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SUMMARY

New macro empirical evidence is provided to assess the relative
importance of object and idea gaps in explaining the world income
distribution dynamics over a benchmark period 1960-1985. Results are
then extended through 1995. Formal statistical hypothesis tests allow us
to discriminate between two competing growth models: (i) the standard
neoclassical growth model similar to that employed by Mankiw, Romer,
and Weil (1992), (ii) a Schumpeterian endogenous growth model closely
related to the Nelson and Phelps’ approach (1966) that emphasizes the
importance of technology transfer in addition to factors accumulation as
an opportunity to catch up. First, the latter can hardly be rejected and
reveals itself to be a reliable either alternative or complementary model
depending on the sample under study. Second, taking into consideration
the impact of the technological catch-up phenomenon allows us to better
capture and locally fit the pattern of income distribution dynamics that
took place over the period.
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Abstract

New macro empirical evidence is provided to assess the relative importance of object and idea gaps in explaining
the world income distribution dynamics over a benchmark period 1960-1985. Results are then extended through
1995. Formal statistical hypothesis tests allow us to discriminate between two competing growth models: (i)
the standard neoclassical growth model similar to that employed by Mankiw, Romer, and Weil (1992), (ii)
a Schumpeterian endogenous growth model closely related to the Nelson and Phelps’ approach (1966) that
emphasizes the importance of technology transfer in addition to factor accumulation as an opportunity to catch
up. First, the latter can hardly be rejected and reveals itself to be a reliable either alternative or complementary
model depending on the sample under study. Second, taking into consideration the impact of the technological
catch-up phenomenon allows us to better capture and locally fit the pattern of income distribution dynamics
that took place over the period.
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“We could produce statistical evidence that all growth came from capital accumulation, with no room for any-
thing called technological change. But we could not believe it.”

Romer (1993; p. 562)

1. Introduction

In the neoclassical theory, technology is assumed to be a pure public good that is available to everyone everywhere free
of charge. In contrast, an alternative view suggests that poorer countries may suffer from a technological gap. This
requires technology to be considered less public. Total factor productivity growth may thus differ across countries, at
least for a transitional period, depending, for instance, on both the technological gap and the absorption capacity of
a nation. Both approaches may exhibit an opportunity for countries lagging behind to catch up, though for different
reasons. In the neoclassical theory, poorer countries may converge to rich ones because there are diminishing returns
to capital. In the technology-gap approach, a high absorption capability makes it easier for a poor country to catch up
because of the opportunity for faster growth through the adoption and implementation of the leading-edge technology.
Because both approaches are not mutually exclusive, I investigate within a unified theoretical and empirical framework
the relative importance of both these phenomena at an aggregate level.

The first alternative has been empirically investigated in a seminal contribution by Mankiw, Romer, and Weil (1992)
over the period 1960-1985. They consider a human capital augmented version of the Solow (1956) growth model and
conclude that (p. 433): “...our results indicate that the Solow model is consistent with the international evidence if
one acknowledges the importance of [the accumulation of] human as well as physical capital.” In particular, there is
conditional convergence in that lower initial values of output per worker generate higher transitional growth rates, once
the determinants of the steady state are controlled for.

Nelson and Phelps (1966) provide an early example of a formal model that incorporates the idea that a country
may benefit from its technological backwardness depending on its absorption capability that can be approximated by

its stock of human capital. They suggest that the growth of total factor productivity is a function both of the level of




human capital and the technological gap because an educated labor force is expected to be better at adopting foreign
technologies, thereby generating growth (see also Abramowitz (1986) for a more recent but less formal contribution to
this line of research, and Romer (1990)). Benhabib and Spiegel (1994) take this alternative seriously and provide an
interesting empirical criticism of Mankiw, Romer, and Weil’s conclusions. Within a growth accounting exercise, they
find that growth remains essentially uncorrelated with educational attainment when one considers an augmented Solow
model where human capital is nothing but an input in the aggregate production function, but educational attainment
levels become significantly correlated with growth when one assumes as in Nelson and Phelps that the stock of human
capital may positively affect the rate of technology transfer.

Aghion and Howitt (1998) stress how important it is to distinguish between these two frameworks because they
deliver different insights as to the growth effects of various educational policies. Romer (1993) also emphasizes how
important it is to assess the relative importance of what he calls “object gaps” versus “idea gaps” because each imparts a
distinctive thrust to the analysis of economic development. This article aims precisely at providing new macroeconomic
empirical evidence about the relative importance of ideas versus objects in international growth differences.

In a recent manifesto for a growth econometrics, Durlauf (2001) argues (p. 65): “...It is only through an economet-
rics that can link theory to data analysis and hypothesis testing that a synergy [between the theoretical and empirical
growth literatures] can be achieved”. To assess the relative importance of the opportunity to catch up because of di-
minishing returns to reproducible factors as in a neoclassical framework and the opportunity to catch up because of
differences in technology, I therefore present a simple growth model characterized by a neoclassical production function
that exhibits constant returns to scale, but where total factor productivity differences evolve endogenously according
to the Schumpeterian version of growth favored by Nelson and Phelps. Following De la Fuente (1995), I then explic-
itly derive and estimate a convergence equation whose fit and specification which incorporates both the neoclassical
convergence effect and the technological catch-up effect, can be compared to the empirical results found by Mankiw,
Romer, and Weil. In particular, statistical specification testing allows us to choose among the two competing theoretical

frameworks. Proceeding this way also allows us to solve the problem of how to map data on education into growth

models within an unified empirical framework. Traditionally, researchers that focus on total factor productivity adopt an
approach based on growth accounting. (See for instance, the insightful survey on technology and international growth
differences by Fagerberg (1994), and for more recent studies, Hall and Jones (1999), and Klenow and Rodriguez-Clare
(1997).) In order for my results to be directly comparable to the Mankiw, Romer, and Weil’s contribution, I voluntarily
choose to use their approach, that is, one of estimation. Thus, we become able to fully appreciate whether data are
consistent with the view that there are only object gaps as in an augmented human capital Solow model, or with the
view that both idea and object gaps are important to explain the world income dynamics.

If idea and object gaps are correlated, which seems very likely, then, it is well-known that the estimation of the
augmented human capital model as provided by Mankiw, Romer, and Weil yields biased estimates as a consequence of
omitted variables. This motivated part of the literature that studies growth empirics to turn to panel data methods (see,
among others, Islam (1995), and Caselli, Esquivel, and Lefort (1996)). However, as emphasized by Durlauf and Quah
(1999), even though these methods allow us to uncover country-specific heterogeneity, possibly in the level of initial
technological efficiency, this heterogeneity remains empirically unobserved and is not motivated by economic theory.
The simple growth model and its associated convergence equation presented below are only slightly more difficult than
in Mankiw, Romer, and Weil’s article. But, they allow us to overtake this major drawback faced by panel data methods.

This article is organized as follows. In Section 2, I present a descriptive growth model that allows for both the
neoclassical convergence and the technological catch-up effects, and explicitly derive a convergence equation from it.
In Section 3, I discuss data and specification issues. In Section 4, I first estimate the model over a benchmark period,
1960-1985, and compare it to a Mankiw, Romer, and Weil’s specification by associating with each model estimated loss
functions after having explicitly addressed country-specific heterogeneity in initial efficiency levels, heteroscedasticity,
and potential outliers issues. In addition, formal specification tests allow us to discriminate between the two rival
models. A key finding when the absorption capability of a nation is proxied by its stock of human capital, is that the
Mankiw, Romer, and Weil’s specification should be either discarded as compared to a Nelson and Phelps’ specification

when a large set of non-oil countries is considered, or, at least extended by explicitly including technological catch-up




whatever the sample of countries under study. Human capital can therefore not be viewed, at least entirely, as a factor
of production. The neoclassical growth framework does not go far enough and I show that there is some room to enrich
it. Following De Long and Summers (1991), Section 4 also provides robust empirical evidence that the high social
product of equipment investment reflects technology transfer mediated through capital goods. In Section 5, results
are extended through 1995. The technological catch-up effect remains substantially significant except in the OECD
sample, and again, for a worldwide set of countries, the Nelson and Phelps’ estimation framework reveals itself to be
a reliable complementary model compared to the human capital augmented neoclassical growth model proposed by
Mankiw, Romer, and Weil. Moreover, counterfactual income density estimates which provide a visually clear local
representation of where in the income distribution the different models exert the greatest impact, reveal that taking into
account the impact of technological backwardness enables us to better capture and fit the “twin-peakedness” expression
of the world income distribution dynamics as identified, for instance, in the work of Quah (1996, 1997). Section 6

concludes.

2. A Growth Model with Factor’s Accumulation and Technological Diffusion

In this section, I develop a simple growth model and following De la Fuente, I then explicitly derive a conditional
convergence equation where an exogenous stock of human capital speeds up technological diffusion throughout the
economy.

Let us start from an aggregate Cobb-Douglas production function exhibiting constant returns in labor and repro-

ducible capital of the form

Y(t) = K@) (A L) ()
where A is an index of labor-augmenting technological progress. K may denote a broad physical capital aggregate,

and L the labor force where L(t) = L(0)e™, with n an exogenous constant growth rate of the labor force.

Define £ as the stock of capital per unit of effective labor. Then, output per worker is

y(t) = Ak @
Taking logarithms of (2) and differentiating with respect to time, the rate of growth of output per worker can be
written as the sum of two terms that reflect, respectively, growth in total factor productivity and the accumulation of

reproducible factors
% — dlog(y(t))] /dt = 7,(6) = 74(8) + a7, () )

The problem consists in specifying the immediate determinants of v 4 and .. Let us start with the second factor.

The evolution of physical capital is given by

T(t) = sk($)* ! — (n+74(t) +6) Q)
where s is a constant exogenous fraction of gross income invested in physical capital and § the rate of depreciation.
With o € ]0, 1], the behavior of the dynamical system described by (4) is such that the system is stable, and the

stock of capital per unit of effective labor converges to its stationary path k*(t), characterized by

R 1/1-a
V() =0=k*(t) = (m) %)

In the Mankiw, Romer, and Weil’s estimation framework, 7 4 (¢) is assumed to be constant over time, exogenous,
and identical to all countries. Instead, I rather specify the determinants of the rate of technological progress as in Nelson
and Phelps, where the rate of technological progress of a country is endogenous and driven by its individual stock of
human capital, which in turn affects a country’s ability to catch up with more advanced economies.

Define a technological distance between A(t) and the best-practice level of technology 7'(¢), that would prevail
if technological diffusion were completely instantaneous. Nelson and Phelps then define T'(¢) as ‘a measure of the

stock of knowledge or body of techniques that is available to innovators’ at time ¢ and assume that it expands at a




strictly positive exogenous constant rate, g. Improved technological practice is assumed to depend on educational
attainment (H) and upon the gap between the theoretical level of technology and the level of technology in practice.
More specifically
va(t) = ®(H)log (%) with ®(0) = 0, and ®'(H) >0 (6)
Following Howitt (2000), A(t) may be more precisely interpreted as an average productivity parameter across the
different sectors of an economy, and 7'() as an average productivity parameter across all those sectors which make use
of the leading-edge technology. If one assumes that no country can be on the frontier in all sectors at the same time,
then, no country can ever be on the technology frontier, except if 7'(¢) were to remain unchanged.
Substituting (6) into (4) yields
Ye(t) = sk(t)*™! — (n+ ®(H)log (%) +0) (7)
The transitional dynamics can now be quantified by using a log linear approximation of (7) around the steady state.

The solution for log(k(t)) given the above Cobb-Douglas technology is

74(t) = —GE(t) — B(H)H(E) ®)
with 3 = (1 — a)(n + g + 6) that determines the speed of convergence from k(t) to k*(t). k(t), respectively
B(t), is equal to log(k(t) /k*(t)), respectively b(t) — b*(t), and denotes the deviation of the stock of capital per unit of
effective labor, respectively of the technological gap, from its steady state value.
Given (2), (3), and (8) we have
7y (8) = va(t) = Bllog(y(t)) — log(A(1))) + a(Blog(k* () — B(H)b(t)) ®
It remains to incorporate in (9) the behavior of the technological variable. Note that db(t)/dt = g — ®(H)b(t), the

time path of b(¢) is therefore given by

b(t) = b(0)e~ M 4 5* () (1 — e~ 1) or b(t) = b(0)e P! 10)

It becomes now clear that there is a positive equilibrium gap (b*(t) = log(T'(t)/A*(t))) for every g and H where,

db(t)
Tdt

« g
:0:5",/A3:gandb(t):—q)<H) a1
That is, the equilibrium gap is an increasing function of g and a decreasing function of the index of educational
attainment. Moreover, in a stagnant economy (g = 0), the gap, defined as b(¢) = log(T'(t)/A(t)), approaches zero for
every H > 0.

Substituting (10) into (6) and using (11), the rate of technological progress at time s is given by

1a(s) = (H)b(s) = (H) [WO)e " + (1 e*“"“’)s)} = () [{O)e | +g (12)
Thus, education influences the growth of total factor productivity only in the short run.

Integrating (12) from 0 to ¢, we obtain the time path of the logarithm of the productivity index

log(A(t)) = log(A(0)) + gt + b(0)(1 — e~ Ut (13)
Notice that b(0) = b(0) — b* (£) = log(T'(0)/A(0)) — g/®(H). If we define A = ®(H)/(n+g+6), and substitute
(10), (12), and (13) into (9), this yields the following convergence equation

logs — = log(n+ g+ 6) (14)

Yy(t) = g+ Blog(T(0)) + Bgt — Blog(y(t)) + i

aB
T
9 T(0) g —o(H
—f—— log (=2 ) — =2 | (A — 1)~ 2!
ity + on () s | 4 e
Following the traditional conditional convergence literature, the growth rate of output per worker is an increasing
function of investment in physical capital and decreases with the log of the contemporaneous level of income, and with

the growth rate of the labor force; that is, across a set of economies that approach the same steady state, poor countries

should grow faster on average than rich countries because of diminishing returns to capital accumulation. However,




in contrast with the previous literature, education does not enter as another ordinary factor of production that affects
growth through its rate of accumulation'.

Instead, Equation (14) is consistent with the Schumpeterian approach as also proposed, for instance, by Howitt who
incorporates in a closely related growth model where each country’s investment rate is given, very similar transitional
and long run dynamics. Another important reason why convergence should occur in this model is technology diffusion.
The larger the technological gap the faster the backward countries’ growth rate is once one controls for differences in
factors” accumulation as well as differences in the absorption capability. The stock of human capital influences growth
during transition in two specific ways. On the one hand, the growth of output per worker is a decreasing function of the
equilibrium gap that is itself a decreasing function of the stock of human capital. On the other hand, for a given stock of
human capital, the growth rate of output per worker increases with the deviation of the initial technological gap from
the equilibrium gap. However, the contribution of the catch-up process also decreases with time as its productivity
level converges towards the technological frontier and the rate at which it converges to zero also depends positively on
the stock of human capital.

Differences in education are therefore important to explain differences in growth rates. However, in contrast to the
Mankiw, Romer, and Weil’s approach, growth is not driven by the accumulation of human capital, where differences in
the rates at which countries accumulate can explain why growth rates differ. Instead, growth is driven by the stock of

human capital, which in turn affects a country’s ability to absorb new technologies and therefore to catch up.

3. Data and Specification

To investigate and assess the relative importance of the technological catch-up process and of the neoclassical conver-
gence effect as proposed in the above model and for ease of comparison with most contributions I refer to, I first use
data from Mankiw, Romer, and Weil (1992), human capital stocks data constructed by Nehru, Swanson, and Dubey

(1995), and equipment investment to GDP ratios from De Long and Summers (1993). This leads me to focus in a

1 Notice though that it would be straightforward to consider an encompassing model where human capital also enters as an input in the production

function as in Mankiw, Romer, and Weil who rather specify the following production function: Y (t) = K (t)*H(t)8 (A(t)L(t))*~*—5. This
more general specification is also considered and discussed below in the text.

first step on the period 1960-1985. Thus, in Section 4, these data are used to compare the above model where either
human capital or equipment investment in GDP enhances an economy’s ability to implement new technologies, and
the Mankiw, Romer, and Weil’s human capital augmented version of the Solow model. In Section 5 which is dedicated
to the analysis of counterfactual income distribution dynamics, I extend some of the results through 1995 by using
updated data collected by Bernanke and Giirkaynak (2001) except for the average stock of human capital which comes
from Barro and Lee (2000) database on school attainment levels.

Three aspects of the choice of variables deserve some discussion. First, Nehru et al. provide education stocks for

«

a large sample of 73 countries that intersect with both the original Mankiw, Romer, and Weil’s “non-oil” sample of
developing and industrialized countries and with the De long and Summers data on equipment investment. (Countries
included in our sample over the period 1960-1985 are available in Appendix A.) The human capital stocks data available
in Benhabib and Spiegel cover a much smaller number of countries, and the choice of these specific data sets allows
us to best thwart the possible presence of multicollinearity. However, because Nehru et al.’s human capital stocks are
only available up to 1987 for a worldwide set of countries, I then turn to the well-known dataset constructed by Barro
and Lee which provides observations up to 1995. Although this yields a slightly different sample of 79 countries (see
Appendix C), to be convincing, results should be robust to the use of different samples and different measures of human
capital stocks.

Second, following Benhabib and Spiegel, the technological catch-up effect is captured via an interactive term that
involves the average either secondary-school education stock (H) or equipment investment output ratio (Eq/GDP)
over the period and the gap of a country behind the leader at the beginning of the period in terms of the level of initial
output per working-age person (In(Y 60m,ax/Y 60)). This specification also follows Barro and Sala-i-Martin (1992)
who acknowledge in their conclusion the possibility that the convergence observed from the estimation of a convergence
equation similar to that of Mankiw, Romer, and Weil should be broken down into at least two components, reflecting
both diminishing returns to capital and effects that involve the spread of technology. Much of the technological catch-

up literature also includes per worker output as a proxy for the scope for catch-up. The choice of this proxy must be




seen as a good point from which to start to assess the relative importance of object and idea gaps at an aggregate level
if initial output per worker is highly correlated with the initial level of technological development.

Finally, this absorbing capability also acts independently of any other variables in the convergence equation because
it also determines the equilibrium technological gap that may influence contemporaneous growth. It is therefore, also

introduced in the growth regression estimated below. More specifically, I specify the following convergence equation,

Growth$" ™ = ¢4+, In(Y60);+B2(X;. (Y 60max/ Y 60);+05 In(I/GDP);+ 3, In(n;+g+8)+ B85 Xi+e; (15)
where X is either H; or (Eq/GDP);, and ¢; is a normally distributed error term. The dependent variable is the
difference in the logs of output per working-age person over the period. Y60 is GDP per working-age person in 1960.
The shares of investment in real GDP and labor force growth rates are averages for the period under study, and (g + 6)
is assumed to be equal to 0.05 as in Mankiw, Romer, and Weil. Results issued by the estimation of Equation (15)
can, therefore, be directly compared to results obtained with a Mankiw, Romer, and Weil specification where the rate
of accumulation of human capital is proxied by the average percentage of the working-age population in secondary
school (school) for the period under study.

Finally, notice that in the Mankiw, Romer, and Weil ’s specification, the term S, (X;. In(Y 60max/Y 60); + 85 X; +
¢; is nested within their error term. If (X;.In(Y 60,ax/Y 60); and/or X; are correlated with the other right-hand
side independent variables, then their conditional convergence regressions should provide biased estimates. This led
numerous authors like, for instance, Islam (1995) to suggest the use of panel data methods that allow us to uncover
country-specific heterogeneity. Another simpler approach, advocated by Temple (1998a & b), consists of carefully
specifying regional dummies within cross-country growth regressions. In this study, I rather follow Benhabib and
Spiegel, and choose to explicitly specify initial efficiency heterogeneity within a growth model as discussed in the
previous section. Thus, Equation (15) provides a specification within a convergence equation which potentially reduces
possibilities for misspecification that may arise in traditional cross-country growth regressions which do not explicitly

consider country-specific effects associated with differences in total factor productivity. Moreover, in contrast to panel

data methods, it has the key advantage to be directly motivated by economic theory. (For a discussion of advantages
and drawbacks of the use of panel data methods in growth empirics, see, for instance, Durlauf and Quah (1999).)

In addition to the individual specific effect problem as discussed above, our estimates explicitly deal with two other
problems that have been recognized to affect traditional cross-country growth regressions, namely, heteroscedasticity
and outliers. First, as in Benhabib and Spiegel, I compute the heteroscedasticity robust standard error of White (1980).
Second, following Temple (1998a), I also look for outlying observations and present results issued by applying the
reweighted least squares estimation (RWLS) as recommended by Rousseew and Leroy (1987); that is, I first detect
highly influential observations by using the so-called Least Trimmed Squares estimator and then apply a classical
estimation procedure on the “cleaned” data®.

Finally, Caselli, Esquivel, and Lefort (1996) claim that there is a strong role for endogeneity in driving standard re-
sults in traditional cross-country growth regressions as they are provided in the next section. Many authors, and among
them Mankiw (1995), have also stressed this potential drawback. To deal with this problem, Caselli et al. propose as an
appropriate estimation procedure to use generalized method of moments (GMM) as developed by Arellano and Bond
(1991) and to estimate a dynamic panel data model.

First, Bernanke and Giirkaynak (2001) explicitly test the conjecture that cross-country growth regressions may
indeed face endogeneity biases associated, for instance, with a Ramsey type growth model, and conclude (p. 16): “one
cannot reasonably account for the observed correlation of saving and growth as reflecting the endogenous response of
the former to the latter.” Moreover, they also estimate an Uzawa-Lucas (1988) type model where it is assumed that
the rate of human capital formation in the steady state is endogenous. However, they find that this type of model must
be rejected as literal description of the data. In their conclusion, they add (p.29): “... Future research should consider
variants of endogenous growth models to see which if any provide a more complete and consistent description of the
cross-country data”. This article aims to go through that direction.

Second, GMM requires the use of instruments which, by definition, must be uncorrelated with the error term.

2 A key parameter that is needed in that procedure is the trimming constant that determines the breakdown point of the LTS estimator. For both
the non-oil and the intermediate samples, respectively the OECD sample, it is set to about two-thirds, respectively three-quarters, of the total number
of observations present in the original sample of countries as listed in Appendix A.
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Usually, lags of the regressors are used. As emphasized, for instance, by Durlauf and Quah, and Temple (1999), the
problem is that if saving rates and the rate of labor force growth are persistent over the period under study, then their
GMM’s estimator can be expected to perform badly. (See for instance, Easterly et al. (1993) who find that country
characteristics, and especially rates of factor accumulation display high persistence, with cross-decade correlations
ranking from 0.6 to 0.9 between the 60s and 70s and between the 70s and 80s.) More generally, Durlauf (2001) while
discussing what he calls the “open-ended” feature of growth theories, argues (p. 66): “...Yet, those studies which
attempt to use instrumental variables to address regressor endogeneity have not yet been persuasive in that the choices
of instruments have not met the necessary exogeneity requirements for instrument validity.” For ease of comparison
with most studies I refer to, I therefore choose, at least in a first stage, to focus on results issued by traditional cross-

country growth regressions following a specification as described by Equation (15).

4. Growth Regressions Over a Benchmark Period: 1960-1985
4.1 Rates of Accumulation Versus Levels of Human Capital

The results of estimating Equation (15) are presented in Table 1 for three samples that intersect with the non-oil, the
intermediate and the OECD samples of countries analyzed by Mankiw, Romer, and Weil together with an estimation of
their augmented Solow model. From now on, I call them the MRW and the NP models. The MRW estimations are used
as benchmark regressions that I compare to the regressions obtained with the above competing NP model. Although,
the MRW model is initially estimated on a sample of 73 non-oil countries instead of 98 in the original contribution,
estimations using these two samples provide very similar results. This is equally true for the intermediate and OECD
samples. (See Table V, p. 426, of Mankiw, Romer, and Weil’s (1992) article and results reported in columns 1, 5, and 9
of Table 1.)

The goodness-of-fit as measured by the adjusted-R? and the Akaike information criterion (AIC) that take into
account the trade-off between the goodness of fit and the complexity of the models, does not allow us to discriminate

between both models or to choose the best model among the two, whatever OLS or RWLS estimations are used.
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“Dependent variable: difference in the logs of GDP per working-age person (1960-1985)

Sample Non-oil Intermediate OECD
*OLS ‘RWLS OLS RWLS OLS RWLS
Observations n=73 n=69 n=65 n=61 n=21 n=17
Model IMRW INP MRW NP MRW NP MRW NP MRW NP MRW NP

“»m e 6 @ ® e 0O @ © Jday Jday (a2

Constant 2.58 2.06 2.63 2.53 3.01 1.71 2.96 223 3.05 -0.03 1.41 -0.28
€0.00)  (0.03)  (0.00)  (0.00)  (0.00)  (0.09)  (0.00)  (0.00)  (0.02)  (0.98)  (0.01)  (0.44)
In(Y60) -0.27 -0.19 -0.24 -0.21 -0.36 -0.18 -0.31 -0.20 -0.38 -0.05 -0.33 -0.16
(0.00) 0.01)  (0.00)  (0.00)  (0.00)  (0.02)  (0.00)  (0.00)  (0.00)  (0.58)  (0.00)  (0.01)
H.In(Y60,105/Y60) 0.14 0.09 0.18 0.13 027 021
(0.06) (0.15) (0.02) (0.03) (0.01) (0.00)
In(I/GDP) 0.57 0.57 0.70 0.68 0.48 051 0.62 0.63 0.28 -0.04 -0.09 -0.22
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.16) (0.83) 0.31) (0.01)
ln(n+g+§) -0.57 -0.29 -0.45 -0.27 -0.73 -0.37 -0.60 -0.34 -0.74 -0.40 -0.92 -0.66
(0.02) 0.21) (0.02) (0.19) (0.00) 0.14) (0.00) 0.11) (0.00) (0.10) (0.00) (0.00)
In(school) 0.15 0.06 0.27 0.16 0.27 0.23
(0.09) (0.39) 0.01) (0.03) (0.03) (0.00)
H 0.07 0.06 0.04 0.03 -0.13 0.03
(0.36) (0.41) (0.59) (0.65) 0.17) (0.51)
adj. R2 0.465 0.477 0.603 0.620 0.448 0.423 0.590 0.592 0.638 0.720 0.873 0.955
AIC 41.42 40.65 10.71 8.71 30.25 34.14 0.67 1.35 -18.05 -22.41 -38.13 -46.39
f.‘i 3.62 4.62 3.69 4.64 3.62 4.50 3.70 4.52 1.68 6.37 1.90 7.08
Sample Unrepresentative observations dropped in RWLS
Non-oil MRW Chile, Morocco, Singapore, Zambia
(n=69) NP Chile, Morocco, Singapore, Zambia
Intermediate MRW Chile, Morocco, Singapore, Zambia
(n=61) NP Chile, Morocco, Singapore, Zambia
OECD MRW Ireland, Japan, Norway, United Kingdom
(n=17) NP Ireland, Norway, Spain, United Kingdom

Table 1: Tests for neoclassical convergence and technological catch-up where the absorption capability of a nation is
approximated by its stock of education at secondary levels.

Notes:

a. All variables are borrowed from Mankiw, Romer, and Weil’s (1992), except the average education stock over the period (H) which is calculated with data provided by
Nehru et al. (1995).

b. Ordinary Least Squares estimation.

c. Reweighted Least Squares estimation as recommended by Rousseeuw and Leroy (1987).

d. MRW corresponds to the Mankiw, Romer, and Weil specification. NP is for Nelson and Phelps and corresponds to the specification as described by Equation (15) in
the text.

e. p-values, i.c., the marginal significance level of a two-tailed test of the hypothesis that the coefficient is equal to zero, are in parenthesis under coefficient estimates.
White’s heteroscedasticity correction used.

f.  is the conditional number measuring collinearity. 14




Before I turn to formal specification test, it is however worth stressing that the main finding of conditional conver-
gence; that is, a low initial level of income is associated with a high subsequent growth rate, still holds for both the
MRW and the NP specifications whatever the sample used, and as long as we rely on results provided by the RWLS
procedure. The coefficient, however, is smaller in the NP as compared to the MRW specification, therefore suggesting
a lower speed of convergence due to decreasing returns once one controls for technological catch up opportunities.
Second, and more important for our discussion, is the positive relationship between our interactive term which is in-
tended to capture technological catch-up, and growth in all three samples. It is interesting that despite the inclusion of
the neoclassical convergence term in the NP specification, it is significantly different from zero with at least a 5 percent
level of confidence in both the intermediate and OECD samples. Still, it loses significance when one considers the
larger sample of non-oil countries (p-values are equal to 0.06 (0.15) when issued by OLS (RWLS) estimation). Finally,
although not significantly different from zero, the coefficients associated with the stock of human capital are always
positive. These results are in sharp contrast with those obtained by Benhabib and Spiegel (see their Table 5, p. 162).

It is well-known that multicollinearity is an essential feature of international data at an aggregated level and that
results obtained from almost all cross-country growth regressions remain very sensitive to the chosen specification
(see Levine and Renelt (1992)). In light of the correlation matrices available in Appendix B and as the conditional
numbers available in Table 1 indicate, multicollinearity is a more serious problem in the NP compared to the MRW
specification. However, to suggest that the results might be different if the data were not collinear has little practical
value. Once the largest available set of observations is introduced in the estimation, there is no satisfying remediation
to multicollinearity. Dropping troublesome variables leads to beg the problem of specification error which is exactly
what we try to overcome with the NP specification. Using a principal components estimator involves using a weighted
average of the dependent variables. This would lead us to be unable to discriminate between the individual magnitude

of the effect of the independent variables. Another alternative regression technique is ridge regression, but it yields

3 A novel approach which explicitly deals with model uncertainty, namely, Bayesian Averaging of Classical Estimates (BACE), has recently been

proposed by Doppelhofer, Miller, and Sala-i-Martin (2000). At issue is to check the importance of explanatory variables in cross-country growth
regressions. Among 11 explanatory variables which are found to be robustly partially correlated with long run growth, the strongest evidence appears
to be for the initial level of real GDP per capita. Unfortunately for our purpose, there is no interaction term that captures the technological catch-up
effect as specified in Equation 16, which is included yet among their 32 explanatory variables under study.
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biased estimators. If multicollinearity reduces the precision with which coefficients are estimated by inflating their
variance when OLS are used, it, however, yields BLUE estimates. Moreover, multicollinearity does not invalidate a
model.

Notice that the main effect and the interaction effect of both the log of GDP per working-age person in 1960 and the
average secondary-school education stock on economic growth as they are specified in Equation (15), in no instance
represent a constant effect of the corresponding independent variable on the dependent variable. The inclusion of the
interaction term indeed leads the effect of the log of GDP per working-age person in 1960 to vary according to each
value of the average secondary-school education stock, meaning that its associated relevant p-value can only be derived
at a particular value of H. In Figure 1, I therefore display density estimates of both the marginal effect on economic
growth of In(Y60) for all values of H, respectively of H for all values of In(Y 60,5/ Y 60), as well as their associated
relevant p-value’s density estimates. In Table 2, I also provide summary statistics of these distributions; that is, both
the mean and variance of the parameter estimates of the marginal effect of In(Y'60) and H, as well as the average
marginal significance level of a two-tailed test of the hypothesis that the marginal effect is equal to zero with both its
variance and the number of observations for which this null hypothesis cannot be rejected at the 10 (respectively 5)
percent significance level.

First, It is interesting that the impact of In(Y'60) on economic growth is significantly different from zero at the 5
percent level for all values of H in all three samples with only one exception in the OECD sample. Second, the effect
of H conditional upon values of In(Y 60,2/ Y 60) is now on average significant at least at the 5 percent level being
non significant for only 5 to 20 percent of the values of In(Y 60mmax/Y 60), except for the OECD sample when an
OLS estimation procedure is used. Finally, the average marginal effect of the convergence rate in the NP specification
now gets closer to the neoclassical convergence rate in the MRW model, therefore strengthening the conjecture that
indeed, not only convergence reflects diminishing returns to capital but it also involves the spread of technology. In
other words, the world is not composed of economies that all benefit from the state of the art of technology which is

considered in a neoclassical framework as a pure public good, but of economies that do not have access to the same




“Marginal effect of both the convergence rate and the stock of human capital
on economic growth (1960-1985)

Sample Non-oil Intermediate OECD
n=73 ’n=69 n=65 bn=61 n=21 bn=18

In(Y60) °me. Ypvale me. pvalue M. pualie M. pvalie M. pvalie M.e.  pvalue

Mean 027 (0.00) 026 (0000 029  (0.00) -029  (0.00) -040  (0.01)  -042  (0.00)
Variance 0.007 0.000 0.003 0.000 0.013 0.000 0.006 0.000 0.032 0.001 0.018 0.000
n.s. obs. 0(0) 0(0) 0(0) 0(0) 0(1) 0(0)

H m.e. p-value m.e. p-value mM.€. p-value M.€. p-value M.€. p-value M.E. p-value

Mean 0.31 (0.02) 0.21 (0.04) 0.32 (0.03) 0.23 (0.05) 0.07 (0.43) 0.18 (0.05)
Variance 0.016 0.003 0.007 0.005 0.024 0.009 0.012 0.015 0.018 0.154 0.013 0.016
n.s. obs. 4(6) 6(12) 5(10) 11.(13) 14 (14) 13)

Table 2: Marginal effect of both the convergence rate and the stock of education at secondary levels on economic
growth over the period 1960-1985.

Notes:

a. Given Equation (15), the marginal effect of Ln(Y 60), respectively of H, on growth rates, is 51 - :’SQH, respectively Bs + ,?1‘2 In(Y 60max /Y 60).

b. Sample used after an outlier detection. Unrepresentative observations dropped out from the procedure are listed in Table 1.

c. Both mean and variance of the parameter estimates of the marginal effect of Ln (Y 60) for different values of H, respectively of H for different values of
In(Y 60max/ Y 60).

d. p-values, i.e., the average marginal significance level of a two-tailed test of the hypothesis that the marginal effect is equal to zero, are in parenthesis with, below, both
the associated variance and the number of observations for which the null hypothesis cannot be rejected at the 10 (5) percent significance level. White’s heteroscedasticity

correction used.
level of technology, and that may benefit from their lagging behind according to their absorption capability as proxied,
for instance, by their stock of human capital.

In order to discriminate between our two competing specifications, I now turn to testing between the MRW and the
NP models that are nonnested models as they are characterized by non-overlapping independent variables. I apply a
JA-test which has the advantage over, for instance, the J-test developed by Davidson and MacKinnon (1981), to remain

valid for small samples and to be a robust test when the number of variables specified in each model is quite similar*.

4 The JA-test is a nonnested test derived by Fisher and McAleer (1981). It is based on artificial regressions.
Suppose we have two competing models of the form:
Ho: E(Y)=X18,vs Hy : E(Y) = X204

The question is: to what extent the model specified under the null hypothesis is capable of predicting the performance of the model specified
under the alternative hypothesis? And the procedure is as follows:

(i) obtain the predictions Yy of Y from the model specified in the null hypothesis by applying the Least Squares method: Yy = X1/3; with
By = (X{X1)~IX(Y.

(ii) obtain the predictions }A’g,l aff/g from the model specified in the alternative hypothesis: 170_1 = X 3, with 8y = (XéXg)’lXélA/Q.
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“JA-test (1960-1985)

Sample Non-oil Intermediate OECD
n=73 bn=69 n=65 bn=61 n=21 bn=18
HO HI
MRW NP 0.12 0.10 0.34 0.26 0.42 0.07
NP MRW 0.41 0.93 0.04 0.26 0.20 0.05

‘p-value  “p-value  °p-value °p-value  “p-value  °p-value

Table 3: Nonnested hypothesis test: MRW versus NP

Notes:

a. The JA-test performs a test of specification of non nested models as described in the text.

b. Sample used after an outlier detection. Unrepresentative observations dropped out from the procedure are listed in Table 1. For the OECD sample, Ireland, Norway,
and the United Kingdom, the three common outliers to both the MRW and NP specifications have been removed.

¢. The p-values give the probability of being wrong when rejecting the model specified under the null hypothesis. White’s heteroscedasticity correction used.

Results of the test are provided in Table 3 where the p-values give the probability of being wrong when rejecting the
model specified in the null hypothesis. Concerning the non-oil sample, when the MRW model is specified as the null
hypothesis and the NP model as the alternative hypothesis, it cannot be rejected at a 5% significance level. However,
this does not mean that it must necessarily be preferred to the NP model or that the latter is not also capable of predicting
the performance of the MRW model’. Once the models are reversed with the previous alternative hypothesis becoming
the null, the testing procedure tends to reject the MRW model with a much smaller probability (12% compared to 41%)
of committing a first error type, i.e., to reject it though it is the true model. Hence, there is no evidence that the NP
model is misspecified. What is more, it may be preferred to the MRW model given the type one error probabilities.
The opposite holds when the intermediate sample is considered.

Given that the same outlying observations have been dropped out from the RWLS estimation in both the non-oil
and intermediate samples, I also test how both models match up against one another when outlying observations are
removed from the original samples. Once the testing procedure is applied to the cleaned data, it yields an unambiguous

result for the non-oil sample where one would be wrong with a 90% probability in rejecting it against the MRW model.

(iii) augment the model specified in the null hypothesis by the single variable Y 1, and test the significance of its coefficient.

(iv) The null hypothesis is rejected if the coefficient is significantly different from zero.
5 Nonnested hypothesis tests do not formulate the hypothesis in a complementary way as in nested hypothesis tests because one model cannot
be obtained from the other by imposing a restriction. There are therefore four possible outcomes: (i) both models are rejected, (ii) both models are
accepted, (iii) the NP model is accepted and the MRW model is rejected, (iv) the MRW model is accepted and the NP model is rejected.
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For the intermediate sample, the result is now mixed: the probabilities to be wrong in rejecting one of the models
against the other are indeed very close. There is not anymore clear evidence that one model unambiguously dominates
the other. The same non nested test between the MRW and NP estimation frameworks applied to the OECD group of
countries are also available in Table 3. When considering the original sample of 21 countries, the test fails to reject
any of the candidate models. On the contrary, when Ireland, Norway, and the United Kingdom, three outliers shared by
both estimation frameworks, are dropped, the test tends to reject both models at a 10% significance level. Therefore,
each model may represent a partial truth of the transition pattern experienced by OECD countries or, equivalently, each
model may significantly improve the other.

On the one hand, while the neoclassical revival left no room to technological knowledge disparities, it seems that
human capital cannot be viewed, at least entirely, as a factor of production. On the other hand, the above empirical evi-
dence supports the importance of human capital as a factor which facilitates the adoption and dissemination of technical
advances. It also suggests that the MRW model is very likely to be misspecified, its error structure being contaminated
by omitted variables. In a broader perspective, and following Romer’s comment on Mankiw’s (1995) article, “The
Growth of Nations”, one may argue that the neoclassical model does indeed not go far enough and that there is some
room to enrich it. For instance, it may be seen as a model nested within an encompassing specification that includes
both the human-capital augmented model of Mankiw, Romer, and Weil and the Schumpeterian approach favored by
Nelson and Phelps. To test the empirical validity of such an argument, I make use of nested specification testing as
proposed by Breusch and Pagan (1980)°. Results of such a test procedure are provided in Table 4. Again, in this table,
p-values give the probability to be wrong when rejecting the nested model specified under the null. Concerning the

non-oil and intermediate samples, once unrepresentative observations are removed, neither the public-good model of

6 The Lagrange Multiplier test for nested models applied here has been derived by Breusch and Pagan (1980) who have shown that for linear
hypothesis on linear models, the LM principle involves only two OLS regressions. The test procedure is as follows:

(i) the null hypothesis specifies either the MRW or the NP model as a restricted version of the alternative hypothesis that specifies a more general
specification that encompasses both estimation frameworks,

(ii) estimate the residuals from the nested model,

(iii) regress them on the original variables from the model under the alternative hypothesis,

(iv) calculate the statistic V. R2 from this second regression, where N is the number of observations,

(v) compare it with the critical 5 percent value of a x?u where M is the number of constraints implied by the null hypothesis. If N R? is greater
than X?”, we reject the null hypothesis with a 5 percent first error type probability, i.e., to reject the null when it is true.
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technology can be rejected as a special case of our extended model that now takes technology seriously, nor the impor-
tance of technology transfers associated with the ability to implement successfully the best-practice technology can be
ignored. In contrast, when we focus on OECD countries, the test allows us to reject the MRW specification as a special
case of our extended model with an almost zero probability to be wrong while the NP specification cannot be rejected

at a 5% confidence level.

<L M-test (1960-1985)

Sample Non-oil Intermediate OECD
n=73 bn=69 n=65 bn=61 n=21 bp=18
HO
MRW 0.17 0.14 0.30 0.24 0.03 0.00
NP 0.38 0.92 0.04 0.23 0.14 0.07
°p-value  p-value p-value p-value p-value p-value
Sample Unrepresentative observations dropped in RWLS
Non-oil (n=69) Chile, Morocco, Singapore, Zambia
Intermediate (n=61) Chile, Morocco, Singapore, Zambia
OECD (n=18) Ireland, Norway, United Kingdom

Table 4: Nested hypothesis test: MRW and NP versus a more general specification which includes both the MRW and
the NP models.

Notes:

a. The LM-test performs a test of specification of nested models as described in the text.

b. The test procedure is issued by the use of RWLS; that is, unrepresentative observations identified within the general specification have been dropped.

c. The p-values give the probability of being wrong when rejecting the nested model specified under the null hypothesis.

The extended theoretical framework provided above is only slightly more complicated than the neoclassical model
with exogenous technological change. Nevertheless, it reveals itself to be a reliable either alternative or complementary
model depending on the sample of countries under study, compared to the human capital augmented neoclassical growth

model originally proposed by Mankiw, Romer, and Weil.

7 Because the rationale behind both the JA and the LM tests is that of the encompassing principle and the set of variables specified in each model
(MRW and NP) is quite similar, it is not surprising that results provided in Tables 3 and 4 essentially deliver the same information.
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4.2  “Idea Gaps and Object Gaps in Economic Development” Revisited

A key finding of the “new” empirics of economic growth is the importance of investment in equipment as an excep-
tional source of economic growth. In seminal contributions, De long and Summers (1991, 1993) argue that implied
social returns to equipment investment are far above the private returns (see also Temple (1998b) who checked on the
robustness of this relationship to outliers). However, De Long and Summers (1991) also find that this result is not
robust to tests for interaction with an income gap variable for high-income countries. As a consequence, they suggest

that their high estimate may to some extent reflect catching up. More specifically, they note (p.467-468):

“We find very attractive the idea that a high social product of equipment investment reflects technology transfer
mediated through capital goods, and thus that the social product is higher for poorer countries with more of a
technology gap to bridge. But the data do not speak reliably enough on this point for us to be willing to do more

than point out that the question is intriguing and potentially very important, and the evidence not conclusive.”

If De Long and Summers are so cautious in suggesting that their high estimates may indeed reflect technological
catch up, this is because their results are not robust to sample expansion. In this section, I follow this line of research
and re-estimate Equation (15), but where the absorption capacity of a nation is now approximated by the average share
of equipment investment in output (henceforth OIG for Object and Idea Gaps model). Results are provided in Table 5
and are directly comparable to those obtained in Tables 1 and 2.

Note first that the goodness-of-fit criteria are better for the non-oil and intermediate samples compared to those
obtained with the estimations of both the MRW and NP models in Table 1, but are slightly inferior in the case of the
OECD sample, especially in comparison to the NP specification.

Results for the non-oil and intermediate samples may intrigue the reader. When ordinary least squares are applied,
the interaction term fails to be significantly different from zero, while conditional convergence is significantly at work,
therefore partially corroborating results found by De Long and Summers (1991). Moreover, the term Eq/GDP is

significant at about a 10% confidence level despite the inclusion of the investment ratio whose coefficient is on the other
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“Dependent variable: difference in the logs of GDP per working-age person (1960-85)

Sample Non-oil Intermediate OECD
bOLS YRWLS OLS RWLS OLS RWLS
n=73 n=65 n=65 n=58 n=21 n=18
Constant 130 126 118 115 -1.68 339
€(0.18) (0.10) (0.25) (0.16) (0.26) (0.06)
In(Y60) -0.17 0.06 -0.19 -0.09 0.09 -0.87
(0.03) (032) (0.02) (0.14) (0.65) (0.00)
(EQ/GDP).In(Y60y,/Y60) 222 426 177 373 6.83 -11.03
(0.18) (0.01) 031) (0.01) (0.04) (0.01)
In(GDP) 042 0.58 035 050 -0.13 035
(0.00) (0.00) (0.03) (0.00) (0.50) (0.02)
In(ng+6) 037 022 0.4 027 -0.41 147
(0.09) (022) (0.06) (0.13) (0.11) (0.00)
Eq/GDP 342 076 407 050 -0.63 10.73
©.11) (0.73) (0.06) (0.81) (0.84) (0.00)
adj. R? 0537 0.719 0.480 0.699 0.743 0835
AIC 3177 831 27.45 -14.21 24.23 -40.55
4y 6.10 627 6.02 620 9.19 15.12

“Marginal effect of both the convergence rate and equipment investment ouput ratio

fm.c. gp—valuc m.e. p-value m.e. p-value m.e. p-value m.e. p-value m.e. p-value

In(Y60) Mean 0.26 (0.00) 024 (0.02)  -027  (0.01) 026  (0.01) -043  (0.00) -006  (0.24)
Variance 0.006 0.000 0.022 0.003 0.004 0.000 0.016 0.000 0.023 0.000 0.054 0.096

n.s. obs. 0(0) 3(6) 0(0) 0(1) 0(0) 9(10)

Eq/GDP Mean 7.16 (0.01) 6.25 0.12) 6.84 (0.01) 630 (0.07) 4.40 (0.20) 337 0.11)
Variance 3914 0.000 13.67 0.060 2279 0.000 10.21 0.023 12.17 0.079 27.60 0.058

n.s. obs. 1(1) 14 (14) 0(1) 11(13) 10 (11) 3(5)

Sample
Non-oil (n=65)
Intermediate (n=58)
OECD (n=18)

Unrepresentative observations dropped in RWLS
CHL, CMR, ETH, JAM, MAR, UGA, VEN, ZMB
CHL, CMR, JAM, MAR, PRY, VEN, ZMB
GBR, GRC, JPN

Table 5: Tests for neoclassical convergence and technological catch-up where the absorption capability of a nation is
approximated by its equipment investment output ratio.

Notes:

a. All variables are borrowed from Mankiw, Romer, and Weil’s (1992), except the equipment investment data (Eq/GDP) which comes from De Long and Summers (1993).
b. Ordinary Least Squares estimation and Reweighted Least Squares estimation as recommended by Rousseeuw and Leroy (1987).

c. p-values, i.e., the marginal significance level of a two-tailed test of the hypothesis that the coefficient is equal to zero, are in parenthesis under coefficient estimates.
White’s heteroscedasticity correction used.

d. r is the conditional number measuring collinearity.

e. Given the interaction effect, the marginal impact of Ln(Y60), respectively of Eq/GDP, on growth rates, is /Ail - 92 Eq/GDP, respectively
Bs + Ba In(Y60max/Y60).

f. Both mean and variance of the parameter estimates of the marginal effect of Ln (Y 60) for different values of Eq/G D P, respectively of Eq/G D P for different
values of In(Y 60max / Y60).

g. p-values, i.e., the average marginal significance level of a two-tailed test of the hypothesis that the marginal effect is equal to zero, are in parenthesis with, below, both
the associated variance and the number of observations for which the null hypothesi3 @annot be rejected at the 10 (5) percent significance level. White’s heteroscedasticity

correction used.




hand always associated with a close to zero p-value. However, these results are not robust to outliers. Results issued by
reweighted least squares, offer a different explanation of cross-country economic growth. Indeed, once unrepresentative
observations are dropped, the interaction term becomes substantively significant while the neoclassical convergence
term now fails to be significantly different from zero anymore (its p-values are equal to 0.32 (0.14) for the non-oil
(intermediate) sample). Finally, while the investment share term remains highly significant, the term Fq/GDP is now
statistically insignificant, changing sign in the case of the non-oil sample.

In light of the correlation matrices available in Appendix B, it is worth noticing that in addition to creating high
variances of coefficients estimates, we can expect multicollinearity to yield large changes in parameter estimates once
a set of observations are removed from the original sample. First, given the presence of the product term in the OIG
specification, it is interesting that the marginal impact of the log of GDP per working-age person in 1960 is substantively
significant for almost all values of the equipment investment output ratio except for the OECD sample when the RWLS
estimation procedure is used. Second, the marginal impact of Eq/GD P for different values of also reveals itself to be
significantly different from zero at the 5 percent level for, at least, 75 percent of the observations for the non-oil and
intermediate samples, therefore, supporting De Long and Summers alternative view that equipment investment may
indeed accompany technology transfer.

Observations dropped in RWLS are quite different in the OIG model compared to the MRW and NP models. There-
fore, I only estimate whether improvements can be made by combining all the independent variables from the different
models in an encompassing model which either nests the MRW and the OIG models or includes the NP and the OIG
models (see Table 6). Let us first focus on an extended MRW specification which explicitly incorporates technologi-
cal catch-up where the absorption capability of a nation is approximated by its equipment investment in output. It is
interesting that whatever the sample under study and whatever OLS or RWLS, the MRW model is always rejected as a
nested model within the more general specification with an almost zero probability to be wrong in doing so. While the
same is true for the non-oil and intermediate samples in the case of OLS regressions when the OIG model is specified

under the null, the test does not allow us to reject the OIG model as nested when RWLS estimation is used. Again,
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“LM-test (1960-1985)

Non-oil Intermediate OECD
n=73 bn=63  n=65  °Pn=55 n=21 n=18
HO
MRW 0.00 0.00 0.00 0.00 0.03 0.00
OIG 0.05 0.81 0.00 0.22 0.71 0.01
°p-value  p-value p-value p-value p-value p-value
Sample 4Unrepresentative observations dropped in RWLS
Non-oil (n=63) ARG, BGD, CHL, CMR, ETH, JAM, MAR, UGA, VEN, ZMB
Intermediate (n=55) ARG, BGD, CHL, CMR, ETH, JAM, MAR, PRY, VEN, ZMB
OECD (n=18) AUT, GBR, PRT
n=73 bn=66 n=65 bn=59 n=21 bn=18
HO
NP 0.01 0.01 0.01 0.00 0.10 0.11
OIG 0.22 0.56 0.12 0.44 0.22 0.01
°p-value  p-value p-value p-value p-value p-value
Sample 4Unrepresentative observations dropped in RWLS
Non-oil (n=66) BGD, CHL, CMR, JAM, MAR, UGA, ZMB
Intermediate (n=59) CHL, CMR, JAM, MAR, MLI, ZMB
OECD (n=18) GBR, IRL, NOR

Table 6: Nested hypothesis test: (i) MRW and OIG versus a more general specification which nests both the MRW and
the OIG models, (ii) NP and OIG versus a more general specification that includes both the NP and the OIG models.
Notes:

a. The LM-test performs a test of specification of nested models as described in the text.

b. The test procedure is issued by the use of RWLS; that is, unrepresentative observations identified within the general specification have been dropped.

c. The p-values give the probability of being wrong when rejecting the nested model specified under the null hypothesis.

d. World Bank country codes and associated country names are available in Appendix A.

this constitutes evidence that the MRW model can be significantly improved by taking into consideration technological
differences in a large cross-section of nations. Technological catch-up indeed takes place and reveals itself to be a key
factor which underlies the world income distribution dynamics. Still, the opposite is true for the OECD sample. The
OIG model specified under the null cannot be rejected in the OLS regression, while it is with only a 1% probability to
be wrong in the RWLS estimation.

Despite the high correlation between both the stock of human capital and the share of equipment investment in

output, I now ask whether both capture different and independent notions of the absorption capacity of a nation to

24




implement the successive advances in the best-practice technology? In other words, can technological catch-up depend
upon a combination of both proxies for the absorption capability of a nation? While the NP model can be rejected as
a nested model with an infinitesimal probability to commit a first error type, the opposite holds for the OIG model
in the non-oil and intermediate samples. In contrast, the importance of human capital as a proxy for the absorption
capability of an economy cannot be rejected at a 10% significance level in the OECD sample, therefore suggesting that
the technological catch-up phenomenon may rely more strongly on different types of absorption capability depending

on the stage of development of the economy.

5. Counterfactual Income Dynamics Over the Period 1960-1995

A question that originally motivated the convergence literature is: what will the distribution of output per worker look
like in the future? In this section, following Di Nardo, Fortin, and Lemieux (1996), I rather look at “conditional” income
distribution and investigate the following question: what the distribution of output per worker would have looked like
if countries had been characterized by technological backwardness and different absorbing social capabilities as well
as by different initial levels of output per worker after having controlled for differences in factor accumulation? This
allows us to focus on counterfactual dynamics of the world income distribution implied by either the MRW framework
or a more general specification that nests both the MRW and NP specifications. In this section, I first estimate the
contribution of each variable to the growth performance of each country in the sample for the period 1960-1995.
Second, I estimate counterfactual output per worker density estimates that reflect the impact of both models on the

evolution of the income distribution over the period.

5.1 Rates of Accumulation Versus Levels of Human Capital Over the Period 1960-1995

In the previous section, our aim was to evaluate whether a simple growth model that explicitly takes into consideration
technological catch-up could help us in understanding economic growth and to check whether it was a reliable either
alternative or complementary specification to the Mankiw, Romer, and Weil’s estimation framework. I did so by focus-

ing on a period, 1960-1985, which has been the reference of most influential contributions on the empirics of growth
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“Dependent variable: difference in the logs of GDP per working-age person (1960-1995)

Sample Non-oil Intermediate OECD
bOLS ‘RWLS OLS RWLS OLS RWLS
Observations n=79 n=73 n=76 n=66 n=63 n=64 n=21 n=17
Model IMRW INP MRW NP MRW NP MRW NP MRW NP MRW NP

» @ 6 “4) & ©® O ®) ® a0 an a1z

Constant 3.40 1.55 3.14 2.11 513 223 4.98 3.03 4.59 295 5.58 5.76
€0.00)  (020)  (0.00) (0.08) 0.00)  (0.09  (0.00) (0.02) 0.00)  (0.12)  (0.00)  (0.00)
In(Y60) -0.42 -0.25 -0.41 -0.24 -0.53 -0.28 -0.56 -0.31 -0.55 -0.45 -0.55 -0.57
(0.00) 0.01)  (0.00) (0.02) 0.00)  (0.01)  (0.00) 0.01) 0.00)  (0.01)  (0.00)  (0.00)
H.In(Y6012x/Y60) 0.03 0.03 0.02 0.02 0.01 0.00
(0.00) (0.00) 0.01) (0.03) (0.64) 0.77)
In(I/GDP) 0.56 0.60 0.58 0.76 0.70 0.74 0.68 0.81 0.30 035 -0.14 -0.18
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 0.17) 0.15) (0.29) 0.17)
ln(n+g+§) -1.02 -0.81 -1.10 -0.69 -0.97 -0.78 -1.08 -0.65 -1.02 -0.91 -0.25 -0.06
(0.00) (0.01) (0.00) (0.02) (0.00) 0.01) (0.00) (0.03) (0.01) (0.03) (0.21) (0.75)
In(school) 0.30 0.28 0.42 0.41 043 0.18
(0.01) (0.00) 0.01) (0.00) (0.04) (0.10)
H 0.00 0.00 0.00 0.00 0.00 0.00
(0.95) (0.58) (0.76) (0.72) 0.97) (0.47)
adj. R2 0.553 0.574 0.690 0.654 0.568 0.544 0.669 0.626 0.746 0.681 0.919 0915
AIC 83.01 80.13 34.90 55.60 53.81 58.34 24.76 38.65 -14.18 -8.40 -37.70 -35.74
f.‘i 3.57 4.52 3.57 4.52 3.24 4.30 333 427 2.03 533 1.77 4.95
Sample Unrepresentative observations dropped in RWLS
Non-oil MRW n=73 Botswana, Hong kong, Jamaica, Uganda, Zaire, Zambia
NP n=76 Mozambique, Uganda, Zambia
Intermediate MRW n=63 Hong kong, Jamaica, Zambia
NP n=64 Zambia, Zimbabwe
OECD MRW n=17 Japan, New Zealand, Norway, Turkey
NP n=17 Japan, New Zealand, Norway, Turkey

Table 7: Tests for neoclassical convergence and technological catch-up where the absorption capability of a nation is
approximated by its stock of education at secondary levels.

Notes:

a. All variables are borrowed from Bernanke and Giirkaynak (2001), except the average education stock over the period (H) which is calculated with secondary-school
attainment data provided by Barro and Lee (2000).

b. Ordinary Least Squares estimation.

c. Reweighted Least Squares estimation as recommended by Rousseeuw and Leroy (1987).

d. MRW corresponds to the Mankiw, Romer, and Weil specification. NP is for Nelson and Phelps and corresponds to the specification as described by Equation (15) in
the text.

e. p-values, i.c., the marginal significance level of a two-tailed test of the hypothesis that the coefficient is equal to zero, are in parenthesis under coefficient estimates.
White’s heteroscedasticity correction used.

f.  is the conditional number measuring collinearity. 26




over the last decade. Worldwide international data have now been updated to 1995. Thus, before analyzing the world
income dynamics, I first replicate results obtained in the previous section and reassess the empirical relevance of the
two competing models by extending the results through 1995. Data are from the same sources as Mankiw, Romer, and
Weil and are those collected and used by Bernanke and Giirkaynak (2001), except for the average stock of human cap-
ital variable (H) which now consists in the educational attainment at the secondary level series provided by Barro and
Lee (2000). This leads the sample under study to be slightly different compared to the previous section (see Appendix
C). However, to be reliable, the above results should be robust to the choice of both the sample of countries under
study and to the variable used as a proxy for the stock of human capital®. Results are provided in Table 7 and simple
correlation matrices are available in Appendix D.

First, both models still explain a significant part of the variation of economic growth across countries. The goodness
of fit as measured by the adjusted-R? even improves compared to the period 1960-1985 whatever the sample under
study and whatever OLS or RWLS estimation is used, except in the case of the NP model for the OECD sample. Second,
in contrast to results in Table 1, the technological catch-up effect on growth is now always significantly positive in both
the non-oil and the intermediate samples whatever OLS or RWLS estimation is used, but not anymore in the group of
OECD countries.

Third, in Section 4, I already discussed some consequences of estimating a non additive model as specified in
Equation (15). Hence, Table 8 provides information about the marginal impact of both the convergence rate and the
stock of human capital upon the value of H, respectively of In(Y 60,ax/Y 60). Similarly to results obtained in Table 2,
the marginal impact of In(Y60) is highly significant with the expected sign for all countries whatever both the sample
under study and the estimation procedure, and the effect of H is also always significant at a 5 percent level for, at least,
75 percent of the observations except for the OECD sample.

Finally, Table 9 provides results on whether the NP model consists in a reliable complementary explanation to the

standard neoclassical growth model. For the non-oil sample, although we can reject at a 5% significance level the

8  The estimation procedure used for estimating human capital stock in Barro and Lee (2000) differs from the technique used by Nehru et al.

(1995). Therefore, unless one spheres data before hand, underlying differences in location and scale in both series naturally yield completely
different coefficient estimates in Tables 7 and 8 compared to Tables 1 and 2. (See both the above references for details).
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“Marginal effect of both the convergence rate and the stock of human capital
on economic growth (1960-1995)

Sample Non-oil Intermediate OECD
n=79 bn=76 n=66 bn=64 n=21 bn=17

ln(YGO) ‘m.e. dp—valuc m.e. p-value mM.€. p-value M.€. p-value M.€. p-value M.C. p-value

Mean -0.46 0.00)  -045  (0.00) -049  (0.00)  -0.50  (0.00) -0.53  (0.01)  -0.60  (0.00)
Variance 0.042 0000 0042 0000 0033 0000 0024 0000 0002 0000 0000  0.000
n.s. obs. 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
H m.e. pvalue  M.€. p-value M., p-value M.E. p-value M€  pvalue M.€.  p-value
Mean 0.04 (0.05) 003 (009 003  (0.10) 002  (0.13) 00l (057 001  (0.18)
Variance 0.000 0.026  0.000 0045 0000 0048  0.000 0061 0000 0034 0000 0016
n.s. obs. 11 (1) 12 (15) 12 (16) 16 (17) 21 21) 12 (15)

Table 8: Marginal effect of both the convergence rate and the stock of education at secondary levels on economic
growth over the period 1960-1995.

Notes:

a. Given Equation (15), the marginal effect of Ln(Y 60), respectively of H, on growth rates, is El = BQH, respectively E;, + 52 In(Y'60max/ Y 60).

b. Sample used after an outlier detection. Unrepresentative observations dropped out from the procedure are listed in Table 7.

c. Both mean and variance of the parameter estimates of the marginal effect of Ln(Y 60) for different values of H, respectively of H for different values of
1n(Y 60max/Y60).

d. p-values, i.e., the average marginal significance level of a two-tailed test of the hypothesis that the marginal effect is equal to zero, are in parenthesis with, below, both
the associated variance and the number of observations for which the null hypothesis cannot be rejected at the 10 (5) percent significance level. White’s heteroscedasticity
correction used.

MRW model as nested within a more general specification that encompasses both the MRW and the NP models, we can
not reject the null hypothesis that this more general specification indeed nests the NP model for the same significance
level. However, the opposite is true for the intermediate sample of countries. The OECD sample yields more intricate
results depending on whether OLS or RWLS estimation is used.

In view of this empirical evidence, it seems likely that the above competing theories may well fit different sets
of countries. As Durlauf (2001) emphasizes (p. 68): “...Empirical growth studies virtually always assume that one
theory is equally valid for all countries, whereas it is far more natural to think that a given theory will explain the
growth experience of each country more or less well depending on the country’s individual characteristics”. Quah

(1996, 1997) provides interesting patterns of the evolution of cross-section income distributions. I now turn to estimate

counterfactual income distributions issued by the different above estimated models.
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“LM-test (1960-1995)

Sample Non-oil Intermediate OECD
n=79 bn=73 n=66 bn=61 n=21 bn=18
HO
MRW 0.03 0.02 0.30 0.96 0.66 0.27
NP 0.12 0.09 0.03 0.00 0.05 0.14
°p-value  p-value p-value p-value p-value p-value
Sample Unrepresentative observations dropped in RWLS
Non-oil (n=73) Botswana, Hong kong, Jamaica, Uganda, Zaire, Zambia
Intermediate (n=61) Guatemala, Hong kong, Jamaica, Zambia, Zimbabwe
OECD (n=17) Japan, New Zealand, Norway, Turkey

Table 9: Nested hypothesis test: MRW and NP versus a more general specification which includes both the MRW and
the NP models.

Notes:

a. The LM-test performs a test of specification of nested models as described in the text.

b. The test procedure is issued by the use of RWLS; that is, unrepresentative observations identified within the general specification have been dropped.

c. The p-values give the probability of being wrong when rejecting the nested model specified under the null hypothesis.

5.2  Counterfactual Income Density Estimates

The effect of the different theoretical frameworks on the world income dynamics are estimated by applying kernel
density methods (see for instance, Silverman (1986)). Practical application of kernel density estimation is crucially
dependent on the choice of the smoothing parameter. In the following analysis, I use the plug-in method of Sheather
and Jones (1991) as bandwidth selector that is also chosen by Di Nardo, Fortin, and Lemieux.

In the upper boxes of Figure 1, both univariate and bivariate density estimates of the world real output per working-
age person are displayed. Notice that the so-called phenomenon of twin peaks distribution dynamics across countries is
still at work over the period 1960-1995. The dynamics of the cross-section distribution of countries exhibit polarization.
The middle-income class vanishes leading to a group of rich countries which tends to collect together and to the
formation of a development trap (see Quah (1996)).

Results in Table 9 reveal that for the larger set of countries, the NP specification can not be rejected as nested

within a more general specification that includes both the MRW and the NP theoretical frameworks whatever OLS or
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RWLS is used. Is this more general specification better able to fit such distribution dynamics compared to the standard
neoclassical model as proposed by Mankiw, Romer, and Weil? To answer this question, I estimate counterfactual income
distribution issued by standard growth regressions over the period 1960-1995 and applied to the “cleaned” sample of

non-oil countries (n = 73) as estimated in Table 7 for the MRW specification, and as provided below for the nested

specification.
5)— = -_— a
In (Y95)— In (Y 60) &iﬁ.«}) ((())g% In (Y60)+ ((())._912) H.In(Y60,,,,/Y60)+ ((())gg) In(I/GDP)
— 1.02 In (n + 0.05)+ 0.16 In (school)+ 0.00 H with R? = 0.714 (16)
(0.00) (0.12) (0.53)

Such counterfactual income density estimates are plotted in the lower left-hand box of Figure 2 where I superimpose
both counterfactual income density estimates that would have been observed at the end of the period 1960-1995 if the
growth model was either the MRW (solid line) or the nested (dotted line) model and the true income density estimate
in 1995 (thick line). Following Di Nardo, Fortin, and Lemieux, I also plot in the lower right-hand box of this figure
the difference between the density estimate of the world income distribution in 1995 and each counterfactual density
implied by either the MRW (solid line) or the nested (dotted line) model. The closer to the zero line and the flatter is
the estimated line, the better the counterfactual density estimate fits the shape of the observed income distribution at
the end of the period. The local impact of each model on the evolution of the world income distribution can now be
clearly seen.

First, taking into consideration the impact of technological backwardness associated with the absorption capacity
of a nation enables us to better capture the formation of the development trap as illustrated by the lower tail of the
true distribution at the end of the period under study. There is indeed more mass at the bottom of the counterfactual
income density estimate implied by the nested specification compared to the MRW model. Second, the impact of the
technological catch-up phenomenon also allows us to better fit the vanishing of the middle-income class, as well as
the bump that took place in the upper tail of the true income density estimate in 1995. Finally, even though we now

explicitly take into consideration the opportunity to catch up which substantially contributes to a better understanding of
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the worldwide income dynamics, the U-shape in the lower right-hand box reveals that the twin-peakedness expression
of the income distribution still remains partially unexplained. Indeed, none of them is able to completely pick up the
mechanism which drives the convergence phenomenon, respectively the development trap formation, occurring in the
upper tail, respectively the lower tail, of the income density estimate observed at the end of the period. However, the
final impact of the technological catch-up effect substantively improves the local fit and reveals itself to contribute to

the polarization of the world income distribution.

6. Conclusion

In this article, I take seriously two alternative theoretical models that have been proposed to explain international
growth rates’ differences. These differences led to dramatic inequalities in the quality of life that is feasible to the world
population. As both approaches have different implications in terms of the development policies and strategies that
should be undertaken to lead poorer countries to catch up with richer ones, it is important that growth researchers focus
on finding a consensus about the relative importance of the different mechanisms that may offer to poorer countries
the opportunity to catch up.

On the one hand, the neoclassical growth theory assumes that technology is a pure public good. International growth
rates differences are expected to disappear in the long-run because of diminishing returns to reproducible factors. All
that poorer countries must do to close their wealth gap is to accumulate more of a capital aggregate that incorporates
both physical and human capital. Following Romer’s terminology, within a neoclassical framework, poorer countries
only suffer from an object gap. This approach is rather pessimistic. An alternative view argues that technology is less
public. Poorer countries also suffer from an idea gap. This leads total factor productivity growth differences to have
an impact on the dynamics of the world income distribution. These differences may be permanent or only transitional.

In the mid-80s, because growth rates were not converging to similar levels, growth researchers developed models
in which technological progress is endogenous (see for instance Lucas (1988) and Romer (1986)). Romer, for instance,

argues that capital accumulation leads to technological progress in the form of learning-by-doing that offsets the decline
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of the marginal productivity of capital. Within this kind of framework, convergence does not occur anymore: the poor
stays poor, and the rich stays rich. However, there is also clear empirical evidence that some poorer countries have
been able to catch up while others fell into a poverty trap. The middle-income group vanished over the post World War
II period leading to a polarization of the world income distribution. It is, therefore, important to assess whether this
convergence phenomenon is the result of diminishing returns to reproducible factors or the result of a technological
catch-up effect, or both. Similarly, it is important to know whether the poverty trap arises because of differences in the
rates of accumulation, or because countries lack the absorbing capability that would allow them to benefit from their
technological backwardness.

Recall that in the above modelling I assume, as in Mankiw, Romer, and Weil and Howitt’s articles, that both the
long run rate of growth and rates of saving are exogenous. A recent article by Bernanke and Giirkaynak focuses on this
exogeneity issue. First, I already mentioned their conclusion about the possibility for saving rates to be endogenous
as implied by a Ramsey model which justified in a first step the use of cross-country growth regressions instead of
dynamic panel data methods. Second, and of particular interest given the crucial need for growth econometrics to
establish an explicit link between competing theories and data analysis, Bernanke and Giirkaynak consider alternative
growth models such as the Lucas or the Romer’s model. Their conclusion is that these models must be rejected as
literal description of the data.

To be convincing, the above analysis makes use of formal models and statistical hypothesis tests where both object
and idea gaps are allowed to play a role in the evolution of the world income distribution. Hence, it avoids the short-
coming of the appreciative theory on technology and growth and the major drawback faced by panel data methods. It
aims at finding a consensus about the relative importance of the neoclassical convergence effect and the technological
catch-up effect.

The message in this article is the following: the assumption of a common rate of technological progress in a world-
wide cross section of countries where all what matters is factor’s accumulation is indefensible. The neoclassical growth

model provides an incomplete story of growth. And the above empirical evidence emphasizes technology diffusion
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[

as a complementary explanation to the worldwide income distribution dynamics. In other words, and as Solow orig-
inally argued (and as Mankiw, Romer, and Weil did not necessarily rule out), both traditional inputs and productivity

differences play a large and important role in explaining growth rates differences.
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Appendix A. Country List for Section 4 (1960-1985, n = 73)

Country name

AFRICA

Algeria (DZA)
Angola (AGO)
Cameroon (CMR)
Ethiopia (ETH)
Ghana (GHA)
Ivory Coast (CIV)
Kenya (KEN)
Madagascar (MDG)
Malawi (MWTI)
Mali (MLI)
Mauritius (MUS)
Morocco (MAR)
Mozambique (MOZ)
Nigeria (NGA)
Rwanda (RWA)
Senegal (SEN)
Sierra Leone (SLE)
Tanzania (TZA)
Tunisia (TUN)
Uganda (UGA)
Zaire (ZAR)
Zambia (ZMB)
Zimbabwe (ZWE)

® Temple (1998a & b) who first applicd RWLS

N, L,0)

(1,1,0)
(1,0,0)
(1,1,0)
(1,1,0)
(1,0,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,0,0)
(1,0,0)
(1,0,0)
(1,1,0)
(1,0,0)
(1,1,0)
(1,0,0)
(1,1,0)
(1,1,0)
(1,0,0)
(1,0,0)
(1,1,0)
(1,1,0)

Country name N, I, O)
ASIA
Bangladesh (BGD) (1,1,0)
India (IND) (1,1,0)
Israel (ISR) (1, 1,0)
Japan (JPN) 1,1,1)
Jordan (JOR) (1, 1,0)
Korea (KOR) (1, 1,0)
Malaysia (MYS) (1,1,0)
Pakistan (PAK) (1, 1,0)
Philippines (PHL) (1,1,0)
Singapore (SGP) (1,1,0)
Sri Lanka (LKA) (1, 1,0)
Thailand (THA) (1, 1,0)
EUROPE
Austria (AUT) (1,1,1)
Belgium (BEL) 1,1, 1)
Denmark (DEN) 1,1, 1)
Finland (FIN) 1,1,1)
France (FRA) 1,1,1)
Germany, West (DEU) 1,1,1)
Greece (GRC) 1,1,1)
Ireland (IRL) (1,1, 1)
Italy (ITA) (1,1, 1)
Netherlands (NDL) 1,1,1)
Norway (NOR) 1,1,1)
Portugal (PRT) (1,1, 1)
Spain (ESP) (1,1, 1)
Sweden (SWE) (1,1, 1)
Switzerland (CHE) (1,1, 1)
Turkey (TUR) (1,1, 1)
United Kingdom (GBR) (1,1, 1)
ique to cross-country growth

Country name

NORTH AMERICA
Canada (CAN)
Costa Rica (CRI)
El Salvador (SLV)
Guatemala (GTM)
Haiti (HTT)
Honduras (HND)
Jamaica (JAM)
Mexico (MEX)
Panama (PAN)
United States (USA)

SOUTH AMERICA
Argentina (ARG)
Bolivia (BOL)
Brazil (BRA)
Chile (CHL)
Colombia (COL)
Ecuador (ECU)
Paraguay (PRY)
Peru (PER)
Uruguay (URY)
Venezuela

OCEANIA
Australia (AUS)

N, 1, 0)

(1,11
(1,1,0)
(1,1,0)
(1, 1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,1)

(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1, 1,0)
(1, 1,0)

(L1

found a number of unrepresentative observations that are not initially

included in the above sample of countries, namely: Botswana, Chad, Egypt, Hong Kong, Indonesia, Mauritania, Papua New Guinea, and Somalia.
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Appendix B. Correlation Matrices (1960-1985)

B.1  Non-oil Sample

Correlation matrix - Non-oil sample (n = 73)

In(Y60)

H.In(Y 60,125/ Y60)
(Eq/GDP).In(Y 60,45/ Y 60)
In(I/GDP)
In(n+g+6)
In(school)

H
Eq/GDP

1.00
0.13
-0.06
0.64
-0.52
0.76
0.68
0.64

1.00
0.44
0.35
-0.23
0.48
0.59
0.36

1.00
0.41
0.01
0.17
0.14
0.61

1.00

-0.39  1.00

0.68 -0.36 1.00

0.55 -0.61 0.63 1.00
0.72  -048 058 0.68

B.2 Intermediate Sample

Correlation matrix - Intermediate sample (n = 65)

In(Y60)

H.In(Y 60,2/ Y60)
(Eq/GDP).In(Y 60,1,0x/Y60)
In(I/GDP)
In(n+g+6)
In(school)

H
Eq/GDP

1.00
0.06
-0.17
0.58
-0.54
0.76

0.66

0.60

1.00
0.45
0.29
-0.23
0.44
0.57
0.35

1.00
0.35
0.04
0.10
0.09
0.58

1.00

-0.39  1.00

0.62 -0.36 1.00

051 -0.61 0.62 1.00
0.70 -047 0.56 0.66

B.3 OECD Sample

Correlation matrix - OECD sample (n = 21)

In(Y60)
H.In(Y60,,,.x/Y60)
(Eq/GDP).In(Y 60,,,,5/Y 60)
In(I/GDP)
In(n+g+6)
In(school)

H
Eq/GDP

1.00
-0.50
-0.81
0.09
-0.05
0.40
0.34
0.22

1.00
0.85
0.39
-0.10
0.19
0.52
0.45

1.00
0.34
-0.07
-0.03
0.09
0.35

1.00

-0.04  1.00

0.25  -0.09 1.00

021  -0.02 0.60 1.00
0.69 -0.02 0.63 0.54
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Appendix C. Country List for Section 5 (1960-1995, n = 79)

Country name

AFRICA

Algeria (DZA)
Benin (BEN)
Botswana (BWA)
Cameroon (CMR)

Central Af. Rep. (CAF)

Congo (COG)
Ghana (GHA)
Kenya (KEN)
Malawi (MWI)
Mali (MLI)
Mauritius (MUS)

Mozambique (MOZ)

Niger (NER)
Rwanda (RWA)
Senegal (SEN)
South africa (ZAF)
Togo (TGO)
Tunisia (TUN)
Uganda (UGA)
Zaire (ZAR)
Zambia (ZMB)
Zimbabwe (ZWE)

N, 1,0)

(1,1,0)
(1,0,0)
(1, 1,0)
(1, 1,0)
(1,0,0)
(1,0,0)
(1,0,0)
(1, 1,0)
(1, 1,0)
(1, 1,0
(1,0,0)
(1,0,0)
(1,0,0)
(1,0,0)
(1,1,0)
(1,1,0)
(1,0,0)
(1,1,0)
(1,0,0)
(1,0,0)
(1, 1,0)
(1, 1,0)

Country name

ASIA

Bangladesh (BGD)
Hong Kong (HKG)
India (IND)
Indonesia (IDN)
Israel (ISR)

Japan (JPN)
Jordan (JOR)
Korea (KOR)
Malaysia (MYS)
Nepal (NPL)
Pakistan (PAK)
Philippines (PHL)
Singapore (SGP)
Sri Lanka (LKA)
Syria (SYR)
Thailand (THA)

EUROPE

Austria (AUT)
Belgium (BEL)
Denmark (DEN)
Finland (FIN)
France (FRA)
Greece (GRC)
Ireland (IRL)

Italy (ITA)
Netherlands (NLD)
Norway (NOR)
Portugal (PRT)
Spain (ESP)
Sweden (SWE)
Switzerland (CHE)
Turkey (TUR)

United Kingdom (GBR)

N, L, O)

(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1, 1)
(1,1,0)
(1,1,0)
(1,1,0)
(1,0,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)

(1,1, 1)
1,1,1)
(1,1
(1,1,1)
(1, L1
(1,1,1)
(1L,L 1D
(1,1,1)
(1,1,
(1,1,1)
(1,1,1)
(1,1,
(1,1,1)
(1,1,
(1,1,1)
(1,1,1

Country name

NORTH AMERICA
Canada (CAN)
Costa Rica (CRI)

Dominican Rep. (DOM)

El Salvador (SLV)
Guatemala (GTM)
Honduras (HND)
Jamaica (JAM)
Mexico (MEX)
Nicaragua (NIC)
Panama (PAN)

Trinidad & Tobago (TTO)
United States (USA)

SOUTH AMERICA
Argentina (ARG)
Bolivia (BOL)
Brazil (BRA)
Chile (CHL)
Colombia (COL)
Ecuador (ECU)
Paraguay (PRY)
Peru (PER)
Uruguay (URY)
Venezuela (VEN)

OCEANIA
Australia (AUS)

New Zealand (NZL)
Papua New Guinea (PNG)

® Notice that Chad, Egypt, Mauritania, and Somalia are not included in the above sample (see Temple (1998a & b)).
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N, L, 0)

(1, 1,1)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1, 1)

(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1,1,0)
(1, 1,0)
(1,1,0)
(1, 1,0)
(1,1,0)

(1,1, 1)
(1,1,1)
(1,0,0)

Appendix D. Correlation Matrices (1960-1995)

D.1  Non-oil Sample

Correlation matrix - Non-oil sample (n = 79)

In(Y60) 1.00
HIn(Y60,ax/Y60) 0.07 100
In(/GDP) 054 044 1.00
In(n+g+6) 058 -0.10 -034 1.00
In(school) 063 050 077 -033 1.00
H 0.70 053 058 -0.57 0.62 1.00

D.2  Intermediate Sample

Correlation matrix - Intermediate sample (n = 66)

In(Y60) 1.00
HIn(Y60m0x/Y60) -0.09  1.00
In(I/GDP) 047 035 1.00
In(n+g+6) 059 -007 -042 1.00
In(school) 066 039 062 -038 1.00
H 066 045 057 -052 059 1.00

D.3 OECD Sample

Correlation matrix - OECD sample (n = 21)

In(Y60) 1.00
HIN(Y60max/Y60) 042 1.00
In(/GDP) 2003 058 1.00
In(n+g+6) 0.03 -032 -037 1.00
In(school) 048 0.3 029 -005 1.00
H 057 036 032 -020 037 1.00
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Figure 1: The kernel density estimate of the marginal effect on economic growth over the period 1960-1985 of In(Y 60)
according to values of H, respectively of H according to values of In(Y 60max/Y 60) is displayed in the left, respectively
right, upper box (solid line). In the corresponding lower box, the associated relevant p-value’s kernel density estimate is

depicted(dotted line). (A Gaussian kernel has been used and the amount of smoothing is issued by the Sheather and
Jones plug-in method (1991).)
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Figure 2: In the left-hand upper box, univariate kernel density estimates for the log real output per working-age person in
1960 (solid line) and 1995 (thick line). In the right-hand upper box, equal probability contours of bivariate kernel density
estimate for the log real output per-working-age person in 1960 (z-axis) and 1995 (y-axis). In the left-hand lower box,
counterfactual real output per working-age person density estimates in 1995 issued by the MRW (solid line) and the
more general specification that nests both the MRW and the NP theoretical models (dotted line), and true output density
estimate in 1995 (thick line). In the right-hand lower box, differences between the true density estimate in 1995 and
counterfactual density estimates implied by the MRW (solid line) and the nested MRW+NP (dotted line) models over the

period 1960-1995. Data have been normalized relative to their maximum. The smoothing parameter is issued by the
Sheather and Jones plug-in method and is equal to 0.035.

42




SUST
SUST

CLIM
CLIM
CLIM
ETA
CLIM
MGMT
VOL

VOL
ETA

ETA
KNOW
ETA
CLIM
SUST
SUST

CLIM
VOL

ETA
ETA
ETA
PRIV
KNOW
ETA

PRIV

CLIM
ETA
KNOW
CLIM
ETA

MGMT

1.2001
2.2001

3.2001
4.2001
5.2001
6.2001
7.2001
8.2001
9.2001

10.2001
11.2001

12.2001
13.2001
14.2001
15.2001
16.2001
17.2001

18.2001
19.2001

20.2001
21.2001
22.2001
23.2001
24.2001
25.2001

26.2001

27.2001
28.2001
29.2001
30.2001
31.2001

32.2001

NOTE DI LAVORO DELLA FONDAZIONE ENI ENRICO MATTEI
Fondazione Eni Enrico Mattei Working Papers Series
Our working papers are available on the Internet at the following addresses:
Server WIWW: WWW.FEEMLIT

Anonymous FTP: FTP.FEEM.IT
To order any of these papers, please fill out the form at the end of the list.

Inge MAYERES and Stef PROOST: Should Diesel Cars in Europe be Discouraged?

Paola DORIA and Davide PETTENELLA: The Decision Making Process in Defining and Protecting
Critical Natural Capital

Alberto PENCH: Green Tax Reforms in a Computable General Equilibrium Model for Italy

Maurizio BUSSOLO and Dino PINELLI: Green Taxes: Environment, Employment and Growth

Marco STAMPINI: Tax Reforms and Environmental Policies for Italy

Wialid OUESLATI: Environmental Fiscal Policy in an Endogenous Growth Model with Human Capital
Umberto CIORBA, Alessandro LANZA and Francesco PAULI: Kyoto Commitment and Emission Trading:
a European Union Perspective

Brian SLACK (xlv): Globalisation in Maritime Transportation: Competition, uncertainty and
implications for port development strategy

Giulian PESARO: Environmental Voluntary Agreements: A New Model of Co-operation Between
Public and Economic Actors

Cathrine HAGEM: Climate Policy, Asymmetric Information and Firm Survival

Sergio CURRARINI and Marco MARINI: A Sequential Approach to the Characteristic Function and the
Core in Games with Externalities

Gaetano BLOISE, Sergio CURRARINI and Nicholas KIKIDIS: Inflation and Welfare in an OLG Economy
with a Privately Provided Public Good

Paolo SURICO: Globalisation and Trade: A “New Economic Geography” Perspective

Valentina BOSETTI and Vincenzina MESSINA: Quasi Option Value and Irreversible Choices

Guy ENGELEN (xlii): Desertification and Land Degradation in Mediterranean Areas: from Science to
Integrated Policy Making

Julie Catherine SORS: Measuring Progress Towards Sustainable Development in Venice: A
Comparative Assessment of Methods and Approaches

Julie Catherine SORS: Public Participation in Local Agenda 21: A Review of Traditional and Innovative
Tools

Johan ALBRECHT and Niko GOBBIN: Schumpeter and the Rise of Modern Environmentalism

Rinaldo BRAU, Carlo CARRARO and Giulio GOLFETTO (xliii): Participation Incentives and the Design
of Voluntary Agreements

Paola ROTA: Dynamic Labour Demand with Lumpy and Kinked Adjustment Costs

Paola ROTA: Empirical Representation of Firms” Employment Decisions by an (S,s) Rule

Paola ROTA: What Do We Gain by Being Discrete? An Introduction to the Econometrics of Discrete
Decision Processes

Stefano BOSI, Guillaume GIRMANS and Michel GUILLARD: Optimal Privatisation Design and Financial
Markets

Giorgio BRUNELLO, Claudio LUPI, Patrizia ORDINE, and Maria Luisa PARISI: Beyond National
Institutions: Labour Taxes and Regional Unemployment in Italy

Klaus CONRAD: Locational Competition under Environmental Regulation when Input Prices and
Productivity Differ

Bernardo BORTOLOTTI, Juliet D’SOUZA, Marcella FANTINI and William L. MEGGINSON: Sources of
Performance Improvement in Privatised Firms: A Clinical Study of the Global Telecommunications
Industry

Frédéric BROCHIER and Emiliano RAMIERI: Climate Change Impacts on the Mediterranean Coastal
Zones

Nunzio CAPPUCCIO and Michele MORETTO: Comments on the Investment-Uncertainty Relationship
in a Real Option Model

Giorgio BRUNELLO: Absolute Risk Aversion and the Returns to Education

ZhongXiang ZHANG: Meeting the Kyoto Targets: The Importance of Developing Country Participation
Jonathan D. KAPLAN, Richard E. HOWITT and Y. Hossein FARZIN:_An Information-Theoretical
Analysis of Budget-Constrained Nonpoint Source Pollution Control

Roberta SALOMONE and Giulia GALLUCCIO: Environmental Issues and Financial Reporting Trends




Coalition
Theory
Network
ETA
NRM
KNOW

PRIV
CLIM

PRIV
KNOW
Coalition
Theory
Network
Coalition
Theory
Network
Coalition
Theory
Network
Coalition
Theory
Network
NRM
NRM
NRM

CLIM
CLIM

SUST
SUST

SUST
SUST

SUST
SUST
SUST
SUST
SUST
SUST
ETA
CLIM
PRIV

CLIM

33.2001

34.2001

35.2001

36.2001

37.2001
38.2001

39.2001

40.2001

41.2001

42.2001

43.2001

44.2001

45.2001

46.2001

47.2001

48.2001
49.2001

50.2001
51.2001

52.2001
53.2001

54.2001

55.2001

56.2001

57.2001

58.2001

59.2001

60.2001

61.2001

62.2001

63.2001

Shlomo WEBER and Hans WIESMETH: From Autarky to Free Trade: The Impact on Environment

Margarita GENIUS and Elisabetta STRAZZERA: Model Selection and Tests for Non Nested Contingent
Valuation Models: An Assessment of Methods

Carlo GIUPPONI: The Substitution of Hazardous Molecules in Production Processes: The Atrazine
Case Study in Italian Agriculture

Raffaele PACI and Francesco PIGLIARU: Technological Diffusion, Spatial Spillovers and Regional
Convergence in Europe

Bernardo BORTOLOTTI: Privatisation, Large Shareholders, and Sequential Auctions of Shares

Barbara BUCHNER: What Really Happened in The Hague? Report on the COP6, Part I, 13-25
November 2000, The Hague, The Netherlands

Giacomo CALZOLARI and Carlo SCARPA: Regulation at Home, Competition Abroad: A Theoretical
Framework

Giorgio BRUNELLO: On the Complementarity between Education and Training in Europe

Alain DESDOIGTS and Fabien MOIZEAU (xlvi): Multiple Politico-Economic Regimes, Inequality and
Growth

Parkash CHANDER and Henry TULKENS (xlvi): Limits to Climate Change

Michael FINUS and Bianca RUNDSHAGEN (xlvi): Endogenous Coalition Formation in Global Pollution
Control

Wietze LISE, Richard S.]. TOL and Bob van der ZWAAN (xlvi): Negotiating Climate Change as a Social
Situation

Mohamad R. KHAWLIE (xlvii): The Impacts of Climate Change on Water Resources of Lebanon-
Eastern Mediterranean

Mutasem EL-FADEL and E. BOU-ZEID (xlvii): Climate Change and Water Resources in the Middle
East: Vulnerability, Socio-Economic Impacts and Adaptation

Eva IGLESIAS, Alberto GARRIDO and Almudena GOMEZ (xlvii): An Economic Drought Management
Index to Evaluate Water Institutions” Performance Under Uncertainty and Climate Change

Wietze LISE and Richard S.]. TOL (xlvii): Impact of Climate on Tourist Demand

Francesco BOSELLO, Barbara BUCHNER, Carlo CARRARO and Davide RAGGI: Can Equity Enhance
Efficiency? Lessons from the Kyoto Protocol

Roberto ROSON (xlviii): Carbon Leakage in a Small Open Economy with Capital Mobility

Edwin WOERDMAN (xlviii): Developing a European Carbon Trading Market: Will Permit Allocation
Distort Competition and Lead to State Aid?

Richard N. COOPER (xlviii): The Kyoto Protocol: A Flawed Concept

Kari KANGAS (xlviii): Trade Liberalisation, Changing Forest Management and Roundwood Trade in
Europe

Xueqin ZHU and Ekko VAN IERLAND (xlviii): Effects of the Enlargement of EU on Trade and the
Environment

M. Ozgur KAYALICA and Sajal LAHIRI (xlviii): Strategic Environmental Policies in the Presence of
Foreign Direct Investment

Savas ALPAY (xlviii): Can Environmental Regulations be Compatible with Higher International
Competitiveness? Some New Theoretical Insights

Roldan MURADIAN, Martin O’CONNOR, Joan MARTINEZ-ALER (xlviii): Embodied Pollution in
Trade: Estimating the “Environmental Load Displacement” of Industrialised Countries

Matthew R. AUER and Rafael REUVENY (xlviii): Foreign Aid and Direct Investment: Key Players in the
Environmental Restoration of Central and Eastern Europe

Onno |. KUIK and Frans H. OOSTERHUIS (xlviii): Lessons from the Southern Enlargement of the EU
for the Environmental Dimensions of Eastern Enlargement, in particular for Poland

Carlo CARRARO, Alessandra POME and Domenico SINISCALCO (xlix): Science vs. Profit in Research:
Lessons from the Human Genome Project

Efrem CASTELNUOVO, Michele MORETTO and Sergio VERGALLI: Global Warming, Uncertainty and
Endogenous Technical Change: Implications for Kyoto

Gian Luigi ALBANO, Fabrizio GERMANO and Stefano LOVO: On Some Collusive and Signaling
Equilibria in Ascending Auctions for Multiple Objects

Elbert DIJKGRAAF and Herman R.]. VOLLEBERGH: A Note on Testing for Environmental Kuznets
Curves with Panel Data




CLIM

CLIM

CLIM

CLIM

CLIM

NRM

NRM

CLIM
SUST

SUST

SUST

VOL

PRIV

PRIV

ETA

ETA

ETA
ETA

NRM

NRM

CLIM
CLIM

CLIM
CLIM
ETA
ETA
CLIM

CLIM
SUST

SUST

CLIM
CLIM

ETA
SUST

NRM

64.2001

65.2001

66.2001

67.2001

68.2001

69.2001

70.2001

71.2001
72.2001

73.2001

74.2001

75.2001

76.2001

77.2001

78.2001

79.2001

80.2001
81.2001

82.2001

83.2001

84.2001
85.2001

86.2001
87.2001
88.2001
89.2001
90.2001

91.2001
92.2001

93.2001

94.2001
95.2001

96.2001
97.2001

98.2001

Paolo BUONANNO, Carlo CARRARO and Marzio GALEOTTI: Endogenous Induced Technical Change
and the Costs of Kyoto

Guido CAZZAVILLAN and Ignazio MUSU (l): Transitional Dynamics and Uniqueness of the Balanced-
Growth Path in a Simple Model of Endogenous Growth with an Environmental Asset

Giovanni BAIOCCHI and Salvatore DI FALCO (l): Investigating the Shape of the EKC: A Nonparametric
Approach

Marzio GALEOTTI, Alessandro LANZA and Francesco PAULI (l): Desperately Seeking (Environmental)
Kuznets: A New Look at the Evidence

Alexey VIKHLYAEV (xlviii): The Use of Trade Measures for Environmental Purposes - Globally and in
the EU Context

Gary D. LIBECAP and Zeynep K. HANSEN (li): U.S. Land Policy, Property Rights, and the Dust Bowl of
the 1930s

Lee ]. ALSTON, Gary D. LIBECAP and Bernardo MUELLER (li): Land Reform Policies, The Sources of
Violent Conflict and Implications for Deforestation in the Brazilian Amazon

Claudia KEMFERT: Economy-Energy-Climate Interaction - The Model WIAGEM -

Paulo A.L.D. NUNES and Yohanes E. RIYANTO: Policy Instruments for Creating Markets for
Bodiversity: Certification and Ecolabeling

Paulo A.L.D. NUNES and Erik SCHOKKAERT (lii): Warm Glow and Embedding in Contingent
Valuation

Paulo A.L.D. NUNES, Jeroen C.J.M. van den BERGH and Peter NIJKAMP (lii): Ecological-Economic
Analysis and Valuation of Biodiversity

Johan EYCKMANS and Henry TULKENS (li): Simulating Coalitionally Stable Burden Sharing
Agreements for the Climate Change Problem

Axel GAUTIER and Florian HEIDER: What Do Internal Capital Markets Do? Redistribution vs.
Incentives

Bernardo BORTOLOTTI, Marcella FANTINI and Domenico SINISCALCO: Privatisation around the
World: New Evidence from Panel Data

Toke S. AIDT and Jayasri DUTTA (li): Transitional Politics. Emerging Incentive-based Instruments in
Environmental Regulation

Alberto PETRUCCI: Consumption Taxation and Endogenous Growth in a Model with New
Generations

Pierre LASSERRE and Antoine SOUBEYRAN (li): A Ricardian Model of the Tragedy of the Commons
Pierre COURTOIS, Jean Christophe PEREAU and Tarik TAZDAIT:_An Evolutionary Approach to the
Climate Change Negotiation Game

Christophe BONTEMPS, Stéphane COUTURE and Pascal FAVARD: Is the Irrigation Water Demand
Really Convex?

Unai PASCUAL and Edward BARBIER: A Model of Optimal Labour and Soil Use with Shifting
Cultivation

Jesper JENSEN and Martin Hvidt THELLE: What are the Gains from a Multi-Gas Strategy?

Maurizio MICHELINI (liii): IPCC “Summary for Policymakers” in TAR. Do its results give a scientific
support always adequate to the urgencies of Kyoto negotiations?

Claudia KEMFERT (liii): Economic Impact Assessment of Alternative Climate Policy Strategies

Cesare DOSI and Michele MORETTO: Global Warming and Financial Umbrellas

Elena BONTEMPI, Alessandra DEL BOCA, Alessandra FRANZOSI, Marzio GALEOTTI and Paola ROTA:
Capital Heterogeneity: Does it Matter? Fundamental Q and Investment on a Panel of Italian Firms
Efrem CASTELNUOVO and Paolo SURICO: Model Uncertainty, Optimal Monetary Policy and the
Preferences of the Fed

Umberto CIORBA, Alessandro LANZA and Francesco PAULI: Kyoto Protocol and Emission Trading:
Does the US Make a Difference?

ZhongXiang ZHANG and Lucas ASSUNCAO: Domestic Climate Policies and the WTO

Anna ALBERINI, Alan KRUPNICK, Maureen CROPPER, Nathalie SIMON and Joseph COOK (lii): The
Willingness to Pay for Mortality Risk Reductions: A Comparison of the United States and Canada
Riccardo SCARPA, Guy D. GARROD and Kenneth G. WILLIS (lii): Valuing Local Public Goods with
Advanced Stated Preference Models: Traffic Calming Schemes in Northern England

Ming CHEN and Larry KARP: Environmental Indices for the Chinese Grain Sector

Larry KARP and Jiangfeng ZHANG: Controlling a Stock Pollutant with Endogenous Investment and
Asymmetric Information

Michele MORETTO and Gianpaolo ROSSINI: On the Opportunity Cost of Nontradable Stock Options
Elisabetta STRAZZERA, Margarita GENIUS, Riccardo SCARPA and George HUTCHINSON: The Effect of
Protest Votes on the Estimates of Willingness to Pay for Use Values of Recreational Sites

Frédéric BROCHIER, Carlo GIUPPONI and Alberto LONGO: Integrated Coastal Zone Management in
the Venice Area - Perspectives of Development for the Rural Island of Sant’Erasmo




NRM

NRM

PRIV
CLIM

SUST

SUST

SUST

SUST

SUST

SUST

SUST
SUST

SUST

ETA

WAT

CLIM

VOL
CLIM

ETA

KNOW

99.2001

100.2001

101.2001
102.2001

103.2001

104.2001

105.2001

106.2001

107.2001

108.2001

109.2001
110.2001

1.2002

2.2002

3.2002

4.2002

5.2002
6.2002

7.2002

8.2002

Frédéric BROCHIER, Carlo GIUPPONI and Julie SORS: Integrated Coastal Management in the Venice
Area - Potentials of the Integrated Participatory Management Approach

Frédéric BROCHIER and Carlo GIUPPONI: Integrated Coastal Zone Management in the Venice Area -
A Methodological Framework

Enrico C. PEROTTI and Luc LAEVEN: Confidence Building in Emerging Stock Markets

Barbara BUCHNER, Carlo CARRARO and Igor CERSOSIMO: On the Consequences of the U.S.
Withdrawal from the Kyoto/Bonn Protocol

Riccardo SCARPA, Adam DRUCKER, Simon ANDERSON, Nancy FERRAES-EHUAN, Veronica GOMEZ,
Carlos R. RISOPATRON and Olga RUBIO-LEONEL: Valuing Animal Genetic Resources in Peasant
Economies: The Case of the Box Keken Creole Pig in Yucatan

R. SCARPA, P. KRISTJANSON, A. DRUCKER, M. RADENY, E.S.K. RUTO, and ].E.O. REGE: Valuing
Indigenous Cattle Breeds in Kenya: An Empirical Comparison of Stated and Revealed Preference
Value Estimates

Clemens B.A. WOLLNY: The Need to Conserve Farm Animal Genetic Resources Through Community-
Based Management in Africa: Should Policy Makers be Concerned?

J.T. KARUGIA, O.A. MWAI, R. KAITHO, Adam G. DRUCKER, C.B.A. WOLLNY and ].E.O. REGE:
Economic Analysis of Crossbreeding Programmes in Sub-Saharan Africa: A Conceptual Framework
and Kenyan Case Study

W. AYALEW, |.M. KING, E. BRUNS and B. RISCHKOWSKY: Economic Evaluation of Smallholder
Subsistence Livestock Production: Lessons from an Ethiopian Goat Development Program

Gianni CICIA, Elisabetta D’ERCOLE and Davide MARINO: Valuing Farm Animal Genetic Resources by
Means of Contingent Valuation and a Bio-Economic Model: The Case of the Pentro Horse

Clem TISDELL: Socioeconomic Causes of Loss of Animal Genetic Diversity: Analysis and Assessment
M.A. JABBAR and M.L. DIEDHOU: Does Breed Matter to Cattle Farmers and Buyers? Evidence from
West Africa

K. TANO, M.D. FAMINOW, M. KAMUANGA and B. SWALLOW: Using Conjoint Analysis to Estimate
Farmers’ Preferences for Cattle Traits in West Africa

Efrem CASTELNUOVO and Paolo SURICO: What Does Monetary Policy Reveal about Central Bank’s
Preferences?

Duncan KNOWLER and Edward BARBIER: The Economics of a “Mixed Blessing” Effect: A Case Study
of the Black Sea

Andreas LOSCHEL: Technological Change in Economic Models of Environmental Policy: A Survey
Carlo CARRARO and Carmen MARCHIORI: Stable Coalitions

Marzio GALEOTTI, Alessandro LANZA and Matteo MANERA: Rockets and Feathers Revisited: An
International Comparison on European Gasoline Markets

Effrosyni DIAMANTOUDI and Eftichios S. SARTZETAKIS: Stable International Environmental
Agreements: An Analytical Approach

Alain DESDOIGTS: Neoclassical Convergence Versus Technological Catch-up: A Contribution for
Reaching a Consensus




(xlii) This paper was presented at the International Workshop on "Climate Change and
Mediterranean Coastal Systems: Regional Scenarios and Vulnerability Assessment"
organised by the Fondazione Eni Enrico Mattei in co-operation with the Istituto Veneto di
Scienze, Lettere ed Arti, Venice, December 9-10, 1999.

(xliii) This paper was presented at the International Workshop on “Voluntary Approaches,
Competition and Competitiveness” organised by the Fondazione Eni Enrico Mattei within
the research activities of the CAVA Network, Milan, May 25-26,2000.

(xliv) This paper was presented at the International Workshop on “Green National
Accounting in Europe: Comparison of Methods and Experiences” organised by the
Fondazione Eni Enrico Mattei within the Concerted Action of Environmental Valuation in
Europe (EVE), Milan, March 4-7, 2000

(xIv) This paper was presented at the International Workshop on “New Ports and Urban
and Regional Development. The Dynamics of Sustainability” organised by the Fondazione
Eni Enrico Mattei, Venice, May 5-6, 2000.

(xIvi) This paper was presented at the Sixth Meeting of the Coalition Theory Network
organised by the Fondazione Eni Enrico Mattei and the CORE, Université Catholique de
Louvain, Louvain-la-Neuve, Belgium, January 26-27, 2001

(xlvii) This paper was presented at the RICAMARE Workshop “Socioeconomic
Assessments of Climate Change in the Mediterranean: Impact, Adaptation and Mitigation
Co-benefits”, organised by the Fondazione Eni Enrico Mattei, Milan, February 9-10, 2001
(xlviii) This paper was presented at the International Workshop “Trade and the
Environment in the Perspective of the EU Enlargement ”, organised by the Fondazione Eni
Enrico Mattei, Milan, May 17-18, 2001

(xlix) This paper was presented at the International Conference “Knowledge as an
Economic Good”, organised by Fondazione Eni Enrico Mattei and The Beijer International
Institute of Environmental Economics, Palermo, April 20-21, 2001

(I) This paper was presented at the Workshop “Growth, Environmental Policies and +
Sustainability” organised by the Fondazione Eni Enrico Mattei, Venice, June 1, 2001

(li) This paper was presented at the Fourth Toulouse Conference on Environment and
Resource Economics on “Property Rights, Institutions and Management of Environmental
and Natural Resources”, organised by Fondazione Eni Enrico Mattei, IDEI and INRA and
sponsored by MATE, Toulouse, May 3-4, 2001

(lii) This paper was presented at the International Conference on “Economic Valuation of
Environmental Goods”, organised by Fondazione Eni Enrico Mattei in cooperation with
CORILA, Venice, May 11, 2001

(liii) This paper was circulated at the International Conference on “Climate Policy - Do We
Need a New Approach?”, jointly organised by Fondazione Eni Enrico Mattei, Stanford
University and Venice International University, Isola di San Servolo, Venice, September 6-8,
2001



2001 SERIES

MGMT  Corporate Sustainable Management (Editor: Andrea Marsanich)
CLIM Climate Change Modelling and Policy (Editor: Marzio Galeotti )
PRIV Privatisation, Antitrust, Regulation (Editor: Bernardo Bortolotti)
KNOW  Knowledge, Technology, Human Capital (Editor: Dino Pinelli)
NRM Natural Resources Management (Editor: Carlo Giupponi)
SUST Sustainability Indicators and Environmental Evaluation

(Editor: Marialuisa Tamborra)
VOL Voluntary and International Agreements (Editor: Carlo Carraro)
ETA Economic Theory and Applications (Editor: Carlo Carraro)

2002 SERIES

MGMT  Corporate Sustainable Management (Editor: Andrea Marsanich)
CLIM Climate Change Modelling and Policy (Editor: Marzio Galeotti )
PRIV Privatisation, Antitrust, Requlation (Editor: Bernardo Bortolotti)
KNOW  Knowledge, Technology, Human Capital (Editor: Dino Pinelli)
NRM Natural Resources Management (Editor: Carlo Giupponi)
SUST Sustainability Indicators and Environmental Evaluation

(Editor: Marialuisa Tamborra)
VOL Voluntary and International Agreements (Editor: Carlo Carraro)
ETA Economic Theory and Applications (Editor: Carlo Carraro)




SUBSCRIPTION TO “NOTE DI LAVORO”

Starting from January 1998 Fondazione Eni Enrico Mattei issues a Periodic E-mail “Note di Lavoro” Bulletin
listing the titles and the abstracts of its most recent Working Papers.

All the “Note di Lavoro” listed in the Bulletin are available on the Internet and are downloadable from Feem’s
web site “‘www.feem.it”.

If you wish to receive hard copies you may choose from the payment options listed in the following table
(minimum order: 10 papers)*.

*QOrders for individual papers should clearly indicate the “Nota di Lavoro” number and can therefore be issued
for published papers only.

All orders must be sent by fax to:

“Publications Office” - Fondazione Eni Enrico Mattei: Fax +39+2+52036946

PAYMENT OPTIONS
How many papers? What's the price? How to pay?
10 or more* US$ 4.00 each By Credit card or Bank transfer
Euro 5,00 each
Annual subscription US$ 250.00 By Credit card or Bank transfer
(approx. 100 papers/year) Euro 219,00

*Please fill out the Working Paper Subscription Form indicating your preferences
(Periodic E-mail “Note di Lavoro” Bulletin, Annual subscription, Order for individual papers - minimum 10*)!

WORKING PAPER SUBSCRIPTION FORM

Name:

Affiliation(if applicable):

Address:

Phone: Fax: E-mail:

| wish to: Amount due:
0 receive the Periodic E-mail Working Papers Bulletin

0 place a full annual subscription for 2002 (US$ 250.00/Euro 219,00)

0 order no......individual papers (minimum 10 papers at US$ 4.00/Euro 5,00 each)*

Total

| will pay by:

0 VISA O American Express  Card No. Expiration Date:

Signature:

Bank transfer in US$ (or Euro in Italy) to Fondazione Eni Enrico Mattei - account no. 39341-56 -

SWIFT ARTHITM2 - ABI 03512 - CAB 01614 - Credito Artigiano - Corso Magenta 59, 20123 Milano, ltaly.
Copy of the bank transfer should be faxed along with the order.
Please return this duly completed form to:
“Publications Office” - Fondazione Eni Enrico Mattei - Corso Magenta, 63 - 20123 Milano, Italy



