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WHY DO WE NEED TO DISCUSS ABOUT PMC AND EcoNoMIC GROWTH
IN ENDOGENOUS GROWTH THEORY ?

+ Technological change is the result of an intentlom@onomic activity (R&D) carried out
by forward-looking, rational agents in search fogler rewards (profits)

+ Technological knowledge isSNDNRIVAL input that can be accumulated without bounds on
a per-capita basigRomer, 1990

Non-rivalry introduces non-convexities, therefore a deceam#dliequilibrium with price-
taking competition can no longer be sustain®ddw, 1962 andShell, 1966

“...The institutions of complete property rights gmerfect competition that work so well in a
world consisting solely of rival goods no longelider the optimal allocation of resources in
a world containing ideas. Efficiency in use dic&farice equal to marginal cost. But with
Increasing returns, there is insufficient outputpg@y each input its marginal product...Price
must exceed marginal cost somewhere to providentdeative for profit maximizing private

firms to create new ideagJONES and ROMER, 2009, p. 7

“...The only way to accept dlihese] premises...is to return to the suggestion of Schtenpe
(1942) and explicitly introduce market powdRomer, 1990, p. S78)
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THE “SCHUMPETERIAN HYPOTHESIS'

Schumpeter (1942) was among the first to recogthae MORE MARKET POWER , by
increasing the rents that can be appropriated bgessful innovatorssPURSR&D, so
accelerating the pace of technical progress andogciz growth in the long-run

[same argument as in Aghion and Howitt,2]99

Contrary to this view, more recemEORETICAL RESEARCH(both 10 and macro-based)
finds MIXED RESULTS in the relationship between PMC and innovationigho
[Aghion and Griffith, 2005]

EMPIRICAL ANALYSES confirm the ambiguity of this relationship:

= Blundellet al. (1995 and 1999) and Nickell (1996) find tlt&iMPETITIVE PRESSURES
ENCOURAGE INNOVATION and, thus, may have a positive effect on proditgtgrowth
in the long term

= Aghion et al. (2005) find that the RELATIONSHIP BETWEEN PMC AND
INNOVATION /GROWTH IS INVERTED U-SHAPED
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THE “SCHUMPETERIAN HYPOTHESIS' REVISITED

In order to account for the existing evidence, blasic theoretical Schumpeterian growth
paradigm (Aghion and Howitt, 1992) has been extdradeng different directions

Aghion et al. (1997and1999): Emphasize the importance AEENCY ISSUES
Intensified PMC can force managers to speed up the
adoption of new technologies in order to avoids lad

control rights due to bankruptcy

Aghion and Howitt (1996): More competition between new and old productimed
(parameterized bYNCREASED SUBSTITUTABILITY between
them) makes workers more adaptable in switchinueteer
ones. This increases the flow of workers into newly
discovered products, which enhances the profitgbof
R&D (and, hence, economic growth)

In these papers there i$asITIVE relationship between PMC and innovation/growth
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THE “SCHUMPETERIAN HYPOTHESIS' REVISITED

Aghion, Harris and Vickers (1997),
Aghion et al. (2001),
Aghion et al. (2005)

allow incumbent firms to innovate and obtainfemBIGUOUS relation
between PMC and innovation/growth.

» When competition is low, an increase will raise awnation through theescare
COMPETITION EFFECT on neck-and-neck firms;

» When it becomes intense enough it may lower innomathrough the traditional
SCHUMPETERIAN EFFECT on laggards

In these papers PMC is measured by eitheRBATER ELASTICITY OF DEMAND Or as a
SWITCH FROMCOURNOT TOBERTRAND RIVALRY, or else in terms of theERNER INDEX

N SUM, THERE ARE MANY DIFFERENT AND CONVINCING (THEORETICAL , AS WELL AS
EMPIRICAL ) ARGUMENTS SHOWING THAT THE SIGN OF THE CORRELATION BETWEEN PMC
AND INNOVATION /GROWTH MAY BE EITHER ALWAYS NEGATIVE , OR ALWAYS POSITIVE , OR

ELSE AMBIGUOUS
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THE “P OPULATION-PUSH” HYPOTHESIS

Innovation and economic growth are influenced mdy dy the degree of competition in the
product market, but also by demographic forces:

“...Population growth...produces an absolutely largember of geniuses, talented men,
and generally gifted contributors to new knowledg®ese native ability would be permitted
to mature to effective levels when they join th®idorce” (Kuznets, 1960, p. 328)

“...0One can hardly imagine, | think, how poor we wiblle today were it not for the rapid
population growth of the past to which we owe tm@reous number of technological
advances enjoyed today... If | could re-do thednsbf the world, halving population size
each year from the beginning of time on some randasis, | would not do it for fear of
losing Mozart in the procesgPhelps, 1968, pp. 511-512)

“More people means more Isaac Newtons and theraefoee ideas”(Jones, 2003, p. 505)
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POPULATION , INNOVATION AND ECONOMIC GROWTH : SOME FURTHER LITERATURE

ENDOGENOUS TECHNOLOGICAL CHANGE WITH
NO INVESTMENT IN HUMAN CAPITAL

1. Romer (1990); Grossman and Helpman (1991); AghrahHowitt (1992):

= (L)

Empirical evidence does not support this kih8 TRONG SCALE EFFECT

2. Jones (1995); Kortum (1997); Segerstrom (1998):
yy:f(rj), y,=f(0)=0

The evidence does not support the prediction thedbme growth is unambiguously and
positively correlated with population growtlsefmi-endogenougrowth models -WEAK
SCALE EFFECT)

3. Young (1998); Peretto (1998); Dinopoulos and Tharnpd.998); Howitt (1999):
Explain why we can observe positive growth in papita incomes even in the absence of any
population change: y, =a+blh, a, b>0
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POPULATION , INNOVATION AND ECONOMIC GROWTH : SOME FURTHER LITERATURE

ENDOGENOUS TECHNOLOGICAL CHANGE
WITH HUMAN CAPITAL INVESTMENT

» DALGAARD AND KREINER (2001)
= STRULIK (2005)
= Buccl (2008)

» Population growth has a non-positive impact on eawn growth; economic growth is
compatible with a stable population (Dalgaard amelier, 2001);

» [Economic growth is ambiguously correlated with dapfan growth (Strulik, 2005;
Bucci, 2008)

Empirical research confirms this ambiguity:

“...Though countries with rapidly growing populat®ntend to have more slowly growing
economies..., this negative correlation typicallyagigears (or even reverses direction) once other
factors ...are taken into account. ...In other wordkemvcontrolling for other factors, there is little
cross-country evidence that population growth inggedr promotes economic growth. This result
seems to justify a third view: population neutnadis(Bloom et al., 2003, p. 17)
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POPULATION , INNOVATION AND ECONOMIC GROWTH : SOME EMPIRICAL RESULTS

Brander and Dowrick (1994)
Kelley and Schmidt (1995)
Ahituv (2001)

Bernanke and Gurkaynak (2001)

Find anegative correlation between population and economic growth rates (slithver
population growth having a positive impact on eaaiwogrowth)

= More recent scenario—analyses conducted in a gr@aetounting framework for the
Euro-area (Maddalorat al, 2006)

Reveal apositive correlation between the two variables (so that a slower pajouma
growth can have a negative impact on economic drpwt

= According to Kelley and Schmidt (2003):

“[...]No empirical finding has been more important¢onditioning the

‘population debate’ than the widely-obtained stitisl result showing

general lack of correlation between the growth ratef population and
per capita outpuit.



A. Bucci (NRU Higher School of Economics: Center for MSSE, Saint Petersburg, Octob&r 21 2)

AIM OF THIS PAPER

The main aim of this paper is to account simultaisgoand within the same semi-

endogenous growth framework with horizontal R&Dinatt and human capital accumulation

for the ambiguous correlations between
+ PMCandeCONOMIC GROWTH

and between

+ POPULATION GROWTHandECONOMIC GROWTH

Unlike the existing literature, our explanationtieé ambiguity in the sign of both relations is

based on the notion GRETURNS TO SPECIALIZATION, that is the extent

“... To which society benefits from ‘specializing’ pgraction
between a larger number of intermediates”
(Benassy, 1998, p. 63)
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METHODOLOGY

In order to reach this aim, the present work exdema previous papers
(Bucci, 2008 and 2012)

The first one (Bucci, 2008), using a horizontal amation-driven growth model with
purposive human capital investment, demonstratas tihe ambiguous relation between
population growth and the growth rate of real papia income may also be related to the

nature {skill-biased’, ‘eroding’, or‘neutral’) of technical change

Differently from Bucci (2008), the present paper accounts for an ambiguouslabore not

only between population and per-capita income dnowetes, but also between PMC and

economic growth, regardless of the type of techyiobd progress

11
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METHODOLOGY

With respect to Bucci (2012)the present article introduces four major noeslti

1.

4.

| use a more general aggregate production funt¢kiahis able to replicate the production
functions of Ethier (1982), Benassy (1998), anddB(012) as particular cases

| follow Ethier (1982) and Benassy (1998) in poatulg explicitly that the degree of
returns to specialization is hon — negative

| take into account the possibility that there nhigge no (negative and linead)lution
effectof population growth on per-capita human capriaestment

| study what happens with a differeMiQcerian-typé equation for education

12
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THE MODEL: A BROAD DESCRIPTION
(THE PRODUCTION -SIDE OF THE ECONOMY)

Imagine an economy where three sectors of actrgyvertically integrated:

* In the R&D sector, firms use skilled labor (humaapital) and, eventually, ideas
(knowledge capital) to engage in innovative attivi his sector is competitive

» The intermediate sector is composed of monopdillyiccompetitive firms, each
producing a differentiated varietyf durables. The only input in the production of
each variety of capital goods is human capitagpgoducible factor-input

* In the competitive final output sector firms produechomogeneous consumption good
by employing human capital and the existing setaoifeties of intermediate inputs

13
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THE MODEL: FORMAL ANALYSIS
(THE PRODUCTION SIDE OF THE ECONOMY)

FINAL OUTPUT SECTOR

AIV
|

Y = if H? —J'(X[)B dif , a=0, 0<zZ<l, 0<p<], £ (1)

TheElasticity of Substitutiobetween any generic pair of varieties of diffeiatied intermediates is:

i>1

1-p

2] 1 Elasticity of Substitution 1 Degree of PMC between capital-good producers

+ | disentangle the measure of PM@)(from the factor—shares in GDE )

+ The aggregate production function displays consttntns toH, and x together

14
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THE MODEL: FORMAL ANALYSIS
(THE PRODUCTION SIDE OF THE ECONOMY)

FINAL OUTPUT SECTOR

Y = if HE? ij‘(x[)ﬁ di| , a=0, 0<Zz<1, 0<pg<1,

= When ZD(O;l), final output production takes place by using simultaneously human

capital and intermediates

NIV

(1)

15
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THE MODEL: FORMAL ANALYSIS
(THE PRODUCTION SIDE OF THE ECONOMY)

FINAL OUTPUT SECTOR

4
y I3
Y = if H? %J'(x[)ﬁdi , a=0, 0<Z<1, 0<pg<], 21 (1)
nt 0
» WhenZ=¢=1anda >1, the aggregate production function (1) writes as:
1
[0 gl .
Yt:rfj L dif a>1, 0<pB<1. (1a)
n,

0

With a continuous variety-space, Eq. (1a) coincigil the production function of the
so-called‘output of finished manufactureqEthier, 1982 Eq. 2’, p. 391)

16
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THE MODEL: FORMAL ANALYSIS (THE PRODUCTION SIDE OF THE ECONOMY)

FINAL OUTPUT SECTOR

= WhenZ=¢c=1anda >1, we have the same aggregate production functi@&thier (1982)

Vi B
Y =1f I(‘t) di| | a>1, 0<B<1 (1a)

It is evident that in Ethier (1982): a>Z

In a symmetric equilibrium (in which x = x, i), Eq. (1a) becomes:

Yt:rrx:rﬁ’(”—‘j:rﬁ‘l(nx): it X, a>1 (1b)

n[ ?),(t—-'

The termn is an externality that ultimately shapes the g&ios the division of labor, and
summarizes, for giveiX , the role of horizontal product differentiation@DP

17
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THE MODEL: FORMAL ANALYSIS (THE PRODUCTION SIDE OF THE ECONOMY)

FINAL OUTPUT SECTOR
Bucci (2012)uses a different technology:

am

Y = H° I\H(xt)”'“ di| | O<a<l, m>1 (1c)
Ethier (1982) Y =rf x= rj’(n;][—xj: (Y= fi* X a>1,

EXt

The modeling-strategy in Eq. (1c) reflects the ithed:
* No externality from “horizontal” innovatioms at work;

« All possible aggregate effects of a change in the nuofbavailable intermediate varieties

~ a

m

stem just from the technology of aggregatiarg X = j

18
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THE MODEL: FORMAL ANALYSIS (THE PRODUCTION SIDE OF THE ECONOMY)
FINAL OUTPUT SECTOR

Indeed, Eq. (1c) — Bucci (2012)

Nt am

Y = H:° ij()*)ﬂmdi , O<a<l], m>1, 21 (1c)
t 0

can be easily obtained from Eq. (1) present paper

Y, = if H:? ij(x[)’gdi , a=0, 0<Z<1, 0<pB<], 21 (1)

AIV

by assuming:
= a=0,Z=a0(0;1), and definingn=N, m=1/4
= |tis clear that, with respect to Eq. (1), Bucd12) implicitly assumesz < Z

N THE PRESENT ARTICLE | FOLLOW ETHIER (1982)IN POSTULATING a>Z

19
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THE MODEL: FORMAL ANALYSIS
(THE PRODUCTION SIDE OF THE ECONOMY)

FINAL OUTPUT SECTOR

AIV
|

Y, = if H:? ij(x[)’gdi, a=0, 0<z<l, 0<p<], £ (1)

In normalizing the integral within the square bretskbyn’, Eq. (1) formalizes the idea that

“[...]T HE PRODUCTIVITY-ENHANCING EFFECTS OF HORIZONTAL INNOVATIONS ARE
NOT...OBVIOUS... FOR WHILE HAVING MORE PRODUCTS DEFINITELY OPENS UP MORE
POSSIBILITIES FOR SPECIALIZATION, AND OF HAVING INSTRUMENTS MORE CLOSELY
MATCHED WITH A VARIETY OF NEEDS, IT ALSO MAKES LIFE MORE COMPLICATED AND

CREATES GREATER CHANCES OF ERROR.” (Aghion and Howitt, 1998, p. 407)

20
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THE MODEL: FORMAL ANALYSIS (THE PRODUCTION SIDE OF THE ECONOMY)

FINAL OUTPUT SECTOR

Y = if HE? %J‘(xt)ﬁdi , a=0, 0<Zz<l1l  0<pB<], =1 (1)

0

AIV

When positive,e is meant to capture the detrimental effect on egape productivity of
having a larger number of intermediate—input vaasetivailable to be assembled in the same

production process. In absolute terms;aptures somg@roduction-)complexity effect

This effect contrasts with the positigpecialization effecthat is reflected, for givenz’, by

the upper-bound of the integral in Eq. (1)
With a production function of the typ#: = fx a>1 (Ethier, 1982), there exists no room
for modeling thecomplexity-effednduced by the proliferation of intermediate—ingatieties:

An expansion of variety (> 0), while holding the quantity employed of each intenediate
input ( x> 0) fixed, is always associated to an increase of aggate output, Y

21
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THE MODEL: FORMAL ANALYSIS
(THE PRODUCTION SIDE OF THE ECONOMY)

FINAL OUTPUT SECTOR

Y, = if H:? ij(x[)’gdi, a=20, 0<Zz<1, 0<pB<], £ (1)

AIV
|

<
" B

If £<0, then: Y, =rf H? rrj.(ﬁ)ﬁ di

Y s
TH7 B[ (9 o 7m0

There is noincreasing (production-)complexity-effecsince the parametef >0 now

amplifies thespecialization-effeatmerging from the upper-bound of the integral

A fortiori, this is also true whea =0 (in this case we end up with the sole, traditional
specialization-effegt

N ORDER TO MODEL EXPLICITLY THE INCREASING (PRODUCTION-)COMPLEXITY-EFFECT, WE NEED
SOME POSITIVE &'!

22
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THE MODEL: FORMAL ANALYSIS
(THE PRODUCTION SIDE OF THE ECONOMY)

FINAL OUTPUT SECTOR

Y, = rf H:? %J‘(x[)ﬁ di| , a>0, 0<z<1l, 0<pfB<1, ¢

0

NIV
=

(1)

If £ (in absolute terms) describes the strength ofrtbeeasing (production-)complexity effget

side-effectof horizontal innovation)when compared to ondhe same parameter summarizes the

net effect of thetrade-off between positive gpecialization and negative (hcrease in
production-complexity consequences of having a rising number of speamdd intermediates

In the same production function

In a symmetric equilibrium in which? is given and in whichx =x>0; H,>0; n>0,
the casese <1, £€>1 and &£ =1 correspond, respectively, to situations in whioé increase of
Y (due to the productivity gains resulting from fhliferation of products) exceeds, is lower

than, or is exactly offset by the fall of outpubsed by the productivity losses owing to the
iIncrease in production complexity)

23
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THE MODEL: FORMAL ANALYSIS
(THE PRODUCTION SIDE OF THE ECONOMY)

| NTERMEDIATE -GOODS SECTOR

Each local intermediate monopolist has accessetgsdime one—to—one technology:

X, =h, 0i Ofo;n,], n O[0; o), 3)

For givenn, Eq. (3) implies:
j(m)dﬁj(n)disﬂt- (4)

24
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THE MODEL: FORMAL ANALYSIS
(THE PRODUCTION SIDE OF THE ECONOMY)

With no strategic interaction across intermediatad (n large enough):

P, =%wt =%w= . digfon],  nO[; w). (5)

£ All human capital H) is employed across production of consumption gog@d,),
durables H,), and ideas i ). Since it is assumed perfectly mobile acrossettbsee
sectors, human capital will be rewarded accordinipé same wage rate:

W = W = W, = W.

Using the hypothesis of symmetry &and p are equal across) leads to:

X =X =-—t 0i0[o;n ] (4)

m=|Z(1-8 1‘ZHZ]nt i =, 0i0[o;n] (6)

25
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THE MODEL: FORMAL ANALYSIS
(THE PRODUCTION SIDE OF THE ECONOMY)

Under symmetry, Eq. (1) can be recast as:
Y= (HETHE) T R=a+2(1-¢-p) @)

where R measures...The degree to which society benefits from ‘spegreg’ production

between a larger number of intermediat¢Benassy, 1998, p. 63).

» |[n the specification of Ethier (1982) and Benas%99g), it is immediate to verify that

R=a-12 0. In the present paper we postul&e 0, as well. Accordingly:

gsg(c_r—z)ﬂ, a>Z7 (17

» The assumptiorR=>0 implies that the impact on aggregate productiyiy) of having a
larger number of intermediate-input varieties>0) is always positive (or, at most, equal to
zero) for anyH, >0 andH, >0 (Eq. 1)
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THE MODEL: FORMAL ANALYSIS
(THE PRODUCTION SIDE OF THE ECONOMY)

Under symmetry, Eq. (1) can be recast as:
Y, =(H7H) T, REE+%(1—£—,B) 1)
According to Eq. (1’), the aggregate productioncfiion exhibits:

= Constant returns tél, andH, together,

but ...

= Either increasing R>1), or decreasingd< R<1), or else constantR=1) returns to an

expansion of variety, while holding the quantitypayed of each other input fixed

IN EQ. (1) IT IS APPARENT THAT , WITH E’, Z AND [ GIVEN, THE DEGREE OF RETURNS TO
SPECIALIZATION IS CRUCIALLY GOVERNED BY THE MAGNITUD E OF &€

27
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THE MODEL: FORMAL ANALYSIS
(THE PRODUCTION SIDE OF THE ECONOMY)

Y =(H7H) T, REE+%(1—£—,B), (1)

With respect to other settings, the present pagprrduces some important novelties.
» Unlike Devereuxet al. (1996a; 1996b; 2000) where, if all intermediates laired in the
same quantityx the returns to specialization are either unamhiglyoincreasing or at

most constand, allow for the possibility that, depending on the size &f the degree of

returns to specialization might also be smaller tha one

» Unlike Bucci (2012), | explicitly rule out the palggity that the returns to specializatid

may be negative

28
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THE MODEL: FORMAL ANALYSIS
(THE PRODUCTION SIDE OF THE ECONOMY)

Y =(H7H) T, REE+%(1—£—,B), (1)

In an influential paper, Benassy (1998) has showen itnportance of disentangling the
degree of returns to specialization from the degremarket power irexpanding-product-

variety models

In his model, the degree of returns to speciabmafi > 0), is set at a level independent of

the markup on the marginal production costs

» In my model, the returns to specialization are releed (although in a contradictory

manner, depending on the size of) to the markup ratio, 1/ S

29
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THE MODEL: A CLOSER COMPARISON WITH ETHIER (1982)AND BENASSY (1998)

IN MY MODEL : The aggregate production function for goods (Batan also be written as

n Ve
Y= (H~7 D7), D= ﬁ—fdi , az0, z0(01), 0<p<1 [A]

0

Final output ') is produced by combining a composite factor ini} and human capitaH,,),
through an aggregate technology displaying consé&dntns to scale tél, and D together

IN ETHIER (1982): Y=r"(nY=r"X a>1 B]

WITH RESPECT TO ETHIER (1982)l FIRST ASSUME THAT
THERE EXISTS A REPRODUCIBLE FACTOR —INPUT (HUMAN CAPITAL )
THAT ENTERS DIRECTLY THE AGGREGATE PRODUCTION FUNCTIO N AS AN INPUT

30
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THE MODEL: A CLOSER COMPARISON WITH ETHIER (1982)AND BENASSY (1998)

n Ve

Y=n"(|—l$‘ZDZ), D= J')r(]‘—fdi : a=0, Z0(0;1), 0<pB<1 [A]

x|+

IN ETHIER (1982): Y=rf"(ny=f x= f K’“—ﬂj di , XEUL’Q di} B]

SECONDLY, | DO NOT RESTRICT MY ATTENTION TO THE PECULIAR CASE £=1

» Under symmetryX = x, Ui) and withe =1 = D=x

» For this reason both in Ethier, 1982 (and in Beynad9€98), whereZ =&£=1, so that

Y=rfH?’D’=rf D= x= ﬁ(%jz fi*( nk= #" 3, the degree of returns to
n

specialization R= a —1) is totally independent of any other model’s pagten (including the
monopolistic markup)
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THE MODEL: A CLOSER COMPARISON WITH ETHIER (1982)AND BENASSY (1998)

n Ve
_ A _

Y=n"(|—l$‘ZDZ), D= J'% di| , a=0, Z0(0;1), 0<pB<1 [A]
P
n n B

_ _ _ B B

IN ETHIER (1982): Y=r*(n)= 1 x= f K%) di , XEUL’:‘] di} [B]

LE;(_, °

= | believe that the assumptiafi = ¢ =1 (Ethier, 1982; Benassy, 1998) is overly restretiv a
horizontal differentiation-basedrowth model withHuman Capital accumulatiomnd in
which production—complexity related to variety—engpian plays a role !

» Therefore, an unavoidable interaction betwe€nand R would necessarily take place
whenevers £1

REO’+%(1—€—,3)

32



A. Bucci (NRU Higher School of Economics: Center for MSSE, Saint Petersburg, Octob&r 21 2)

THE MODEL: A CLOSER COMPARISON WITH ETHIER (1982)AND BENASSY (1998)

Y, = rf H:? ij‘(x[)ﬁdi , a=0, 0<Z<l1, 0<pB<], £21 (1)

NIV

In sum, with respect to Ethier (1982) and Benassy (1998), my @shgre is explicitly based on
the theoretical belief that thmssible effects of a change in the number of available inteatee
varieties stem:

£ Not only from some‘horizontal” innovation—externality (of the formn?), that plays the
role of increasing the productivity afl the factors employed in production,...

+ ...But also (and simultaneously) frommmore general technology of aggregation of the
" vp

4
different varieties of durables in the same produgon process D = J‘X—g di
n

0
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THE MODEL: FORMAL ANALYSIS
(THE PRODUCTION SIDE OF THE ECONOMY)

R&D ACTIVITY

There are many competitive firms undertaking R&Eh\aly, whose production function is:

h =L Ha

no=—a n(0) >0, x>0, u>0, @20, uz®, n<l (8
X M,

In Eg. (8):
* /7 measures thmter-temporal spillovefrom the existing stock of knowledge

= (1 measures théegree of returns to R&B Human Capital

In accordance with Jones (2005, p. 1074, Eqg. 16)keep the analysis as much general
as possible and impose no upper bound ta
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THE MODEL: FORMAL ANALYSIS
(THE PRODUCTION SIDE OF THE ECONOMY)

R&D ACTIVITY
_1h
X HY?

Inventing the latest design for intermediate goedglires a skilled-labor input equal to:

, n(0) >0, x>0, u>0, @20, uz®, n<l (8

1

He e
ey
n

« The fact that population grows at an exogenouspastive rate ¢, ), leads in our model to
a rise ofH =hL and, ultimately, to a decrease of research hurapitad productivity

* The hypothesis that the productivity of R&D humapital may fall due to an increase of
population can be justified by the fact that it ®esincreasingly difficult to introduce

successfully new varieties of goods in a more cexvoharket (Dinopoulos and Segerstrom,
1999)

In Eqg. (7) @ measures the strength of tRR&D difficulty-effect : ceteris paribusthe larger

@ and the bigger the decline in the R&D human cépitaductivity following an increase
of population size
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THE MODEL: FORMAL ANALYSIS
(THE PRODUCTION SIDE OF THE ECONOMY)

R&D ACTIVITY

Because the R&D sector is competitive, there is &etry.

With the total stock of knowledgen} and the aggregate supply of human capith) given,

the zero-profit condition implies:

o MV, 9)

where:

—Jcr(s)ds
Y, :I et dr, 7>t (10)
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THE MODEL: FORMAL ANALYSIS
(THE CONSUMPTION SIDE OF THE ECONOMY)

HOUSEHOLDS

The economy is closed and consists of a continwaftotal mass 1) of structurally-identical
households

Therefore, we can focus on the choices of a simgfiaitely-lived family with perfect
foresight, whose size coincides with the size gfypation (L)

Each member of the household can purposefully tnmdsuman capital

The aggregate stock of this factor-inptit,= hL, can rise either because population grows at
the exogenous and constant rgte> 0, or because per capita human cagitandogenously

Increases over time

The household uses the income it does not consamaedumulate more assets, taking the
form of ownership claims on firms
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THE MODEL: FORMAL ANALYSIS
(THE CONSUMPTION SIDE OF THE ECONOMY)

HOUSEHOLDS

The representative household solves the followmegriemporal optimization problem:

= G =1 (o-am) : A1
hh’,‘f}ég“—_‘( 1-9 je d,  p>awg 20; w0[0;1]; 6>0  (13)
st:a=(r-g)a+(uh)w-¢ uO[0;1], Ot=0; L/L =g, >0

ho=[o(1-u)-¢q ]h, g >0; £0[0; 1

a(0)>0, h(0)>0 are given
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GENERAL EQUILIBRIUM ANALYSIS

CLEARING CONDITIONS FOR THE MARKET OF HUMAN CAPITAL:

HEtEuth:HYt+HIt+Hnt (14)
Wi = W (15)
Wi = W (16)

CLEARING CONDITION FOR THE MARKET OF ASSETHOLDINGS:

A =NV (17)

dr and satisfies the usuab-arbitrage condition

Vi = r.t\/nt _77;
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BGP ANALYSIS

DEFINITION : BGP EQUILIBRIUM

A BGP in this economy is a state where:

() All variables depending on time grow at constammsgbly positive) exponential rates

() The sectoral shares of human capital employmert H, / H, | =Y, I, n) are constant
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PROPOSITION 1
Along the BGP, the fraction of the aggregate stwichkuman capital employed in production
activities is constant (that is, =u, [Jt = 0).

RESULTS
|:|Yt:|:||t:|:|nt:|:|t= :[(U—p)_(f_a)—e)gL] (18)
HYt Hlt Hnt Ht e YR(Q_]')+9
n_ _Y[(o-p)-(£-w-6)g]
N T YR(6-1)+6 )
_06’+YR(U‘9—,0)_{0[5(1+YR)_(1+ 2Y®]+YF{1_C‘))} 9 20
- YR(6-1)+6 )
p=2=y=2=2r-p-(1-a)g,] (&)
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RESULTS
_Yo_, _ _(1+YR)(o-p)-[YRE-w-)+({- )
yV:%t_ya_yC_ : V[Fe(e—l)w e
u:1_(a—p)—[YR(l—E)(H—l)+£(1—H)—w]gL
o| YR(6-1)+6]
s, = Hnt — Z(l_lg)yn

_Hy PZ _
3= H, __1—Z(1—,8)}( )
_H,_| 1-Z (u-s)
X H, _1—2(1—5) ?
HE _x
g
R=a+=(1-£-p) y=H"9®

(22)

(23)

(24)

(25)

(26)

(27)
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ASSUMPTIONA
Assume:

(i) Y>0andR=0;

YR 1-
(i) o >Max [5 5)] 2 :
(1+ YR)
(III) 0>Max{ YR YR p+(1-w) g | o1+ YR-p-[é-w-YR1-¢)] g (0-p)(1-Y)+oY R[(w-¢)(1-Y)+Y RES)] Lg}_
YR o YR)-[((1+YR-(1+ 2R] g oWV R Y REE)-E] g (L+YR)(0-¢g.)+Y(1+ R g ’
[YR f-w-1)+(é-w)|g B B v
(iv) (o-p)>Max {(f w) g, (1+YR) [ YR(1-¢)(6-9+¢(F6)-w] g
JONES (2005,P. 1074,EQ. 16) SETS >0 n<1 @ =0
= With this parameterization: y=H" ?__H >0
1-n 1-7
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PROPOSITION 2
If Assumption A is satisfied, then:

¥, and y, are positive

Y, Is positive

_(0-p)-(£-w)g

3 =, i.e. the growth rate of per-capita income wter 0, is positive

Yy

r is positive
O<ux<l

r >y, —(1-R)y,. This condition allow¥, to be positive at any tinte= 0 along the BGP

The two transversality condition?m A8 =0 and lim A h =0 are simultaneously checked

- 400 t - +o0

PROPOSITION 3
Under Assumption A, the relationship between tlggaseof returns to specializatiqik) and
the growth rate of real per capita incor(ig ) is always positive
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PMC AND EcoNOMIC GROWTH

THEOREM 1

In this model economy, the sign of the correlabetween PMC and economic growth can
be either positive, or negative, or equal to zéngoarticular, we observe that:

= PMC and economic growth are positively correlatdtew ¢ >1
= PMC and economic growth are negatively correlatéddmw <1

» There exists no correlation between PMC and ecoogmuwth wheng =1
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PMC AND EcoNoMIC GROWTH
LEMMA 1

Assume: a@>(1+Z)>1=2Z>0. This conditon ensures that the inequality
1<§(5 -Z-1)+ 1<§(Ef -Z)+ 1is checked for any0(0;1). Hence:

: L : : 0
+ With £ <1, the returns to specialization are increasirfig*1) and B—J,; <0;

0
+ With £ =1, the returns to specialization are increasirfigX1) and a—;y =0;

_ d
+ Withl<e< g(a -Z- 1) +1, the returns to specialization are increasirfgX1) and a—;y >0;

. — L 0
+ With £ = E(a -Z —1) +1, the returns to specialization are constaRt<1) and O—J,[/; >0;

_ _ 0
+ With g(a -Z-1)+1<e< g(a -Z)+1, the ret. to spec. are decreasir@(R<1) anda—g >0.

Thus, with decreasing/constant returns to spe@aébn (0< R<1) the correlation between
PMC and economic growth is always positive, whek#is increasing returns to specialization
(R>1), a further increase in the degree of PMC candymther a positive, or a negative, or else

no effect on economic growth.
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INLEMMA 1,

The assumptiom >(1+Z)>1>Z > Qis consistent with all the following requirements:

i) a>1
(i) No upper bound tar;
(i) z0(0;1]

Requirementsi) and (i) derive directly from Ethier (1982, p. 391),

who considers the very special case in whichl
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LEMMA 1: INTUITION

Dy sry—g g P l@oA)-(Ew-0)a]  _n Y(o-p)-(¢-w-6)a.]
SR " H, YR(6-1)+6 " YR(6-1)+6
Therefore, the impact of a variation of PMC on emait growth can be decomposed into two
separate effects:

- The direct RETURNS TO SPECIALIZATIONFFECT. An exogenous change j affectsR directly
and, hencey, . This effect is a priori ambiguous, since the AR/ dp is crucially related to

the magnitude of (with respect to unity);

- The indirect ACCUMULATION EFFECT. The variation ofR, in turn, influences the accumulation
of the two reproducible factor-input#d( and n). Therefore, the initial change I8 is able to

affect y, also indirectly,i.e. through the effect it yields o, and y, via the changedR.
V[(o-p)-(£-w-6)g, |

It is possible to see that ?I;: [YR(B 1) 9]2 (1-6) and
1)+
- p)-(£-w-6
%ziaynzy[(a p)=(¢-w )gL}(l—H). Under the parameter-restrictions of

0R Y OR [YR(8-1)+6]
Assumption Athe accumulationeffect is also ambiguous since the two derivatiwegten
above can be positive (f<d<1), negative (ifd >1), or else equal to zero @#=1)
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INTUITION

_n_Y{(o-p)-(£-w-6)g,]

yy:yH+Ryn_g|_’ yH_

H

t

0y, _0R

He _[(0-p)-(é-w-6)g, ]
YR(6-1)+6 |

N

/n = YR(6-1)+6
Wy RV

0B op
oR

"

OR oR

op
oR

(1+YR) 10y, ly
Y Y, OR
1

_aﬂ

_YR(H—1)+6’}/”

A4
>0 underAssumption A

= Although its sign is unclear, the indiréat:cumulation’effect(6yn / aR) does not alter the

sign of the whole impact o8 on y,, which is ultimately determined by the sign of the

direct ‘returns to specialization’effect (aR/a,B), as long as the requirements of

Assumption Are satisfied

(THE ‘ACCUMULATION EFFECT OPERATES IN RELATIVE RATHER THAN IN ABSOLUTE TERM¥
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LEMMA 1

Suggest§ HREE important conclusions:

1. When the increase in the number of available inggeliate-input varieties causes no costs
(in terms of aggregate GDP losses) due tmarease in production-complexity
le., £<0,

then PMC plays an ambiguously negative role amemic growth y, .

This result may help explaining whygon-OECD, but fast-growing countries such as
Brazil, Russia, India, China, and South-Africa(that we can probably regard as those for
which an increase in the number of available ineshaite-good varieties brings about almost
solely positive consequences, that is an increasaggregate productivity due to more
specialization) have exhibited in recent yearsvallef PMC which is evidently lower than

that one may find in OECD, slow-growing countries
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LEMMA 1

2. On the other hand, if we think of tli@ECD-countries as those in which aincreasing-
(production-)complexity-effegiays a role, along with gpecialization-effect
L.e, &£>0,
then our model seems to provide another explangétbernative to the one offered by

Aghionet al, 2005) of the ambiguous correlation between PM&agowth

Unlike Aghion et al. (2005), who explain thenverted-U shaped relationship between
competition and innovation/growth through the captsition of theescape—Competitions.
Schumpeterianeffects, MY EXPLANATION IS BASED ON THE PRESENCE FO
INCREASING RETURNS TO SPECIALIZATIONR > 1)
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LEMMA 1

3. When assembling a larger number of varietiaatefmediates using the same
technology becomes increasingly difficult in terafisnducedproduction—complexity
e, £>1

then we always observe a positive correlation betwPMC and economic growth

This result appears consistent with the fact thatording to OECD statistics, the US (a
country whose economic growth rate, and probablgs&degree of technological complexity
measured in terms of number of intermediate inpaiployed in the same production process
are among the highest in the world) displayed id&the smallest (largest) degree of product

market regulation (PMC)
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A RANKING OF COUNTRIES (OECD AND SOME NON-OECD) ACCORDING TO THEIR OWN
LEVEL OF PRODUCTMARKET REGULATION FOR THREE DIFFERENT YEARS (1998,2003,2008)

INDICATOR [ PRODUCT MARKET REGULATION |
IYEAR 1998 [ 2003 | 2008 |
COUNTRY H | | | |
IAUSTRALIA [ 11.524 | 1.156 | 1.235 |
IAUSTRIA [ 2.331 | 1.758 | 1.452 |
IBELGIUM [ 2.175 | 1.590 | 1.426 |
ICANADA [ |1.286 | 1.141 | 0.954 |
ICHILE [ | I [1.579 |
|CzECH REPUBLIC [ 12.991 | 1.975 | 1.621 |
IDENMARK [ 11.589 | 1.184 | 1.057 |
[ESTONIA [ | I [1.312 |
IFINLAND [ |2.078 | 1.297 | 1.188 |
IFRANCE [ |2.522 | 1.746 | 1.454 |
IGERMANY [ [2.062 | 1.598 | 1.328 |
(GREECE [ 12.993 | 2.578 | 2.374 |
[HUNGARY [ 12.296 | 1.911 | 1.297 |
ICELAND [ 11.707 | 1.199 | 1.003 |
IRELAND [ 11.650 | 1.349 | 0.918 |
ISRAEL [ | | [2.605 |
ITALY [ [2.594 [ 1.811 | 1.377 |
[JAPAN [ |2.188 | 1.409 | 1.112 |
IKOREA [ 12.348 | 1.782 | 1.474 |
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ILUXEMBOURG [ | |1.477 | 1.559 |
IMEXICO [ 2.448 | 2.009 | 1.850 |
INETHERLANDS [ 11.661 | 1.364 | 0.969 |
INEW ZEALAND [ 11.360 | 1.141 | 1.255 |
INORWAY [ |1.851 | 1.416 | 1.163 |
IPOLAND [ 13.970 | 2.950 | 2.264 |
[PORTUGAL [ 12.249 | 1.644 | 1.427 |
|SLovAk REPUBLIC [ | [1.841 | 1.629 |
ISLOVENIA [ | I |1.458 |
SPAIN [ 12.550 | 1.682 | 1.034 |
|SWEDEN [ 11.933 | 1.494 | 1.302 |
|SWITZERLAND [ 2.476 | 1.724 | 1.179 |
ITURKEY [ 13.301 | 2.586 | 2.351 |
[UNITED KINGDOM [ |1.070 | 0.824 | 0.842 |
[UNITED STATES [ |1.283 | 1.007 | 0.841 |
OECD MEMBER 2.160 1.621 1.4085
ECONOMIES (AVERAGE)

IBrAZIL il | |1.945 |
NON-OECD M ICHINA lil I 13.297 |
Economes o Inpia Il || [2.750 |

[RussianFeperaTiON (] | 13.094 |

|SOUTH AFRICA lil I [2.398 |

OECD MEMBER

EcoNoMIES 2.697

(AVERAGE)

SOURCE: OECD Statistics http://stats.oecd.org/Index.aspx
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POPULATION GROWTH AND ECONOMIC GROWTH

THEOREM 2
Assume that the parameter-restrictions (i) and @i Assumption A are checked and that

Y
1>w>¢——>¢&-1, for an 110:1. Then:
Jaavidi y £0[0;1]

= In the presence of increasing/constant returnsspecialization R>1), there exists an
unambiguously positive correlation between popatatigrowth and economic growth,

dy,log, >0;

= In the presence of decreasing returns to speaabn Q< R<1), the correlation between
population and economic growth rates is ambiguoys/ dg, EO.

Notice that, with Y'>O0, £D[O;]] and w=1 (the last one is a standard assumption in
exogenous and endogenous growth models with optighnsumer behavior), inequality

1>w>¢ - >&-1

1+Y
is trivially checked !
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POPULATION GROWTH AND ECONOMIC GROWTH

THEOREM 2 (CONT’D)

We can make a formal distinction among three cadssending on the magnitude cof

1. w=0;

2. w=1,;

3. O<wc<l],
and ¢:

1. &=0;

2. &=1;

3. 0<é<1],
respectively.

Results are summarized in the following Table:
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w=0 w=w0(0; ) w=1
£=0 dy,/dg, =0 dy,/dg, >0 dy, /g, >0
-Z0(o ~ _ B) B)
¢0(0: 1) | gy, ¢ |l1oéo(ow) Y1 50 %50
<0, ORO|O0; — ag ag
dg, Y(1-¢) ayL :
= 2.0 f=w0(0;1 Y >0
ayy =0, R= f_ >0 5 ( ) ag|_
99 v(1-¢) 3.0 €0(wn1)
oy, g _
>0, OR> —>0 |9 —
ag, Y(l—f) Y <o, JROJ0; — 22
ag, Y(1+w-¢)
ayy -0, R= f—_a)_ >0
a9, Y(1+a)—€)
ayy>0, OR>—$2% 59
09, Y(1+a)—€)
¢=1 dy, 1-w ay,
<0 dy /0g <0, ORO|0;, —= Y >0
agL £ o |: YCUJ agL

dy, /09, =0, R:(l—c_o)/YZ» 0
dy,/dg, >0, O R>(1—c_o) [Yw>0
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THE TABLE REVEALS THAT .

0
 For givené, the largerw and the more likely it is forﬁ to be unambiguously strictly

09,
positive

d
 For given w, the largeré (and the smallelR), and the more likely it is f0|ai to be
9.

unambiguously strictly negative

*  With Millian-type preferencesd=0) population growth affects in an unclear way (tedtato
the magnitudes of andR) economic growth. This remains true also wiagn wD(O;l);

« With Benthamitepreferences @=1), instead, the effect of population growth on ewurt
growth is definitely non—negative.

THE FIRST PART OFTHEOREM2 FOCUSES SOLELY ON THE DEGREE OF RETURNS TO SPECIALIZATION AS
THE KEY-VARIABLE AFFECTING THE SIGN OF THE RELATIONSHIP BETWEEN PQRATION AND
ECONOMIC GROWTH RATESTHE SECOND PART OF THHHEOREM(i.e., THE TABLE), INSTEAD, LOOKS
AT THE IMPORTANT ROLES PLAYED ALSO BYS AND w
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INTUITION :

_[(o-p)-(-w-6)g,]

Y,=Vy TRV, -0, Vi

YR(6-1)+6 ’
Wy _[ W , g% |_4
dg, \dg,  dg
_ (1+ YR) 0% _ 4
Y agL dilution

—_— ) — effect
>0 ideas’
under Assumption Aeffect

_Y[(o-p)-(é-w-6)g,]

4 YR(6-1)+6

The impact of population growth on real per-capitsoome growth depends on two distinct effects:

- The directdilution’ effect, which is always negative

- The indirectideas’ effect. Unlike the previous one, this effect ways positive provided that:

w+@-&>0

The higher the degree witratemporal altruism(w), the more patient the representative
household, and the greater the investment in huwwapital and ideas (R&D activity) !
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INTUITION :

- The directdilution’ effect. This effect is always negative

- The indirectideas’ effect. This effect is always positive providedith w+68-¢>0

= So, all the rest remaining equal (in particulargomeé& > 0), the largerw and the smalleé,
the more likely it is for the restrictiow+6—-¢ >0 to be satisfied, for the indireGtdeas’
effect to be strictly positive and to ultimatelytaeigh the direct negativelilution’ effect,

: d
leading as a result te& >0
09,
THIS IS WHAT WE OBSERVE BY MOVING FROM SOUTH —WEST (w=0 AND ¢ =1)

TO NORTH—EAST (w=1 AND & =0) ALONG THE DIAGONAL OF THE TABLE
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INTUITION :

_ _(g-p)-({-w-6)g, | _Y(o-p)-(£-w-6)g, |
yy_yH+Ryn_gL’ i = YR(9—1)+9 ’ Vo = YR(9—1)+9

W, [ g 4
og, \0dg,  0dg

_ (1+ YR) oy, 1
Y agL dilution

—_— ) — effect
>0 ideas’
under Assumption Aeffect

= Moreover, we observe that the magnitudeRo€rucially amplifies the indirecideas’ effect:

0
when this effect is positive, the larg& is and the more likely it is fobi to be,ceteris
9,
paribus positive

THIS IS WHAT BOTH THE FIRST PART OA HEOREMZ2 AND THE TABLE, DO REVEAL
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POPULATION GROWTH AND EcoNOoMIC GROWTH

PROPOSITION 5

AssumeR=¢=0 andw=1

In this case the economy’s growth rate coincideth \the “efficient” and “competitive”
solutions of theLucas model (1988)without any external effect of human capital ie th

production of final goods

This rate is unambiguously increasing in the popalagrowth rat
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EXTENSIONS

HOw DO RESULTS OBTAINED UP TO NOW CHANGE WITH A MORE REALISTIC MINCERIAN

EQUATION FOR THE PRODUCTION OF AN INDIVIDUAL 'S HUMAN CAPITAL ?

h :eﬂht

“...The exponential formulation used here is the nstrmightforward way of incorporating
human capital in a manner that is consistent whih liarge literature on schooling and wages
following Jacob Mincer (1974) and with the subsi@ngrowth accounting literature that
makes adjustments for education. It is a speciakaaf a formulation suggested by Bils and
Klenow (2000)..."(JONES, 2002,p. 222)
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RESULTS (MINCERIAN SPECIFICATION FOR HC ACCUMULATION )

Hv Hix Hn  Ht_

H H|t Hnt Ht " -

Yt

(30)

(31)

(32)

(33)

(34)

(36)
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M INCERIAN SPECIFICATION FOR HC ACCUMULATION

PROPOSITION 6
If individuals accumulate human capital in a manmdrch is consistent with the Mincerian
wage regression evidence (Mincer, 1974), then:

> ForanyY>0, g, >0, z0(0;1 and S0(0;1)
= PMC and economic growth are positively correlatdewe >1

= PMC and economic growth are negatively correlatéeme <1

= PMC and economic growth are not correlated at dilewe =1

> For anyw[0;1], Y>0 andR=0

= The correlation between population growth and ecoilwogrowth is always non-
negative, i.edy, /dg, =0

» Ceteris paribus, the largelR, the more sizeable the positive impact of a given
increase in population growth on the growth rateed! per-capita income

" y,=0 when g, =0
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M INCERIAN SPECIFICATION FOR HC ACCUMULATION

Employing a more realisti®lincerian equation for education (as opposed to a law ofanot

of human capitah la Lucas) does not lead to any different result camogrthe long-run
relationship between PMC and economic growth

It, instead, implies some changes in the populadromvth—economic growth link. Now:

(1) The relationship between population and ecaa@rowth rates is always non—negative, for
any R=0

(2) Population growth becomesgteris paribus essential for economic growtly,(is zero if
g, =0) — As in TRADITIONAL SEMI-ENDOGENOUSGROWTH M ODELS!
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SUMMARY
The main point of this paper was to explain, withie samesemi—endogenougrowth
framework with horizontal R&D activity and human capital aonwation, under which
conditions one may obsertiee result of ambiguity (largely predicted by theéséng theory
and evidence) in the relationship between PMC aodnamic growth, and between
population growth and economic growth

Unlike the existing literature, our focus was oa tiotion ofRETURNS TOSPECIALIZATION

Differently from Aghionet al. (2005), who account for an ambiguousvérted U-shaped
relation between PMC and Innovation/Growth by tiéenaction of thdescape—Competition
Effectwith the Schumpeterian Effecour explanation is based on the presence ofasarg
returns to specialization

Concerning the link between population and econogniavth rates, instead, an ambiguous
correlation between the two variables is observethe presence of decreasing returns to
specialization

Employing a more realistiMincerian equation for education does not lead to any dffer
result in the long-run relationship between PMC aadnomic growth

This assumption, however, implies that the relatiom between population and economic
growth rates is always non—negative, and that eoengrowth would be zero in the absence
of population change
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FUTURE RESEARCH

+ A thorough empirical analysis of the model’s theioad predictions is certainly needed

s Because our primary interest in this paper wasx@mgne how the returns to
specialization can affect the relationship betw&C and economic growth and
between population growth and economic growth, neatéd these two variables
(PMC and population growth) parametrically

s It is well known that population growth and marlsttucture are endogenous,

rather than exogenous, variables

+ Therefore, building a growth theory where marketaamtration and demographic change are
simultaneouslyndogenized is also at the top of our future rebeagenda




