike Eicher (1996), in our modei final output production
does not employ human capital directly, so that this input can be used exclusively to form new skilled
workers and to produce horizontally differentiated intermediates and résearch, We analyse in detail
under which conditions the inter-sectoral competition for the acquisition of human capital may hamper

growth,

T would like to thank, without implicating, R. Balducci, R. Boucekkine, D. de Ja Croix, S. De Michelis, G. Ottaviano, A.
Pozzalo and H. Sneessans for very helpful comments an a first draft of this paper. Needless to say, any remaining errors are
my own.
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The paper is mainly motivated by the attempt to integrate different research fines of the Endogenous
Growth Theory in such a way that many empirical regularitics are explicitely accounted for as well.
Particular emphasis will be placed on three aspects of e¢conomic growth (scale effects,
complementarities and multiple equilibria and the relationship between product market competition and
growth) that, for the most part, have been analysed separately in the recent past.

In Jones® view (1995a; 1998} the scale effects prediction stemming from a vast majority of ideas-
based growth models seems to be a natural consequence of the fact that "...new ideas are discovered by
individuals so that the number of innovations is inherently tied to the number of persons engaged in
R&D" (C. Jones, 1995a, p.763). In another paper, Jones (1999) documents the increase in research
intensity that has taken place in many industrialized countries between 1965 and 1990 as well. In our
model, the equilibfum growth rate turns out to depend on the fraction (and not. on the stock) of human
capital being devoted to research. At the same time we model the R&D technology so that the rise in
the research intensity indicator is explicitely taken into account.

As for the second aspect we will emphasize in the paper, an extensive and well established research
line (both theoretical and empirical) suggests that technology and skills are, in a sense, complements.
The most immediate consequence of the existence of such complementarities is represented (as
Redding (1996} has recently pointed out) by the rise of poverty traps and multiple steady states. In the
model that follows, we find, indeed, two growth equilibria. However, unlike Redding (1996), who
introduces pecuniary externafities in the accumulation of human and knowledge capital, we show that,
in the presence of complementarities, multiple equilibria may well exist even when any kind of positive
spillover in the accumulation of skilled work and R&D is explicitly ruled out.

Finally, the structure of our model allows a deep analysis of the possible connections between
competition and growth. The most important result we get within this particular research area is that,
under specific conditions, even in an horizontal product differentiation framework, we may restore the
well known Aghion and Howitt’s (1992) result that the relationship between monopoly power and

economic development is unambiguously positive.

The organisation of the paper is as follows: in the first section we present the basic model, compute
the long-run equilibria (paragraph 1.1) and discuss the results obtained in the light of the literature on
the scale effects (paragraph 1.2) and the existence of complementarities between endogenous
technological progress and skills (paragraph 1.3). In the second paragraph we study the relationship

between product market competition and growth when both knowledge and human capital can be
accumulated over time. We analyse separately the general case {paragraph 2.1) and the one in which the
two forms of capital are perfect complements {paragraph 2.2). Finally, in section 3 we present a
summary of the main conclusions of the mode! and suggestions for possible extensions, All the results

we will get throughout the paper will be stated in the form of proposition.

1, The Model.

Consider an economy with four different sectors. There exists an undifferentiated consumption good
which is produced with unskilled labour and technologically advanced capital goods (these are

available, at ime t, in N, different varieties). In order to produce such inputs, intermediate firms

employ only human capital. Technical progress takes place as a continuous expansion in the set of
available horizontally differentiated intermediates. Unlike the traditional R&D-based growth models,
and following Becker (1964), Uzawa (1965} and Lucas (1988), we assume that the tota] supply of ‘
human capital is not fixed, but may grow aver time. Additionally, we suppose that épecia]ised workers
can be put into use Lo produce (not only capital goods and ideas, but also) new human capital in a
separate education sector. In the mode! the total quantity of unskiled labour (L) is exogeneously given
and is used only by final output producers.

® The final output and human capital formation sectors.

The homogeneous, undifferentiated consumer good is produced in a competitive industry according

to the following constant returns to scale technology:

N
o n=r= oy, O<ax<l.

a
Therefore, output at time t (¥,) is obtained combining (fixed supply) unskilled work, L, and N

different varieties of technologically advanced goods, each of which is employed in the quantity x;.

.As the indu;t.ry is competitive, in equilibrium each variety of intermediates receives its own marginal

product (in terms of the only final goad, the numeraire):

@ pe=aln,F'. vie(on,).



In {2}, p;, is the inverse demand function faced, at time t, by the generic j-th intermediate producer,
after normalizing L to one. From (2), the direct demand function for the j-th type of intermediates is:
a Y~ ,
@ x ={—] , vie O;N,).
Py

As already mentioned, the total amount of human capital (or specialised work, H), unlike L, is not

fixed, but is allowed to grow over time according to the following law of motion:

@) H =H,=s,H,, 0S5, <1, Vi

In other words, a constant returns to scale technology is employed in order to form new human capital.
This technology is such that, using H, units of input at time t, dH new skilled workers are formed in
the time interval of length dt. We denote with s, the fraction of the total stock of human capital
(available at time t} which is devoted (at the same point in time) to the formation of new skilled

workers. This variable will be endogenously determined in the model.

* The Research Sector.
Producing the generic j-th variety of capital goods entails the purchase of a specific blueprint (the j-
th one) from the competitive research sector, characterised by the following technology:

&) Ne=H,=5,-H, 0<s, <1, Vi,
where s, is the fraction of the total stock of human capital (existing at t) devoted (at the same point in

time) to this sector, The share s, is a technological parameter and is considered as exogeneous here.

The production function of new ideas displays many peculiar features that are worth pointing out,
First of all, it is a deterministic function of H , (notice, in addition, that human capital is employed in
the sector with a marginal productivity that is constant and equal to one). Secondly, it does not depend
on N, {the stock of knowledge accuimulated up to ). This is an alternative to the canonical assumption
one may find in the literature. In fact, unlike the P. Romer's (1990) and Grossman and Helpman's
(1991, Chap.3) models (where the total cost, in terms of skilled work, to be borme in order to invent -a
new variety of capital goods declines monotonically with the number of intermediates already exi.sting),
we explicitly assume that no (positive) externality effect is attached to N, in discovering a new product

variety. A third observation that can be done about the research technology is that in it Hy (=5, -H,)

may grow over time, since the total supply of skilled workers (H r) is supposed to do so (and, in
equilibium, s, is constant for each ). This is perfectly in line with C. Jones (1995a) finding,

according to which: "..for the United States,..the amount of labour engaged in R&D grows by more
than a factor of five, from abour 160,000 in 1950 1o nearly one million by 1988. A similar pattern can
be seen in Frunce, West Germany, and Japan” (C. Jones, 19952, p.762). In another paper, Jenes (1999)
also emphasises that "..the rise in researchers has been much Jfoster than the rise in the labour force.
Between 1965 and 1990, the number of researchers in the G-5 rose af an average annual rate of 3.4
bercent, while labour force growth in the G-5 averaged only 1.2 percent per year. The implication of
this difference is that research intensity - the total number of researchers divided by the total labour
Jorce - rose over this period” (Jones, 1999, p-16). The specification adopted in (5) allows us to account
for this empirically well documented increase in the research intensity. Indeed, if we include in the
definition of total kabour force the sum of both skilked {H,) and unskilled (L) work, so that the index of
research intensity becomes:

Hy H

=Sy L.
L+ H, L+H,

then it is easy to show that such an index (with 5y, and L both constant in equilibrium) grows over
time
and, in the very long run, approaches s, 1.

As the research sector is competitive, new firms will enter it i1l when all profit opportunities will be

completely exhausted. The static zero profit condition amounts, in this case, to sat:

(6) Wy = PN; .

" P,= _[e"("” -m,dt, T>1.
i

L in onder to comstruct the research intensity indicator, the National Science Foundation (NSF) considers, as total labor force,
exclusively the number of scientists and engineers (that is the number of those possessing at least a 4-year college degree).
Such a defnition s definitely restrictive and this is why we include in this aggregate L, as well. In our context, in fact, L can
be regarded as the number of those both possessing less than a four-year college degree and, notwithstanding, doing research
(though of a kind different from the one conducted by scieatists and engineers). As far as the NSF total {abor force definition
is concerned, Jones indeed notes: “...The research behind the creation of new conswmer products like Odwalla or Jumba
Juice fruit drinks is not included, ...Also, the definition emphasizes research that requires the equivalent of a Jour-year-
college-degree, meaning that the research undertaken by ihe young Steve Jobs, Bill Gates and Marc Andreessen was
probably excluded as well” (Jones, 1999, p.17, note 1).
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The symbeols used in (6} and (7) have the following meaning: w,, is the wage paid to one unit of human
capital devoted to research; r is the interest rale; @, is the profit accruing to the j-th intermediate

producer (once the sunk cost for the acquisition of the j-th infinitely-lived patent has already been

bome); P, is the price of one unit of research output (the generic j-th idea allowing to produce the j-th
variety of technologically advanced good). Note that. P,, is equal to the discounted present value of the

profit flows a (local) monopolist can potentially eam from t to infinity.

« The production of technologically advanced goods. ‘
The capital goods industry is monopolistically competitive and in it each firm produces with the
foHowing one-for-one technology:
(®  x,=hy, vielo;N,).
This producticn function d.isplayé constant returns to scale in the only input employed {(human
capital) and, aceording to it, one unit of skilled work is able to produce (at each time) exactly one unit

of whatever variety. Since the number of varieties invented up to t is equal to ¥,, from (8) it follows

that the total stock of human capital allocated (at time ) to this sector (H ) is:
N )
(8a} _r.tj,dj= fh,,dja H,=5,-H = (L=sy —54 - H,, 0<s, <1, Vr.
[} [}
The generic j-zk firm maximises (with respect to x,) its own instantaneous profit, under the demand

constraint (given by (2)). From the first order conditions:

©® w=a(r, ),

where w, is the wage (paid at time t) to one unit of human capital employed in the sector?, Plugging (3)
into (9) yields:

1 I
©2) py=_w=p vie (O;N,).

Therefore, each local monopolist sells one unit of its output at a price equal o a constant mark-up over

the marginal cost {w, ). From (3) above, it is possibie to show that the mark-up rate {t/a) tums out to

i inci i i it of human capital devoted
2 As we will state more clearly later, this wage rate must coincide with the one accruing to one unit of hur t
both : the formation of new :killed wurkers and to research. This derives from the hypothesis that this input (skilled labor}
is homogeneous (it is equally productive irrespective of the sector in which it is used).

6

be (as we would expect) decreasing in the price elasticity of the demand faced by each capital goods
firm (and equal to 1/1-a).

As the price (p) is equal for each variety, from (3) it follows that the output produced by a generic local
monopolist (x) is the same for each j as well, Under this hypothesis (afl the capital goods producers are
petfectly symmetric), from (8a):

8b) x, =Pz, vie(N,).

Finally, the profit function is given by:

H,Y
10) 7, =(p,~w)x, =(-a}p, x, =a-(1-a)-[ﬁ] am,  YeON).
!
Just as p and x, 50 too the profit is equal for every variety (such a conclusion derives from the
symmetry with which intermediates are assumed to enter the consumer good technology).

‘The analysis of preferences closes the model.

* Preferences.

Final oulput (Y) can be consumed only. An infinitely-lived representative agent supplies
inelastically one unit of labour services per unit of time and gets 4 total income which is equal to the
sum of labour income (w,) and interest income (r, -@,). Hefshe maximises, under constraint, his/her

own intertemporal utility function and solves the following dynamic probiem:

= oo
gg?:Un_le log(¥,)

L. A

dr=w, +r,-a Y,

a]_1'r+n” A -a, =0
where Y denotes consumption (of the homogeneous final good); log (Y) is the agent’s instantaneous
utility function; p is histher subjective discount rate; A is the co-state variable and, finally, a is the

asset (measured in terms of Y) he/she holds. The solution o this problem gives the Euler Equation:

an  y=t=r-p.
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1.1, Steady State Analysis.

In steady state N, e H, grow at the same positive (and constant) rate. Therefore:

N H
b) _f=s~ ._&.Lzsﬂ 3,

1 I

Thus, on the balanced growth path, a constant share of human capital is allocated both to the formation

sector {5, ) and to research (s, ). Consequently, in equilibrium, s; will be conatant as well (since the
condition s, +5, +5, =1 must always be checked). Moreover, from (b), it is possible to conclude that

in the symmetric case:

H H 5
_-_‘”-E.s-’. ---—’-:-.sj--—i=Constant.
N N, Ty

r

Such a result allows us to infer that the profit accruing in equilibrium to each local monopolist (%)

does not vary over time (see (10)) and, then, under the hypothesis that r is constant, {7) can be recast as:

(78.) PM :Ie“f[f-f) 'J’l'jdf =_].'..ng_ =.£-3z =PN .
P r r

This suggests that in the steady state, P, (the price of each new idea or patent), and w, (the wage rate
eamed by one unit of human capital in the research), are constant (see (6)).
In order to determine the optimal allocation of human capital among the sectors using this input (the

intermediate, education and research sectors, respectively), we impose the following three no-arbitrage

conditions:
d) Wy =W,;
C) wf = wH' ¥

3 Note that, from (b), given the way we define the equilibrium, 5, tums out to be constant {as we have already mentioned
in the previous section, describing the R&D activity). This happens because N, and H, grow at the same rate.

f sy =l-sy -5, Vt.

From (d) and (e}, jointly considered, we also obtain, implicitly, the condition w,, =w,.

Basically, since human capital is a perfectly homogeneous input, we impose that it be paid the same
wage rate across all sectors {conditions (d) and (e)) and that the sum of the shares of .skilled work

(allocated to each market) be always (for each 1) equal to one {condition ().
From (d)*:

H, a
(12) —=={—|-r.
N, l-z r
As the left-hand side in (12) is constant, the interest rate (r) will be constant as well.

To find wy,, lgt us express P, (the price, at time t, of one unit of human capital devoted to formation)

as the present discounted value of afl the future eamni ngs (wages) accruing to it:

i
¢

- e l a
(13) B, =[e"t ", dr =Wy =Py =P =wy=w, =P, =la(1—a{ﬂ-] 5
r N,

Given w,, it is possible to use condition (e} and get:

S a a-1
(14 l.a.(]___a). i"_ =a?. Ei = f_{._—,ir
_ r N, N, N l-a’

t

Notice that (14) is perfectly consistent with (12). Finally, from (f):

(A5) sy =l-s, s, =(1—S”)_[1_fa"':_:") . =%[(I_SH)ivl(l_aXIEl?I)—MNr}.

To compute the output growth rate of this econoimy, let us rewrite (1) as:

I’::_Ll_a-N,-xf=L’_a-N'.(.{iE.] =‘IJN“ TEE"“&

Nl' Nr

Taking logs of both sides of this expression and totally differentiating with respect to time, we get:
Y, N

16 L=y =1 _

(16} Y, Yr N, Sy

4Inord=rtoobta.in_this result, we use the fact that X, =x, = H /N, and w,, = (1!1")-93_f .
5 This follows from the observation that rand Wy, (=W, ) are constant and w,, = g,.
6 5; is derived combining (c) and (12).



. .

; : . S H, N
since ¥ is constant in equilibrium and —t=-—-L =g,
: H, N,

Thus, growth is entirely determined in this economy by the innovation rate, being equal (in steady
state) to the human capital accumulation rate (s, ). To find out s, , we plug in {15) the value of r

coming from the resolution of the consumer side of the model (see (11)) and obtain:

a7 ‘?=YV =8, = [ﬁ(l—sh')—l]iW/ﬂz‘g:' ;f‘é(ﬁ;)ixﬂ"'zf))lfﬁ +(ﬂ_1)2 , B Eé>l‘

In the steady state, the model just cutlined exhibits the following properties:

- 84,85y and s, are constant (each sector using human capital receives, at each t, a constant share of
such an input);

- the interest rate (1), prices (P, e F,) and wages (w,, w, and w ) are constant as well’;

- each local infermediate monopolist produces a constant quantity of output {(x) and sells it at a
constant price {(p), accruing a constant profit (7 );

- finally, from (9) and (8b), '!ziﬂr’rsw, ='lli_r1’notrt.rz -(H!., IN, )"1 =0. As w, =w, =w, =w, this means
that the more uncompetitive the intermediate sector is (¢ goes to zero), the more the equilibrium
wage (paid to human capital throughout the all economy) falls below its marginal productivity, equal
to one in each industry (we will come back later on the interpretation of ¢ as a measure of the level
of competition present in this economy). At the limit, the wage rate approaches zero. In this case,
indeed, the return from human capital investment {= r-PH) lessens and so does the incentive to

accumulate this resource over time, too.®

In the next section, we analyse in greater detail the main implications stemming from (17).

?pr =1 (Yislhe mumerairyand W, = W, =W, =P, =r-P, =" _(l_a)Hz Lot

B 'This observation witl be useful when we will analyse (he relationship between markup rate and aggregate growth,
10

1.2 Discussion,

From (17), it is possible to show that:

- The two roots (s, and s,,,) are real and distinct for:

1w <Etlp20)-2 /5077

2 s> ﬂﬂ—,l[(ﬁ+2p)+ 2/p(B+p)):
B-1
B

- when 0<s, < <1, both growth rates are positive.
-1
ﬁ2

In addition, since

[(ﬂ+2p)+ 2in,8+pi] is greater than ﬂﬁ_l, we can easily neglect those
8-1
R

Sy and sy, s always  negative) and  concentrate only on the set

ﬁﬂ—zl[(ﬁ +2p)-2/p(B +p§]<%—5.

For example, if we set S=1.5 and p=0.03, then ¥y behaves, as a function of s,,, as follows (the

values of s, falling in the interval; 5y >

[(ﬂ +2p)+2/p(B+ p )] {whose elements are such that

O<sy, <

function ¥, (s, ) displays qualitatively the same behaviour even for different values of B

Yy =5y
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Su
. Figure 1
Yhe Relationship between Aggregate Growth and the Share of Resources devoted to R&D (s,,)

With these parameters (8 =1.5 and p=0.03), when s, =025144762, there exists & unique
aggregate growth rate equal to: s, =¥, = 0.12. The figure reported above must be interpreted in terms

of a simple comparative statics exercise. Indeed, in this mode! the share of human capital devoted at
each ¢ to R&D is an exogenous technological parameter. In addition we know that in the long-run
equilibrium it is constant. Figure 1 tells us what happens to the aggregate growth rate of this economy

(7, ) when s, is allowed to assume different values within a given interval in which ¥, 0.

Before commenting on Figure 1, only few observations about (17):

+ Endogenous Growth: the aggregate growth rate (y,) of this economy is endogenous in the sense
that it depends exclusively on the structural parameters of the model. In particular, for given s5,,,itisa
function of p (the subjective discount rate) and B (the mark-up rate charged over the marginal cost by
each intermediate local monopelist). In addition, y, coincides with the accumulation rate of human
capital (s, ). In this sense, the model supports the main conclusion reached by that branch of the
Endogenous Growth literature pioneered by Uzawa {1965) and Lucas (1988)%;

s Scale Effects: our model does not display any scale effect, since ¥, doesn’t depend neither on the

absolute dimension of the economy (its total human capital stock), nor on the population growth rate,

On the contrary, as already mentioned, the development rate comes out to be a function of B (the
mark-up measure), p (the subjective discount rate) and s, (the fraction of skilled work devoted to

research) only. The scale effect prediction is present in almost all the innovation driven growth models
(included those by P. Romer (1990), Grossman and Helpman (1991) and Aghion and Howitt (1992)).
In these approaches, indeed, an increase in the total size of population determines, ceteris paribus, a
proportional increase in the number of researchers and, consequently, in the real per-capita growth rate.

As Jones himself (1995a) points out, such a result is not corroborated by the data and, therefore, it

9 Benhabib and Spiegel (1994), Islam (1995} and Pritchett (1996) all suggest that, unlike Lucas (1988), international
differences in per-capita growth rates depend exclusively on the differences in the respective human capital stocks each
country is endowed with. Klenow {1998}, also shows that the models based on the endogenous accumulation of embodied
technical change explain better (in comparison with the human-capital-based ones) the inter-industry differences in
proeductivity growth, He finds, indeed, that the TFP growth is fastest in those industries being more capital goods inlensive
and that the sectors where technologically advanced goods prices decline rapidly exhibit above average TFP growth rales.

12

should be rejected (Jones, 1995b) on empirical grounds. Recently, many works {Kortum, 1997; Aghion
and Howitt, 1998, Chap.12; Dincpoulos and Thornpson, 1998-; .Howitt, 1999; Peretto, 1998; Peretto and
Smulders, 1998; Segerstrom, 1998; Young, 1998) attempted to find a key to this apparent riddle, but,
unfortunately, despite the title of some of their papers, the result remains that a scale effect continues
to exist either at the real per-capita income level, or at the per-capita growth rate one;

« Multiple Equilibria: the mode! also features multiple (two) steady states. A possible economic
interpretation of this result has to do with the existence of complementarities between human and

technological capital. In the next paragraph we investigate more deeply the mechanics of these links.

1.3 Complementarities, Multiple Equilibria and Growth.

The idea that there may exist a relationship of complementarity among human, physical and
technological capital dates back fo the sixties, and in particular to the seminal works by Nelson and
Phelps (1966) and Griliches (1969), among the others (see J. Mincer, 1995). However, in recent years
the strong investment in information technologies and the dramatic change in the wage structure (both
in Europe and the U.S.} have jointly contributed to renew the interest in the possible relationships
between human and technological capital. On the theoretical side, such an interest is justified by the
fact that (as Redding (1996) has pointed out), the existence of complementarities (between skilled work
and R&D) may represent &n important efement in explaining both muliple equilibria and
underdevelopment traps in the growth process of many countries. Amold (1998), following {zawa
(1965) and Lucas (1988), introduces human capita! accumulation in a standard modei of endogenous
innovation (Grossman and Helpman, 1991, Chap.3). However, unlike Redding (1996) and the model
we have just outlined, his analysis is mainly focused on showing a particular way through which
another prediction of the ideas-based-growth models'? can be falsified. In a word, he is not interested in
studying how the (rational and profit-seeking) decisions to accumulate both forms of capital may

interact with each other, giving (potentially) rise to 2 multiplicity of equilibria!!.

10 Namely, that the equilibrium growth rate is very much sensilive to policy changes.
11 Recently, Blackburn et al. (2000), have extended Amold’s model (1998) in the direction of a more complete micro-
foundation of the R&D process.
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On the empirical side, instead, many contributions claim the relevance of the skill-technology
connections even at the sectoral level (Goldin and Katz, 1996), whereas De Ia Fuente and da Rocha
(1996) also find evidence of strong complementarities between human capital stock and investment in
R&D for the OECD countries, Finally, the skilled-biased technologicel progress hypothesis has been
analysed by many scholars in the last few years'? and empirically tested by J. Mincer (1989).

Turning back to our model, in what follows we first show in which sense human and technological
capital are complements. According to Matsuyama (1995, p-702): "...Complementarities are said t_o'
exist when two phenomena (or two actions, or two activities) reinforce each other. For example, if
expansion of industry A leads to expansion of industry B, which in turn leads to ﬁrther eipansion of A,
then the two industries are complementary 1o each other. ..Such complementarity introduces some
circularity in the economic system, which has profound implications for the stability of the system. If a
change in a certain activity is initiated by an exogenous shock, this leads to G similar change in
complementary activities and starts a cumudative Pprocess of mutual interaction in which the change in
one activity is continuously supparted by the reaction of the others in a circular manner”,

Applying such a definition, we will say that technological (N) and human (H) capital are complements

if an exogenous increase in N (caused, for example, by a proportional increase in S5, ) implies an -

increase in H as well, and thiz effect, in turn, reinforces the injtial expansion of N. In other words:

Remark
In the economy under analysis, N, and H, are complements in the long run in the sense that
OH, 19N, and 9N, |9H, are both: positive when t — oo,

Proof: Suppose that both s, and 5y are stricily between zero and one, so that, on a balanced growth
path, both forms of capital are accumulated over time. In the long run, N, and H, grow at the same
constant rate, 5, . From (4) and (5):

[A] H,=H,.e™", H,>0, given;
[B] N, =ﬂ_.H‘ =."i.Hu.g'~"_
Sy Sy

In tum, from [A] and {B], we get the following partial derivatives:

12 Bartel and Lichtenberg ( 1987)‘; Berman, Bound and Griliches (1994); Doms, Dunne and Troske (1997); Autor, Katz and
Krueger (1997); Bell {1996); Machin, Ryan and Van Reenen (1996); Bemdt, Morrison and Rosenblum (1992); Barel and
Sicherman (1995); Krueger (1993), among the others.
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A. = gt t
w1 5
1

B1 9.%.: f.'."_,.gfx*.;_.__

as,, Sy Sy
Henceforth:
[C} %.ﬂ:aﬂ=__t__>0, Vx>-1-->0.

aSH BN, aN, S_N' I—L Sy

5y Sy

This rneans that, for t sufficiently large, but finite, an increase in N, produces a variation of the same
sign in H,.In addition, from [B] and [C]:

dN, _ Sy

o oH, s,
\ . OH, s,
€ G-

In other words, in the very long run (# — =), an incresse in N, equal to dN, (determined by an
exogenous rise in s,) produces an increase in H, equal to dH, =dN, -5, /5, . This variation in H,
reproduces, in turn, the same initial increase in N, (9N, =0H, -5, /5, ) and the process of reciprocal

and mutual interaction between N, and H, remains unchanged over time. H

We can state now the first two results of the model.

Proposition 1
In the very long run, if s, and s, are both close to zero, then the greater the increase in sy, the

kigher the aggregate economic growth rate (yr =5, )

Proof:. Consider the lower branch of Figure 1 and notice that, along this branch, when s, tends to zero,
5, tends to zero as well. It can be easily checked that, for r sufficiently larger than 1/ e an exogenous
increase in s, unambiguously raises the stock of knowledge capital (N, =(s, /5, k™ ) In the very
Iong run (when ¢ tends to be infinite}, the increase in the human capital stock (H,), caused I‘Jy the
positive variation of &, is equal to the ratio s, /5, and from Figure 1, it is clear t.hat., such a ratio, for
given B8 and p, is increasing in 5, along the lower branch. This explains why in this case ¥, grows

{even at increasing rates) with respect to 5, .2

The economic intuition behind this result is the following: in the long run, when s, increases both the

number of intermediate firms and the total demand for human capital increase. Such an increase in the
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demand for skilled workers stimutates the production (supply} of new human capital {5y increaseé)

which, in tum, boosts growth, the real engine of growth.

Praposition 2

In the very long run, if toc many resources have already been devoted to the formation sector {5
H

tends to one), then the greater s, the lower the aggregate growth rate of the economy (7,,)

Proaf: Consider now the upper branch of Figure 1. Along this branch, when 5, goesto zero, 5, tends
to one. In this case, unlike the previous one, an incredse in sy is possible if and only if s, de::reases
(since the sum of s,, 5, and s , cannot be greater than one). For ¢ sufficiently larger than 1/ 5y, an
Increase %n 5, may well reduce now the number of existing capital goods varieties (N, )13.When ¢
becomes infinitsly large, the reduction in ¥ , is much more sustained than that in ¥, since;

\ 5
. lim——t =4,

[ary aN: Sy '

5

s—"- decreases guickly along the upper branch of Figure 1,
N H

This explains why, in this circumstance, the greater the value of 5y + the lower the growth rate (y, ).l
)

Again, the intuition behind this result is straightforward: when almost all the available human capital is

emplpycd in formation (s, is close to one), a rise in $, cannot be supported anymore (as in the
previous situation) by a simultaneous increase in sy (which, on the contrary, shrinks). In the long run,
as the number of specialised workers diminishes and the two forms of capital are complements, N,
{that depends both on 5, and s, ) goes down e& well, The reduction in the human capital demand

comi . . - .
ming from the intermediate sector represents a further disincentive for the accumulation of new

skilled workers and this hampers growth.

Putting together Propositions I and 2, we can conclude that the presence of s, in the steady-state

growth rate captures a human capitel inter-sectoral competition effect. Indeed, on the low branch of

13 Indeed, it is possible to show that for a given (large enough) 2, N, (SN ) takes an inverse-U shape. At first, an increase in
Sy makes N, rise, but afler a certain value a further increase in ), unambiguously decreascs the number of available
varieties. For high values of s, . N, tends to zero, For example, when ¢ = (ll.s'” )+ 50, N, reaches its maximum value
when 5, = 0.0066 . After this value, N, declines monotonically towards zero, Finally, the higher ¢, the lower the value

of 5, for which , reaches the maximum.
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Figure 1, both s, and 5, may increase at the same time, so that the allocation of higher shares of
skilled workers to formation and R&D sectors is feasible. In this situation, to a rise in s, it corresponds
in the long run a monotonic increase in N, , which stimulates, in tun, human capital accumnulation and
economic development. On the other hand, along the upper branch, the inter-sectoral competition for
human capital écquisitiorz is such that a contemporanecus increase in both s, and s, is not
sustainable. Therefore, an exogenous rise in the share of resources devoted to research may cause, in
the steady state, a sharp reduction in the number of availabie capital goods, the stock of human capital

and the rate of growth.

In this sense, a policy implication stemming from the model has particularly to do with the less
developed countries. The evidence shows clearly that these ones are generally characterised by both a
negligible amount of skilled workers (low s, ) and a small fraction of the existing human capital stock
being devoted to research (low s, ). For these economies, our analysis scems to suggest that, in order to
boost the equilibrium growth rate it would be beneficial to invest a greater amount of resources in
R&D.

In the next section, we turn to the analysis of the relationship between mark-up and growth in a '

context where the supply of skilled workers is allowed to grow over time.

2. The Markup - Growth nexus.
2.1 The General Case.

In order to study the relationship between competition and growth within the present framework,
first of all we should be particularly clear on what we mean by (i:ﬁperfect) competition and where the
mark-up measure (we are going to use in the remainder of the paper} comes from. Indeed, as already
pointed out by Aghion and Howitt (1997, p.284}, the natural measure of the degree of competifion is, in
this class of models, the parameter . In fact, the higher ¢, the higher the elasticity of substitution
between two generic intermediate inputs (equal to L/(1—a} ). This means that they become more and
more alike when & grows and, accordingly, the price elasticity of the derived demand curve faced by a

jocal monopolist {equal, again, to 1/(1-a)) tends to be infinitely large when & tends to one. In a
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uncompetitive the sector is'4, In what follows f =1/e will represent the key variable in measuring the

level of mark-up and (imperfect} competition in the intermediate goods production. From this premise
it derives that, in the present context, studying the relationship between § and y, amounts to analyse

how (from (17)) ¥{B) behaves with given o and s, In this respect, we obtain the following figure!s;

1.012 1.014 1.016 1.018 B

Rim

Figure 2
The Markup-Growth Nexus: the General Case

14 rtrand
exp]\i.:;:‘- l:c:a ‘I‘{ilunficg and Smr;l‘]deﬁ (1997) have compared the “toughness” of Be versus Cournot competition
ng into account the perceived price-demand elasticity. The i i isti
ely tal ! : . They conclude that in an ofij listic set-up: “...pri
:c;mﬂze[t;tz: arl: ﬁfenm:td is tougher tht:n quaniiy competition & la Cournot because the former rf:ﬂ:.v.. .in hig-:; e[a.rfi:g
"y [p margins set byﬁnfu (!J.IOS). Sutton (1991} also paints out that, for a given number of incumbents in the
market, the lower the markup coefficient (in our case 1/¢z ), the stronger the competition,

S 1mE i
In Figure 2, we concentrate exclusively on those values of B for which growth is positive. Additionally, we set 0 =0.03
and § . , -
w=0.008. Therefore, we assume that only the 0.8% of the total stock of human capital is devoted in equilibrium to

:)s:::';:; '1;[;;& i;:unsistent wuh C. Jones (1999, pag.17), who notes: "..Jn the United States and throughout the G-5
Na:ianails 55 .; one pe‘rre:n' of the labor force is engaged in research according to the definition emplayed by the
cience Foundation”, The NSF definition of labor force includes exclusively the number of scientists and

engineers. Even using a value fess than 0.008 for § w » the qualitative behaviour of ¥ doesn’t change.

18

“word; the “toughness” of competition in the intermediate sector is strictly (and-positively) depending

“on the level of a. Conversely, the invemse of a (1/a), can be viewed as a proxy for how

To explain cconofnicaliy the shape of ¥, (B), consider the value assumed by H , (from (14)):

13
H, =|—|N,.
(5=

With r positive and N, greater than zero (this amounts to say that s, and s, are both strictly positive),
we conclude that K , tends to zero when @ — 0. Formally:

(18) HmH, = 33_:5(1-5,, —sy}H, =0,

There are two ways for this condition to be checked. First of all, it can be:

- H,>0and ‘l,iﬂsj =0, which implies that 5, = (1—-5,).

In this case, an increase in the monopoly power enjoyed by the local monopolists rduces the total
output of the intermediate sector (H =N, -Jc,) and, then, the human capital demand coming from it
(s, goes to zero). Since the éunsuaint: s, %8y +5, =1 must always be met, 5, (and the aggregate
growth rate) goes up. This is exactly what happens along the upper branch of Figure 2. Altematively,
{18) is checked when:

- (1-sy —sy)>0and limH, =0.

For & given t and H,, H, decreases when s, decreases. Under the constraint of non-negative

investment in human capital (X, and then s, , can at most be null), if s, tends to zero, then

s; = (1-s4), with 5, given. Unlike the previous case, in the present one an infinitely large monopoly

power acts in the sense of reducing the return on human capital (= r-Py =" -(l-a)”- r“") and
discouraging the decision to accumulate this input further. This is exactly what happens afong the Jower

branch of Figure 2.
We can state, then, the following:

Proposition 3
I a context where technological progress takes the shape of a continuous horizontal expansion in the
set of available capital goods, even when human capital supply is allowed to grow over time, the

market power-growth nexus continues to be ambiguous {see also Bucci, 1998; 1999).
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Indeed, a vise in the mark-up rate (1/a) may determine either an increase in the share of resources

(ruman capital) devoted to growth-generating activities (formation), or an increase in the fraction of

skilled workers aliocated to non-growth-generating ones (capital goods production).

2.2  The mark-up/growth nexus when human and technological capital are
perfect complements.

One way o eliminate the above-mentioned ambiguity between product market competition and

growth is to consider H, and N, as perfect complements.

Praposition 4
Suppose that H [N, =1 for each t {this implies that 5, =5, on a balanced growth path). Under this

assumption, human and technological capiral are perfect complements and an increase in the mark-up

rate unambiguously raises aggregate growth,

Proof: In (17}, set 5, =5, and solve for s, . Two sclutions are easily obtained:

2} S =03
h) 5 =(ﬁ_1Xﬁ"1"PJ
B2 2B 3B+l

We take into account exclusively solution (h), the one with potentially positive growth. In addition, as
sy represents at the same time the growth rate and the share of human capital devoted to the formation
of new skilled workers, the following must be true:
) (ﬁ‘IXﬁ_l"p!<l

287 -38+1 T
This condition is met when 8 > (1+ p). Hence, in the case of perfect complementarity between N, and
H,, and with p=0.03, y,(B) behaves in the following way:

O<sy, =

Yr =54
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Figure 3

'The Markup-Growth Nexus: the Case of Perfect Complementarity

Notice that when B > (1+ p), it tums out that: 5}, {8)>0 and s, {B)<0. In other words, y, always
increases (though at decreasing rates) with respect to 5. When f becomes infinitely large, then ¥,
tends to 0.5. Therefore, we are able to restore {even in a deterministic, horizontal product differentiation
framework) one of the main results one may find in the growth literature with guality improvements
(namely, Aghion and Howitt, 1992; 1998) . B

The economic intuition behind this result is that when the mark-up rate goes up, the human capital
! demand coming from the intermediate producers drops so that a greater fraction of skilled labour can be -

put into use in the research and formation activities (complement to each other). When £ —» =, then

s; -»0 and s, and 5, tend both to 0.5.

3. Conclusions and Future Research Work.

In this paper, we have analysed an endogenous growth mode] in which the only two inputs that can be
accumulated over time (ideas and human capital) are complements to each other in the Tong run. Many

insights arise from cur analysis. First of all, we find that, as in Lucas (1988), the real engine of growth

is represented by human capital accumulation and, contrary to Redding (1996), we show that even
without externalities (in the accumuiation of human and technological capital), multiple steady-states
may emerge. In particular, we find two steady state growth rates. These two equilibria are such that
neither of them exhibits scale effects. In our modei, indeed, growth depends exclusively on the
subjective discount rate, the mark-up rate (charged by each local monopolist producer of intermediates)
and the fraction of skilled workers which is allocatéd to research, Finally, under the perfect
complementarity assumption between human and technological capital, we conclude that product

market competition is unambiguously bad for growth, We think that the model could be extended to
21




include more explicitly regional convergence considerations, as long as one thinks of the two branches
of Figure 1 as belonging to two different regions (an advanced région that massively invests in human
capital and grows fast, and a less developed one that invests less in formation and, because of this

always grows less than its counterpart, for each £y). According to our approach, only for a sufficiently
large value of s, the two regions are supposed to grow at the same positive rate and, then, to converge

to each other. However, throughout the paper we have been considering the fraction of human capital
devoted to research (s5,) as a parameter. A fully endogenisation of this variable is left to future

research,
References

[} it - i "

v‘i)\ﬁ‘h&o:,z ’[’Magt;:v;;t,jglg g?f.), A Model of Growth through Creative Destruction”, Econometrica,
sAghion, P. - Howitt, P. (1997), "A Schumpeterian Perspective on Growth and Competition", in
Krep:s', DM = Wallis, K.F. (Eds.): “Advances in Economics and Econometrics: Theory ;md
Appllf‘atzons *, Cambridge, Cambridge University Press, vol. II, pp. 279-317; .

sAghion, P. - Howitt, P. (1998), "Endogenous Growth Theory", MIT Press;

sArnold, lfutz G. (1998), "Growth, Welfare, and Trade in an Integrated Mode! of Human Capital
Accumutation and R&D", Journal of Macroeconomics, vol.20, n.1, Winter, pp.81-105;

*Autor, D.H. - Katz, L.F. - Krueger, A.B. (1997), "Computing Inequality: Have Computers Changed

the Labour Market?", N.B.E.R. Working Paper n.5956, March:
I-Ban‘.el, AP - Lichtenberg, F.R. (1987)_, “The Comparative Advantage of Educated Workers in
gp]emer:: r;,g Neswc']I]‘cchnology", Review of Economics and Statistics, vol.69, February, pp.1-11;

*Bartel, A.P. - Sicherman, N. (1995) "Technological Change and the Skill st ’
Workers", N.B.E.R. Working Paper 151’07, May; ’ " SKl Acquisiton of Young
*Becker, G. (1964), "Human Capital™, New York, Columbia University Press;
-B.?lll, B.D. (1996), "Skili-Biased Teehnical Change and Wages: Evidence from a Longitudinal Data
Set”, O.w.ﬁ:';rd Labour {M’arket Consequences of Technical and Structural Change Discussion Paper n.8;
;iB.e.nhablb, J. - Spiegel, M.M. (1994), "The Role of Human Capital in Economic Development:
p ;;ience from Aggregate Cross-Country Data", Journal aof Monetary Economics, vol.34, n.2, pp.143-
eBerman, E. - Bound, J. - Griliches, Z. (1994), "Chan ‘i i ithi

: . ges in the Demand for Skilled Labor within US
Manufacturing Industries: Evidence from the Annual Survey of Manuf, ing"
Economics, vol. 109, May, pp.367-397, ¥ ot Manoihonuring:, Quarterly Journal of
(-:Berndt-, ER - Morrison, C.J._— Rosenblum, LS. (1992), "High-Tech Capital Formation and Labor

];)mpqsmon in U.S. Manufacturing Industries: An Exploratory Analysis”, NBER wp. n.4010, March;

. lackbur_n, i(. - Hung, V.T.Y. — Pozzolo, A F. (2000), "Research, Development and Human Capital
Accun:lu]atmn » Journal of Macroeconomics, vol.22, n.2 (Spring);
-B_'uccr,. A, (1998), "Market Power and Growth in a Schumpeterian Framework of Innovation™
Discussion Paper n.9824, Universite Catholigue de Louvain (IRES Discussion Papers Series); ’

22

#Bucci, A. (1999), "Horizontal Innovation, Market Power and Growth®, Discussion Paper n.1999-3
Istituto di Economia Politica dell'Universita Commerciale L.Bocconi, Milan (Serie di Teoria e Politica
Economica);

sde la Fuente, A. - da Rocha, J.M. (1996), “Capital humano y crecimiento: Un panorama de la
evidencia empirica y algunos resultados para la OCDE", Moneda-y-Credito, (203), pp.48-84;
eDinopoulos, E, - Thompson, P, (1998), "Schumpeterian Growth Without Scale Effects”,, Journal of
Economic Growth, vol.3, n.4, pp.313-335;

sDoms, M. - Dunne, T. - Troske, K. (1997), “Workers, Wages and Technology”, Quarterly Journal of
Economics, vol. 112, n.1, February, pp.253-290;

eEicher, Theo S. (1996), “Interaction between Endogenous Human Capital and Technological
Change”, Review of Economic Studies, vol. 63, pp.127-144;

«Goldin, C. -~ Katz, L.F. (1996), "The origins of technology-skill complementarity", NBER wp n.5657,

July;

. »Griliches, Z. (1969), "Capital-Skill Complementarity”, Review of Economics and Statistics, vol.51,

n.4, pp.465-468; .
oGrossman, G.M. - Helpman, E. (1991), "Innovation and Growth in the Global Economy",
Cambridge, MA, MIT Press;

eHowitt, P (1999), "Steady Endogenous Growth with Population and R&D Inputs Growing™, Journal
of Political Ecanomy, vol.107, n.4, pp.715-730;

elslam, N. (1995),"Growth Empirics: A Panel Data Approach”, Quarterly Journal of Economics,
vol. 110, November, pp 1127-1170;

sJones, C.I. (1995a), "R&D-Based Models of Economic Growth", Journal gf Political
vol.103, n4, pp.759-784;

eJones, C.I. (1995b), "Time Serles Tests of Endogenous Growth Medels”, Quarterly
Journal of

Economics, vol.CX, n.2, May, pp.495-525;

sJones, C.L. (1999}, "Sources of U.S. Economic Growth in a World of Ideas", Stanford University,
Department of Economics, mimeo, September;

eKlenow, P.J. (1998), "Ideas versus Rival Human Capital: Industry Evidence on Growth Models”,
Journal of Monetary Economics, vol.42, pp.3-23;

sKortum, 5.S. (1997), "Research, Patenting, and Technological Change”, Econometrica, vol.65, n.6,
pp.1389-1419;

sKrueger, A. (1993), "How Computers Have Changed the Wage Structure: Evidence from Micro-data,
1984-85", Quarterly Journal of Economics, vol. 108, pp.33-60, February, )

eLucas, RLE. (1988), "On the Mechanics of Economis Development”, Journal of Monetary Economic,
vol.22, n.1, pp.3-42;

eMachin, S. - Ryan, A, - Van Reenen, J. (1996), “Technology and Changes in Skill Structure:
Evidence from an Intemational Panel of Industries”, Oxford Labour Market Consequences of Technical
and Structural Change Discussion Paper n.4;

eMatsuyama, K. (1995), “Complementarities and Cumulative Processes in Models of Monopolistic
Competition”, Journal of Economic Literature, vol. XXXIl, June, pp.701-729;

eMincer, .J. (1989), "Human Capital Responses to Technological Change in the Labor Market", NEER
wp n.3207, December,

eMincer, J. (1995), "Economic Development, Growth of Human Capital and the Dynamics of the
Wage Structure”, Journal of Economic Growth, vol. 1, pp.29-48, March;

23



eNelson, R. - Phelps, E. (1966), "Investment in Hi ' \
. ] . umans, Tech i iffusi i
Growth", American Economic Review, vol.61, pp.69-75; eetnelogical Diffusion and Economic

sPeretto, P. (1998), “Technological Ch i ”
LS o2 1’1; gi ange and Population Growth”, Journal of Econsmic Growth,

sPeretto, P, - Smuldecs, S. (1998), "Specialization, Knowledge Dilution, and Scale Effects in an I0-

Based Growth Model”, CentER for Economic Research Discussion Paper n.9802, January,

sPritchett, L. (1996), "Where Has All the Bducati "
Workins Papgr;LISg]: lors e ucgnon Gone?", The World Bank, Policy Research
*Redding, S. (1996), “The Low-Skill, Low-Quali

: - . ity Trap: Strategic C iti
Human Capital and R&D", The Economic Journal, vol. 106, J'r[;arch, pp.g;58—407r3'mementanues hetween
*Romer, P.M. (1990}, "Endogenous Technological Change” ;
October, pp.571-5102;
sSegerstrom, P.S. — Anant, T.C.A. - Dino Prod

: - ‘ WC.A. poulos, E. (1990), “A Sch i
Léfe Cycle”, American Economic Review, vol.80, n.,5. pp.l 07;,—1 091? Hmpeterian Model ofthe o
sSegerstrom, P. (1998), “Endogenous Growth With :
vol.88, n.5, pp.1290-1312J; ) Hhout Scale Effec
*Stokey, N. (1988), “Learning by Doing and th i
e Introd ”

Economy, vol.96, pp.701-708; s rureduction of New Goods
-Sutto.n, J. (1991), “Sunk Costs and Market Structure: Pric
EI\;olutmn of Concentration”, MIT Press, Cambridge, MA;
sUzawa, I. (1965), “Optimum Technical Change in an A i i
International Economic Review, vol.6, pp.18-31; e 11 & Saggive Model of Beonomic Growi”,

sVan de Klundert, T. - Smulders, S. (1997), “G iti
. ro > inavi
Joumnal of Economics, vol.99, n.1, pp.,99-118.' ’ it Competition and Welfers”, Soandinaian

*Young, A. (1993}, "Inventio i ing"
e, }, p,442.473;, n and Bounded Ieaming by Doing", Journal of Political Economy,

*Young, A. (1998), "Growth Without Scale Effects”
February, pp.41-63.

ts”, American Economic Review,
, Journal of Political

e Competition, Advertising and the

» Journal of Political Economy, vol.106, n.l,

24

QUADERNI DEL DIPARTIMENTO DI ECONOMIA degi i 5 ani

» Journal of Political Economy, vol.98, .

70

71

72

73

74

75

76

78

79

80

81

a2

83

85

86

87

88

89

Paolo GUERRIER|, Stefano MANZOCCHI, Pattemns of Trade and Foreign Direct
Invesiment in European Manufacturing: *Convergence® or "Polarization”?,
marzo 1996.

Laura CHIES, Francesco TROMBETTA, Riduzione delf'orario di lavoro e
disoccupazione: il dibattito tedesco, marzo 1996.

Stefano FIOR, Ordine visibile e ordine invisibite. Il difficile rapporio fra natura e
societ nelleconomia politica smithiana e presmithiana (1690-1780), marzo
1996.

Paclo Emilic MISTRULLL, Aendita informaliva, intermediazione finanziaria e
scelte di portafoglio, marzo 1996.

Fabio FIORILLO, /! problema dellisteresi in economia: confronto tra isteresi
fisica e passeggiate aleatorie, significalo e applicazioni economiche, aprile
1996.

Tommaso LUZZATI, Una testimonianza sullipotesi di piena razionalita, maggio
1996. .

Nicola BOARI, Law and Economics in Action: An Efficiency Analysis of ltalian
Penal Procedures afler 1983, maggio 1996.

Roberto GIORGL, Franco SOTTE, Riuscira if mondo a sfamare se stesso nel
20257, maggio 1996.

Alessandro STERLACCHINI, inputs and Qulputs of innovative Activifies in ltalian
Manufacturing, giugno 1996.

Marco GALLEGATI, Firm's optimal capital accumulation path with asymmelric
informations and debt instead of equity finance, giugno 19986,

Erica SEGHETTI, Massimo TAMBERI, Competitivita, crescila e localizazione in
un settore tradizionale, giugno 1996.

Pietro ALESSANDRINI, | sistemi locali del credito in regioni a diverso stadio di
sviluppo, settembre 1996.

Aldo FEMIA, input-Oulput Analysis of Material Flows: an appliication to the
German Economic System for the year 1990, setlembre 1996.

Michela VECCHI, Increasing Retums versus Extemalities: Pro-Cyclical
Productivity in US and Japan, ottobre 1996.

Stefano FIORI, Conoscenza e informazione in F.A. von Hayek, ottobre 1996.
Cecllla BENVENUTO, Le opzioni esotiche: Problemi di pricing e copertura,
ottabre 1996.

Laura CHIES, Riccardo LUCCHETTI, Stefano STAFFOLAN:, Occupazione,
Disoccupazione, Intattivitd: determinanti della mobifita tra stati in Nalia, marzo
1997.

Marco CUCCULELLI, Strutiura finanziania, seniofity rules del debito e decisioni
di investimento delle imprese, marzo 1997.

Edecardo GAFFEQ, Multilevel Interactions with a Keynesian Flavour in a
Stochastic Macroeconomic Model, maggio 1997.

Antonio G. CALAFATI, Labour Supply and Unemployment, maggio 1997.



93
94

895

96

97

g8

99

100

101

102

103

104

105

106

107

108

109

o1
e _Tecnnologfca’ Change, giugno 1987.
Tommaso LUZZATI, Norme sociali e sanzione: iluolo del singolo individuo,

. : ESPOST! Progresso Tecnico Multioutput & Ruolo di R&S e Assistenza -
Tecnica. Applicazione delf/Analist Nonparametrica alf Agricoltura Italiana, giugno .

doards ' GAFFEO, Competition-led Endogenous Growth with Localized

giugno 1997.

Chions:a Theorafical Poly Game, gugeo 1oy, - 21" Wit Encogenous
inovatia nelnctito Taane: Unanatss sooslo vt 1oger™ 2o
Eﬁ?ﬂiﬁléﬁﬁﬁjﬁ géﬁlrg;gh{ggg .Sédom! Specialisation Coevolution in an
221:;: ;g;:%?b:te‘éz:?' Mﬁ?ﬁagg?no STAFFOLANI, Monopsonistic

Domenico SCALERA, Alberio ZAZZARO, Aeputazione di gruppo e

discriminazione nel mercaio del credito: un modello dinamico con

apprendimenito, settembre 1997,

Roberto ESPOST!, Stalica comparata non ica: iguil
elaslicita di prezzo, novembre 199?’. parametica: 1o ambiguta dele

Enzo PESCIARE :
o s iATE LLl, Aspects of the Influence of F. Hutcheson on A. Smith,

Enzo PESCIARELLL, Adam Smith on Relati inatil
Inoartives o emne dam elations of Subordination and Personal

E:\?:mZE:%gFLU' W.E. Heam on the Industrial Organisation of Society,
importance of m-speatic varboles comnoesssc, e G200 Aepublc: e
g::;s;:’a?gaggFHONl, Modelil di previsione a breve termine dei tassi di cambio,
gﬂ:dsest;:)n::f;:g eBsrgché’t;;]eav;ﬁ:ﬁiggg' dei divari settoriali df valore aggiunto per
oo et g o L Y o
?nzg;?:g;al-jucm, Congcertazione tra le parti sociali e disoccupaziona,
Maura FRANCESE, Maria Teresa MONTED ’ i

rr:::ggg 1ggg?nsfriw'iy analysis- of female l.au':;og.fI ?L;pgl?reisn tg'ri fflng ’g:;‘” ::oa'?;
E;;zn:giizgggésﬂoggggfa;‘gg{mical Change and Procyciical TFP The
ﬁ;?;ﬁ?&?:;;:::%&%;%ﬁo f‘?novarfvg aqﬁvities matter to small firms in
PO R&D-intens tnes? An application 1o exporf performances,

110 Stefano STAFFOLANI, Coniratli di lavoro con informazione asimmetrica
bilaterale: chi paga i bonus condizionali?, dicembre 1998,

114 Davide CASTELLANI, Antonelio ZANFEI, Muitinational experience and the
creation of linkages with local firms. Evidence from the alectronics industry,

dicembre 1998.

112 Roberto ESPOSTI, Spillover tecnologici e origine deila tecnologia agricola,
aprile 1999.

113 Luca PAPI, Debora REVOLTELLA, Foreign Direct Investment in the Banking
Sector: a Transitional Economy Perspective, aprile 1999.

114 Roberto ESPOSTI, Franco SOTTE, Territorial Heterogeneity and Institutional
Structures In Shaping Rural Development Policies in Europe, luglio 1998.

115 Renato BALDUCC!, Crescita endogena e ciclo, luglio 1999,

116 Antonio G. CALAFATI, Evoluzione dei sistemi locali e conservazione nei
Parchi naturali, luglio 1959.

117 Renato BALDUCCI, Stefano STAFFOLANI, Distribuzione e crescita in un
modelio di contrattazione con impegno endogeno, agosto 19399.

118 Marco CUCCULELLY, Competizione sui mercati intemazionali e misure det
potere di mercalo. Il caso deffindustria italiana dell’elettrodomestico, agosio

1999.
119 Riccardo LUCCHETTI, Analytic Score for Multivariate GARCH Models, otlobre

1599,

120 Alberto BUCCI, Horizontal innovation, market power and growth, ottobre 1999,

121 Riccardo LUCCHETTI, Luca PAPI, Alberto ZAZZARO, Efficienza del sistema
bancario e crescita econorica nelle regioni italiane, ottobre 1898.

122 Francesco TROMBETTA, Quanto costa conirollare la natura? If caso
Mississippi, ottobre 1999.

123 Massimo TAMBERI, Ne! mosaico economico delle marche: origini e
trasformazioni, novembre 1998.

124 Stefano SANTACROCE, Graduates in the Labour Market, Determinants of
Employment Success, dicembre 1999,

125 Massimiliano BRATTl, A study of the differences across universities in
students’ degree performance: the role of conventional university inputs,
dicembre 1999.

126 Davide BERLONI, Roberto ESPOSTI, Scelfe residenziali e mercati localf del
lavoro. fl caso delle marche, dicembre 1999.

127 Davide TICCHI, Investment and unceriainty with recursive preferences,
gennaio 2000.

128 Fablo FIORILLO, Stefano STAFFOLANI, To redistribute or not?
Unemployment benefit, workfare and citizen’s income in a dual labour market,

marzo 2000.

429 Davide IACOVON!, Alberto ZAZZARO, Legal System Efficiency, Information
Production, and Technological Choice: A Banking Model, aprile 2000.

130 Riccardo MAZZONI, | fattori di compelitivita dei settori tradizionali italiani:
sintesi di un dibattito, aprile 2000.



" 131 Antonio G. CALAFATI, How Do Coflective Agents Think?, aprile 2000,
132 Antonio G. CALAFATI, Albert O. Hirschman on Economic Evolution,
. aprile 2000.
133 Antonlo G. CALAFATI, On Industriaf Districts, aprile 2000,

134 Alberto BUCCI, On Scale Effacts, Market Power and Growth when Human and
Technological Capital are Complements, maggic 2000,




