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Abstract. We show that the use of pooled and panel data in estimating
convergence across countries (or other territorial areas) may involve some
pitfals since this type of data cannot properly distinguish between actual
convergence and the possibility o decreasing growth rates over time within
each country (or geographical unit). We also show how the possible bias in
the estimates can be eliminated.
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1. Introduction

One of the main implications of neoclassica growth theory is that in he
long run per capita incomes of different countries (or other territorial areas)
should converge either absolutely or conditionally on the peculiar features of the
equilibrium steady states. The most commonly used test in checking for the
existence of convergence (absolute or conditional) across economies concerns the
relationship between the initial income level and the subsequent growth rate in a
selected group of countries (or geographical units). If this relationship turns out to
be negative, then it is argued that poor countries (areas) tend to grow faster than
rich ones, so that convergence (and more precisely b-convergence) is claimed to
exist. ™

Many empirical works studying convergence, starting from Barro (1991)
and Mankiw, Romer and Weil (1992), perform the above described test using
cross-countries data, where, for each economic system, the initial per capita GDP
and the subsequent growth rate in a given period (usually some decades) are used.
These cross-section analyses have been, subsequently, followed by other studies
(e.g. Barro and Lee (1993), Islam (1995), Casdlli et a. (1996), Evans (1997),
Dowrick and Rogers (2002)) using pooling and/or panel estimation techniques,
where for each country a higher number of observations referring to different
points in time are considered. As well known, the common justification for the
use of these techniques (see, for instance, Durlauf and Quah (1999) and Temple
(1999)) is the possibility of increasing the number of observations used in the
estimates and also, in the case of panel data analyses, the possibility of capturing
the likely existence of economy-specific effects and even time-specific effects.

The am of this work is to show the potential pitfals connected with the

use of pooled and panel data in testing for convergence across countries. In

! As we aready mentioned, the empirical tests usually distinguish between absol ute convergence
(directly measuring the relationship between the growth rates and initial incomes) and conditional
convergence (including variables capable of capturing the differences in the various countries
Steady states).

% It is worthwhile emphasizing that this paper is not concerned with the issue of the most
appropriate measure of economic convergence and thus with the debate around the so-called
Galton’sfallacy stimulated by Quah (1993). Indeed the aim of the work is to show that, within the



particular, it can be clamed that the use of a techniqgue simultaneousy
considering observations referring to different countries in the same period of
time and observations referring to the same country in different periods of time
may imply that the traditional convergence coefficient will capture not only the
possible tendency for poor countries to grow faster than rich ones but also the
possible tendency for each single country to grow at a decreasing rate over time.
Although these two phenomena are both implied by neoclassica theory in the
transition phase towards the equilibrium steady state, it is certainly possible that in
redity they occur separately, so that, for instance, there may be no actua
convergence across countries, while at the same time the growth rate within each
country may decrease over time. This problem implies that the usual tests about
convergence performed using pooling and panel techniques may be mideading,
since they could indicate the presence of convergence even in cases where there is
none. >

The paper proceeds as follows. Section two illustrates a numerical
example where the GDPs of a constructed group of countries diverge while
pooling and panel estimates indicate instead the existence of convergence. Section
three suggests a possible technique to compute an unbiased test for convergence
in a data set containing many observations for each country. Section four

concludes.

2. A smpleexample

The simplest econometric test for convergence across countries is a cross-

section regresson. A common implementation of this technique follows the

traditional b-convergence approach, the use of pooling and panel techniques may produce
misleading results.

® |t isworthwhile emphasizing that pooling and panel techniques are used to test the conclusions of
awide variety of models and theories, besides the convergence issue. The possible shortcomings
studied in this paper only refer to the specific problem examined.



suggestion proposed by Mankiw, Romer and Weil (1992), according to which the
following equation is estimated:*

lo %Q_a +b |09(th)+g|09(sj)+d|09(ni +d +g)+ei 1]

Yin g
withm>h, j=1..,N

where y;, and y,, are respectively the levels of per capitaincome in country j at the
initial time h and at the final time m, s is the average saving rate of country j in
the time period from hto m, n; is average population growth in the same period, d
is the average depreciation rate, g isthe average rate of technological progress and
g is a random error term. The depreciation rate and the rate of technological
progress are assumed to be equal across countries (as usualy done in the
literature). The usual conclusion of econometric analyses is that if the b
coefficient is negative then the sample data support the convergence conjecture.

In a large part of the convergence literature cross-section estimates are
substituted or accompanied by a pooling regression. In this case equation [1] is
estimated considering N countries and T periods, so that, for each country, we
have a total number of T observations for any variable. The advantage of pooled
estimates, with respect to cross-section ones, is thus given by the fact that the total
number of observationsisincreasedto N™ T .

The same data set can be also used to perform a panel data analysis
whereby either country-specific fixed effects or both country-specific and time-
specific fixed effects are introduced.” In the first case the equation to be studied

becomes:

lo a%%%:a,- +blogly,, J+glogls )+d logln, +d+ g)+e, g
ihg

*1t should be noticed that Mankiw, Romer and Weil’ soriginal estimates concerned across-section
of countries in a single period of time and that they also considered a model including human
capital. In this paper we neglect human capital in order to smplify the exposition, while
maintaining the validity of the conclusionswe reach.

® For the interpretation of this model see Islam (1995) and Durlauf and Quah (1999).



withm>h, j=1..,N

while in the second case the equation to be estimated is:

lo aa?%;a; +h, +b logly,, )+ glogls, )+dlogln, +d +g)+e, 3]
ih @

withm>h, j=1.,N;i=1..,T"

Againthe usua claim isthat thereis convergenceif b is negative.

A panel-data technique exhibits two advantages with respect to a cross-
section regression: firgt, it increases the number of the observations; second, it
makes it possible to consider the potential existence of technological
heterogeneity between countries.

In order to show the possible shortcomings of the approaches we have just
described we examine a simple numerical example founded on the Solow-Swan
growth model. We consider, in particular, a closed economy where firms produce
asingle good Y using the Cobb-Douglas technology:

Y =K (AL )y, [4]

where Y; is output, K capital, L. labour, A the level of technology and u; is a
random shock.” Since, as usual, constant returns to scale are assumed to prevail,

we have the following expression for GDP per head y;:

® In the actual estimates, however, only T-1 time dummies are introduced, in order to avoid the
regressors coefficient matrix to be singular.

"If welet Y, stand for the so-called natural or potential output, that is the trend level of output
that would prevail in the SolowSwan model in the absence of shocks, then the subsequent output

Y Yo usually approximated by

nt

gap between actua and potentiad output would be

Y, . . . : .
log—=1logu, . In line with the actual experience of developed countries we constrain the shock
nt

to produce an output gap not greater, in absolute value, than 3%. Since the shock logu, =U; is



r|§
Q-0

Y .4
Y, :f =g A =k A"y, [5]

We assume furthermore that capita depreciates through time at the
constant rate d, while population grows at the constant rate n and technology

improves at the constant rate g so that A,, = A(1+g). We finaly assume that

saving is a congtant fraction s of output. Under these assumptions capital
accumulation is described by the usual dynamic equation®

Dk, = sy, - (d+n)k, with si (03), [6]

whereDk, = k., - K, .

Using this structure, we generate a data set containing the output levels for
eight economies for a time period of 100 years, estimating the values of y; and k;
for each year and for every economy. We then perform a Montecarlo experiment
simulating 1000 times the possible growth paths of our constructed economies.
The whole data set is obtained by supposing s=0.5 and n + d = 0.08, while g =
0.02. The level of the initial capital is set equal to 10 in the poorest country and is
then increased by one unit in passing from an economic system to the next one.
The value of coefficient g in the production function is set equa to 0.6 in the
poorest country and is then increased by 0.01 in passing from an economic system
to the next one. The differences in the production function and in the initia level

of capital are the unique elements of heterogeneity between countries.

normally distributed, i.e. Gt~N(o,sz), then s? will be such that, for instance,

PreZ 0.03£ 4 £ 0.03%= 095.

e S 4]
® Actually the dynamic equation [6] holds exactly only in continuous time. For the sake of
simplicity, however, we shall use it as a discrete time approximation to compute the data of our
example.



Table 1. Initial output and output growth in the eight countries

Country Initial output | Output growth after 100 years
(=yo) (=1og(y100/Y0))
Country 1 3.98 299.9
Country 2 4.32 301.9
Country 3 4.67 304.8
Country 4 5.03 308.3
Country 5 541 312.9
Country 6 5.81 318.1
Country 7 6.23 324.2
Country 8 6.67 331.1

The structure proposed in the example is such that the larger the initial

capital in a given economic system the higher the growth rate in the period

considered. We have thus a positive relation between initial output and subsequent

growth, implying a phenomenon of divergence in per capita GDPs across

countries. This phenomenon isillustrated in table 1 and figure 1.°

Figure 1. Divergence across countries per capita GDPs
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% It is worthwhile noticing that the values of the output growth rates after 100 years reported in
table 1 and figure 1 are the averages of the 1000 simulations for each economy.



We now use the data generated in the just described experiment to estimate
equations [1], [2] and [3]*, subdividing the whole period of 100 years into four
sub-periods of 25 years. We estimate the three equations for every simulated
growth path and we repeat the estimations 1000 times. The average estimate™ of
coefficient b implied by a pooling equation is —0.273, with a standard error in the
simulations of 0.003. When a pandl approach is used, the value of the same
coefficient is —0.294 (with a standard error of 0.003) if equation [2] is estimated,
while it is —0.494 (with a standard error of 0.070) if equation [3] is estimated
instead. In all three cases the average values of the b coefficient are strongly
significant, even though with the wrong sign™. Thus we reach the conclusion that,
while the generated data should exhibit, by construction, a divergence in per
capita incomes, the pooling and panel data estimates give a strong indication in

favour of convergence.

3. An unbiased convergencetest

As anticipated in the introduction, the reason for the possible failure of
pooling and panel data techniques in distinguishing between convergence and
divergence is related to the fact that these models end up with estimating two
different smultaneous phenomena. Indeed, the sign of the b coefficient in
equations [1], [2] and [3] indicates at the same time:

whether initially poor countries grow faster than initialy rich ones (the
convergence issue);
whether the growth rate within each country is decreasing over time.
These two phenomena, dthough both caused by the assumption of diminishing
returnsto physical capital, can occur either together or separately.

19 1n our example the variables s, n, d and g are assumed to be constant. For this reason the
estimates are performed using the initial income as the unique regressor, since the values of s, n, d
and g are captured by the constants of the regressions.

! For simplicity, the estimate is performed using the OL S technique.

12 1t should be added that the b coefficients are also highly significant in every single regression
run, with average t-values around -13, -18.5 and -41 respectively for equations[1], [2] and [3].



In the numerical example considered in section two, in particular, we have
no convergence (as shown in table 1 and in figure 1), kut at the same time we
have a growth rate decreasing over time in each economic system (as shown in
table 2 and in figure 2). The negative values of b obtained estimating equations
[1], [2] and [3] are thus caused by this second phenomenon, which is sufficiently

strong to overcome the divergence in growth rates occurring across countries.

Table 2. Average initial output and average growth rate in each sub-period

Period Average initia output Average growth
0-25 years 5.27 127.4
25-50 years 19.00 73.7
50-75 years 39.99 58.5
75-100 years 72.09 53.0

Figure 2. The evolution of growth rates over time
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Since the possible bias in the convergence test is due to the smultaneous
presence in each country of an increasing output level and a decreasing output
growth, this bias can be easily eliminated by estimating the value of the b
coefficient in a model where the relevant variables to be used in the regressions
are, for each sub-period, the deviations from the average between countries.

Indeed, by using deviations from sub-period averages, the model compares the



countries growth rates and initial incomes net of the effects of these variables

evolution over time. Thus the equation to be estimated becomes:

Iog?ig- avaaog%%g: [Iog(yih)- av(log(yjh))]+g[log(sj)- av(log(s]. ))]+
Yin g Yin og
+d|log(n; +d +g)- avllog(n; +d +g))+e, with m > h [7]

where av(z,) is the average of variable z between countries at time t. It should be

noticed, moreover, that equation [7] is formally equivalent to estimating a model
where time-specific, but no country-specific, fixed effects are introduced, i.e. to
estimating equation [3] with a;=0" j.

When equation [7] is estimated, using the data of the numerical example
described in section two, we get an average value for coefficient b of 0.098, with
a standard error in the simulations of 0.007"%. The estimate o equation [7], then,
enables to show the actual divergence occurring across countries in a way that
traditional models[1], [2] and [3] previously examined cannot capture.

It is important to notice, however, that the modedl underlying equation [7]
exhibits some differences with respect to traditional pooling and panel techniques.
As we pointed out in section two, pooling and panel regressions were introduced
in convergence analysis in order to increase the number of observations used in
the estimates, and, in the case of panel-data analyses, aso to take into account
technological differences between countries. It is obvious that in estimating
equation [7] the first goal is achieved but not the second one. This fact does not
imply, however, that the possible existence of significant technological
differences between countries cannot be properly considered in convergence
analysis. If necessary, eguation [7] can be corrected either by modelling the
country-specific technology as a function of other observable variables or by
introducing some proxies for it. Technological differences between countries can
therefore be reintroduced in convergence analyses by substituting the country-

specific effects with an explicit formulation capable of capturing them.

'3 The average t-value of theb coefficient in the 1000 regressionsrun is 3.9.

1C



4. Conclusions

This paper showed the possible pitfalls connected with the use of pooled
and pane data in estimating convergence. Using the data set generated by a
simple numerical example, founded on the neoclassical Solow-Swan model,
pooling and pane techniques indicated the existence of convergence across
countries while per capitaincomes actually diverged.

We clam that this result is due to the fact that pooling and panel
techniques are incapable of distinguishing between the possible tendency for poor
countries to grow faster than rich ones and the possible tendency for each country
to grow at a decreasing rate over time.

We finaly showed the existence of a possible solution to the shortcomings
described, consisting in the estimate of a model where each variable to be used in
the regressions is the difference between the actual observation in any country at
any point in time and the average between countries of the observations in the

same period of time.
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