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Abstract
This paper reviews the results of a number of empirical studies of convergence among the OECD
countries and discusses some limitations of these studies. Moreover, the paper tries to deal with
these limitations by presenting a new and more appropriate methodology: quantile regressions. The
results obtained with this specification support the view that, even among the OECD countries,
there are different clusters. The parameter representing the convergence hypothesis, despite being
negative in every case, is higher in value and more significant as we advance to higher quantiles.
These outcomes reveal a faster convergence between the countries that belong to the upper
quantiles. Moreover, 1960–1970 is highlighted as the period in which convergence was more
intense.

JEL  C32  O11
Keywords  Convergence; quantile regression

Authors
Maria Dolores Gadea Rivas,  Department of Applied Economics, University of Zaragoza,
Zaragoza, Spain, lgadea@unizar.es
Isabel Sanz Villarroya, Department of Applied Economics, University of Zaragoza, Zaragoza,
Spain

Citation  Maria Dolores Gadea Rivas and Isabel Sanz Villarroya (2017). Testing the convergence hypothesis for
OECD countries: a reappraisal. Economics: The Open-Access, Open-Assessment E-Journal, 11 (2017-4): 1—22. http://
dx.doi.org/10.5018/economics-ejournal.ja.2017-4

http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.5018/economics-ejournal.ja.2017-4


Economics: The Open-Access, Open-Assessment E-Journal 11 (2017–4)

1 Introduction

Since Barros (1991) pioneering proposals, the phenomenon of economic conver-
gence between countries has been widely and empirically studied. These studies
use the exogenous theory because it is the theory from which the concept of con-
vergence arises. It is based on the Solow growth model, according to which, if
different countries have the same preferences and technology, given the existence of
decreasing marginal returns in the use of accumulating factors, especially capital,
poor countries tend to grow faster than rich ones. Each country would attain its own
steady state but, in the meantime, its differences in per capita income would tend
to diminish.1 So, this theory predicts a process of catching-up (conditional conver-
gence). Another possible solution can be observed when rich and poor countries
reach the same steady state of income level, which forms the strict definition of
convergence (absolute or unconditional).2

The vast majority of studies in this field focus on homogenous and developed
samples made up, for example, of the European countries or the states of the USA,
but above all, the OECD members are typically used as a case of study, especially
after the Second World War. However, the results obtained are not conclusive and
depend on the type of data and the econometric technique used.

Following Bernard and Durlauf (1995, 1996), we must underline that the ex-
ogenous growth theory has serious inconveniences when tested empirically. The
fundamental shortcoming is that the concept of convergence is not explicitly defined
and tends to be confused with catching-up. For them, the strict definition of conver-
gence means the equalization of income levels per capita at a given time while the
reduction of distances in per capita income is related to the concept of conditional
convergence, that is, catching-up.

A second shortcoming when testing this theory empirically derives from using
cross-sectional data or, in the best of cases, panel data, as a pioneering work of Islam
(1995) does. The problem in both scenarios is that the analysis offers results that do
not allow us to distinguish between the short term and the long term. The results
do not describe the process profile and do not permit a distinction between strict
convergence and catching-up, as Bernard and Durlauf (1995), Zivot and Andrews
(1992) and Greasley and Oxley (1998) among others, highlight.

Last but not least, there is the additional problem of defining the null hypothesis.
In this type of analysis, the null hypothesis maintains that none of the countries
considered converges, whereas the alternative hypothesis maintains that all countries

1 Neoclassical theory does not have universal acceptance. It is possible to find rich countries that grow
faster than poor countries and vice versa. This has been denied by economists who have proposed
an endogenous growth theory. Its leading representatives are Romer (1986, 1990) and Lucas (1988,
1990). This group of scholars argue, contrary to neoclassical reasoning, that the differences in GDP
per capita can persist ad infinitum due to constant or increasing marginal returns.
2 A concept of convergence that derives from the exogenous theory assuming equality of conditioning
factors between the countries.
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converge without taking intermediate situations into consideration, something that
Bernard and Durlauf (1995, 1996) also highlight.

To deal with these problems, more recent approximations consider time-series
data – a type of data capable of representing the behavior of countries in the
long term – and structure the analysis of convergence and catching-up within
the theoretical framework of time series using either cointegration techniques3 or
univariate analysis of GDP per capita series of the countries under consideration.4

As we noted earlier, the empirical studies using the OECD countries as a
sample have reached different conclusions if the cross-sectional, panel or time-
series approaches are used for periods of time that cover from the 1950s to the
1990s. For example, Baumol (1986), Barro (1991), Mankiw et al. (1992) and
Sala-i-Martín (1996), using cross sectional data find convergence, something that is
intensified when using panel data in the respective studies of Islam (1995) and De
la Fuente (1997).

However, Bernard and Durlauf (1995, 1996) reject this hypothesis of conver-
gence for the OECD using time-series data while Nahar and Inder (2002), with a
different technique, find convergence for 19 out of 21 countries in the OECD sample
considered.

With a different time series methodology, Bentzen (2005) find that the catching-
up process that is observed for most OECD countries with respect to the USA
presents stages of progress and retreat, specific for each country. Datta (2003) and
Epstein et al. (2003) obtain the same results when considering a historical period
that begins in 1870. Other more recent works in the field of time series, using other
techniques, do not coincide completely with these previous authors. Rassekh et al.
(2001), for example, find convergence only for the Golden Age.

Studies such as Mello and Perrelli (2003) and Ram (2008) apply the quantile
regressions methodology with cross-sectional data and find evidence of convergence
only for the upper tail of the OECD countries during 1960–1998.

Therefore, there is no consensus in the results and they depend on the methodol-
ogy and the technique used. As a consequence, the following questions arise: what
conclusion can we reach? which kind of data is most appropriate? Is it possible to
find a better method to test the convergence hypothesis?

In order to answer these questions, this paper starts with a selective survey of
the empirical literature on convergence for the OECD countries. We summarize the
main results of this literature and examine their implications and shortcomings and
present a new methodology that attempts to deal with some of the problems that
previous research has been unable to resolve.

To this end, the convergence debate is re-examined using quantile regressions
on 21 OECD countries over a panel of data which explores the cross-sectional and
the time dimensions of the data. The challenge is to explain the observed patterns
of cross-country income distribution dynamics that lead to the formation of clubs of

3 Bernard and Durlauf (1995).
4 Greasley and Oxley (1998).
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economies that follow different development paths and converge to distinct steady
states.

The results obtained imply a faster convergence between the countries that
belong to the upper quantiles and highlight 1960–1970 as the period in which
convergence was more intense.

2 What other research says about convergence

2.1 The initial approaches

In recent convergence studies, the neoclassical theory has been widely accepted.
This theory is represented in the Solow growth model, according to which, if
different countries have the same preferences and technology, given the existence of
decreasing marginal returns in the use of accumulating factors, especially capital,
poor countries tend to grow faster than rich ones. They will, thus, have the chance
to close the gap between them or even to reach the same level of GDP. In fact, this
possibility does not derive directly from the neoclassical theory unless a number
of assumptions concerning the accumulating factors are imposed. This represents
a process of absolute convergence in which all countries under consideration will
meet at the same point or steady state. This is known as unconditional convergence
(unconditional β -convergence).5

The alternative, that of closing the gap, is associated with a concept of weaker
convergence known as conditional convergence, arising from the implications of
Solows model which predicts convergence after taking into account the factors
which determine the steady state equilibrium (conditional β -convergence). These
are the savings rate (physical capital is used as proxy) and the growth rate of the
population. The full version of this model includes human capital as an additional
variable of the steady state.6

In this context of conditional convergence, the differences in per capita income
between rich and poor countries will tend to decrease, while each country will reach

5 Parameter β , which indicates the presence of unconditional convergence, is calculated using the
following estimation: (1/T )∗ ln(Yi,to+T /Yi,t0) = a− [(1− e−βT )/T ]∗ ln(Yi,t0); where Y represents
GDP per capita.
6 A different way to measure convergence is to use the typical deviation of GDP per capita over time,
which is called σ -convergence. Moreover, following Barro’s suggestions, other variables are included
in the list of determining factors. Some authors take into account the role played by macroeconomic
variables such as the inflation rate or the fiscal deficit while others highlight the effects of political
instability on growth and convergence. See, for example Fischer (1993), Dollar (1992) and Alesina
and Perotti (1996).
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its point of equilibrium.7 Each country would attain its own steady state but in the
meantime its differences in per capita income would tend to diminish.8

Since Barros pioneering proposals, the phenomenon of economic convergence
between countries has been widely studied empirically9 and the vast majority of
studies in this field focus on developed countries, especially on OECD economies,
EU countries and the states of the USA.

Earlier studies, including Baumol (1986), Barro (1991), Mankiw et al. (1992)
and Sala-i-Martín (1996) offer strong evidence of convergence for the OECD
countries, either conditional or unconditional. However, these studies analyze the
cross-sectional correlation between initial per capita output levels and subsequent
growth rates for a group of countries. A negative correlation is taken as evidence of
convergence as it implies that, on average, countries with a low per capita initial
income are growing faster than those with a high initial per capita income. So,
in this type of analysis, the null hypothesis maintains that none of the countries
considered converges, whereas the alternative hypothesis maintains that all countries
converge without taking intermediate situations into consideration (Bernard and
Durlauf 1995, 1996) which is a shortcoming of this approach.

Another weakness of cross-sectional tests is that the analysis offers results that
do not allow us to distinguish between the short and the long term and they are
limited when it comes to investigating the process of absolute or unconditional
convergence or the tendency towards catching-up. Cross-sectional tests do not
provide evidence of the existence of long-run income convergence but long-run
convergence is the only way to differentiate between the attainment of income
equality and catching-up. Another drawback of this type of data is that time is not
taken into account, eliminating the information contained in the sample regarding
the effects of changes in growth and showing only differences between countries.

The use of panel data to test the convergence hypothesis has some various advan-
tages over cross-sectional data. First, they permit the introduction of dynamism into
the models by introducing lags into the specification. Second, and more important,
the use of panel data enables us to discern whether the estimated coefficients really
reflect the impact of the exogenous variables or whether, on the contrary, they are
due to the unobserved individual effects that are correlated with them. Additionally,
the panel data estimations increase the accuracy of the estimator and allow us to
increment the degree of freedom.10

7 As suggested by Barro and Sala-i-Martín, the estimate for parameter β indicating the presence
of convergence is calculated using this estimate(1/T ) ∗ ln(Yi,to+T /Yi,t0) = a− [(1− e−βT )/T ] ∗
ln(Yi,t0)+other variables; where Y represents the variable GDP per head. See Barro, R.J. and X.
Sala-i-Martín (1995: 223–251).
8 Neoclassical theory is not universally accepted; we can find rich countries that grow faster than poor
countries and vice versa. This has been examined by economists who have proposed an endogenous
growth theory. Its leading representatives are Romer (1986, 1990) and Lucas (1988, 1990). This group
of scholars maintains, contrary to neo-classical reasoning, that the differences in GDP per capita can
persist ad infinitum given that there may be constant or increasing marginal returns.
9 Barro (1991).
10 The appropriateness of this kind of approach is demostrated by Islam (1995).
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Using this kind of data, Islam (1995) found higher rates of both conditional and
unconditional convergence over the OECD sample in the period 1960–1985 than
those obtained from single cross-country regressions. De la Fuente (1997) reaches
the same conclusion.

However, panel data approximations do not resolve the issue of distinguishing
clearly between the short and the long term, nor is it possible to describe the profile
of the convergence process. With this kind of data it is not possible to detect which
countries of the sample are converging and which are not.

2.2 The new and alternative approaches

To avoid the problems mentioned in the previous section, more recent approxima-
tions take into account time-series data and structure the analysis of convergence
and catching-up within the theoretical framework of time series using either cointe-
gration techniques or univariate analysis of GDP per capita series of the countries
under consideration. In the first of the two cases mentioned, Bernard y Durlauf
(1995, 1996),11 using cointegration techniques and data for 15 OECD countries
over the period 1950–1987, rejected the convergence hypothesis. They consider
that when the difference of income per capita between two countries is a stationary
process with zero mean there will be a cointegration relation between them and the
strict definition of convergence holds.12 If, on the contrary, they do not maintain a
steady trend throughout the period, this indicates a weak version of convergence,
i.e. catching up, and will be reflected in the persistence of different steady states
over time. They, therefore interpret the convergence hypothesis as implying that
output differences are transitory, that is, the process is mean zero stationary.

Another type of analysis with time series is that performed by Greasley and
Oxley (1998) considering a pair-wise convergence for a similar set of data as that
used by Bernard and Durlauf (1995). These authors, applying the proposals made
by Perron (1989) and, especially, by Zivot and Andrews (1992), found some mild
evidence of stochastic convergence between pairs of a set of countries formed by
Australia, Canada and the USA.13 Following Greasley and Oxley (1998), if this

11 Bernard and Durlauf (1995, 1996) distinguish between the two definitions in the following way:
Output convergence: “two countries i and j converge if the logarithm of output per capita for both

countries is the same at a given moment”.
limk→∞E(yi,t+k− y j,t+k/It) = 0
Catching-up convergence: “two countries i and j converge between two moments of time t and

t +T , if the differences in the logarithm of output per capita in t diminishes in value at moment t +T .
If Yi,t > Y j,t then:

E(yi,t+T − y j,t+k/It)< yi,t − y j,t
In both cases, Y is the logarithm of output per capita, and It is the information available at time

t. The first definition implies the second and also that these definitions can be generalized for the
multivariate case.
12 Bernard and Durlauf (1995).
13 It is important to remember that, according to Perron (1989), we often admit the unit root hypothesis
when we are observing a series with a deterministic trend but with a permanent change in its level
or trend. This means that series with structural breaks produce a bias towards accepting unit root
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comparative series is not stationary, the strict definition of convergence will not
hold, given that any shock will persist and prevent the process of convergence.14

Nevertheless if this relative series shows a segmented trend, we can deduce a
process of catching-up but not of strict convergence. There would be no long-term
convergence given that the structural breaks indicate that equal GDP levels, if they
had existed at any time, could not be maintained. Even so, the observed breaks do
not necessarily impede a reduction in the differences in per capita income. In fact,
on the contrary, they may contribute to the existence of such a reduction.

In sum, most of the empirical studies that have used time-series data have failed
to find convincing evidence of convergence for real per capita GDP between OECD
countries. A notable exception is the study of Nahar and Inder (2002) who find
convergence to the mean for at least 19 of the 21 OECD countries and that the
vast majority of these countries are converging towards the USA. These authors
work with two concepts of convergence, one based on whether a countrys output
gap from the leader, the USA, is declining and the other looking at whether there
is a decline in the difference between the per capita GDP of a country and the
average per capita GDP of all the countries in the group. The first of these it defines
the difference between the per capita GDP of a country and that of the USA as a
function over time. As all the countries have a negative difference, for convergence
to hold, the slope of this function is expected to be positive over time, indicating
that the countrys is difference with the leader decreases over time. The authors
find strong evidence of convergence for all countries except Switzerland and New
Zealand. Nahar and Inder maintain that there must be a positive and significant
trend in the output gap, and criticize the position of Bernard and Durlauf. A model
with a positive linear trend and stationary error, like that proposed by Bernard and
Durlauf, would actually be inconsistent with the definition of convergence because
the long-term forecast of the output gap would not converge to zero.15 In the second
analysis, when comparing the per capita GDP of each country with respect to the
average of the sample, another function of differences is defined. In this case, it has
positive and negative values as the countries perform above or below the average.
This function is defined squarely so for convergence to hold, it should always be
getting closer to cero. That is, if the economy tends to converge, the slope function
of this squared funtion will be negative. The outcomes reflect convergence for all
countries except Germany, Iceland and Norway. Based on this last study, Bentzen
(2005) replicates the avobementioned Nahar and Inder (2002) analysis for a group
of 20 OECD countries during the period 1950–2000 and confirms the idea that the

hypothesis in statistical tests like that of Dickey–Fuller (see e.g. Dickey and Fuller (1979, 1981)).
Perron proposes a formal test of structural changes which consists of introducing a dummy variable
into the augmented Dickey–Fuller equation that represents the moment in which we observe the
structural change.
14 It is important to stress that, when we perform a univariate analysis of an individual series, the
null hypothesis always maintains there is a unit root. This is closely related to the null hypothesis
established when we analyse the relative series of pairs of countries, which maintains that there is no
convergence. This is equivalent to saying that a series is not stationary and presents a unit root.
15 Required when the strict definition of convergence is used.
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majority of them were catching up with the USA. Moreover, using the QLR test, he
detects some important breaks that modulate the catch-up process and show it loses
speed after each of these breaks. Depending on the country, the breaks are situated
at the end of the sixties, the beginning of the seventies, the mid-seventies or, even,
the beginning of the eighties, indicating that country-specific causes are most likely
driving these catching-up processes.

Epstein et al. (2003) reach a similar conclusion using a distribution dynamics
approach for a sample of 17 OECD countries during the period 1870–1992 in order
to better capture what happens in the transition to the steady state. This analysis
uses a Kernel density estimator and is in line with Quah (1993, 1996, 1997) who
argues that only by considering the issues of growth and distribution simultaneously
can we understand their underlying dynamics. Epstein at al. (2003) improve in the
previous literature by focusing on the movement of economies between different
income levels, showing tendencies to cluster around a certain income level and to
stratification, that is, where economies move into distinct income-level strata. The
main objective of the paper is to detect whether relatively rich and poor countries
remain relatively rich and poor over time. They conclude that, for the period as
a whole, there is a convergence process simply because the countries that move
to a lower income state outnumbered those that move to a higher income state.
Nevertheless, looking at the change in distribution over tim,e they confirm that
convergence is mainly a feature of the Golden Age (1950–1973) in this set of
countries; afterwards, separation, polarization and divergence were the rule.

Another test that partially confirms the outcomes described above and attempts
to deal with the problems associated with the two popular tests of convergence,
β -convergence and the σ -convergence, is that of Rassekh, Panik and Kolluri (2001).
It is based on other methodologies such as the ARMA process estimation applied
over two different measures of the σ convergence series.16 The first measure is
calculated using the actual dispersion between the GDP levels of 24 OECD countries
in the period 1950–1990. The second σ measure is calculated using the adjusted
residuals obtained after estimating a growth equation that accounts for the main
factors such as investment, government consumption and exports as a share of
GDP, that is, the Solow residual. The idea here is to capture how the unexplained
component of growth is attributed specifically to the convergence process. The
reason is that the faster growth of the lower-income countries in the sample may be
due to greater investment or to some other growth-inducing policies rather than to
real convergence forces. If this adjusted σ measure does not decline over time, then
any tendency of countries to converge must be attributable to the determinants of
growth and this would reject the convergence hypothesis for the sample of countries
even though statistical convergence might be found using the actual measure of σ .
This was, in fact, the case although both the indicators, -the actual and the adjusted

16 The σ convergence measure relates to the dispersion, calculated with the standard deviation, of
the countriesGDP levels across time. In this sense, we can say that there is a catch-up process if this
dispersion declines over time, indicating smaller differences in GDP levels over time between the
countries that make up the sample.
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measures of σ -, decline over time, the ARMA procedure rejects the convergence
hypothesis for the entire period because both series are non-stationary. Nevertheless,
when the sample was split into two periods determined by the recursive Chow test,
from 1950 to 1977 and afterwards, modest support for the hypothesis was only
found during the first, that is, during the Golden Age.

Datta (2003) adopts the Kalman filter procedure to capture the dynamic be-
haviour and does not reach the same conclusion. The constant parameter coin-
tegration model required to test whether the linear combination of two series is
stationary is based on the assumption that the long-run relationship between them
is time-invariant and linear. This assumption is very appropriate to test for steady
state behaviour, as Bernard and Durlauf point out but, in fact, some countries may
not have reached their steady state and may still be in transition. The process of
convergence may also be nonlinear and may exhibit structural changes. In this paper,
the author examines both of these possibilities using a pairwise series looking at
series of the difference between the GDP of an OECD country and the leader, the
USA, during the period 1950–1992. The methodology confirms that the growth
path for the countries is dynamic with cyclical trends, which shows shows how the
assumption of structural stability is not appropriate and means that the economies
under consideration are far from their steady states even though a process of catch-up
among the OECD countries existed during this period. These results help to explain
why the time-series conclusions on convergence differ from the cross-sectional
results, even for the same set of countries.

From the above discussion, it is clear that, for similar data sets, the results of
different approaches are contradictory. The time-series approach resolves some
of the shortcomings presented in the cross-sectional and panel approximations but
leaves some crucial points unanswered. In particular, even if the relative time series
show a segmented trend, we are not able to observe the existence of different steady
states where a set of countries converges during a certain time. We can only see how
a country converges or is catching up with the leader (or with an average income).
This disadvantage is, in part, resolved using the Kernel density methodology, as
Epstein et al. (2003) do, but even this method does not allow for the possibility of
several steady states that define different clubs of countries. It only shows how the
economies are moving towards distinct income-level strata.

This paper presents an attempt to deal with these aspects using a new estimation
method, the quantile regression. This methodology has been applied in other kinds
of studies but, until now, has not been widely used for testing the convergence
hypothesis. While the great majority of regression models are concerned with
analysing the conditional mean of a dependent variable, namely the rate of growth,
abandoning the idea of estimating separate means for grouped data. Quantile
regressions model the quantiles of the dependent variable given a set of conditioning
variables, providing estimates of the linear relationship between regressors and a
specified quantile of the dependent variable. With this method, we can observe how
the countries under consideration are converging towards several steady states and
define clusters or clubs of convergence(Durlauf and Johnson, 1995).

www.economics-ejournal.org 9
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Mello and Perrelli (2003) and Ram (2008,) using this methodology for a broad
sample, find evidence of unconditional convergence for countries in the upper tail
of the conditional growth distribution but not for those in the lower tail. They find
evidence of convergence for the whole set of OECD countries only in the upper
tail of the conditional growth distribution, and for different sub-samples of OECD
countries. According to their estimates, the OECD converged at a faster pace in
1960–1998 than in 1960–1985. However, the problem with the approach developed
is that the possibility of applying this methodology using panel data is not explored.

Quantile regression with panel data has the advantage that, if the sample is
split into sub-periods of time, it is possible to analyse the transition dynamic of the
convergence process and reach conclusions about the set of countries and about the
period for which our hypothesis is maintained. For these reasons, this methodology
resolves several deficiencies that the cross-sectional and time-series estimations
present. Is it possible to reach the same conclusions for the OECD countries using
quantile regressions with panel data? Is convergence a story that only involves a
few countries? In which period is the convergence process stronger?

A more detailed description of this methodology and the results obtained appear
in the following sections.

3 A quantile approach for convergence

3.1 The data

Our database includes a total of 21 OECD countries17 for 10 periods of 5 years.18

Data of per capita income are in 1990 international Geary-Khamis dollars and are
obtained from Penn World tables. We have considered the average growth rate of
per capita income every 5 years yc,t and its initial value in each quinquennium xc,t

where c represents the country with c=1...21 and t=1...10 the periods.

3.2 The method

In order to examine the empirical performance of the convergence, both a standard
and a quantile panel regression analysis have been carried out.19 For the standard
panel regression analysis, the following model has been considered

yc,t = θi + x′c,tβ +uc,t , (1)

17 These countries are Australia (AU), Austria (AT), Belgium (BE), Canada (CA), Denmark (DK),
Finland (FI), France (FR), Germany (GE), Greece (GR), Ireland (IR), Italy (IT), Japan (JP), New
Zealand (NZ), the Netherlands (NH), Norway (NO), Portugal (PO), Spain (SP), Sweden (SW),
Switzerland (SZ), the United Kingdom (UK) and the United States (US).
18 These periods are 1950–1955, 1955–1960, 1960–1965, 1965–1970, 1970–1975, 1975–1980, 1980–
1985, 1985–1990, 1990–1995 and 1995–2000.
19 Previously, a panel unit root analysis has been carried out. Both the test of Levin et al. (2002) and
that of Im et al. (2003) reject the null of a unit root.
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where (yc,t , xc,t) denote the values of the dependent ( the average growth rate of
per capita income every 5 years) and independent variables (the initial value of
per capita income in each quinquennium), respectively, and i can take value c or
t depending on whether fixed effects in countries or periods are considered. The
parameters have been estimated using the fixed-effects estimator as the Hausmann
test rejected the hypothesis of consistency of the random-effects estimator.

In the case of the quantile panel regression, the following model for the con-
ditional quantile τ associated with the response of the corresponding per capita
income growth in period t of country c has been considered (Koenker, 2004):

Qyc,t (τ|xc,t) = αi + x′c,tβ (τ) ; t = 1, ...,T ;c = 1, ...,C, (2)

To do so, Koenker (2004) has been followed. He suggests estimating model (2)
for several quantiles simultaneously by solving

min
(α,β )

Vp = min
(α,β )

q

∑
κ=1

C

∑
c=1

T

∑
t=1

ωκρτκ

(
yc,t −αi− x′c,tβ (τκ)

)
+λ

n

∑
j=1

∣∣α j
∣∣ , (3)

for some λ ≥ 0, where ρτ (e) = (τ− I (e < 0))e, I (.) is the indicator function and
ωκ is the relative weight given to the τκ quantile. These weights control for the
influence of the estimation of the individual effects on the quantiles. The term
λ ∑

n
j=1

∣∣α j
∣∣ introduces a shrinkage of the α̂ ′s to a common value. For λ = 0, we

have the fixed-effect estimator while, for λ > 0, we have the penalized estimator
with fixed effects.20

We have estimated model (2) by solving equation (3) for three quantiles,21

namely, τκ = {0.25,0.50,0.75}. The same weight has been assigned to each of the
quantiles. As noted by Koenker (2004), the appropriate choice of the shrinkage
parameter λ remains to be investigated in this set-up.22 In order to check the
robustness of our results, different values of λ={0.01, 0.1, 0.5, 1} were considered
and the results remained quantitatively very similar and qualitatively identical.

To make inferences about the estimated parameters, a bootstrap exercise has
been carried out with 10,000 replications. This allows us to obtain standard
errors and calculate the corresponding p-values in accordance with the standard
t-Student distribution. In addition, the outcome of the bootstrap exercise provides
the possibility of testing equality between quantiles. We test the following null
hypotheses:

HA
0 : β̂ (0.75)− β̂ (0.50) = 0.

20 Estimates have been obtained by using an R code provided by the author.
21 We have repeated the estimation processes for all the deciles, obtaining similar findings. We have
chosen to present the results with fewer quantiles to make them more synthetic. The details for all the
deciles is available upon request.
22 Lamarché (2010) examines the optimal choice of λ in a similar setting to the one considered in this
paper but where both T and C are allowed to tend to infinity. Since the value of C in our case is quite
small, his results are not directly applicable to our problem.
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HB
0 : β̂ (0.75)− β̂ (0.25) = 0.

HC
0 : β̂ (0.25)− β̂ (0.50) = 0.

To evaluate the goodness-of-fit of our model, we have followed Koenker and
Machado (1999) who introduced a goodness-of-fit measure for cross-sectional
quantile regressions analogous to the conventional R2 statistic of a least squares
regression. They consider a linear model for the conditional quantile func-
tion Qyi (τ) = x′1iβ1 (τ)+ x′2iβ2 (τ) ,and denote as β̂ (τ) the minimizer of V̂c (τ) =
minb1,b2 ρτ (yi− x′1ib1 (τ)− x′2ib2 (τ)) and β̃ (τ) the minimizer of the constrained
problem Ṽc (τ) = minb1 ρτ (yi− x′1ib1 (τ)) , where ρτ (e) is defined as above. One
can define a goodness-of-fit criterion as R

∗
= 1−V̂/Ṽ .

In the panel quantile regression case, one can partition model (2) as
Qyc,t (τ|xc,t) = αi +x′1c,tβ1 (τ)+x′2c,tβ2 (τ) , and, calling (α̂, β̂1 (τ) , β̂2 (τ)) the min-

imizer of V̂p (τ) = mina,β1,β2 ρτ

(
yc,t −αi− x′1c,tβ1 (τ)− x′2c,tβ2 (τ)

)
and β̃ (τ) the

minimizer of the constrained problem

Ṽp (τ) = min
β1

ρτ

(
yc,t − x′1c,tβ1 (τ)

)
, (4)

a goodness-of-fit measure for the estimation of all quantiles can be defined as

R
∗
G = 1−V̂p/Ṽp, (5)

Restricting the constrained model to contain only one intercept yields the
goodness-of-fit measure considered in this paper.

Finally, a goodness-of-fit measure for each of the conditional quantiles can be
computed as follows

R
∗
τκ
= 1−V̂τκ

/Ṽτκ
, (6)

where V̂τκ
= ∑

C
c=1 ∑

T
t=1 ρτκ

(
yc,t − α̂i− x′c,t β̂ (τκ)

)
and ̂̃V τκ

= ∑
C
c=1 ∑

T
t=1 ρτκ

(
yc,t − x′1c,t β̃ (τκ)

)
3.3 Results

As a preliminary analysis, Figure 1 shows the density of the growth rate of income
per capita for the 210 observations considering countries and periods together. It
can be seen that the distribution is tilted towards the right, that is, the sample has a
larger number of observations with high growth. To illustrate the adequacy of the
quantile approach, we have plotted the per capita income growth as a function of
initial income level in a boxplot (Figure 2). The sample of 210 observations has
been split into ten groups of equal size according to initial per capita income level
from low to high. For each group, the box represents the distribution of the median,
the 25th and 75th percentiles and atypical values. A glance at Figure 1 shows that
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Figure 2: Boxplot of per capital income growth

the response of the dependent variable is very different for different groups of initial
income and, therefore, justifies the application of quantile regressions to analyze
convergence.

Before performing the estimation, it is convenient to analyse the composition of
the different quantiles, both for countries and for periods. This appears in Figures
3 and 4, respectively. As can be seen, the first quantile is represented mainly by
Germany, Switzerland, New Zealand and Canada, being the countries that most
often appear within it. Similarly, we see that the quantile 0.50, which is the mean of
the distribution, is represented by countries such as France, the Netherlands, the UK,
Austria and the USA while the third quantile, which contains the countries with the
highest rates of growth, includes Austria, Belgium, Finland, Italy, Norway, Ireland,
Greece, Portugal, Spain and Japan. Figure 4 presents the same information for
periods and shows that the first quantile is represented by the periods 1980–1985 and
1990–1995. We can highlight the periods 1975–1980 and 1995–2000 in the second
quantile as well as 1955–1960 and 1970–1975. Finally, the quantile 0.75, which
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Figure 3: Histogram of distribution of countries by quantiles

includes the highest rates of growth, is represented by two consecutive periods,
1960–1965 and 1965–1970.

The results of estimation are displayed in Table 1 and Figures 5 and 6. It is found
that the β parameter, representing the speed of convergence, is always negative and
significant and greater, the higher the quantile and, therefore, the growth rate. This
result is even stronger when we consider fixed effects by periods rather than by
countries. The R2 shows that the quantile regression improves the fit with respect to
the standard estimate. These outcomes lead us to question whether the convergence
process in the OECD involves only a few countries in the sample that belong to
the upper quantile. In fact, the upper quantile contains countries such as Austria,
Belgium, Finland, Italy, Norway, Ireland, Greece, Portugal, Spain and Japan, those
that were the poorest but grew more rapidly, especially after the fifties. Moreover,
we can investigate whether absolute convergence in the OECD is a phenomenon that
has been maintained for the whole period considered or only happens in a particular
sub-period.
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Figure 4: Histogram of distribution of periods by quantiles

Table 1: Estimation of panel quantile regression

β p_value R2

FIXED EFFECTS BY COUNTRIES

mean −0.0241 0.0000 0.5364
τ(0.25) −0.0180 0.0000 0.6848
τ(0.50) −0.0189 0.0000 0.7608
τ(0.75) −0.0208 0.0000 0.7391

FIXED EFFECTS BY PERIODS

mean −0.0197 0.0000 0.4000
τ(0.25) −0.0219 0.0000 0.5282
τ(0.50) −0.0227 0.0000 0.7020
τ(0.75) −0.0291 0.0000 0.7225
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Figure 5: Estimation of panel quantile regression. Fixed effects by countries
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Figure 6: Estimation of panel quantile regression. Fixed effects by periods

As we can see in Table 2, although the respective tests of equality between
quantiles are not rejected when we consider fixed effects by countries, these out-
comes imply, at least, a slightly greater speed of convergence between the countries
that belong to the upper quantiles. This result helps us to explain the existence of
different clubs that converge at different rates. Finally, when testing the equality
of the beta parameters for the different quantiles, we reject the null of the beta
parameter for the highest quantile, τ(0.75), being equal to the lowest, τ(0.25),
when considering fixed effects by periods. This means that the convergence speed is
significantly different for 1980-1985 and 1990–1995, the periods mostly represented
in the first quantile, than for 1960–1965 and 1965–1970, the periods that represented
the upper quantile. These results inform us that absolute convergence in the OECD
is a phenomenon driven by a set of countries and that it was concentrated during the
years 1960 to 1970.

The outcomes mentioned above outline and clarify the contributions of previous
studies. First, we note that there are different convergence clubs and the convergence
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Table 2: Tests of quantiles

test τ(0.75)− τ(0.50) τ(0.75)− τ(0.25) τ(0.25)− τ(0.50)
FIXED EFFECTS BY COUNTRIES

CI (−0.0079,0.0017) (−0.0105,0.0012) (−0.0031,0.0068)
FIXED EFFECTS BY PERIODS

CI (−0.0085,−0.0012) (−0.0114,−0.0021) (−0.0027,0.0061)

process is mainly due to the countries belonging to the upper quantile, which is not
represented by USA, a country considered as the leader in other studies such as
those of Bentzen (2005), Greasley and Oxley (1998) and Datta (2003). This result
also contradicts the idea of Epstein et al. (2003) that the convergence in this set of
countries is mainly due to the performance of the countries that grew less. Focusing
on periods, our outcomes confirm those of Datta (2003) who finds convergence
during the period 1950–1992 although with a cyclical trend, and modify the results
of Mello and Perrelli (2003) who found a lower degree of convergence during the
period 1960–1985. Our analysis, however, shows that convergence was stronger
in the period 1960–1970. The differences between this study and that of Mello
and Perrelli may be due to the fact that the did not perform a quantile regression
with panel data and, therefore, cannot distinguish between fixed and time effects.
Futhermore, this period of higher convergence, located between 1960–1970, shows
a rate of about 3 per cent, higher than that obtained when the model is estimated by
OLS and that obtained in previous analyses, of about 2 per cent.

The period after the Second World War is known as the Golden Age, and runs
from 1950 to 1973. Its analysis has attracted a considerable amount of attention
from economists and historians looking for the causes of the intense growth of the
world (and, especially the European economy). Authors as relevant as Maddison
(1959, 1995), Toniolo (1998), Crafts (2007) and Prados de la Escosura (1993),
among others, provide the main ingredients of the virtuous circle that sustained the
Golden Age: high investment rates were instrumental in the transfer of technology;
exports promoted the expansion of markets, abundant labour and an adequate stock
of human capital, apt institutions and good policies. All of these factors helped the
poorest countries to record higher growth rates than the richest, especially after 1960,
thus producing an inevitable process of catch-up, that is, of conditional convergence.
The results of this paper confirm these studies by indicating how the convergence
found in this period is represented by countries that were the poorest but that grew
faster (those that belong to the upper quantile).

The Golden Age ended when the first oil crisis took place in 1973. The post-
Golden Age witnessed a polarization in when the relatively rich got richer and the
poor lost out in relative terms (Epstein et al., 2003). In this context, the conver-
gence process became weaker (Crafts, 2007), something that our outcomes also
confirm. So, we can say that the results obtained in this paper after applying a new
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methodology, the panel quantile regressions model, are in line with the stylized
facts highlighted by the historiography.

4 Conclusions

The idea underlying the concept of convergence, based on the neoclassical theory,
is that, given the existence of decreasing returns in the use of capital and assuming
equality of preferences and technology, countries which begin with lower levels of
income per capita will tend to grow more quickly.

Empirical issues have played a key role in the literature on convergence using
different kinds of data and different estimations to test the hypothesis. Nevertheless,
the outcomes they obtain lead to different conclusions. In general, the hypothesis of
convergence is accepted with cross-sectional data but it is rejected if the time-series
methodology is used. Other approximations that apply other methods such as the
Kalman filter and the Kernel density function do not help to clarify the issue.

In the preceding sections, we have reviewed the results of a number of these
empirical studies of convergence among the OECD countries and discussed some
limitations of these works. This paper attempts to deal with them by presenting a new
and more appropriate methodology, quantile regressions. With this methodology, we
are able to observe the existence of different steady states where a set of countries
converge during a certain time. The results obtained with this specification support
the view that absolute convergence in the OECD is a phenomenon driven by a set of
countries, those belonging to the upper quantile, which mainly occurred during the
1960s.
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