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Excessive Deficits and Research and
Development capacity

En el debate que existe acerca de aplicar la disciplina fiscal en la Unién Monetaria Europea, algu-
nos autores han cuestionado la adecuacion del uso de las mismas normas fiscales para los distin-
tos Estados miembros, apelando a una mayor flexibilidad fiscal temporal para los paises pequefios
y menos desarrollados. Para ello en este trabajo se desarrolla un modelo de unién monetaria entre
dos paises que difieren en el grado de dimension econdmica; los niveles exdgenos de productivi-
dad directamente relacionados con la calidad de las instituciones nacionales; los stocks de cono-
cimiento tecnoldgico y en la capacidad de I+D. Los resultados obtenidos sugieren la pertinencia
de incluir algunas excepciones al sistema europeo de disciplina fiscal, concretamente en lo que se
refiere a destinar mas recursos a actividades de |+D. Su aplicacién afectaria a las medidas toma-
das por los paises menos desarrollados, posiblemente logrando que se recuperen de forma mas
sencilla.

Eztabaida bizirik dago: Europako Diru Batasunean diziplina fiskala ezarri ala ez. Eztabaida horretan,
hainbat autorek zalantzan jartzen dute egoki ote den estatu kide guztietan arau fiskal berberak
ezartzea, eta herrialde txiki eta ez hain garatuentzako malgutasun fiskal handiagoa eskatzen dute
aldi baterako. Horretarako, lan honetan bi herrialderen arteko diru-batasunaren eredua ezarri da; bi
herrialdeok alde handiak dituzte maila ekonomikoari; erakunde nazionalen kalitatearekin zuzenean
lotutako produktibitate exogenoen mailei, ezagutza teknologikoaren stockari eta I+G gaitasunari da-
gokionez. Lortutako emaitzek erakusten dutenez, egoki da Europako diziplina fiskalaren sisteman
salbuespen batzuk egitea, zehazki I+Gra baliabide gehiago bideratzeari dagokionez. Izan ere, neurri
hori hartzeak gutxien garatutako herrialdeek hartutako neurriei eragingo lioke eta hala, ziurrenera,
errazago suspertuko lirateke herrialdeok.

Within the discussion on how to implement fiscal discipline in the European Monetary Union, the
adequacy of using the same fiscal rules for different Member-Countries has been challenged by some
authors, calling for a temporary higher degree of fiscal flexibility in the case of small and less
developed countries. We develop a model of a monetary union between two countries that may differ
in (i) economic dimension; (i) exogenous levels of productivity directly related with the quality of
domestic institutions; (i) technological knowledge stocks; (iv) Research and Development (R&D)
capacity. Results arising from the model suggest the pertinence of making some exceptions to the
European framework for fiscal discipline, namely conceming to expenses leading to more resources
devoted to R&D activities. In particular, this would apply to measures taken by the less developed
countries, possibly leading to an easier catching-up.
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1. INTRODUCTION

With the creation of the European
Monetary Union (EMU), the framework for
the definition and implementation of
macroeconomic policies has dramatically
changed. Member-Countries have lost their
exchange rate and money supply
instruments and the use of budgetary
measures has been restrained by binding
rules aimed at avoiding the creation and
maintenance of excessive public deficits.

In 1992, the Maastricht Treaty set up the
framework for the definition and
implementation of national fiscal policies,
limiting them by binding fiscal rules, including
maximum ceilings of 3% and 60%,
respectively for the public deficit to GDP ratio
and for the public debt to GDP ratio, and
urging for policy coordination. In 1997, the
Stability and Growth Pact (SGP) reinforced
the restrictive option taken in Maastricht,

Ekonomiaz N.° 68, 2.° cuatrimestre, 2008

introducing “automatic” sanctions and the
medium-term objective of budgetary
equilibrium.

This solution has been subject of deep
discussion and criticism in political and
academic circles, mainly before 1995 and
after 2000. The debate is focused on the
way in which fiscal discipline should be
implemented and controlled (e.g., Buiter et
al., 1993; Rubio and Figueras, 1998) and
not on the need for fiscal discipline.

In fact, fiscal discipline is generally taken
as an essential means of avoiding negative
external effects resulting from deficient
budgetary behaviour (e.g., De Grauwe,
2005), namely a possible increase in the
interest rate of the EMU, leading to possible
pressures on the European Central Bank
(ECB) to implement a more expansionist
monetary policy, thus leading to an increase
in inflation. Fundamentally, the European
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framework for fiscal policies has been put in
place because of the need to keep price
stability (e.g., Baldwin and Wyplosz, 2004).

To date, the literature presents an
interesting discussion on the definition and
implementation of fiscal rules, namely in the
case of the EMU, positions varying from
those who support current rules (Begg et
al, 2004; Buti et al, 2005) to those who
claim for a significant reform (Casella, 1999;
Creel, 2003; Pisani-Ferry, 2004; Wyplosz,
2005). In particular, it shows several topics
where divergence is more profound, two of
them being: the possibility of considering
some expenses concerning public
investment (namely incentives to R&D) as
exceptions regarding the application of
binding fiscal rules; and the possibility of
differentiation of fiscal rules among
countries, by taking into account the levels
of economic divergence and the economic
dimension of each country.

The debate is not yet closed, but it may
already have made a relevant contribution
to the recent SGP reform (European
Council, 2005). The reformed SGP allows
for a growing number of circumstances that
lead to a non-automatic application of the
sanctions, namely considering a diversified
kind of public expenses that may justify the
non-compliance to the “3 per cent” rule
(Alves and Afonso 2008). As far as the
present paper is concerned, it is relevant to
note that, within that set, expenses
regarding R&D are included.

In order to analyse whether or not such
kind of public expenses should be treated
differently and whether or not European
fiscal rules should differ between countries,
we consider a standard economic structure
in endogenous R&D-growth theory, for two
countries that compose a monetary union.

In each country, the production of perfectly
competitive final goods uses institutions
and labour together with a continuum set of
quality-adjusted intermediate goods.
Intermediate goods, in turn, use designs
(resulting from R&D activities) under
monopolistic competition. The production
function, adapted from the horizontal R&D
growth models developed by Acemoglu
and Zilibotti (2001), incorporates
substitutability between countries in the
production of final goods.

As a result of the close relationship
between the production of intermediate
goods and R&D, this one can be
encouraged either by a direct subsidy or
through a subsidy to the production of
intermediate goods. Such policies have a
negative impact on the fiscal budget of each
country and that situation may lead to
adverse consequences, such as those
prevented by the SGP.

However, these policies may reduce the
technological-knowledge gap between the
two countries. In this case, they would be
fundamental for an increase in the economic
convergence within the union and, in
particular, for the economic growth
performance of the poorer country, which
could justify different fiscal rules among
countries.

By assumption, countries differ in four
features. The first one relates to economic
dimension, measured by labour
endowments: the one with higher active
population is called Big, the other one is
called Small. The second feature concerns
domestic institutions, which are more
advanced in the Big-country. The third
feature is related to R&D capacities, the Big
country being an innovator and the Small
country being an imitator. The last feature is



an endogenous comnsequence of the
others and relates to the domestic quality
indexes measuring technological
knowledge, which are higher in the Big-
country.

In a previous work (Afonso and Alves,
2008), we analysed a similar problem, but
by taking into consideration complementarity
between country-specific inputs and
substitutability between countries. In this
context, both countries were innovators,
although the more developed being the
more efficient in R&D activity.

The paper is structured as follows.
Section 2 describes the model. Section 3
determines the equilibrium conditions and
points the main results related with the
steady-state. Finally, section 4 offers some
concluding remarks.

2. THE MODEL
2.1. Final-goods sector

Each final good n € [0, 1] is produced by
one of two countries, the Small-country, S,
and the Big-country, B. The former (latter)
brings institutions, Ag (Ag), and labour, Lg
(Lg), together with a continuum set of
quality-adjusted intermediate goods,
indexed by j € [0, J] produced either in S or
B. The output of n, Y, at time t is,

vt = jonn(k./,t) g ﬂ(w-m A;/"Ls,n} +

+ |:nAga LB,n:|a} (1

By considering z, (k, j,t) =q"V" x, (k, j,t),
the integrals denote the contribution of
intermediate goods to production. In the
Schumpeterian tradition, each j used in the
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production of the final good n is quality-
adjusted; i.e., the quality upgrade is g > 1,
and k is the top-quality rung at time t. The
quantity of j with quality k at t can be
produced by either B, x,  (k, /j,t), after a
successful innovation or by S, xg (k,j,t),
after a lower-priced successful imitation of
the leading quality.

Thus, the quality level of j rises entirely
due to the R&D innovative activity. However,
both countries use the state-of-the-art
intermediate goods in their final goods
production; i.e., k =kg = kg, which can be
produced domestically or not. In the latter
case, countries import the higher quality of j
for domestic use. The term O<(1-o)<1 is
the aggregate intermediate-goods input
share.

The second and third terms on the right-
hand side of (1) represent the role of the
labour to production in S and in B,
respectively. Thus, O<a<1 is the labour
input share. These terms include the labour
levels of each country, where, by
assumption, L > Lg. The term A represents
the level of exogenous productivity reliant
on country’s institutions. As B’s institutions
are, by hypothesis, more advanced, we
consider Ag > Ag > 1, which means that an
absolute productivity advantage of Lg over
Ls is accounted. A relative productivity
advantage of either type is captured by (1-
n) and n, which implies that Lg (L) is
relatively more productive in final goods
indexed by smaller (larger) n’s.

Thus, the production function of final
goods (1) merges complementarity between
inputs, (worldwide) intermediate goods and
(country-specific) labour, with substitutability
between countries, B and S. The optimal
choice of the producer country is reflected
in the equilibrium threshold n,
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;

A -

n=i1e|fe Ls |?
Agﬂ Ls

@

() which comes from profit maximization
(by perfectly competitive final goods
producers and by monopolist
producers of intermediate goods) and
full employment equilibrium in factor
markets, given the labour supply and
the technological knowledge;

(i) where the switch from one country to
the other becomes advantageous
and an increase in M would mean a
larger space for production in S, thus
appearing as a measure of its relative
competitiveness. For example, a
larger relative supply of labour, Ly/Lg,
and/or a higher relative productivity
concerning the quality of national
institutions, Ay/A , results in a small
n and so in higher fraction of final
goods produced in B. Hence,
optimally only S produces final goods
indexed by n <n and only B produces
final goods with n>n.

Considering the demand for each
intermediate good by the producer of n, the
production function (1) can be written as:

-

v, =[MF Q) [(1-m AL Lo, +n AL Lo, |

plk, j,1)
Y k(/,r)[%’] o
where Q(t):_[O q d is an aggregate
quality index of the stock of technological
knowledge and p,(t) and p(k, j,t) are prices
of final good n and of intermediate good j,
respectively.

The equilibrium aggregate resources
devoted to intermediate-goods production,
X=Xz+Xg, and the equilibrium aggregate
output, Y=Yg+Ys, i.e., the composite final

good in the union, are expressible as a
function of the currently given factor levels,’

ps(t) As (1-a) v
Xo(t)= | —=——=——| LsQ(t

i 0 [ plj.k,t) ] 2 a0
X(t)E.[D jo X, (k,j,t)didn= +

1/
Pet) Ag (1-)
Xg(t) =|——"— Ly Q(t
& [ o7,k ) } g

Yalt) = [ e ]lﬂp‘s/“m AL Ls Q)
Y(#) Ej; Py (1) Y, (1) o = +

Ys<f>=[ o }[”]p;’“mA;/“ Ly Q(t)

where pg and pg are the index prices of
final goods produced by B and S,
respectively.

Equation (4b) shows clearly that: (i)
economic growth is driven by the
technological-knowledge progress in B,
reflected in the aggregate quality index; (ii)
the contribution of B for the composite final
good is higher than the contribution of S,
since, by assumption, L > Lgand Ag > Ag.2

2.2. Intermediate-goods sector

Each intermediate good is produced
either in B or S. In the former case, it
embodies the latest innovation and in the
latter it arises from the imitation, at a lower
cost, of the latest innovation. In either case,

T It should be noted that the aggregate or
composite output of the union is obtained by
integration over final goods and by normalizing its price
at each time t to one (numeraire). The aggregate
output represents the resources of the union that are
available for consumption, C, production of
intermediate goods, X, and R&D, R: Y=C+X+R.

2 Since S is not too backward (i.e., an appropriate
taxonomy for our B and S countries would be
developed versus developing, rather than developed
versus underdeveloped), it is predictable that inter-
country differences in prices of final goods are of
second order. Moreover, in the context of a monetary
union, with single currency and common market,
prices of tradable goods tend to be very similar, as well
as national inflation rates.
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intermediate goods used in final goods
production embody the state-of-the-art
technological knowledge accumulated in B
and summarized in Q.

Level effects in S

When compared with a pre-union
situation, the improvement in the level of
technological knowledge available to S - by
access to the state-of-the-art intermediate
goods — is a static gain of the union. Indeed,
the technological-knowledge gap is always
favourable to B; i.e.

Q(t) > Qs(t) = OJ qksm[ﬂdf (5)

and in a pre-union the technological knowledge
level available to S is just the domestic.® Thus,
S enjoys an immediate absolute and relative
(to B) benefit in terms of aggregate output and
factor prices since the marginal productivity of
labour increase with Q.

Moreover, the structure of final goods
production is also affected, but in both
countries. In fact, in pre-union each country
produces all final goods, while after the
union there is a final goods specialisation
determined by differences in domestic
labour endowments and domestic quality of
institutions — see (2).

Limit pricing of intermediate goods

Since, by assumption, the production of
intermediate goods and R&D are financed
by the resources saved after consumption
of the composite final good, the simplest
hypothesis is to consider that, in each
country, the production function of
intermediate goods is identical to the

3 Note that, even under the union, not all innovations
have been imitated yet at each t.

composite final good specified by equations
(1) and (4b). Given this convenient
simplification, the marginal cost of
producing each j equals the marginal cost
of producing the aggregate output, which,
due to perfect competition in the final-
goods sector, equals the price of the
aggregate output; i.e., 1 (numeraire). Thus,
the marginal cost of producing j is
independent of its quality level and is
identical across all domestic industries.

In order to allow for the entry of S’s
intermediate goods in the union market; i.e.,
to allow producers in S of the same quality
rung k to under-price its competitor in B,
we assume that the government in S
subsidises the production of intermediate
goods by paying a fraction ad-valorem, z,,
of each firm’s production cost. Thus, the
after subsidy marginal cost of intermediate
goods production in S'is (1-z,).4

The production of an intermediate good
involves a start-up cost of R&D, either in a
new design invented in B or in its imitation
(by reverse engineering) in S. This
investment can only be recovered if profits
are positive within a certain period in the
future. This is assured by costly R&D
together with domestically enforced patents,
which protects, inside but not outside the
country, the leader firm’s monopoly of that
quality good, while at the same time
disseminating obtained knowledge to other
domestic firms. Thus, knowledge of how to
produce the latest quality good is public
(non-rival and non-excludable) inside and
semi-public (non-rival and partially non-
excludable) outside each country.

4 Alternatively, we could consider that any of the
governments can subsidise intermediate goods
production, by means of an ad-valorem subsidy z,,
which can be country-specific, i.e., z,¢in S and z,5in B
andz,g >Z.5
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Even without inter-country protection of
patents, the current producer of j enjoys
some inter-country monopoly power: for
example, if s/he is from B, thus being
challenged by either another producer in B
or by an imitator is S, monopoly is
temporarily assured by enforced patents in
B and by costly imitation in S. However, the
length and magnitude (measured by the
mark-up) of the monopoly power are
shortened by the union — in pre-union
situation the producer in B can be only
challenged by other producer in B and not
by an imitator in S with lower effective
marginal cost (due to the subsidy).

Following Grossman and Helpman (1991,
ch. 12), we consider that limit pricing by each
leading monopolist is optimal. In general,
depending on whether g(1-a) is greater or
less than 1, the leader of each j would,
respectively, use the monopoly pricing, 1/(1-
o), or the limit pricing, g, to capture the entire
domestic market (e.g., Barro and Sala-i-
Martin, 2004, ch. 7). To rule out monopoly
pricing, we assume that the size of each
quality, g, is not large enough. Under the
union case, there are three possible

sequences of successful R&D outcomes and
their limit pricing consequences at t, given
quality k at t-dt, (Table 1).

The first mark-up is the highest - the
entrant in B competes with an incumbent in
B at the same (effective) marginal cost but
with better quality. The second one is smaller
— the entrant in S, with lower effective
marginal cost, competes in the same quality
rung with an incumbent in B. Compared with
the first, the third mark-up is again smaller,
but due to a different reason — the entrant in
B improves quality as in the first case, but
competes with an incumbent with lower
effective marginal cost.

In order to pin down which intermediate
goods are produced in each country at
each t, let: () E and (1-E) be the share of
intermediate goods with production in B
and in S, respectively; (i) v be the share of
intermediate goods produced in B having
overcome imitator competition; (iii) (1—y) be
the share of intermediate goods produced
in B having overcome innovator
competition. The specification of these
shares as functions of the probabilities of
successful R&D follows Dinopoulos and

Table 1
Limit pricing of each intermediate good

Share in je[0,J]

tat t production at ¢ PO
B produces and B innovates, produces = (1) (j)=
exports quality k. and exports quality k+1 =0 Pe.sl/)=9
B produces and S imitates, produces 1= (j)=1
exports quality Kk and exports quality k - Ps.s\/ )=
S produces and B innovates, produces — .
° P =y Pos(i)=q(1-2,)

exports quality Kk and exports quality k+1
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Segerstrom (2006), such that the share of
intermediate goods produced in B increases
with the probability of successful innovation
and decreases with the probability of
successful imitation.

2.3. Research and development sector

As suggested by (4b) R&D drives
economic growth in B and in S. A more
detailed description of the technology of
R&D activities is thus in order with the
purpose of closing the characterization of B
and S domestic economies.

R&D activities in B result in innovative
designs for the production of intermediate
goods, which increase their quality. The
designs are domestically patented and the
leader in each j, which produces according
to the latest patent, uses limit pricing to
assure monopoly. The value of the leading-
edge patent relies on the profit-yields
accruing during each t to the monopolist,
and on the duration of the monopoly power.
The duration, in turn, depends (i) on the
probability of a new innovation, which
creatively destroys the current leading-edge
design in the lines of the Schumpeterian
models (e.g., Aghion and Howitt, 1992); or
(i) on the probability of an imitation in S
(e.g., Grossman and Helpman, 1991, ch.
12). The probabilities of successful
innovation and imitation are, thus, at the
heart of R&D.

Following Afonso and Alves (2008), let
I5(k,j,t) denote the instantaneous
probability at t — a Poisson arrival rate — of
successful innovation in the next higher
quality [k(j,t) +1]in,

/B(kljlt) = )/B(k,j,l‘) ﬁqu(j’t) ngq’ai‘k(/i) (6)

where:

() yglk,j,t) is the flow of final-good
resources devoted to R&D injin B;

(i) B,q"V",B,>C, is the positive
learning effect of accumulated public
knowledge from past successful
R&D;

(i) ¢;'g @ U ¢, >0 is the adverse
effect caused by the increasing
complexity of quality improvements in
J°

The positive learning effect, (i), is thus

modelled in such a way that, together with
the adverse effect, (i), it totally offsets the
positive influence of the quality rung on the
profits of each intermediate good leader
firm, as we can see below.

In the absence of the union, the R&D
process in S mimics the R&D process in B,
but less efficiently, i.e., with kg<k. Since S is
less developed, but not too backward, we
assume that there are some intermediate
goods, but not all, for which kg<k, implying
that even in the absence of trade there are
some state-of-the-art intermediate goods
produced in both countries (i.e., for which
ks=k). Once S has access to all the best
quality intermediate goods due to the union,
it becomes an imitator, improving the
probability of successful R&D. Thus, R&D
activities in S, when successful, result in
imitation of current worldwide best qualities.
Following Afonso and Vasconcelos (2007),
the instantaneous probability of successful
imitation of the current higher quality k(t) in
jis:

o . ~ —o+Q(t)
Lotk = el 0BG €5a 0 f(Gw ) (7)

5 Since the Big-country is more developed, it can
be alternatively considered that ;¢ > B¢, i.e., that
B has a better innovation capacity than S.
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where:

(i) ys(k,j,b) is the flow of final-good
resources devoted to R&D injin S;

(i) Bsg“"?, 0<Bs<B, kgsk; ie., we
consider the learning effect of
accumulated imitations lower than
the learning effect of accumulated
innovations;

(i) &g U g SE>C iLe., we
consider that the adverse effect
caused by the increasing complexity
of quality improvements in j is lower
in the imitation situation;

oAl _ _ -o+Q(t)

W) f(Q(t)) =[Q(t) (1 ~aw )] s

a catching-up term, specific to S,

which includes positive effects of

technological knowledge

backwardness, since ¢ >0 and
Qslt) _ Qs
Q0 Q)
relative technological knowledge level
of S. That is, function f is quadratic over
the range of interest, and, once
affected by the exponent function
—o +Q(t), yields an increasing (in the
technological-knowledge gap)
advantage of backwardness — where
the size of ¢ affects how quickly the
probability of successful imitation falls
as the technological-knowledge gap
falls.

0<Q(t) = <1 is the

In addition to the direct effect of the union
on the capacity of imitation, the level effect
increases the aggregate income in S and
thus more resources are available for R&D.

As mentioned earlier, we will allow any of
the governments to subsidise R&D activities
directly, by means of an ad-valorem subsidy
z,, which can be country-specific (i.e., z, sin
Sandz zin B).

2.4. Consumers and government

Consumers and government’s behaviour
is similar to that described in Afonso and
Alves (2007).

A time-invariant number of heterogeneous
individuals in the union (also as in each
country) — continuously indexed by a € [0, 1]
— decide the allocation of income, which is
partly spent on consumption of the
composite final good, and partly lent in return
for future interest. Maximizing the infinite
horizon lifetime utility of each individual a,
subject to the budget constraint, we get the
growth rate of consumption, which is
independent of the individual and is the
standard Euler equation:

&(at) =&(t) :é(t):;[(1—f,< )r(z‘) —p:|

where C({) = j; cla,t)da 8)

where:

(i) c(a,t) is the amount of consumption of the
composite final good by the individual a, at
t; (i) p > O is the homogeneous subjective
discount rate; (iii) 6 > 0 is the inverse of the
inter-temporal elasticity of substitution; (iv) r
is the interest rate; and (v) 1, is the ad-
valorem tax on assets.®

As for the government, it may intervene
in each country by imposing taxes on
wages and/or on financial assets and by
subsidising the production of intermediate
goods and/or R&D activities. If necessary,
the government may run a public deficit by
issuing public debt sold to individuals.

6 Note that r and 1, are the same in the two
countries. The former is the same as a natural
consequence of the monetary union. The latter is the
same in the context of perfect mobility of capital within
the union.
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3. EQUILIBRIUM

Once characterised the countries’
economic structure for given states of
technological knowledge, we proceed to
include the equilibrium dynamics of
technological knowledge, which drives
economic growth. The interaction effects
between B and S, arising from the union,
plays a crucial role in the dynamic general
equilibrium.

3.1. Equilibrium Research and
development

Given the functional forms (6) and (7) of
the probabilities of success in R&D, free-
entry equilibrium is defined by the equality
between expected revenue and resources
spent.

Let Vg (k,j,t) represent the expected
current value of the flow of profits to the
monopolist producer of j, i.e. the value of
the monopolist firm owned by consumers in
S or the market value of the patent. The
expected flow of profits depends on the
amount in each t, the interest rate, and the
expected duration of the flow, which is the
expected duration of technological-
knowledge leadership. Such duration, in
turn, depends on the probability of a
successful innovation in B, which is the
potential challenger. In this context, the
expression for V4(k, j,t) is

Mk, /.0 9

Vel 0= vtk D)

The amount of profits at t, for the
monopolist producer of j, using an imitation
of quality k, II4(k, j,t), depends on the
marginal cost, the mark-up, and the world

demand for intermediate good j by the final-
goods producers.

Using the expression for Ilg4(k, j,1)
together with the expressions (9) and (7)
and the equality between expected revenue
and resources spent and then solving for /5,
the equilibrium probability of a successful
innovation in B — given the interest rate and
the price indexes of final goods — is

+LB(AB Ps JIX ]—rs(t), vk

The equilibrium /5 turns out to be
independent of j and k, due to the removal
of scale of technological-knowledge effects
— the positive influence of the quality rung
on profits and on the learning effect is
exactly offset by its influence on the adverse
effect induced by increasing complexity.

(10)

Since the probability of successful
innovation determines the state-of-the-art
technological-knowledge progress,
equilibrium can be translated into the path
of technological knowledge in B, which
allows S to benefit as well. The relationship
turns out to yield the following expression —
where (10) is plugged in — for the equilibrium
rate of growth of technological knowledge:

. ~ —o+Q(t) _
a ={ﬁs £d f(om) om[ . J

(1 ‘C‘)O[1 |:LS(AS Ps ]a +LB[AB Pg ]a :|_

—rs(t)}[q“ﬂ)"1 —1] i
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It is clear in (11) that there are feedback
effects from imitation to innovation. That is,
the positive level effect from B to S — the
access to the state-of-the-art intermediate
goods increases production and thus
resources available to imitation — feeds
back into the innovator, affecting its
technological knowledge through creative
destruction. Since subsidies in S improve
technological knowledge in B, they improve
not only the domestic level of development
but the level of development of the union.

3.2. Steady state

In each country and thus in the union,
the aggregate final good, Y, is used for
consumption, C, and savings, which in turn
are allocated between production of
intermediate goods, X, and R&D, R. Since
both countries have the access to the state-
of-the-art intermediate goods and they have
the same technology of production of final
goods — except for the levels of exogenous
productivity and labour endowments —, in
steady state they present differences in the
levels but not in the growth rates. The
common and stable steady state growth
rate is thus equal to growth rate of the
technological knowledge in B, because Y,
X, R and C are all constant multiples Q.
Through the Euler equation (8), the steady
state interest rates, r'(=rg =rg), are also
equalized between countries.

The common and stable steady state
growth rate, designed by g (= g5 = g;) is thus:

g*=Q =Y*=X*=F|) =C*=6*=

=l|: 1-7. | —p:|
0 K (12)

implying constant steady-state levels of Big-
Small gap in technological knowledge.

Indeed, while entire convergence in available
technological knowledge is instantaneous
with the union (level effect), domestic levels
may not converge completely; that is, Q,
which remains constant in steady state, may
remain below one.

Clearly, R&D drives steady-state
endogenous growth. The intensity of the
driving force is, in turn, influenced by the
union. In order to look at the steady-state
effects of the union we must investigate g*
further. To this end, since g* results directly
from plugging r*into the Euler equation, it is
sufficient to compare the steady-state
interest rate:

r= {(1 7, )+¢9[q“ﬂ)‘f1 —1}}71 {0 Bs LS f(@')mdﬂ
a (12] (100" s (a5 21) "+ Lo (40 )|

—Zs

(o —1}+p} (13)

obtained by setting the growth rate of
consumption in (8) equal to the
technological knowledge growth rate in B
given by (11), with the one that would
prevail in a pre-union steady state.

The first way in which the union
influences steady-state growth is the
positive catching-up effect on the probability
of successful imitation. The advantages of
backwardness are only obtained in the
presence of the union (or alternatively under
trade). Through the feedback effect
described above, the probability of
successful innovation is also affected and
thus the steady-state growth rate — see
equations (10) and (11).

The second way is the positive spillovers
from B to S. Each innovation in B tends to
lower the cost of imitation by S because the
backwardness advantage is strengthened



with each improvement of the technological-
knowledge frontier.

The third way is the positive effect arising
from market enlargement, which
encourages R&D activities by affecting the
respective profitability.

The fourth — counteracting — channel is
the monopolistic competition mark-up. The
monopolist in B loses profits with the entry
into the union: the average mark-up
between the first and third situations in
Table 1 above is smaller than g, which is
the pre-union mark-up. The reason for this
is that in pre-union successful innovators
are protected from international
competition. Once engaged in the union
and imitation becomes profitable, profit
margins in B are reduced, which
discourages R&D activities.

The fifth — counteracting as well — way
through which the union affects steady-
state growth, is that firms in S have to
support the R&D cost of state-of-the-art
intermediate goods, possibly several quality
rungs above (and thus more complex) their
own experience level in pre-union.

The effect of the union on the steady-
state growth rate is, thus, ambiguous.
However, the comparative statics of the
steady state interest rate r* in (13) — or
alternatively of g* — is not affected by such
ambiguity because the reported changes
refer to steady-state under union. r* or g*
are affected by the levels of exogenous
variables and parameters, which is to be
expected in an endogenous growth model.
In particular, both countries’ exogenous
levels of productivity (A, and Ag) and
parameters of R&D technology (B¢ and ¢'5)
improve the common growth rate through
their positive effect on the profitability of
R&D. The impact on steady-state growth of
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an increase in the subsidy towards the
production of intermediate goods in S, z, g,
results from the combination of typical
Schumpeterian-R&D effects: it implies a
smaller effective marginal cost of production
for the intermediate-goods producers in S,
thereby encouraging imitative R&D and
innovative R&D (feedback effect).

4. CONCLUDING REMARKS

The main purpose of this paper is to
analyse if there are sustainable reasons for
the consideration of some kind of public
expenses, namely incentives to R&D, as
exceptions in what concerns the application
of the SGP rules and for the existence of
different fiscal rules among different
Member-Countries.

To this purpose, we develop a dynamic
general-equilibrium growth model with two
countries forming a monetary union. Growth
is driven by Schumpeterian-R&D applied to
intermediate goods which complement labour
in each country. In this context, we analyse
the effects of a governmental intervention
through subsidising (directly or indirectly) R&D
activities and compare them to a situation
with no governmental intervention.

Our model highlights the following main
results:

() there is a level effect when the
monetary union is created, which
improves resources available for
consumption and investment in the
less developed country;

(i) these resources have feedback
effects on the other country and thus
affecting the endogenous force of
growth within the union, which is
R&D innovative activity;
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(i) in spite of this, comparing the (v) similarly, an increase in direct or
situation of pre-union and post-union, indirect subsidies to R&D also
the effects on overall growth rate increase the common growth rate.
seem to be ambiguous; The last result suggests the pertinence of

making some exceptions to the European
framework for fiscal discipline, namely
concerning to expenses leading to more
exogenous levels of productivity and o565y rces devoted to R&D activities. In
parameters of R&D technology particular, this would apply to measures
improve the common growth rate  taken by the small and less developed
through their positive effect on the  countries, in this case possibly also leading
profitability of R&D; to an easier catching-up.

(iv) in the context of existence of a
monetary union, both countries’
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