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Abstract

This thesis is concerned with the question of whether recently joining member
countries are converging on European Union norms for per capita GDP. In par-
ticular, we focus on the “convergence debate” that has developed within growth
theory.

In order to find an answer, we look for a testing framework that is coherent
with mainstream theoretical models and we investgate why such convergence
may have happened. Firstly, we employ a variety of approaches to test whether
economies actually reach a steady state as a consequence of catching-up and
we argue that, if this condition is not satisfied, convergence may not happen
at all in the long run!. Secondly, we investigate the role of trade openness,
motivated by the failure of early theoretical models to recognize its effects on
growth. Again, we give particular attention to the the Iong-run and the supply-

side of our economies.

Empirical results suggest that there is evidence of catching up in the period
under Investigation, but no conclusive indication of long-run convergence. We

also observe little signs the latter was caused by intra-EU trade openness which,
in turn, helped growth.

These findings are evidence that EU policies were effective in the short-run.

Therefore, the EU should continue its long-run effort of guiding new members’
convergence towards a common steady state. In particular, targeting foreign
direct investments, as suggested by the existing literature, may be more effective

than focusing on the integration of the EU goods market.

Finally, the Solow-Swan growth theory proved a reasonable tool to understand
convergence in the enlarged EU, with no compelling need to open the model to

trade or endogenize technological progress.

1This conclusion would invalidate the predictions of the neoclassical growth model.
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Chapter 1

Introduction

O poor countries grow faster than rich countries? This is a natu-

D

expanding literature, not one for which a single convincing answer has

ral and important question but, as evidenced by a large and still

yet achieved consensus. Theory has tried to address it in many different
ways by reference to the main determinants that have been postulated for
growth. For example, Abramovitz (1986), Baumol (1986) see catching-up
in terms of adopting some leader’s technology; for Barro (1991), Mankiw
et al. (1992) it is a matter of diminishing returns on factors of production;
Klenow and Rodriguez-Clare (1997) or Easterly and Levine (2002) look
into differences in productivity. In some cases, economists rejected the
opportunity of asking the question in the first place. For example, remov-
ing the assumption of decreasing returns on the factors of production,
as in the Romer (1986) endogenous growth model, makes catching-up no
longer inevitable in economies starting from different initial levels of per

capita output. Given the lack of a predominant theoretical framework,
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the contribution of empirical research is particularly valuable, though not
particularly easy. Translating theoretical questions into testable models
has proved a statistical challenge in many occasions. Early investigations
based on the neoclassical model have been heavily criticised!, prompt-
ing the development of a less theory-dependent testing framework. The
1990s fortunately saw not only a resurrection of growth theory, but also
the popularization of non-stationary time-series econometrics and the de-
velopment of a literature on time-series (or stochastic) convergence. This
was also a period of transition in Eastern European economies: many
gained independence, abandoned a centrally planned system and slowly
prepared for a political union with a group of countries sharing consid-
erably higher levels of national income. This might be seen as a natu-
ral environment for observing catching-up, yet the amount of research
produced on converegence within the the EU enalrgement, has been rel-
atively small until very regently. This is perhaps not surprising, given
the considerations noted above. Economic theory is largely undecided on
whether such behaviour should at all be expected and, if so what are its
determinants. Empirical research on the other hand, struggles on the
methodological side, especially when information about the past is in-
sufficient or unreliable. However, as much as such information becomes
slowly available, the exercise seems more realistic. At present, almost
two decades have passed after the transition to a free market has begun
and twelve new countries are already members of the European Union,
so we feel it is a good time for us to aim exactly at this kind of investi-

gation. In particular, our principal objective is twofold: firstly we seek to

1See for example Quah (1993b) and references therein.
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assess the extent to which time-series methods show evidence that the
accession countries (now new members) have been catching-up with the
incumbent EU member countries. Secondly, we use such methods to in-
vestigate whether one of the relatively unexplored potential vehicles for
catching-up - namely trade liberalisation - has actually played a part in
the case of those countries . On the empirical side, we give more weight
to time-series techniques, so that we can afford to be theory-independent
at first and then look for policy predictions in compatible models. In this
context, our reference framework is the econometrics of non-stationary
series, so we see long-run convergence as a stationary difference between
the per-capita output of a given country and a reference output level®.
Statistically, we test several variations of this definition using the con-
cepts of unit roots and cointegration. This allows for a richer investi-
gation, with more widely applicable conclusions than research that pre-
sumes the relevance of the neoclassical model, which in the case of the

EU enlargement has often used the more traditional beta regressions.

The other problem is that answering our initial question, naturally brings
an additional consideration. Namely, not only it is interesting to under-
stand “if” poor countries grow fast compared to rich countries but also
“why”. This second issue can be explored from many different angles in
the case of the Eastern members of the EU, and to find our way we should
dig deeper into the individual characteristics of these economies rather
than simply thinking in terms of a political union. An easy approach

also compatible with standard growth models, is assuming diminishing

2either with reference to a steady-state or a benchmark county. See chapter 4 for
more details.
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returns to capital. If capital is scarce in low income countries, its rate of
return is higher than in richer economies. If this is the case, we should
expect stronger investments therefore a faster accumulation in capital
stock, then a higher per-capita output and national income. If we al-
low foreign investments, these will flow into poor countries accelerating
the process. This mechanism is very easy to accommodate within the
neoclassical model and probably explains the popularity of the literature
on foreign direct investments3. In particular, focusing on intra-EU di-
rect investments. it is easy to get an appealing representation of what
‘may have happened in the new members. An alternative possibility is
to assume that convergence is driven by total factor productivity (TFP).
The question then is whether an increase in TFP is the consequence of
correcting the production inefficiencies usually associated with centrally
planned economies and how long it would last. If the effect is strong
enough, it may have the power of pushing the new members to the same
steady state shared by the old members?. Both approaches however, are
mostly concerned with the supply side, essentially proposing some vari-
ations in production functions. Our contribution in this field goes in an-
other direction: we look at potentially under-explored determinants of
convergence. With this target in mind, it is interesting to note that one of

the weak sides of the convergence literature (at present largely founded

on the neoclassic model) is its scarce consideration of the trade sector.
Yet, it is reasonable to think of trade integration as a veichle to facili-

tate innovation spillovers, inducing technological progress and therefore

°In a slightly broader context, see Mallick and Moore (2008).
1See for example Arratibel et al. (2007), or Borys et al. (2008)
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a channel to asymmetrically stimulate growth. As we are going to see in
chapter 6 however, even at a more general level the consensus is not per-
fect in this context, and there is a general lack of theoretical models able
to explain the mechanism. The major difficulty, is establishing a strong
direction in causality, so as to understand whether it really is trade that
enhances growth and not the other way around. For this reason, we are
going to use model-free time-series techniques. If we get evidence that
trade is a key component of the convergence process, the clear implica-
tion is that a better theoretical framework is needed to understand the

mechanism®, On the other hand, if we obtain the opposite result® we

should be in the position of advocating the primary role of investments
and productivity as determinants of convergence, already suggested by

the existing literature.

The rest of the thesis is organised as follows: chapter 2 describes the
theoretical concept of convergence with reference to the models it origi-
nated in; chapter 3 introduces the framework we will use for empirical
research; in chapter 4 and 5 we test the convergence hypothesis and
some stochastic variants; chapter 6 investigates the explanatory power

of international trade based on the evidence from chapter 4,5 and finally

chapter 7 concludes.

°A way to go could be following from endogenous growth as in Grossman & Helpmann
or extending the neoclassical model as in Ben-David and Loewy, 2003.
5i.e. trade is not relevant to convergence.
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Chapter 2

Foundations of the

convergence hypothesis

T HE question of the existence of convergence does not have a unique

answer. This chapter presents alternative theories of growth that
form the mainstream literature and are the theoretical background to
understanding the meaning of the convergence hypothesis in the EU en-
largement. These are often based on some restrictive assumptions but
their fundamental intuitions are key to introduce the topic and give a

foundation to stochastic techniques used in the empirical investigation
proposed in chapter 4. Although some of the issues discussed in the next

sections can be traced back to early economic thought, modern economists

typically refer them back to the neoclassical model developed in the late

1950s. We follow this convention to simplify the exposition.
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2.1 Output growth

A preliminary exercise to understanding growth differentials in economies
with different initial characteristics, is exploring the potential determi-
nants of growth themselves. In this section we survey the mainstream
contributions in this area, so we can then consider if and why any of

those theories also postulates output convergence.

2.1.1 The exogenous growth model

The model was contemporaneously but independently developed by Solow

(19566) and Swan (1956) as an extension of Harrod (1939) incorporat-

ing labour and technology as factors of production. The neoclassical ap-
proach differs from the classical growth theory (the major theorists being
Malthus, Adam Smith and Ricardo) mainly on the question of population
growth. In the classical model population growth is endogenous in the
sense that population will shrink or expand to bring about a steady-state
in which per-capita income is at an exogenously given subsistence level.
In other words, a condition of improved growth cannot last in the long
run because it will induce a population explosion. In Figure (2.1), a shift
in production from y; to y, translates equilibrium from £ to E’. Capital
moves from K, to K, whilst output stays fixed at the subsistence level
Y* = Ys . The automatic transition from A to E’ is determined only by
variations in the population size. Neoclassical economists expanded this

idea, arguing that population growth is not the only relevant factor to

economic growth.
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Figure 2.1: The Classical Model
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The neoclassical approach

Differently from the classical model, in Solow-Swan (S&S), output is de-

termined by the following production function, including exogenous tech-

nology:

}/t — F(Kt, AtLg) (2.1)

where production (Y;) is function of capital (K;), labour (L; ) and tech-
nology (A; ). Technological progress is purely labour augmenting in or-

der to be Harrod-neutrall. The production function exhibits diminishing
marginal productivity of both factors? and constant returns to scale® . For

convenience, we can reformulate (2.1) as follows:

for more details, see (Harrod 1937) or a comprehensive overview in Valdes (2000)

2Formally, MPK; >0, MP(AL,) > 0 and ng-} <0, 58 <0.

SF(AK;,AL:) = \Y;with )\ constant. Adding the assumption of smooth technological
progress, growing at a rate “g” (i.e. A; = Ao(l + g)*) and consequence of diminishing
marginal productivity, we observe that MPL; > 0 hence F[AK}, Ai(AL¢)] = AYs.
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y = f(k) (2.2)

where y = ﬁ% and k = -}%— respectively* , f(k) = F(k,1) and f'(k) > 0,

f"(k) < 01i.e. diminishing returns on capital.

Considering the demand side of the model and assuming # is the popula-
tion growth rate, d the share of capital constituting depreciation and s the
share of income reserved to savings, equilibrium is determined, in steady
state, by a condition of equivalence between savings and investments (1.e.

i = (n+ 4§k = sy).

This conclusion is easily obtained algebraically. Aggregate demand i1s
computed as the sum of consumption (C;), investments (/;), government

expenditures (G;) and net exports (N.X;). Formally:

}/tD=—"'Ct+It+Gt+NXt

In the long run, classical full-employment equilibrium must hold, (Y;” =

Y: ) hence, removing for simplicity the time subscript ¢:

Y=C+I1I+G+NX

Subtracting taxation on both sides:

Y-T=C+I+(G-T)+NX

‘both variables are now expressed in labour-efficiency units.
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Rearranging and assuming budget and trade deficits are not sustainable

in the long-run (G — T = 0; NX = 0) we have:

C+S=C+1

when disposable income is either consumed or saved (Y — T = C 4+ S).

Finally, assuming in the long run savings are endogenously determined

as a fraction of income (S = sY; with s € [0, 1]), we conclude:

[ =3sY (2.3)

In order to get a formulation compatible with (2.2) express (2.3) in terms

of labour-efficiency units. Dividing both sides by AL we have:

r _ Y
AL - °AL
Or:
i = sy = sf(k) (2.4)

Net investments, adding each year to the stock of capital, provide a con-

nection between the supply (production function) and the demand side

(aggregate demand).
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In order to make the model more realistic, assume capital depreciates

every year at a rate the rate J, so that:

oK =] — 6K (2.5)

ot

or in labour-efficiency units (1/AL):

ot ot AL Ot & ot

substituting (2.5):

YRR T ety v AL it ikl Ul il

I-dK O0A, 0L I 0A, OL ( 0A GL) .

where ¢ = -[- is (gross) investments in labour-efficiency units and k = ;.

Using the equilibrium relation (2.4) we can rewrite the above as:

ok 0A 3L) L

-5;=8f(k)—(5+'5?+5?

or, assuming technical progress is taking place at a fixed, exogenous rate

24 = g and similarly population growing at a fixed rate & = n%, we can

write:

°both are strong assumptions that the S&S model is forced to introduce because it

lacks a theory to explain endogenously the technological progress and the population
growth. Further, the size of the population coincides with the work-force.
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Figure 2.2: Equilibrium in the Solow growth model

. E y=f(k)
y ®
(n+d+g)k

A
@

i =sy = sf(k)

k*

ok

the latter is the fundamental growth equation and summarizes the dy-
namics of the model . The equilibrium corresponds to a steady state con-
dition where %—’f— = () as in the graph (2.2). Any level of capital k£ # kx
generates a short run unbalance between sy and (§ + g + n)k while in the

long-run the economy re-adjusts to A.

For example, consider an economy for which at the time period ¢:

ok

kt<k*'—'>5yt>((5+g+n)kt=>-5{>0=>kt+]_>kt

or.

ok

kt>k*=>syt<(5+g+n)kt=>-5t—<0£>k‘t+1<kt

In the first case, gross investments i; = sy; exceed the depreciation of
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capital (6 + g + n)k; making net investments positive today and therefore

k higher (ki1 > k, ). The mechanism is inverted for k, > kx and in both

cases 1t persists up to the steady state equilibrium, where:

ok
kt-k*#-é?—() (2.7)

(See Figure 2.2). A series of additional considerations are possible, within
this basic framework. The most immediate is understanding the conse-
quences of relaxing part of the assumptions we have used so far. For ex-
ample, endogeneising technological progress, population growth or look-
ing at a world where the first does not play a significant role (i.e. g = 0).
As a preliminary exercise however, it is worth looking into the main pol-

icy implications of the model as it stands. We will look at in detail:

* A shock in savings rates (s).

* A shock in the rate of population growth (n).

The first exercise is interesting since it can form the basis® for under-
standing the consequence of a shock in investments (¢) and in particular
in foreign investments (i) if we assume i.e. i = iy + i; with i; domestic
investments. The second exercise links to classical theory. In terms of the

EUS, it is also interesting to note that in many eastern countries popu-

lation is decreasing, yet growth rates of total GDP are strong. Further, a
decrease in the population growth rate can have an impact on per-capita

variables.

Srecall the model predicts i = sy.
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Policy and model predictions

This section looks into the dynamics of the Solow-Swan (S&S) model to

analyse its policy predictions, with particular reference to:

* A shock in the savings rate

* A shock in the population growth

At first, assume the level of savings in the economy is raised from s, to s;

so that:

io=80f(k') < Slf(k)=il

This is sufficient for moving the economy towards a new steady state kx*;

since at the old level kx, gross investments, as determined by the new

investment function i; = s, f(k), would be greater than depreciation thus

resulting in positive £& > 0 allowing for an higher labour efficient capital

stock in the next period. The new equilibrium implies:

(k*1, y*1) > (k*,y*)

Here, the prediction of the model, is that countries with higher rates of
savings (a link with investments is also possible through equation 2.3)

should have a higher level of per capita income.
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In the second case, we assume an increase in the population so that ng

goes to n, , therefore:

(no+0+9)k < (ny+6+g)k

maintaining gross investments fixed at i = sf(k), now we face a value of

investments lower than "depreciation” (i = sf(k) < (n; + 6 + g)k ) around

the old steady state, therefore negative net investments 2¢ < 0 and a

lower level of capital (k*; < k) in the next period. The new steady state

shifts to:

(k*1,y%1) < (k*,y*)
The prediction of the model in this case is that countries with a higher n
should expect lower levels of per capita income.

Finally, a last important prediction of the neoclassical model relates to

the ability of increasing capital relative to labour to create economic growth,

due to more productive people, given more capital.

2.1.2 The endogenous growth model

The neoclassical model offers a convenient description of why economic

growth occurs in the macro economy and, as we are going to see next’,

’See section 2.2.
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it has enough elements to explain how much of it we should expect in
countries with heterogeneous initial level of per-capita output. However
1t has some restrictive assumptions too, in particular in the considera-
tion that technological progress is determined outside the model. Given
the importance of technology for growth and convergence emerging from
Solow-Swan, we now look at an alternative class of models that generated
a large consensus in the literature: the endogenous growth models. Un-
like the exogenous growth model, Romer (1992) abandon the hypothesis
of augmenting technology introducing the idea of a stock of knowledge.

Technological progress is divided into two components: discoveries and

know-how, the first acquired from research and development (R&D) the
second - based on the preliminary work of Arrow (1962), through job prac-
tice. Furthermore, once a firm introduces a new technology, not only does
it learn slowly how to use it (know how) but it also acquires the skills
to modify and improve it (learning-by-doing). The concept of learning
by doing itself has a "learning side" and an "inventing side”. People are
learning the new technology by using it and at the same time they are
able to improve it. The message is that capital accumulation brings two
separate effects: higher mechanization (higher capital-labour ratio: e.g.
it ) and increase in the stock of knowledge (A;; ). Formally, given the
stock of knowledge of the firm ¢ at time ¢, A;;, its percentage change (in
stock of knowledge) following an increase in mechanization, is (in logs for

convenience):

alogA,-,t _
8ZOQ(K5J/LM)
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where 6 > (.

Rearranging and solving for A;, in levels, we obtain® :

6
Ay =€ (—i—(if-) 0>0 (2.8)

The idea of learning-by-doing brings the concept of spillovers. Whilst in

the real world, a successful new technology is very likely to be copied

by other firms, the process is neither fast or without cost. However, the

Romer (1986) approach, whose contribution is to add spillovers to Arrow

(1962)’s theory, is to simplify the model by assuming that these are also

instantaneous and all firms can use them for free.

This consideration has the following implications:

1) Everyone knows everything. At a given time ¢, the level of knowledge

1s the same for all firms (4;; = A;, Vi).

2) The capital-labour ratio is the same for all firms. This is a direct con-

sequence of the previous statement. Using (2.8) and given A;, = A;, V4,

we obtain:

3) Knowledge (A4,) is given for the firms (spillovers).

8

see section 4.5 for details.
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The Arrow-Romer model

The concepts introduced in the previous section, were formalised by Romer

(1986) in the model we are going to refer to as Arrow-Romer (A&R), which
also assumes profit maximizing firms, having individual labour augment-

ing production functions of the generic form:

Yi,t — F(Kz‘,t, AtLe',t)

Withi=1,2,..., N and:

* No market power (firms are price-takers).
* Free and learning-by-doing determined technological knowledge.

* Constant returns to scale, positive marginal productivity of capital

(MPK) and labour (MPL) and F”(...) < 0.

Using a Cobb-Dougls function for convenience:

Yie = K2, (AiLig) ™ (2.9)

Profits for the individual firm are given by:

it — Yi,t — PtKi,t - thi,t
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where p; is the interest rate and w; wages at time t. Assuming optimizing

firms:

7?(@1,517 [Kfu (AtLi,t)l—a —~ pelig — thi,t]

First order conditions:

, : o\ (2.10)
3}:; =0= (1—-a)id;™® (ﬁf‘) = W

Aggregating across the industry, we can rewrite the production function

(2.9) as:
N N Q
K; ¢
E : __ Al-o § : 1, _
i=1 Yi,t =4 i=1 (Li,t) e

which, as a consequence of learning-by-doing® can be arranged as:

Y, = K*(AL)"™° (2.11)

The solution of the model depends on the same production function as in
S&S, except for A,. Instead of growing at a constant (exogenous) rate,
technology is endogeneised in the model through equation (??). Of course

1f, despite its endogenous nature, A, manages to grow at a constant rate,

°See point (2).
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the A&R model coincides with S&S. Formally, using the sign ” for labour

ratios (1/L;) and ~ for growth rates!?, we can write:

. K, 0k --

From (??), we can derive a measure for the growth rate of A, as following:

where: kt=a—k’%@=%¢andAt=%%i.
t t

Using the aggregate production function (2.11) and the aggregate tech-

nology in equation (??) :

Z:a+9(1—a)

Y = Uiy

11

with g = ¢'-*;

Which we can substitute in (2.12) to get:

%%‘ = sak{t07Y — (6 + )k,

For example, for the generic variable y, in the continuous time, we define: j = %%
and fj = -g = _B_Qy@-
‘1See section 4.5 for details.
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and therefore:

a+8(1—q)

= sak, — (6 +n)

= A
ky = =

From the latter we can conclude that the growth rate of the capital labour
ratio (and technological knowledge) are constant only when § = 1 (elas-
ticity of learning-by-doing equal to unity). In this case the economy has a
steady state (like in the neoclassical model), however the aggregate pro-

duction function is reduced to:

Y: = akK;

The model thus obtained (usually called the “AK” model) satisfies four

conditions which, as we are going to see in section (2.3), can challenge

the way we deal with convergence. These are:

1) When 6 = 1 we have j, = i't = sa — (6 +n) > 0 meaning in the long run

per capita output grows at a positive, non diminishing, rate.

2) Using the first order condition derived above - see eq. (2.10) - the
expression for aggregate technology (??) and the condition 8 = 1, we have

p: = aa so that the return to physical capital is constant in the long run.
3) Since ¢, = k, therefore the capital-output ratio (X;/Y; ) is also constant.

4) Since §; = sa—(6§+n) and there is usually high heterogeneity in s, a, d,n
across countries, it is easy to expect substantial differences in their rates

of growth.
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Figure 2.3: The Arrow-Romer model
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This four conditions where firstly examined by Kaldor (1961) referring to

them as "stylized facts of economic growth". In steady state we can add a

further condition:

i=sy=1i=71
c=y—i=(1—-8)y=>¢c=1y

Summarizing:

§-—=I:c=§=6=sa—(5+n) (2.13)

which is also true for variables in levels, where growth is equal to the per

capita case plus the population rate. Figure (2.3) shows the equilibrium

level of output (y*) when kx = 1.

In order to put the model in context we can also summarize its main

predictions and compare them with the neoclassical (S&S) approach.
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1) From the last set of considerations, it easy to see how in the long run
per capita income (;) grows at the rate sa — (0 + n) and the total income

(Y;) at the rate sa — § . Different levels of this parameters can explain

different growth rates.

2) As in the S&S model, 3, is a positive function of savings (s). Unlike
the S&S model the effect is permanent and not limited to the transition

period only. In the long run, countries with higher levels of savings will

tend to grow faster.

3) As in the S&S model, §; is a negative function of n,d . Unlike the S&S

mode] the effect is permanent and not limited to the transition period

only. In the long run, countries with higher rates of population growth or

capital depreciation will tend to grow slower.

4) Economic integration raise the economic growth of the area perma-
nently (movements of people and capitals, firms competition and spillovers).
In the S&S model the effect is temporary. The reason lays in the different
MPK in the two models:

K
MPKS&S=a-— <MPKA&R=G=—'-# (214)
t

with o € (0,1]. A decreasing MPK means that the initial benefit of inte-
gration will slowly disappear in the S&S model. In economic terms, the
A&R model add an "invisible" benefit (externality) to any additional unit
of capital through learning-by-doing and subsequent spillovers. This is

sufficient for eliminating the tendency of capital to diminish and to make
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the benefits of integration permanent for the economy. This point may as-
sume relevance in the case of the European enlargement, even though if
the benefits of integration are equally spread among the member states it

does not necessarily imply convergence between old and new members’2.

5) The first order conditions introduced in eq. (2.10) give an indication on

the dynamics of real wages in the model (8 = 1):

w = al{l — a) (%)

Countries with higher capital to labour ratio ( K;/L; ) have higher real
wages. The above can also contribute to explain why labour tend to mi-
grate to rich countries, even though we are not going to investigate this

point further in this research.

In general, an extensive investigation of every potential determinant of
growth'® - except for trade!* that is discussed in chapter 6, is outside
the scope of our research?!®, so we will also concentrate on a process of
convergence, that can be explained within the exogenous and endogenous

growth models described above. This is illustrated in the next section.

12See next section

Yparticularly the last point mentioned above - i.e. see alternative models of migra-
tion, for example Harris and Todaro (1970) or Ghatak and Daly (2001); Ghatak et al.
(2009, 2001) for an application to Eastern European countries.

14Note that both Solow-Swan or Arrow-Romer exclude trade in their models and
therefore it is not discussed in this chapter.

15See Chapter 1.
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2.2 OQOutput convergence

The convergence question, emerges naturally from the growth literature;
it asks to explain whether countries with different starting levels in per
capita income will reduce this gap in the long run. Diiferent models of

economic growth, carry different predictions of convergence.

Take the generic production function (2.2) in efficiency units:

y = f(F)

and assume a Cobb-Douglas production function f(k) = k% so that:

y = k°

In terms of growth rates, this means that:

2.

Whereg=%andk=%§

The fundamental Solow equation (2.6), without technological progress

(g = 0) is given by:
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and, dividing by k gives:

% A O B S (2.16)

Substituting (2.16) into (2.15):

=a[ff_(_’i}_:_k£<i_ti’l_)ﬁ] =a[-f—(£—)-s—(5+n)]

Q@ <.

A graphical representation is given in figure (2.4).

The growth rate fc/k diminishes as far as k;approaches its steady state

value k*. If we consider two countries with similar structural character-

istics we can redraw figure (2.4) as follows (see figure 2.5):

Note that, since:

ifa1=a2;

k1<k2;’-a,§/_£>yz
1 Y2

That is, the growth rate of output for the poor country is greater than the

rich country.
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Figure 2.4: Transition dynamics
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Figure 2.6: Conditional convergence
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This condition however is rarely encountered in practicel®, since it as-
sumes two economies identical in their fundamentals. If we allow dif-
ferent structural characteristics then the economies diverge in absolute
terms or converge to different steady states. In this case we talk of con-

ditional convergence. Figure (2.6) illustrates.

Note how the poor country has a faster population growth (n; > n;) and a
lower savings rate (s; < s,). The steady state level of capital for the poor
country is therefore lower than in the rich country (k7 < k3) so that the
growth of capital is slower in the poor country (%1; < %). The rich country
1s diverging from the poor country but both are converging to their own
steady states. This mechanism is frequently observed in empirical anal-

ysis and it is described among others by Barro (1991) and Mankiw (1985)

Both absolute and conditional convergence have a stochastic equivalent

that is described in chapter 5.

-
**See a for example King and Rebelo (1993) or Durlauf et al. (2004).
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We can also reformulate the problem as a linear approximation around
the steady state!’. Using the fundamental growth equation (2.6), Mankiw
and Weil (1992) express the per capita output growth rate ¢, in terms of
the speed of convergence (\) and the deviation from the steady state at

time t¢:

g: = g + A(log y: — log y*)
A=(a—-1)(0+n+g)

with y* : per capita income at steady state.

According to the distance from steady state, we can expect either a con-

stant growth rate equal to the rate of technology g (logy; — logy* = 0 =
i: = g) or a faster/lower rate above/below the long-run path (either log y; —

logy* > 0=, >gorlogy, —logy* <0 =% < g).

The same mechanism can be extended to two countries (i, j) sharing the
same steady states (y*) and goes under the name of absolute convergence.

Formally:

:.?i,t =g+ )\(log Yit — log y*) (2.17)
Jit = g + A(log y; — log y*)

at the initial time ¢ = 0, if:

V> Yo > Yo=Y > Ui > g

1"See appendix for a discussion
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In other words, country j is catching-up with i and both are moving (con-

verging) towards the same steady state.

Starting from a Cobb-Douglas, labour augmenting production function of

the form ¥ = K*(AL)'~=, it can be demonstrated that, in steady state y,

depends!® positively on A4, and s and negatively on (n + g + §).

As detailed above, this approach to convergence is compatible only with
economies sharing the same values for these variables. The popular
test for absolute convergence proposed by Barro (1991), is based on this

framework and assumes a unique steady state and requires the same

$,M,0, g for all economies under investigation.

For economies sharing different steady states, S&S cannot predict con-

vergence. For example, extending our two-countries model (2.17):

Yit = i + /\(log Yit — log Zfi*) (2.18)
Yie = 95 + A(logy;: — log y})

This time, to find out the relation between Ui t, U+ we should be able to
consider not only the two different steady states y; and y} but also the
different rates of technical progress g;,g; . Whether this might be pos-
sible empirically (for individual cases), it is very difficult to generalize
and formalize in theory. A possibility is using conditional convergence,
modifying the original "Barro’ regression” - Barro (1991) - which consti-
tutes the basis for S-convergence testing and controlling different steady

states. On the empirical side, new methodology to test the convergence

—_—
lalog y: = logAt - Tf—&- logs - 'i"f—c'; log(n +9+ 5)

44



hypothesis have been proposed using time series. The most notable ex-
ample is Bernard and Durlauf (1995) where convergence is defined in
terms of the joint statistical properties of GDP per capita series! . Al-
though this approach might help to overcome some objective statistical
difficulties®, it contributes only to the quantitative side of the problem
but it gives no input to the theoretical debate other than helping with
the empirical validation of the models we are analyzing. Some interest-
ing surveys of this approach can be found in Islam (2003) , Durlauf et al.
(2004) and Cavusoglu and Tebaldi (2006).

In endogenous growth models, the convergence hypothesis assumes a dif-

ferent meaning. Using the already mentioned Arrow-Romer (AK) model

we can arrive at the conclusion that being 4, independent from y; ; there

1S no relation between the future growth rates and current per capita

income. Since the model assumes constant returns on capital, it lacks

the key mechanism through which different economies reduce the gap
between different starting levels of per capita income (there is no adjust-
ment to steady state: the economy is indefinitely in steady state - see
Figure 2.3). However, a difference in the structural parameters s or n is
still able to induce output convergence even in the absence of decreas-
Ing returns on capital®! as explained next. Equilibrium in the AK model,
is determined by profit maximisation and the production function is not

concave as in Solow as shown in Figure (2.3) with reference to an opti-

-
YConvergence exists when, for a set of countries i = 1,2, ..., N and for a period of time

=1,2,...,Titis true that lim E(y1 14, — ¥i.t+p|lt) = 0. Where y; ;is the GDP per capita
D00

of country i at time ¢.

*%See for example Quah (1995).
21A good example is using the permanent benefits coming from integration to achieve

convergence targets.
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Figure 2.7: Saving rates in the AK model

v A

Sk
s flk)

s, flk)

(n+8)k

mal level of kx, yx. This formulation does not allow poor countries with
a lower starting level of capital (in labour units) to grow faster then rich
countries®® unless the structure of their economies is different. For ex-
ample, if a country has a lower initial level of capital (k; < k;) but an
higher saving rate (s; > s,) their respective equilibria are determined as

in figure (2.7).

For the poor country:

k1 < ko
—
“’Increases in output are a linear function of increases in capita - i.e. there is no

steady state.
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-‘?-g{i > ng- (2.19)
ot ot

even though y; > v;.

Note that, accordinig to equation (2.13) and (2.12):

g =sf(k)—(n+0)k

Equation (2.19) compares output first differences, growth rates can be

calculated as follows:

dy/ot _y
Y

< |

With reference to the economies introduced above, we know that:

gl > ?21 Y1 < Y2

and:
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y1>?;13y2>y.2

therefore:

b
1 Y2
since in the first ratio ¢; is marginally smaller than y;, and for the second

Y2 18 considerably smaller than 5.

Growth is faster in the poor country so more capital is accumulated at
every round up to the point where as k; = k; for which the production of
the second country will be exactly the same as the first. In this sense the
poor country is catching-up. The point however is that, because there are
no diminishing returns to capital and the saving rate is higher the once
poor country will continue to grow faster than the other country leaving
1t behind® in the long run. Notice how the same result can be obtained

with different population rates as the size of n determines the slope of the

function (n + 6)k.

More recently, new endogenous growth models have been developed in
order to support the convergence hypothesis even in economies with the
same structural characteristics. The key element consist in relaxing the
constant MPK assumption (replacing diminishing returns) therefore be-

Ing able to rely on transitional dynamics. The first formalization of this

**Notice that this country will not be able to compensate because the acceleration is
driven by - exogenous - savings and, as such, is independent from the level of capital -

1.e. it is not the fact of being poor but having a higher propensity to savings.
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Figure 2.8: A mixed production function
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idea can be found in Jones and Manuelli (1990). Their aggregate produc-

tion function incorporate some neoclassical elements through the follow-

ing formulation:

Y; = F(K;, L) = A K, + Q(K, L)

where Q(K;L,) exhibit positive and diminishing marginal products and
constant returns to scale while A, K; is the endogenous part. Figure (2.8)

illustrates.

2.3 The new members’ perspective

Since one of the likely consequences of the 5th European enlargement is

an higher level of integration between its old and new member states,
at the end of this chapter we briefly discuss the implication of integra-

tion for growth and convergence as emerging from the theoretical models
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we Introduced in section 2.1. The Solow-Swan model and Arrow-Romer
reach opposite conclusions?* when considering economic integration. In
the exogenous (S&S) view, economic growth does not benefit from inte-
gration in any particular way, whilst this conclusion is challenged by the
endogenous perspective. Cuaresma et al. (2008) effectively summarize
the meaning of the two approaches in the context of EU integration. Al-
though in that case the focus is restricted to the EU15 country members,
we can safely extend it to the enlarged EU25. In Solow-Swan the pop-
ulation growth rate is assumed constant and growth is generated only
through the exogenous rate of technological change (g). In such condi-
tions, economic policy is completely ineffective in the long run and so is
any hypothetical integration. The reallocation of resources is only tempo-
rary (technology is common to all countries), while the economy expands
over 1its steady state growth path. If we ask the question of whether eco-
nomic growth in Europe is integration-enhanced, the answer of the neo-
classical model is negative, though we must expect perfect convergence
In per-capita income in levels. Such a conclusion is contested by the en-
dogenous growth model. In fact, the assumption of exogenous technology
is relaxed and it is now subject to the decision making process of individ-

ual firms although knowledge spillovers prevent the full®* accumulation

of monopoly rents?® resulting from new inventions. In other words, the

24Tt does not appear sensible, at least at this stage, to go back to classical theories,
which pose the basis but is largely encompassed in many of its conclusions by the neo-
classical theory. The only sensible argument in favor of a classical analysis, seems to
disaggregate the effect of land among the factors of production, which can make limited
sense when considering rural economies.

25The effect is only temporary but at the same time 1s the stimulus for firms to new
research activity.

26The idea of firms profiting from short term monopoly rents is introduced here for
the first time, with little concern about potential losses in the clarity of exposition, as it
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technological progress depends on individual research activities. In this
sense, a larger, integrated bloc, has positive effects on growth. A larger
population means a larger market and increased monopoly rents which,
although not lasting in the long run, give the opportunity to firms to in-
vest in new research at no extra cost?’ . At the same time, the increased
research activity generates higher spillovers (accommodated by the posi-
tive effect of new infrastructures) in the integrated economies, contribut-
ing to increased capital accumulation. The result is that the long-run
growth rate in an individual country strongly benefits from the integra-
tion and enlargement processes®® . The same conclusion applies to the
Kuropean Union: the larger its size, the greater the incentive towards
new research and development (R&D), and the higher its growth rate in
the long run. On the empirical side, studies exist to validate the predic-
tions of both models. Ben-David and Papell (1995) propose a distinction
between neoclassical and endogenous economic growth models settled in
terms of the stochastic properties of the output. The influential study
of Mankiw et al. (1992) focus on S&S and it largely agrees on its con-
clusions. At the same time Mankiw et al. (1992) proposes an augmented
version of the neoclassical model?® which accommodates a not-so-realistic
capital share of factor income. The advantage is that, empirically, the
validation methodology can be extended to different growth models - see

Bernanke and Gurkaynak (2001) on endogenous growth. However, the

appears a natural consequence of the framework described in section 2.1.2.
“TWe assume the cost of new research is not dependent on population
“*The same conclusion, marking the difference between S&S and A&R, is expressed

in a formal way in chapter 2.1 through equation (2.14)
“*The major contribution being the inclusion of human capital alongside phisical cap-
tial.
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theoretical predictions do not change. Other studies examine specifically
the benefit of EU integration and as such, refer to the endogenous growth
model®’. An exception is Vanhoudt (1999) testing the S&S hypothesis of
no long-term influence of integration on growth. Comparing with a set
of countries outside the EU and using panel data techniques, he reaches
the conclusion that the neoclassical hypothesis cannot be rejected for the

current member states3! .

In this situation of general lack of empirical consensus and objective dif-

ficulty of understanding whether or not integration is asymmetrically

growth enanching®? , we note a series of further open matters. We be-

lieve these make sense in the theoretical framework we have analyzed
above and are particularly relevant for the practitioners when dealing

specifically with the EU enlargement:

Time. One of the major difficulties when analyzing enlargement related
issues is time. The neoclassical growth is able to capture transition dy-

namics, so it can be more informative to interpret empirical results.

Spillovers. Arrow and Romer (AK) assume free spillovers. It can be a

very restrictive assumption for accession countries®?,

Labour mobility. Countries with lower capital (K/L) tend to have lower

“%See for example Landau (1995)
“1Being a pre-enlargement study the focus here is on EU15 with no consideration of

accession countries if not as foreign economies.

“%j.e. more beneficial for poor countries so that they grow faster than (or converge to)
rich countries.

3One of the hypothesis we try to address in this research is whether trade can be an
important vector for growth in the new members of the European Union - see chapter 5.
If thisis the case it may be reasonable to think that the increased volume of transactions

motivated the occurence of spillovers.
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wages stimulating people to move from one country to another. Consider-
ing the effect of migration can be sensible for accession countries (espe-
cially if substantial differences in capital exist) and, eventually, have an

impact on long run convergence through n and the determination of the

steady state.

Integration. The Arrow-Romer (AK) model, does not allow for conver-
gence, other than through integration. Other than referring to a modified
theoretical model it can be very important to assess the determinants of

a successful integration process. Infrastructures can play a significant

role.

Steady state. In the neoclassical perspective, it can be interesting to es-
tablish whether accession countries are near steady state or dominated
by transition dynamics. This is usually done by assuming that a fast
speed of convergence® is a sign of proximity to steady state. Further-
more, in a multicountry analysis it can be important to establish whether
they are sharing the same steady state. In the presence of different con-

ditions on n, g, § the answer appears negative.

2.4 Conclusion

This chapter investigated the theoretical foundations of the convergence
hypothesis. We have seen how alternative growth models have different

answers to the question of whether economies with different initial level

*Both the "Barro’ regressions" - see Barro and Sala-I-Martin (1992), and tests for
cointegration - see Bernard and Durlauf (1995), allow to compute it empirically.
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of output will reduce their gap in the long-run. In the case of economies
sharing the same structural characteristics, the neoclassical hypothesis
of diminishing returns to the factors of production alone, is sufficient to
explain this process. Once technology is endogenized, learning by do-
ing and spillover effects induce constant returns making it impossible
for economies sharing the same structural characteristics to catch-up if
starting from different levels of output®®. For this reason, empirical tests
of the convergence hypothesis are traditionally founded on the Solow-
Swan model. This is a convenient choice in practice, but not exhaustive in
a policy environment. During the chapter we assessed the strength and
weakness of both model. In particular we noted two critical areas that
motivate the remaining of our analysis: the existence of steady states &
short/long-run catching-up dynamics, the effects of trade & integration
on growth. With these considerations in mind, we have a look at the in-

stitutional background of the EU enlargement (chapter 3) so that we can
then progress to to our empirical investigation of convergence in chapter

4,

2.5 Appendix

This section, written as an appendix to the framework developed within

the chapter, formalises the concepts of learning by doing and per-capita

output in the Arrow-Romer model and the derivation of the speed of con-

35We have also analyzed the case of dissimilar economies in terms of , 4, g, noting that
In this particular circumstances catching up is possible even within the Arrow-Romer
model.
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vergence in the neoclassical model.

Learning by doing

Given the stock of knowledge of the firm 7 at time ¢, A;; :

d log Ai,t

- 9084t g
810g(Kt/Lt)

7

Rearranging, in levels:

hence:

Ky

log A; ¢ + log = @log (_L_;) + logn

where the integration constants logu and logn are expressed in loga-

rithms for convenience.

where € = u/n.
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Per-capita output in the A&R model

Given the aggregate, Cobb-Douglas, production function:

Y; = K{(ALy)' ™

we define:
Y;t K?(AtLt)lua l-a 7 —-o (Kt) . l—-a
Given that:
K\ °
A=t (z:)
Substituting:
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Deriving the speed of convergence®®

The Taylor expansion of a generic function h(k) = g(e*) around In(kx) is

given by:

h(k) ~ hIn(kx)] + K[k — In(kx)]

Therefore, if we define:

k = In(k) — In(kx*)

then:

g(k) = h[ln(k)] ~ g(k*) + k * g’ (k*)k

or by substitution:

g(k) ~ g(kx) + k * g'(kx) In(k/kx) (2.20)

Now, from equation (2.6) we know that:

. Ok
K= 5

-___-_____—-._-___—._—-—-___ . ] & L
*8For simplicity, we remove the time subscript to all variables in this section.

=sf(k)=(6+n+g)
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dividing by k:

k) = 7 = LB (santg) (2.21)

Our target is to approximate equation (2.21) around the steady state

where we know from equation (2.7) it is zero:

ok ok/ot
.Bt__o_-_g.-—-——k = () (2.22)

Using a Cobb-Douglas production function such as f(k) = £* and substi-

tuting into (2.21):
sk
k oy —1
iﬂ a—1
Therefore:
g (k) = (a — 1)sk*>?
At steady state:
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g (kx) = (a — 1)skx*~*

Multiplying by kx:

k*g'(kx) = (a — 1)sk x*? kx

ko g (k%) = (a — 1)sk**"! (2.24)

At kx we also know from (2.22) that:

S0 using (2.23):

sk®* = (+n+g)=0

sk® 1 = (6 +n+g) (2.26)

which we can substitute into (2.24) to get:

kxg'(kx)=(a—-1)(d+n+g) | (2.27)
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Finally, substituting (2.25) and (2.27) into (2.20):

o(k) = g ~ 0+ (& — 1)(6 + n + g) In(k/kx)

For Cobb-Douglas production functions, we also know from (2.14):

gl:a%i%:ag(k)
g =a(a—1){6 +n+g)In(k/kx) = (@ = 1){0 +n+g)In [(y/y*)é]

y _ala—1)
Y Qo

(6 +n+ g) In(y/y*)

.g. = (a—1)(6 +n +g) In(y/y*)

which we can rewrite as:

= A[In(y) — In(y*)] (2.28)

<

with:

A= (a—-1)(0+n+g)
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We call X the speed of convergence. Note also that the model is expressed

in continuos time but it safely approximable to a discrete time equivalent

when s and g are small®’.

"This is usually the case in practice.
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Chapter 3

Data sources and institutional

background

HE convergence hypothesis has been tested extensively, sometimes

T

economies (e.g. the United States). Recent political events have intro-

across world economies and sometimes within selected national

duced a need for exploring it more carefully in Europe. Specific policies
have been already implemented to actively stimulate convergence, so it

1s important that we have a better perception of their effectiveness so far.

This chapter looks into what has been done on the institutional side and
what can potentially make the assessment of these policies a particularly

challenging exercise.
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Figure 3.1: Country codes
Country PWT Eurostat

1 EST  EE

1 * "LVA LV

, 3 LTU LT

A 4 POL PL

+ rbrent L B

. 6 SVK SK

_ 7 HUN HU
0 LB N,
g 9 CYP CY

e _ 10 MLT MT
10 ™ 9

Notes: PWT, Penn World Tables 6.2

3.1 Historical background

It is not easy to build a clear picture of the criteria and policies imposed to
guide the convergence between the block of current KU members (EU15)

and the first group of countries involved in the so called "eastern enlarge-

ment" (NMS10') 2.

On the institutional side, the European Council, supported by the Ku-
ropean Commission is responsible for taking decisions on the relevant
policies. Convergence criteria, in relation to enlargement, were set at the

Copenhagen European Council 1993 (Copenhagen Criteria® ) and rati-

'We are concerned with the countries involved in the 5th enlargement, joining the
European Union on May 2004: Lithuania, Latvia, Estonia, Slovakia, Czech Republic,
Poland, Hungary, Slovenia, Cyprus and Malta.

“These are represented in figure (3.1) together with the country codes we are going
to use in this thesis. Note that Eurostat developed its own Nomenclature of Territorial
Units for Statistics (NUTS) classification in 1988 and adopted it in 2003 - see e.g. Reg-
ulation (EC) No 1059/2003 of the European Parliament and of the Council. Penn World
Tables uses different three-digit codes, given the large number of countries included in
their database.

*Stability of institutions guaranteeing democracy, the rule of law, human rights and
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fied during the Madrid Council, 1995. Unlike the detail of the Maastricht
treaty, the definition was loose, causing not a little criticism. Inotai (1994)
stated that the only formal criteria to be applied as requisite for acces-
sion was the very fact of being a "European” country* (art. 237, Treaty
of Rome). In practice, part of the requirements were set in the four en-
largements leading to EU15° from the union’s foundation (1952). The
central argument remained that previous phases were decided purely on
a political basis. From that point onward, the path toward convergence
developed easier than might have been expected. The most relevant steps
follow: White Paper for the transition economies (1995) - see European
European Commission (1995)¢ , Agenda 2000 (Luxembourg, 19977 ) up to
the final ratifcation of the Accession Treaty 2003 (Luxembourg, 2003) and
Accession Treaty 2005. The NMS10 joined the EU on May 2004 and 1st
January 2007 became the official date for the accession of Romania and
Bulgaria. The central economic criteria for enlargement, as emerging

from the documents above, can be summarized by the following targets::

respect for and protection of minorities; The existence of a functioning market economy
as well as the capacity to cope with competitive pressure and market forces within the
Union; The ability to take on the obligations of membership including adherence to the
aims of political, economic & monetary union. See (European Council 1993).

*Plus the exercise of tracing the geographical eastern European boarder was consid-
ered a very subjective political decision once again.

°In chronological order: 1973 EU6; 1981 EU9; 1986 EU12; 1995 EU15.

°Examined by the European Parliament 17/4/1996

‘The European Council meeting in Luxemburg (1997) pushed the process of "acces-
sion and negotiation” throughout the denition of "Accession partnerships” and an "In-
creased pre-accession aid" program. Furthermore, it set the guidelines of individual ac-
cession strate- gies and launched Agenda 2000. The latter was intended as a six-years
plan concerning the development of the EUs policies and its future nancial framework.
The specic target was to ensure that the EU15 were in a sound position to cope with the

upcoming enlargement.
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* Price stability.
* Sustainable government finance.

* Stable exchange rates.

* Convergence of long-run interest rates.

Instead of relying exclusively on a centralised policy, the easiest way to
promote convergence, seemed to let new member states implement na-
tional policies to achieve the targets listed above. However, the ambition
was also partially supported at the aggregate level by the development
of CEFTA (Central European Free Trade Area). CZ, SK, HU, PL were
among the first group of countries joining in 1993 (soon after CZ/SK inde-
pendence) followed by Slovenia in 1996 and all the remaining new mem-
bers. We note however, that most of thesé policies were used to guide
nominal rather than real convergence. As such, in our research and the
framework introduced in chapter 2, output is sensible only to a subset of

these enlargement criteria and - for example - we will take for granted

the stability of prices and exchange rates®.

Moreover, there was not and still is no broad consensus as to what the
optimal policies for targeting the convergence criteria should be. Some
countries felt that letting the market economy work without any exter-
nal intervention would run the risk of not integrating the eastern block

with the rest of Europe®. Looking at the future, it is even likely that

’In chapter 4 we will calculate output at constant prices and exchange rates. For a
discussion of the the empirical relevance of real convergence on the process of nominal

convergence see Lein et al. (2008).
YWe will see later how convergence within the eastern block appears slightly stronger

than with the rest of EU15.
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new directions will be explored to accommodate what, now is a strong
implication of the EU enlargement for its new member states: joining
the European Monetary Union (EMU). Until recently, the most natural
possibility - although not formally expressed in the Accession Treaties
~ was the adoption of the Maastricht criteria. At present this prospect
seems unlikely and an alternative strategy may be necessary, in a more
complex world, with stronger regional differences. Understand<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>