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Abstract

In this paper we study the productivity slowdown taking as a start-
ing point the nonlinear shape of the growth path. We relate the slow-
down to the evolution of the world income distribution and show that
i) in the periods before and after the oil shocks growth is nonlinear;
ii) the productivity slowdown consists in a downward shift of the non-
linear growth path; iii) in both periods we observe a medium run
tendency to polarization, but the long run distribution features con-
vergence in the first period and polarization in the second. We provide
theoretical and empirical arguments to suggest that the process of in-
ternational transfer of technology in the context of nonlinear growth
can provide useful insights to understand the productivity slowdown.
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1 Introduction

During the 70s and 80s many countries have been affected by a phenomenon
commonly indicated as productivity slowdown, consisting in a decrease in
productivity that had a permanent effect on the growth rate. It is a common
wisdom that the oil shock in 1973 was the source of this slowdown, but
the causes of its long-run effects on the growth rate are still debated (see
Fischer (1988) and the papers in the same issue). Early contributions on
endogenous growth theory appear motivated not only from the observed lack
of convergence across countries, but also by an attempt at explaining the
slowdown (e.g. see Romer (1990)).

The aim of this paper is to offer a new perspective on the productivity
slowdown, which takes as a central point the nonlinear shape of the growth
process and the evolution of world income distribution. We argue that this
is crucial to understand how the productivity slowdown affected the cross-
country growth dynamics, an issue that is not receiving attention so far.
Moreover, this perspective can allow to gain insights on the causes of the
slowdown.

We compare two periods: 1950−1973 and 1974−1997. Our findings are:
i) in both periods we find support to the hypothesis that growth is nonlinear
(see Fiaschi and Lavezzi (2003)); ii) in the second period the productivity
slowdown consists in a downward shift of the nonlinear growth path; iii)
in both periods we observe a medium-run dynamics indicating a tendency
to polarization, but in the first period the long-run distribution features
convergence at high income levels, while in the second period the long-run
tendency is for polarization (which contrasts with Lucas (2000)).

We suggest that these results provide evidence in favor of an endogenous
growth model, in which countries’ growth rate is the result of both an inter-
nal process of accumulation, and of the relative GDP with respect to other
countries, as the latter affects the the international transfers of technology
(see Basu and Weil (1998)). A Solovian growth model with exogenous tech-
nological progress freely available for all in fact does not find support when
the dynamics of the two periods are compared.

We do not find support for the explanations of the slowdown emphasizing
a reduction in the rate of accumulation of capital (see e.g. Hamilton and Mon-
teagudo (1998)). We argue that the causes of the slowdown, and its effects
on the world income distribution, can be summarized in the following way:
the oil shocks caused a reduction in productivity due to a sudden increase
of the rate of depreciation of capital (see Baily and Schultze (1990)); this
caused a downward shift of the growth path which caused the appearance of
a development trap for poor countries. A tendency for global convergence
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was substituted by a tendency for polarization (see Quah (1997)). A higher
spread of the world income distribution made more difficult, or interrupted,
the international flow of technologies, as suggested by the theory of appropri-
ate technology. This had perverse effects on the productivity of the lower tail
of the distribution, where countries, having to rely solely on internal factors,
were not able to escape the poverty trap.1 Productivity at the higher tail
of the distribution was not able to recover due to a strong decrease in the
investment rate, and to increased competition from follower countries with
respect to the technological leaders (see Goodfriend and McDermott (1998)).

This paper adopts the distribution dynamics approach for the empiri-
cal analysis of the productivity slowdown, and is therefore related to works
like Quah (1997) on convergence. We argue that this approach is particu-
larly appropriate given its focus on the relative economic distances among
countries. As noted, we adopt the view the the international transfer of
technology is a relevant aspect to consider for the issue at hand ( Bernard
and Jones (1996)), specifically when the relative levels of capital/labor ratios
or per capita income are crucial to understand the process of technological
spillovers. This point is made in the literature on appropriate technology,
proposed by Atkinson and Stiglitz (1969) and more recently by Basu and
Weil (1998). We will contrast our results with the empirical implications
of other models of growth and international technological spillovers, namely
that of Lucas (2000) and Basu and Weil (1998).

The paper is organized as follows: Section 2 presents an empirical analy-
sis of growth dynamics before and after the oil shock, adopting the distribu-
tion dynamics approach, and evaluates the relation between investment and
growth; Section 3 assesses the capacity of alternative theoretical frameworks
to be supported by the empirical evidence, and advances a theory based on
a nonlinear growth model with international technological transfer; Section
4 contains some concluding remarks.

2 Empirical Analysis

In this section we provide an extended empirical analysis for a large sample of
countries. In particular in Section 2.1 we analyze the distribution dynamics of
a sample of 122 countries in two subperiods: 1950− 1973 and 1974− 1997.2

In particular, we first consider GDP in absolute terms, and then GDP in

1 Atkinson and Stiglitz (1969), p. 577, emphasize the dependence of technological
progress on history.

2Pooled data are from Maddison (2001). See Appendix A for the country list. Figures
are in 1990 constant dollars
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relative terms, that is expressed with respect to the sample average.
The use of absolute values helps to evaluate the possible presence of

poverty traps in absolute terms, and abstracts from the assumption of a
world technological trend. However, it has one drawback: care should be
used when formulating long-run predictions, given that the behavior identi-
fied in some GDP classes (see below) may not assumed to be the same in
distant periods. The use of relative values avoids this problem, but has the
drawback of being based on a normalization which may not be completely ap-
propriate. As an alternative found in the literature (see, e.g. Jones (1997)),
we report in Appendix B.3 estimates also for GDP normalized with respect
to US GDP.

2.1 Distribution Dynamics

2.1.1 Absolute Values

In Figures 1 and 2 we report a nonparametric regression of growth rates
against the absolute value of per capita GDP.3

3The nonparametric estimate is obtained with the statistical package included in Bow-
man and Azzalini (1997). We used the standard settings suggested by the authors (e.g.
optimal normal bandwidth and weights on observations according to their density). To test
the robustness of this estimate, we ran an alternative nonparametric regression by using
the plug-in method to calculate the kernel bandwidth, and obtained a similar picture. We
refer to Bowman and Azzalini (1997) for more details. Data sets and codes used in the em-
pirical analysis are available on the authors’ websites (http://www-dse.ec.unipi.it/fiaschi
and http://www-dse.ec.unipi.it/lavezzi.
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Figure 1: Growth rates vs per-
capita GDP : 1950-1973
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Figure 2: Growth rates vs per-
capita GDP : 1974-1997

In both cases the estimated growth path is nonlinear, with the turning
points broadly coincident. However, in the second subperiod we observe a
downward shift of the entire path, which can be interpreted as a slowdown
in the overall trend. Therefore, the productivity slowdown seems to have
affected the world growth path, without substantial changes in the shape of

the growth process. This evidence can be compared with the insights provided
by Galor (1996), Fig. 3, where a change in a technology parameter modifies
a nonlinear growth path. In that case the change is responsible for the
elimination of convergence clubs; in our case it seems that the opposite has
taken place (as we explain in Section 3). These hypotheses are tested by the
estimation of Markov transition matrices.

Following the method proposed in Fiaschi and Lavezzi (2003) we define
the state space of the Markov process by inspection of Figures 1 and 2. In
particular we first define the growth rate classes on the basis of the average
growth rate of the samples. In the first period the average growth rate is
equal to 2.6%, while in the second period it is equal to 0.9%. The growth
rate classes are defined by adding and subtracting one percentage point. The
GDP classes are defined with respect to the turning points of the growth path
(for details see Fiaschi and Lavezzi (2003) and refer to Figure 9 below for the
exact placement of the GDP classes’ boundaries). This leads to the definition
of two state spaces in Table 1.
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GDP\Growth rate 1950-73 < 1.6% 1.6%, 3.6% > 3.6%
GDP\Growth rate 1974-97 < −0.1% −0.1%1.9% > 1.9%

0 − 1250 I- I+ I++
1250 − 4000 II- II+ II++
4000 − 9000 III- II+ III++

> 9000 IV- IV+ IV++

Table 1: state space definition

In Tables 2 and 3 we represent the distribution dynamics in the two
periods.4 We consider the distribution in the four GDP classes in the initial
and final year, along with the ergodic distribution.5

GDP I II III IV
1950 0.44 0.40 0.11 0.04
1973 0.28 0.36 0.17 0.19

Ergodic 0 0 0 1.00

Table 2: Distribution dynamics
1950-1973: absolute GDP

GDP I II III IV
1973 0.28 0.36 0.17 0.19
1997 0.29 0.25 0.20 0.27

Ergodic 0.15 0.15 0.19 0.51

Table 3: Distribution dynamics
1974-1997: absolute GDP

In Table 2 we show that in the first period GDP class IV is an absorbing
state. Differently, in the second period (see Table 3) 49% of the countries
are expected to fail to catch up with the richest in the long-run, and to cross
the value of 9000 constant dollars of per capita GDP.

The nonlinearity in the two periods can be appreciated by looking at
the transition matrix in Appendix B.1, and to the “normalized” ergodic
distribution in Table 4.6 Given that in the first period there is an absorbing
state, we represent it only for the second period.7

4The distribution of observations is not symmetric, given our criterium for the choice
of the GDP classes. In particular, the distribution of observations is: 0.38, 0.39, 0.15, 0.08
(first period); 0.28, 0.30, 0.20, 0.22 (second period).

5We considered 3-year transitions in order to circumvent the possible presence of auto-
correlation of growth rates due to measurement errors. The transition matrix are presented
in Appendix B.1.

6In Fiaschi and Lavezzi (2003) we discuss in detail how to detect nonlinearities from
the values of a transition matrix. Briefly, we take as evidence of nonlinear growth: i) a
relatively high tendency to have persistently low/decreasing growth in GDP class I; ii)
a relatively high tendency to have high/accelerating growth in GDP class III; and iii) a
relatively high tendency to have medium/high growth in GDP class IV .

7The mass in GDP class IV in the ergodic distribution of the first period is distributed
as: 0.38, 0.24, 0.38. The ergodic distribution exists even if there exists an absorbing state,
as it is unique.
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- + ++
I 0.40 0.23 0.37
II 0.34 0.22 0.43
III 0.35 0.16 0.49
IV 0.20 0.26 0.54

Table 4: ergodic distribution normalized for each GDP class

We take as evidence for the nonlinearity the following facts: the proba-
bility to have a low growth rate is relatively higher in GDP class I, decreases
in GDP class II and III (although the values in the latter classes are very
close), and decreases further in GDP class IV . The relative probability of
having a medium growth rate is highest in GDP class IV . The probability
of having a very high growth rate increases from classes I to IV . Notice that
there is no decrease in the fourth column in GDP class IV , as in Fiaschi
and Lavezzi (2003). This can be justified as in the long run there is posi-
tive growth as predicted by the family of AK models, and not a monotonic
decrease in the growth rate as predicted by Solovian models.

2.1.2 Relative Values

In this subsection we repeat the analysis using data normalized with respect
to the world average, as generally done in the distribution dynamics litera-
ture. This approach has the advantage of taking into account the possible
presence of a world trend.
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Figure 3: Growth rates vs per-
capita GDP : 1950-1973
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Figure 4: Growth rates vs per-
capita GDP : 1974-1997

Figures 3 and 4 confirm the presence of a nonlinear growth path (notice
that the estimate for high and low relative GDP values is not very precise, as
shown by the large variability band8). The transition matrices in Appendix
B.2 confirm the result.

The state space in this case is reported in Table 5.9

\Growth rate 1950-73 < 1.6% 1.6%, 3.6% > 3.6%
Income\Growth rate 1974-97 < −0.1% −0.1%1.9% > 1.9%

0 − 0.25 I- I+ I++
0.25 − 0.9 II- II+ II++
0.9 − 2.1 III- II+ III++

> 2.1 IV- IV+ IV++

Table 5: state space definition

In Tables 6 and 7 we report the distribution dynamics.10

8For details on variability bands see Bowman and Azzalini (1997).
9The distribution of observations in the four classes is the following: 0.22, 0.40, 0.17,

0.13 (first period); 0.30, 0.36, 0.16, 0.18 (second period).
10The transition matrix and the ergodic distribution for all states are reported in Ap-

pendix B.2
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GDP I II III IV

1950 0.21 0.53 0.15 0.11
1973 0.28 0.42 0.12 0.18

Ergodic 0.05 0.06 0.04 0.85

Table 6: Distribution dynamics
1950-1973: relative GDP

GDP I II III IV

1973 0.28 0.42 0.12 0.18
1997 0.34 0.31 0.16 0.19

Ergodic 0.36 0.24 0.17 0.23

Table 7: Distribution dynamics
1974-1997: relative GDP

Observe that in the first period, the initial distribution has a peak in
GDP class II. However, in 1973, the extreme classes show a substantial
higher mass at the expenses of the central classes (as a matter of fact, it can
be noted that there are two peaks, in GDP class II and IV ). We consider
this as evidence of a medium-run tendency to polarization. In particular, in
GDP class II all countries are growing faster than countries in GDP class I.
In addition, within GDP class II, richer countries are growing faster. This
implies that those who are growing more slowly transit to GDP class I, as
the world average is increasing over time. In the long run there is clearly a
tendency to converge to GDP class IV .11

In the second period the two peaks in the long run are at the extreme
classes. If we compare the initial distribution and the ergodic, we notice that
in 1973 the peaks are in GDP classes II and IV , while in the ergodic they
are in GDP classes I and IV .

In Tables 8 and 9 we report the normalized ergodic distributions for the
two periods. Both broadly confirm the presence of nonlinearities along the
lines suggested in the previous section.

- + ++

I 0.50 0.25 0.25
II 0.40 0.24 0.36
III 0.22 0.18 0.60
IV 0.34 0.25 0.41

Table 8: ergodic distribution nor-
malized for each GDP class. 1950-73

- + ++

I 0.40 0.22 0.38
II 0.33 0.22 0.45
III 0.31 0.14 0.55
IV 0.19 0.29 0.52

Table 9: ergodic distribution nor-
malized for each GDP class. 1974-97

With relative GDP, the cross-country dynamics in the first period is com-
patible with the Lucas (2000)’s model, in which growth in the aggregate is

11It is not completely meaningful that almost all countries converge to a GDP level
which is more than twice the average of the sample. This is an example of the limits of
using this type of normalization highlighted by Kremer et al. (2001). If we normalize
GDP with respect to US GDP the tendencies are broadly confirmed (see Appendix B.3).
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nonlinear, and countries polarize in the medium term but all converge to the
same income levels in the long run.12 This type of dynamics is generated
by a process of technological spillovers across countries: countries starting
the growth process late can benefit from the technology developed by the
leading countries, and therefore have an initial strong increase in growth,
which is stronger the further a country is from the technological leader, that
subsequently slows down.

However, Lucas (2000)’s and all models where relative backwardness is
an advantage fail to explain the dynamics of the second period. In the first
period 5 out of 122 countries had negative average annual growth rate; in the
second period the number raised to 35: almost all are African countries, some
South American countries and some oil producers. It seems that countries af-
fected more severely by the slowdown are many poor countries, which moved
from positive to negative growth rates (this is particularly clear when we use
absolute GDP). The Lucas’ model should not be affected by the slowdown
in the long run, as its mechanism of growth should not prevent all countries
to converge to the highest GDP levels.

In general, this fact is not coherent with the idea that productivity slow-
down regards in particular countries on the technological frontier, while lag-
ging countries should be affected only marginally given that they are far away
from the frontier. In Section 3 we discuss some theoretical models which can
help to explain these facts.

2.2 Investment and Growth

Is the productivity slowdown related to investment rates? The standard
Solow theory suggests that a reduction in the saving rate causes a reduction
of the growth rate in the short run, while a simple AK model predicts that
the reduction should extend also to the long run. As Fischer (1988), p. 4,
puts it a decline in the rate of investment is a “suspect” in the search for the
causes of productivity growth slowdown. We consider a restricted sample
for which we can obtain data on investment rates (measured by the ratio of
investment to GDP) from the Penn World Tables 6.1. The restricted sample
includes 91 countries for the period 1961 − 1997.13

12Taken literally, in Lucas’ model countries are completely stagnant until they begin
to grow exploting the international spillovers of technology. The beginning of growth is
marked by a jump to a high growth rate, which eventually converges to the growth rate
of technological leaders. In the first period we observe countries with a positive but low
growth rate. This can reflect the presence of internal sources of growth, which allow a
country to grow while it is ”waiting” for the spillovers.

13See Appendix A for the country list.
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In Figure 5 we plot a nonparametric estimation of the relation between
investment rates and the growth rate of GDP for the two periods.14
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Figure 5: Growth rates vs investment ratio

We can observe that in both periods the relation is positive, although
characterized by some nonlinearities (the estimates for high values of the
investment ratio are not very precise). What is striking is that that the
estimate for the first period lies above the one of the second period and
the gap is nearly constant. Hence, we argue that a exhaustive explanation
for the slowdown in growth rates cannot be found in changes in rates of
accumulation.

In fact, the growth rate increases with the levels of investment rates in
both periods but, in the second period, the same level of investment share is
invariably associated to a remarkably lower growth rate of per capita GDP.
This means that something else must have been responsible for the reduction
in the growth rate in the second period rather than a reduction in invest-
ment rates. This result contrast with Hamilton and Monteagudo (1998)).

14The criterium used for these estimates is the same of the figures in Section 2. Here
we used 4-year averages to reduce the influence of cyclical factors.
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They study the slowdown in the neoclassical framework and find a positive
coefficient of variation of investment on variation of growth rate across two
periods before and after the oil shocks. Their finding is however explainable
by a downward on the growth-investment relation, as shown in Figure 5, and
not by a movement on the same curve, as implied by their analysis.

This is further demonstrated in Table 10. We separate the 91 countries
in two groups: those who decreased the average investment rate s over the
two periods: 1961 − 1973 and 1974 − 1997, and those who increased it.

GDP 1961 GDP 1974 s1 s2 g1 g2

∆s < 0 (48 countries) 1.31 (4067) 1.30 (6321) 22.94% 18.15% 3.00% 0.9%
∆s > 0 (43 countries) 0.67 (2110) 0.66 (3221) 11.12% 14.60% 2.97% 1.7%

Table 10: Investment ratios and growth rates: relative and absolute (in
parenthesis) per capita GDP

In Table 10 we report for both groups of countries: the average GDP
in the first year of both periods (respectively, 1961 and 1974); the average
investment share over the first and second period (s1 and s2); the average
yearly annual growth rate over the two periods (g1 and g2).

Both groups of countries saw a remarkable decrease in the growth rate in
the second period. This, despite the fact that a group of countries consid-
erably increased the investment share. Those who experienced a decrease in
the rate of investment were on average richer than those who increased it.

We can represent this piece of evidence in a more detailed fashion, by par-
titioning the countries according to our GDP state space. In particular, we
partition the observations in 1973, and relate them to the average investment
rates in the first and in the second period.

GDP (relative) s1 s2 ∆s g1 g2 ∆g

I (24 countries) 9.17
(6.17)

10.28
(5.35)

1.11 1.5% 0.7% −0.8%

II (39 countries) 15.53
(7.76)

15.45
(6.85)

−0.08 2.9% 1.2% −1.7%

III (14 countries) 21.81
(8.66)

19.59
(5.43)

−2.2 4.4% 1.5% −2.9%

IV (17 countries) 29.12
(5.03)

24.89
(3.95)

−4.23 3.5% 1.6% −1.9%

All countries 17.36
(9.84)

16.49
(7.62)

−0.87 2.92% 1.20% −1.71%

Table 11: Investment shares and growth rates: countries partitioned in (rel-
ative) GDP classes
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GDP (absolute) s1 s2 ∆s g1 g2 ∆g

I (24 countries) 9.17
(6.17)

10.28
(5.35)

1.11 1.5% 0.7% −0.8%

II (31 countries) 14.72
(7.51)

15.28
(7.22)

0.56 2.8% 1.2% −1.6%

III (18 countries) 20.70
(7.8)

18.25
(4.77)

−2.45 4.3% 1.4% −2.9%

IV (18 countries) 29.48
(5.11)

25.10
(3.93)

−4.38 3.6% 1.6% −2.0%

All countries 17.36
(9.84)

16.49
(7.62)

−0.87 2.92% 1.20% −1.71%

Table 12: Investment shares and growth rates: countries partitioned in (ab-
solute) GDP classes

Tables 11 and 12 show that the decrease in the investment rate affected
the countries differently according to their GDP level (standard deviations
are in parentheses). Results are comparable with relative and absolute GDP
observations. In both cases, countries in GDP classes III and IV strongly
decreased the investment share, while countries in GDP class I did not de-
crease it. Data for countries in GDP class II show little change. From Tables
11 and 12 we also see that there is a positive relation between the level of
GDP and the level of investment rate.15

Overall, we argue that the growth slowdown cannot be entirely recon-
ducted to a generalized decrease in the rate of accumulation although, as
we discuss below, the strong decrease in investment in rich countries may be
played a role.

3 A Discussion of Alternative Theoretical Mod-

els

In this section we relate our results to different theoretical frameworks. In
particular we discuss the exogenous and endogenous growth models in or-
der to assess their capacity to explain the empirical evidence provided in
the previous section. Finally, we analyze models of international transfer of
technology as an alternative framework to gain further insights on the causes
of slowdown.

15This does not depend on the discretization of data on GDP into classes. A non
parametric regression of investment rates against GDP level confirms this result (also for
the two periods).
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3.1 Solovian Framework (Exogenous Growth)

In the standard Solovian model the capital stock is governed by the following
rule:16

κ̇

κ
= s

f (κ)

κ
− (δ + n + γ) , (1)

where s is the saving rate, κ = k/A is the capital stock in efficiency units
(k = K/L is the per capita capital), A is the level of exogenous technological
progress, δ the rate of depreciation of capital, n the growth rate of population
and γ the exogenous growth rate of technological progress.

Standard assumptions on technology are that f ′ > 0 and f ′′ < 0 plus
the Inada conditions: limk→0 f ′ = ∞ and limk→∞ f ′ = 0. In the long run
equilibrium all per capita variables grow at the constant rate γ.

Countries with different parameters should nonetheless grow in the long
run at the same rate γ. In a model with exogenous technological progress
the average growth rate of per capita GDP of the sample over the period
can be considered as a (rough) estimate of the exogenous growth rate of
technological progress γ.

Even taking into account cross-country heterogeneity and the implied
tendency for conditional convergence, the standard Solow growth model rep-
resented by Eq. (1) is not appropriate to explain our empirical results for
the following reasons:

1. the nonlinearity of the growth path excludes that countries are charac-
terized by concave production functions with different parameters.17

2. In the first period, data in relative terms shows a tendency for basically
all countries to converge to the same GDP class. If the cross-country
heterogeneity were present, it would be in this case sufficiently weak
not to impede this type of dynamics. In the second period, on the
contrary, convergence is expected to occur in different GDP classes.
Then two cases are possible: i) convergence to different classes is not
a problem of heterogeneity but of nonlinearity (see point 1. above);
ii) heterogeneity characterizes the period after 1973, and hence the
shock affected asymmetrically the countries in the sample. In this case
we need a theory explaining why countries appeared as homogeneous
before the shock and heterogeneous after the shock.

16In this and in the following sections we assume that s is constant. However, as we
showed, the investment rate is increasing in GDP. Therefore, a more precise specification
should consider s = s (k), with s′ > 0. For simplicity we abstract from this point, which,
in any case, would strengthen the nonlinearity of the growth path that we introduce below.

17In Fiaschi and Lavezzi (2003) we control for cross-country heterogeneity in a similar
sample, and reject the hypothesis of conditional convergence.
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3. In the second period there appears a poverty trap in absolute terms, i.e.
a relevant fraction of countries is not expected to reach the highest GDP
class in the long run. This is at odds with the crucial assumption of the
conditional convergence hypothesis, according to which all countries in
the long run are expected to grow at the same long run growth rate,
determined by the exogenous technological progress γ.

The next step consists in considering a nonlinear Solovian growth model
with exogenous technological progress. With respect to Eq. (1), we assume
that f (κ) /κ is nonlinear in κ. In particular we assume that f (κ) /κ is first
decreasing, then increasing and finally decreasing in κ, with limκ→0 f ′ = ∞
an limκ→∞ f ′ = 0.18 Define the capital level where the function reaches a
local minimum, and changes concavity, as κmin.

The nonlinear path can be due to the existence of an intermediate level
of capital characterized by increasing returns to scale. This assumption is
justified by a large literature which goes from classical contributions of Lewis
(1956) and Rostow (1960) to Murphy et al. (1989) and Peretto (1999), which
highlight structural change in the growth process as a cause for this pattern.
Structural change consists in a transformation of the economy such that the
weight of traditional sectors (e.g. agriculture) declines, and the weight of
industrial sectors increases.

In order to obtain the dynamics of the first period, we should have a
path showing only one stable equilibrium. Figures 6 and 7 illustrate two
alternatives.

18A longer discussion on this type of function is in Barro and Sala-i-Martin (1999), p.
53.
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In Figures 6 and 7 we represent two possibilities to have a nonlinear path
and one stable equilibrium in a Solovian model with a nonlinear production
function and exogenous technological progress. In the first case (Figure 6)
all countries converge to κ̄1. In steady state all countries grow (in per capita
terms) at the common rate γ1. If we proxy the long-run growth rate by a
simple average of the sample over a period of time, then we conclude that it
is decreased in the second period (as noted, from 2.6% to 0.9%). Hence, the
horizontal line in Figure 6 should shift down. This would produce a tendency
to convergence to the same capital level (in efficiency units) κ̄2. All countries
would still be expected to grow in the long run (in per capita terms) at the
common growth rate γ2 < γ1. This implication does not find support in the
data, as in the second period we observe polarization in relative terms: with
polarization, countries may well be described as growing at the same rate in
the long run, but maintaining a distance in GDP levels.

In Figure 7 we represent another case. Here all countries are still expected
to converge to the same capital level (in efficiency units) κ̄1, and to grow in
the long run at the exogenous growth rate γ1. The decrease in γ in this
case is compatible with the evidence in the second period, where countries
polarize at different relative GDP levels.

We see in Figure 7 that a decrease in γ from γ1 to γ2 generates three
equilibria: a stable “low” equilibrium κ̄2

L, a stable “high” κ̄2
H , and an unstable

equilibrium, κ̄2
U . However, this picture is not compatible with the evidence for
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the first period. There, we observed in relative terms a medium-run tendency
to polarization, with increasing fractions of countries in GDP classes I and IV
and decreasing fractions in III and IV . In Figure 7, poor countries, that is
those starting from a GDP level lower than κ̄1, have the highest growth rates
in the transition. In particular their growth rate is higher than the long run
growth rate γ1. Countries starting from per capita GDP levels higher than
κ̄1 should instead show lower growth rates in per capita terms, in particular
growth rates lower than γ1 (these growth rates may even be negative). These
countries should display a tendency to converge to equilibrium by jumping
from the higher GDP classes to the lower. Moreover, therefore we should not
observe polarization in GDP class I in the medium run.

3.2 Nonlinear Endogenous Growth Model

Given that nonlinearities are a salient feature of aggregate picture, consider
the following nonlinear endogenous growth model:

k̇

k
= s

f (k,B)

k
− (δ + n) , (2)

where f (k,B) /k is nonlinear in k; in particular we assume that f (k,B) /k is
first decreasing, then increasing and finally decreasing in k, with limk→0 f ′ =
∞ and limk→∞ f ′ = B. A necessary condition to have growth in the long
run is that B > (δ + n) /s; in this case in the long run g = sB − (δ + n).
B parametrizes the level of average productivity for a given level of k, i.e.
∂f (k,B) /∂B > 0 (see Galor (1996), p. 1067). This is a convenient way
of representing in this framework multifactor productivity, another variable
often quoted as responsible for the slowdown.19 Productivity slowdown can
therefore be represented as a reduction in B. In this model the capital stock
should be interpreted as a composite index of physical and human capital.

Eq. (2) shows a AK dynamics, but only for a high level of capital.20

In general, a downward shift of the growth path generated by Eq. (2), and

19See e.g. Baily and Schultze (1990) on the United States. In growth accounting exer-
cises, the growth of output over a specified period is expressed as a weighted sum of growth
rates of capital and labor and of multifactor productivity, taken as a proxy of exogenous
technological progress in the Solovian framework. An estimate of multifactor productivity
is provided by the residual after deducting the weighted growth rates of capital and labor
from the growth rate of output. Weights are the factor shares in national GDP, under the
hypothesis of perfect competition.

20The AK model has been criticized on the grounds of results on conditional conver-
gence. See, e.g. Barro and Sala-i-Martin (1999), p. 167. However, if the growth path is
nonlinear in the transition, the evidence on conditional convergence may not be sufficient
to reject the AK model. In fact, with a nonlinear path, countries in the sample may
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a decrease in the long run growth rate, may be caused by four factors: (i)
a decrease in s; (ii) an increase in the growth rate of population n; iii) a
decrease in the average product of capital f(k,B)/k and iv) an increase in
the rate of depreciation of capital δ.21

In Section 2.2 we did not find that variations in s have a significant ex-
planatory power for the decrease in growth rates after 1973. Moreover, we
find that the growth rate of population appears almost constant in the two
periods (2.3% vs 2.0% in our restricted sample for respectively the first and
the second period).22 This is not surprising because, with the exception of
very unlikely events, the growth rate of population follows a smooth path
(in addition the oil shock is difficult to be reconciled with a change in popu-
lation dynamics). This excludes another potential explanatory factor of the
decreasing of the growth rate, which is generally found significantly inversely
related to growth. 23In the rest of this section we concentrate on the effect
of a change in productivity measured by B and on δ (points iii) and iv)).

3.2.1 On a Decrease in Factor Productivity

A decrease in total factor productivity strongly characterizes the productiv-
ity slowdown after 1973, as remarked among others by Baily and Schultze
(1990) and Fischer (1988). In this framework without exogenous technolog-
ical progress but with embodied technological change this phenomenon is
represented by a decrease in B.24

Figure 8 reports a graphical representation of the possible dynamics in
the two periods.

display a period of convergence, in which poor countries grow faster than rich countries.
The problem in this case would consist in discerning between a nonlinear model with a
model which is asymptotically AK, but satisfies the neoclassical assumptions otherwise
( Barro and Sala-i-Martin (1999), p. 161). To the best of our knowledge, an empirical test
of a nonlinear AK model has not been provided yet.

21Clearly, the variation in s, n and δ affect in the same manner the growth path generate
by Eq. (1).

22Data on population are from PWT 6.1.
23 Romer (1990) finds a negative long-run relation between the growth rate of labor

force and the rate of growth of productivity.
24A related literature emphasizes that the 60s witnessed a reduction in inventive activity,

which may have been reflected in the slowdown of productivity in the 70s (see Fischer
(1988) and the references therein.).
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Figure 8: Nonlinear endogenous growth model: the effect of a decrease in
the productivity parameter B

In the figure k̇/k is measured by the vertical distance between the curve
sf (k,B) /k and the straight line representing n + δ. In the first period
productivity is sufficiently high that sf (k,B1) /k is always above n + δ: all
countries independent of their initial levels of capital grow at a positive rate
in the long period. The resulting growth pattern is compatible with our
empirical result: in particular with the estimates reported in Figures 1 and
2. Notice that GDP and growth rate classes allow to test the empirical
implications of the model in Figure 8.

First we observe that, in the transition, rich countries can grow faster than
poor ones. This dynamics is compatible with the medium-run polarization in
the relative data observed in the first period (compare the GDP distributions
for 1950 and 1973 in Table 6), and with the tendency of all countries to
converge to the same absolute and relative GDP class in the long run (see
the ergodic distributions).

A productivity slowdown caused by a decrease in B from B1 to B2 deter-
mines a downward shift of the sf(k,B)/k curve and a lower growth rate for
any level of k. A sufficiently high reduction of B leads to the appearance of
multiple equilibria. In particular in Figure 8 we have two equilibria: k2

L is a
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stable equilibrium, while k2
U is unstable. All countries whose capital is lower

than k2
U will see their capital converge to k2

L, while countries with a initial
capital higher than k2

U will have a positive growth in the long-run (but lower
than the previous period).

This is compatible with the empirical evidence in absolute values (see
Table 3): a relevant fraction of countries appears unable to reach the highest
GDP class, neither in the medium run (in 1997), nor in the long-run limit (the
ergodic distribution). Notice that in 1973 28% of the sample was in GDP class
I, and that in 1997 this share is 29%. This is compatible with appearance of
a stable equilibrium in 1973. In the ergodic limit 15% of countries are still
in the same class. This is also compatible with the evidence in relative terms
(see Table 7): in the second period in fact we observe a marked tendency to
polarization both in the medium and in the long-run. In particular, notice
that the mass in GDP class II has been reducing clearly since 1973. This
agrees with the appearance of an unstable equilibrium in GDP class II. In
the same period, the mass in GDP class I has increased remarkably both in
the medium run and in the ergodic limit; this confirms the emergence of a
stable equilibrium in GDP class I.

3.2.2 An increase in the rate of depreciation

Baily and Schultze (1990), p. 397, argue that the rate of obsolescence of
capital δ may have increased suddenly as a consequence of the oil shock.
A change in the relative price of factors like the price of energy can make
installed capital economically obsolete, and the capital services may be re-
duced. Then, even if the investment rate is not changing, the growth rate of
GDP per capital and productivity decrease because part of the new capital
must be devoted to restoring the efficient allocation of capital among sectors,
when installed capital is largely specific.

In Figure 8 the effect of higher δ can represented by an upward shift of
the straight line. The empirical implications are the same of a decrease in
B. However, it is not clear that δ has remained permanently to its higher
post-shock level (see Baily and Schultze (1990)), and therefore it should be
explained why a transitory change in δ has a permanent effect on growth and
on the world income distribution. In the next section we address this issue.

3.3 A Nonlinear Endogenous Growth Model with Tech-
nological Transfers

In this section we argue that further insights on the productivity slowdown
can be gained with a growth model with technology transfers across countries.

20



We have already discussed the drawback of Lucas (2000)’s model.
Here, we suggest to utilize a different perspective on technological trans-

fers, namely the one advanced by Atkinson and Stiglitz (1969) and more
recently by Basu and Weil (1998) centered on the concept of appropriate
technology. According to this view, technological progress is “local”, in the
sense that it affects only some combinations of capital/labor and not the
entire production function.

In the perspective of cross-country technological transfers, this implies
that technology can be transferred across “similar” countries, in the sense
that they must have similar capital/labor ratios. Moreover, two countries
may reciprocally benefit from their proximity in terms of capital/labor ra-
tio.25 The relevance of economic proximity suggests that the distribution dy-
namics approach, explicitly focused on economic distance across countries, in
particular in terms of per capita GDP, can be appropriate to understand the
effects and the causes productivity slowdown. The presence of polarization in
the Lucas’ model has no effects in the long run, in the sense that polarization
does not preclude poor countries to grow and catch up. On the contrary, if
the transfer of technologies occurs in the way described by Basu and Weil
(1998), polarization in the medium run may have an effect in the long run, as
countries lagging behind become unable to exploit the technologies developed
in advanced countries.

However, in Basu and Weil (1998) the production technology is basically
AK, even if the growth rate of a country also depends on the interactions
with other countries. This implies that poor countries that increase their sav-
ing rate when richer countries decrease it, should increase their growth rate
in the steady state.26 We have observed in Tables 11 and 12, in a compari-
son between the two periods, that only countries in GDP class I significantly
increased their saving rate, countries in GDP class II show a moderate in-
crease or decrease according to the type of data we consider, while countries
in GDP classes III and IV show a remarkable decrease. Nonetheless, growth
rate for poor countries has decreased in the second period and it is the lowest
with respect to the growth rate for the other GDP classes.

Differently from Basu and Weil (1998), in a nonlinear growth model (with
international technological transfers) it is possible that poor countries in-
crease their saving rate but their long run growth rate remains fixed at zero.

25If the nonlinearity in the equation for the capital stock holds also for the dynamics of
per capita GDP, capital per capita and GDP per capita may be used interchangeably.

26There exists a case in which poor countries that increase the saving rate do not increase
the growth rate: the case in which richer countries increase their saving rate faster. This
implies that poor countries stop benefiting from the technological spillovers from richer
countries.
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This happens when the increase in the saving rate is not sufficient to allow a
country to escape the poverty trap. As noted, in this model the growth rate
depends on the interplay of internal sources and technological transfers. This
allows to understand why temporary shocks may have permanent effects. In
particular, if a process of technological transfers was at work before the oil
shock, the shock could have temporarily increased the distance between coun-
tries, causing an interruption in the flow of technologies from rich countries
to poor ones. The marked decrease in the growth rates of rich countries can
be only partially explained by the decrease of their saving rate; in our view
it remains to understand completely why rich countries have permanently
halved their growth rate after the oil shock.

Figures 9 and 11 compare the estimates of the growth path for four sub-
periods: 1950 : 1961, 1962 : 1973, 1974 : 1985, 1986 : 1997.27 Figures 10
and 12 compare the density estimations of the sample income distribution in
1950, and in the final year of each subsample: 1961, 1973, 1985 and 1997.
Figures 9, 10, 11 and 12 report the boundaries of the relative and absolute
GDP classes we used in the previous sections.
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Figure 9: Estimate of growth path
for four subperiods (relative per
capita GDP)
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Figure 10: Estimate of density for
relative per capita GDP in five se-
lected years

27We consider the restricted sample of 91 countries in order to make reference to the
data on investment rates. Hence, the growth path and the density estimation are very
similar but not necessarely identical, to those estimated from the full sample in Section 2.
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Figure 12: Estimate of density for
log of per capita GDP in five se-
lected years

We observe that all the growth paths display an increasing part which
ends with a peak in GDP class III for relative GDP (see Figure 9); this is
less evident for the log of GDP, in which the peak is GDP class II in the
first subperiod, near to the limit of GDP class III, and then moves into
GDP class III (see Figure 11). A partial exception is the growth path in
the period 1974 : 1985, which becomes rather flat after reaching a peak in
GDP class II. It is remarkable that, in the last subperiod, the path shifts
upwards, and becomes more similar to the paths of the first two subperiods.
We take this as indicating that some of the causes of the slowdown had been
removed in 1986 : 1997.

The evolution of the world income distribution displays the following
features:28 in relative terms, the distribution becomes twin peaked over time
(see Figure 10). Notice that in 1973 there appears a marked increase in the
peak in GDP class IV , which subsequently stabilizes. The distribution of
the log of GDP shows a sharp decrease in the masses of GDP classes I and
II in the first two periods (1950 and 1961), coupled with an increase in the
mass of GDP classes III and IV . After 1973 this reduction of the mass in
GDP class I slows down, and is more evident in GDP class II. At the same
time, in 1973 there is a more visible increase of the mass in GDP class IV ,
which subsequently increases slowly.

28We did not label the estimates in Figure 10 for clarity of exposition. The thinner line
refer to 1950, the thicker to 1997.
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In the following section we propose a theoretical model that can account
for the evidence presented in Figures 9, 10, 11 and 12.

3.3.1 A Theoretical Model

The model in Eq. (2) can be extended to provide an intuition of the effect
of technological transfers among countries with limited appropriability of
technology. Consider Eq. (3):

k̇i

ki

= s
f (ki, Bi)

ki

− (δ + n) , (3)

where Bi represents an index of knowledge available to country i. We suppose
that Bi depends on the technological transfers which country i can benefit
from other countries, i.e.:

Bi = µ
(

~Ai

)

,

where ~Ai =
(

a1
i , ..., a

i−1
i , 1, ai+1

i , ..., aN
i

)

is a ranked vector, i.e. aj−1
i < aj

i ,
representing the relative level of knowledge of each country with respect to
the knowledge of country i (N > 1 is the total number of countries).

In the endogenous growth literature it is common to consider per capita
capital as a proxy of the level of knowledge accumulated in a country (see
Barro and Sala-i-Martin (1999)), so that the vector of relative knowledge for
country i becomes:

~Ai =

(

k1

ki

, ...,
ki−1

ki

, 1,
ki+1

ki

, ...,
kN

ki

)

.

Function µ should reflect two crucial properties of models with technolog-
ical transfers and limited appropriability of technology: (i) a follower gains
from technological leader more than the other way around and, (ii) follow-
ing Basu and Weil (1998), technological spillovers are effective only for similar
economies, i.e. with similar k. Accordingly, we assume that:

Bi = µ







Σj∈P

(

kj

ki

)β

|Pi|






, (4)

where µ > 0, β > 1 and Pi represents the set of countries with which country
i interacts; that is:

Pi =

{

j :
kj

ki

∈
(

1 − āL, 1 + āH
)

}

. (5)
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In Eq. (5) we are assuming that both follower and leader countries are recip-
rocally affected by technological transfers. This means that 1+āH defines the
range of the relative capital of the more advanced countries which country i
benefits from. On the contrary 1 − āL measures the negative effect that less
advanced countries have on technological leader’s economy (notice that each

term
kj

ki
< 1 decreases Bi with respect to the case in which country i is not af-

fected by technological transfers). Here we follow the intuition of Goodfriend
and McDermott (1998). In their model productivity increases by two sources:
(i) learning by doing generated by the local production of intermediate goods
and (ii) technological transfers by import of intermediate goods. Imitative
activity of laggards, which allows them to produce intermediate goods previ-
ously imported from leader countries, reduces the accumulation of knowledge
in leader countries and therefore their growth rate of productivity. Param-
eter β > 1 measures the advantage of the follower in benefiting from the
flow of knowledge of more advanced countries; higher β means higher ben-
efit, but it also measure the disadvantages of the leader form the presence
of the follower. This hypothesis differs from Basu and Weil (1998), where a
country benefits from both leaders and followers if their capital/labor ration
falls within a certain range.29

Finally, µ is now a parameter representing a scale factor: when Pi =
{i} then Bi = µ. Technological transfers have a positive impact on the
level of productivity of a country only if the latter can benefit from a more
advanced countries. In the case all countries share the same level of capital
it is straightforward to see from (5) that Bi = µ.30 The most favourable case
for country i is when all countries N are in Pi and they have a level of k
equal to ki

(

1 + āH
)

, that is:

~Ai =
(

1, 1 + āH , ..., 1 + āH
)

.

Then:

Bi = µ
(N − 1)

(

1 + āH
)β

+ 1

N
,

which is increasing in N and converges to µ
(

1 + āH
)β

when N increases.
The worst case for country i is when it is the leader country and all countries
are on the limit of lower range, that is:

~Ai =
(

1 − āL, ..., 1 − āL, 1
)

.

29In this case the function form of µ (.) should be U -shaped with a minimum in 1.
30This is another difference with respect to Basu and Weil (1998), where the cardinality

of Pi matters. That is, if all countries in Pi are identical, an increase in |Pi| increases
productivity of country i. This effect can be easily obtained by raising |Pi| in Eq (4) to
an exponent lower than 1.
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Then:

Bi = µ
(N − 1)

(

1 − āL
)β

+ 1

N
,

which is decreasing in N and converges to µ
(

1 − āL
)β

when N increases.
In order to match the empirical results we impose the following two con-

ditions on the parameters’ values:

1. Possibility of positive long-run growth:

sµ
(

1 − āL
)β

> δ + n; (6)

2. Possible existence of a poverty trap:

∃k̄S, k̄U : s
f (k, µ)

k
= δ + n for k = k̄S, k̄U ; (7)

Condition (6) says that the leader country grows at a positive rate even
if all other countries are followers (remember that limk−→∞ k̇i/ki = sBi −
(δ + n)); Condition (7) says that growth path of a country which does not
benefit from technological transfers can display a poverty trap. In this respect
let Bmin > µ be the minimum level of productivity for which a poverty trap
exists, that is:

f
(

k,Bmin
)

k
= δ + n. (8)

We notice that Bmin positively depends on δ and n.
Now we suggest an interpretation of the dynamics observed in the period

1950 : 1997 on the basis of our model. For sake of simplicity we assume that
in an economy there exist three main sets of countries: the poor, belonging
mainly to GDP class I, the followers belonging to GDP classes II and III
and the leaders, belonging to GDP class IV .

In the first subperiod 1950 : 1961 all countries belonging to these three
sets grow at positive but different rates. In particular, the productivity of
poor countries BP is sufficiently high to avoid the appearance of a poverty
trap, i.e. BP > Bmin, thanks to the technological transfers of follower coun-
tries, but their growth rate is low because they are still in the range of low
and decreasing productivity of capital. Follower countries show a higher
growth rate than the other two sets of countries because they benefit from
both technological spillover of leader countries and of the increasing returns
of capital. Finally, leader countries are in a phase of decreasing growth rate,
but still sustained. Figure 13 illustrates this situation; we remark that the
shape of sf (k,B) /k curve is affected by the interaction (proximity) of three
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sets of countries (kP , kF and kL indicates possible average values of capital
for these three country sets).
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n + δ

I II III IV

kP kF kL
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sf(k,BF )/k

sf(k,BL)/k

Figure 13: Nonlinear endogenous growth model with technological transfers

The resulting dynamics is compatible with the empirical evidence previ-
ously reported: in particular in absolute terms the mass in the first class tends
to decrease in absolute terms, while in relative terms it slightly increases due
to the higher pace of follower countries (the poorest among follower countries
fall in GDP class I). Follower countries tend to reduce the gap with leader
countries and the mass in GDP classes II and III tends to decrease in rela-
tive terms. In absolute terms, we observe that the densities of 1950 and 1961
cross in GDP class II. The mass in 1961 is lower before the intersection and
higher after, indicating a global process of positive growth. Figures 10 and
12 broadly confirm this dynamics.

In the second subperiod 1962 : 1973 the dynamics of the first subperiod
is consolidated. In absolute terms we have a further decrease in the mass
of GDP classes I and II and an increase of the mass in GDP class III (in
relative terms this regard only the last part of the range of GDP class III,
and the first part of the range of GDP class IV ), caused by an increasing
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growth of follower countries. The latter is reflected in an upward shift of
growth path in Figures 9 and 11 for all GDP classes, but with particular
evidence for GDP class III. In terms of our model this means that BF

is increased for the higher number of follower countries which benefit from
technological spillover of leader countries or that, alternatively, for a country
in GDP classes II and III the number of countries with a higher k within P
has increased (in lower scale this phenomenon also happens between poor and
follower countries). Given the positive growth of all countries, in this period
the mass in GDP class IV increases in absolute terms, and also in relative
terms, giving raise to what we have defined as medium-run polarization.

The third subperiod 1974 : 1985 starts with the first oil shock (the second
is in 1979). We have already argued that this could have caused a sudden
increase in the rate of depreciation of capital δ. This increase could have
been so strong that BP < Bmin (see Eq. (8)), that is poor countries can be
trapped in a low income equilibrium.
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Figure 14: Nonlinear endogenous growth model with technological transfers:
the effect of oil shocks

Figure 14 shows the dynamics resulting from an increase in δ. The growth
path of all countries shifts down, but this is particularly disastrous for poor
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countries because for some of them, i.e. the ones with capital in the range
(k̄S, k̄U), this means a decrease in their GDP per capita (they tend to the
low equilibrium k̄S in Figure 14). We conjecture that the negative effects
of oil shocks were especially strong for follower countries, whose economies
were heavily based on energy intensive technology (see the decrease in growth
path in Figures 9 and 11). The distributions of relative and absolute GDP
reflect this dynamics showing an increasing polarization. GDP class I shows
a substantially constant mass in absolute terms and an increasing mass in
relative terms. This holds also for GDP class IV . 31 The mass of central GDP
classes II and III shows a reduction in relative terms. In absolute terms
the mass in GDP class II decreases and the mass in GDP III increases,
but these changes are less pronounced than in previous years, indicating
that the process of growth was slowed, but not checked. We conjecture that
the increase in polarization caused a reduction in BP , that is of the rate of
technological transfers to poor countries.

The fourth subperiod 1986 : 1997 witnesses a decrease in the rate of de-
preciation δ according to Baily and Schultze (1990). However, the decrease
in Bp was so strong that Bp is still below Bmin (even if Bmin has decreased
with δ, and therefore poor countries remain trapped in the low income equi-
librium k̄S). We find evidence of this fact in the behavior of the growth
path in Figures 9 and 11: the path is basically invariant for GDP class I for
both relative and absolute GDP, and for absolute GDP this also hold for the
first part of the path in GDP class II. On the contrary, the growth path is
strongly shifting upwards for absolute and relative GDP class III. Finally,
leader countries in GDP class IV show a lower increases than follower coun-
tries in their growth path, maybe due to the negative effect of new follower
countries, as argued by Goodfriend and McDermott (1998). This, coupled
with a possible negative effect on productivity due to the strong decreasing
in investment rate, may explain why productivity in rich countries as not
completely recovered.

4 Conclusions

The pieces of evidence presented in this paper provide some support to the
following hypothesis: before 1973 a tendency for convergence characterized
the world income distribution, with all countries following a nonlinear path
toward the highest GDP class. Polarization in this case was a temporary

31Notice that, in absolute terms, the mass in GDP classes I and II does not change
much from 1973 to 1986, when compared with the changes occurred between previous
years.
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phenomenon. In particular, the internal process of accumulation was the
key factor for the nonlinear shape of the path, while international spillovers
allowed productivity to be sufficiently high to avoid poverty traps. In 1973 a
shock reduced productivity in the aggregate, in particular shifting downwards
the growth path. This may have been caused by a sudden increase in the
rate of obsolescence of capital. The post-1973 years have been characterized
by a generalized decrease in the parameter B, even if the reasons behind a
reduction in B may differ across countries, in particular because of changes
in the pattern of international transfer of technologies.

Given the nonlinear shape, the temporary shock on δ has produced per-
manent effects as, for low-income countries, this has meant the appearance of
a low development trap. Countries started to fall apart and, as suggested by
the literature on appropriate technology, the international flow of technolo-
gies was interrupted, or at least reduced. The evolution in the subsequent
period witnessed a tendency for richer countries to isolate from the rest. At
this point the internal factors of accumulation become more important, in
the sense that laggards could not benefit from the technologies developed in
the richest countries.

The absence of recovery in terms of productivity may find an explana-
tion in the following facts: richest countries reduced their investment rates
which may have decreased the rate of innovations at the technological fron-
tier. In fact, a reduction in inventive activity in the US is quoted as one
possible source of the slowdown (see Fischer (1988)). A higher spread in the
world income distribution may be responsible for a difficult transmission of
technologies across countries. Notice that the growth path in 1986-1997 be-
comes steeper, indicating that it is possible that a cause of the slowdown has
been removed, like the increase in the depreciation rate. Baily and Schultze
(1990), p. 397, notice that Tobin’s q in the US fell well below unity after the
first shock, indicating a low evaluation of installed capital (and therefore an
increase in the rate of obsolescence), while in 1987 it reached a value of 0.91,
indicating the reversal of the previous tendency. However, the path did not
return to previous levels, in particular leaving room for a poverty trap and
signalling that some extra forces were still at work.

Future research should demonstrate the robustness of these results, which
in some cases appear more as speculations from the proposed perspective on
the productivity slowdown, than facts grounded in empirical evidence. For
instance we could adopt, a more disaggregated view of the countries in the
sample like OECD countries, for which it should be possible to analyze in
more details the process transfer of technology.
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A Country lists

Table 13 contains the sample of countries from Maddison (2001).

Country
Algeria Sierra Leone Paraguay Burma
Angola Somalia Puerto Rico Hong Kong
Benin South Africa Trinidad Tobago Malaysia
Botswana Sudan Australia Nepal
Cameroon Swaziland New Zealand Pakistan
Cape Verde Tanzania Canada Singapore
Central African Togo United States Sri Lanka
Republic Chad Tunisia Bahrain Afghanistan
Comoros Uganda Iran Cambodia
Congo Zambia Iraq Laos
Côte d’Ivoire Zimbabwe Israel Mongolia
Djibouti Argentina Jordan North Korea
Egypt Brazil Kuwait Vietnam
Gabon Chile Lebanon Austria
Gambia Colombia Oman Belgium
Ghana Mexico Qatar Denmark
Kenya Peru Saudi Arabia Finland
Liberia Uruguay Syria France
Madagascar Venezuela Turkey Germany
Mali Bolivia UAE Italy
Mauritania Costa Rica Yemen Netherlands
Mauritius Cuba West Bank Gaza Norway
Morocco Dominican Republic China Sweden
Mozambique Ecuador India Switzerland
Namibia El Salvador Indonesia UK
Niger Guatemala Japan Ireland
Nigeria Haiti Philippines Greece
Reunion Honduras South Korea Portugal
Rwanda Jamaica Thailand Spain
Senegal Nicaragua Taiwan
Seychelles Panama Bangladesh

Table 13: Sample from Maddison (2001): 122 countries
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Table 14 contains the restricted sample of 91 countries.

Country
Benin Senegal Jamaica Malaysia
Botswana Seychelles Nicaragua Nepal
Cameroon South Africa Panama Pakistan
Cape Verde Tanzania Paraguay Sri Lanka
Central African Togo Trinidad Tobago Austria
Republic Chad Tunisia Australia Belgium
Comoros Uganda New Zealand Denmark
Congo Zambia Canada Finland
Côte d’Ivoire Zimbabwe United States France
Egypt Argentina Iran Italy
Gabon Brazil Israel Netherlands
Gambia Chile Jordan Norway
Ghana Colombia Syria Sweden
Kenya Mexico Turkey Switzerland
Madagascar Peru China UK
Mali Uruguay India Ireland
Mauritania Venezuela Indonesia Greece
Mauritius Bolivia Japan Portugal
Morocco Costa Rica Philippines Spain
Mozambique Dominican Republic South Korea
Namibia Ecuador Thailand
Niger El Salvador Taiwan
Nigeria Guatemala Bangladesh
Rwanda Honduras Hong Kong

Table 14: Sample from Maddison (2001) and PWT 6.1: 91 countries

B Transition Matrices: full sample

In this appendix we report the transition matrices computed for the full
sample from Maddison (2001), in both absolute and relative values.

B.1 Absolute values

We present first the results for the first period (1950-1973) and then for the
second (1974-1997).
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Obs I- I+ I++ II- II+ II++ III- III+ III++ IV- IV+ IV++
I- 444 0.59 0.15 0.23 0.01 0.01 0.01 0 0 0 0 0 0
I+ 264 0.37 0.39 0.20 0.02 0.02 0.01 0 0 0 0 0 0
I++ 250 0.34 0.20 0.32 0.02 0.02 0.11 0 0 0 0 0 0
II- 377 0.01 0 0 0.45 0.23 0.29 0.01 0 0.02 0 0 0
II+ 256 0 0 0 0.36 0.32 0.27 0.01 0.03 0.02 0 0 0
II++ 375 0 0 0 0.23 0.18 0.47 0.01 0.01 0.10 0 0 0
III- 87 0 0 0 0 0 0.01 0.32 0.20 0.40 0.02 0.02 0.02
III+ 89 0 0 0 0 0 0 0.18 0.25 0.39 0.03 0.02 0.12
III++ 198 0 0 0 0 0 0 0.17 0.17 0.51 0.03 0.03 0.10
IV- 79 0 0 0 0 0 0 0 0 0 0.52 0.14 0.34
IV+ 52 0 0 0 0 0 0 0 0 0 0.38 0.29 0.33
IV++ 85 0 0 0 0 0 0 0 0 0 0.24 0.32 0.45

Table 15: transition matrix 1950-1973, 122 countries, absolute values

I- I+ I++ II- II+ II++ III- III+ III++ IV- IV+ IV++
ergodic 0 0 0 0 0 0 0 0 0 0.38 0.24 0.38

Table 16: ergodic distribution 1950-1973, 122 countries, absolute values

Obs I- I+ I++ II- II+ II++ III- III+ III++ IV- IV+ IV++
I- 258 0.36 0.33 0.29 0 0.01 0 0 0 0 0 0 0
I+ 210 0.33 0.30 0.35 0 0 0.01 0 0 0 0 0 0
I++ 281 0.22 0.25 0.41 0.03 0.02 0.07 0 0 0 0 0 0
II- 227 0.07 0.05 0.04 0.33 0.28 0.21 0 0 0 0 0 0
II+ 207 0.01 0 0 0.24 0.35 0.34 0.01 0.02 0.02 0 0 0
II++ 372 0 0 0 0.17 0.17 0.52 0.04 0.04 0.06 0 0 0
III- 137 0 0 0 0.06 0.07 0.05 0.20 0.21 0.40 0 0 0.01
III+ 125 0 0 0 0.02 0.01 0.02 0.22 0.23 0.45 0.01 0.02 0.03
III++ 264 0 0 0 0 0 0 0.21 0.18 0.48 0.03 0.02 0.08
IV- 107 0 0 0 0 0 0 0.09 0.06 0.04 0.24 0.21 0.36
IV+ 189 0 0 0 0 0 0 0 0 0 0.11 0.38 0.51
IV++ 307 0 0 0 0 0 0 0 0 0 0.14 0.29 0.56

Table 17: transition matrix 1974-1997, 122 countries, absolute values
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I- I+ I++ II- II+ II++ III- III+ III++ IV- IV+ IV++
ergodic 0.05 0.05 0.06 0.04 0.04 0.07 0.05 0.05 0.10 0.08 0.15 0.27

Table 18: ergodic distribution 1974-1997, 122 countries, absolute values

B.2 Relative values

We present first the results for the first period (1950-1973) and then for the
second (1974-1997).

Obs I- I+ I++ II- II+ II++ III- III+ III++ IV- IV+ IV++
I- 261 0.58 0.18 0.22 0.01 0 0.01 0 0 0 0 0 0
I+ 168 0.36 0.43 0.18 0.01 0.01 0.01 0 0 0 0 0 0
I++ 141 0.37 0.18 0.32 0.05 0.02 0.06 0 0 0 0 0 0
II- 505 0.04 0.01 0.02 0.48 0.20 0.25 0 0 0 0 0 0
II+ 309 0.02 0 0.01 0.37 0.31 0.26 0.01 0.01 0.01 0 0 0
II++ 424 0 0 0 0.24 0.18 0.48 0.02 0.01 0.05 0 0 0
III- 108 0 0 0 0.08 0.03 0.05 0.33 0.13 0.37 0 0 0.01
III+ 97 0 0 0 0.01 0.03 0 0.23 0.34 0.36 0 0.01 0.02
III++ 221 0 0 0 0.02 0 0 0.15 0.14 0.60 0.01 0.03 0.05
IV- 113 0 0 0 0 0 0 0 0 0 0.44 0.19 0.37
IV+ 87 0 0 0 0 0 0 0 0 0.01 0.33 0.24 0.41
IV++ 128 0 0 0 0 0 0 0 0 0 0.25 0.31 0.44

Table 19: transition matrix 1950-1973, 122 countries, relative values

I- I+ I++ II- II+ II++ III- III+ III++ IV- IV+ IV++
ergodic 0.02 0.01 0.01 0.02 0.01 0.02 0.01 0.01 0.02 0.29 0.22 0.35

Table 20: ergodic distribution 1950-1973, 122 countries, relative values
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Obs I- I+ I++ II- II+ II++ III- III+ III++ IV- IV+ IV++
I- 286 0.36 0.34 0.29 0.01 0 0 0 0 0 0 0 0
I+ 220 0.33 0.30 0.36 0 0 0 0 0 0 0 0 0
I++ 299 0.23 0.25 0.45 0.01 0.01 0.05 0 0 0 0 0 0
II- 254 0.10 0.02 0.02 0.27 0.30 0.28 0 0 0 0 0 0
II+ 257 0.01 0.01 0.01 0.25 0.35 0.35 0.01 0 0.02 0 0 0
III+ 451 0.01 0 0 0.20 0.20 0.50 0.02 0.02 0.05 0 0 0
III- 106 0 0 0 0.07 0.04 0.08 0.28 0.20 0.34 0 0 0
III+ 98 0 0 0 0.05 0 0.03 0.12 0.26 0.49 0 0.03 0.02
III++ 235 0 0 0 0 0 0.01 0.18 0.16 0.56 0.02 0.02 0.05
IV- 83 0 0 0 0 0 0 0.11 0.04 0.05 0.19 0.23 0.39
IV+ 156 0 0 0 0 0 0 0.01 0 0.01 0.11 0.37 0.49
IV++ 239 0 0 0 0 0 0 0.01 0 0.01 0.13 0.32 0.53

Table 21: transition matrix 1974-1997, 122 countries, relative values

I- I+ I++ II- II+ II++ III- III+ III++ IV- IV+ IV++
ergodic 0.12 0.11 0.14 0.06 0.07 0.11 0.04 0.03 0.09 0.03 0.08 0.12

Table 22: ergodic distribution 1974-1997, 122 countries, relative values

B.3 Relative values to US

\Growth rate 1950-73 < 1.6% 1.6%, 3.6% > 3.6%
GDP\Growth rate 1974-97 < −0.1% −0.1%, 1.9% > 1.9%

0 − 0.05 I- I+ I++
0.05 − 0.18 II- II+ II++
0.18 − 0.65 III- II+ III++

> 0.65 IV- IV+ IV++

Table 23: state space definition for relative US GDP

FIRST PERIOD: 1950:1973

I- I+ I++ II- II+ II++ III- III+ III++ IV- IV+ IV++
ergodic 0.02 0.01 0.01 0.09 0.05 0.06 0.07 0.06 0.13 0.18 0.12 0.20

Table 24: ergodic distribution 1950-1973, relative to US GDP
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− + ++
I 0.50 0.26 0.24

II 0.45 0.24 0.31
III 0.29 0.21 0.50
IV 0.35 0.24 0.40

Table 25: ergodic distribution normalized for each GDP class, 1950-1973,
relative to US GDP

I II III IV
1950 0.07 0.49 0.34 0.10
1973 0.11 0.42 0.31 0.16

ergodic 0.05 0.20 0.26 0.50

Table 26: distribution dynamics, 1950-1973, relative to US GDP

SECOND PERIOD: 1974:1997

I- I+ I++ II- II+ II++ III- III+ III++ IV- IV+ IV++
ergodic 0.23 0.16 0.22 0.08 0.05 0.11 0.03 0.02 0.06 0.01 0.01 0.02

Table 27: ergodic distribution 1974-1997, relative to US GDP

− + ++
I 0.38 0.26 0.36

II 0.33 0.21 0.46
III 0.31 0.15 0.54
IV 0.17 0.30 0.53

Table 28: ergodic distribution normalized for each GDP class, 1974-97, rela-
tive to US GDP

I II III IV
1973 0.11 0.42 0.31 0.16
1997 0.30 0.30 0.26 0.15

ergodic 0.61 0.25 0.10 0.04

Table 29: distribution dynamics, 1974-1997, relative to US GDP
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C Data on per worker GDP

In this appendix we present the results on labor productivity, using data
from the Penn World Tables 6.1 for a restricted sample of 91 countries for
the period 1961 − 1997. Growth and GDP classes are calculated applying
the same procedure used for relative and absolute GDP.

C.1 Absolute per worker GDP

\Growth rate 1961-73 < 2.1% 2.1%, 4.1% > 4.1%
GDP\Growth rate 1974-97 < 0.1% 0.1%, 2.1% > 2.1%

0 − 3330 I- I+ I++
3300 − 6500 II- II+ II++
6500 − 22000 III- II+ III++

> 22000 IV- IV+ IV++

Table 30: state space definition for absolute per worker GDP

FIRST PERIOD: 1961:1973

Obs I- I+ I++ II- II+ II++ III- III+ III++ IV- IV+ IV++
I- 106 0.49 0.11 0.32 0.03 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00
I+ 40 0.42 0.13 0.35 0.07 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00
I++ 95 0.35 0.14 0.29 0.15 0.02 0.05 0.00 0.00 0.00 0.00 0.00 0.00
II- 79 0.01 0.03 0.05 0.51 0.09 0.18 0.05 0.03 0.06 0.00 0.00 0.00
II+ 18 0.00 0.00 0.00 0.50 0.06 0.17 0.00 0.17 0.11 0.00 0.00 0.00
II++ 60 0.02 0.00 0.00 0.23 0.07 0.35 0.12 0.02 0.20 0.00 0.00 0.00
III- 122 0.00 0.00 0.00 0.01 0.00 0.00 0.39 0.24 0.31 0.02 0.02 0.02
III+ 88 0.00 0.00 0.00 0.01 0.00 0.01 0.32 0.26 0.33 0.01 0.01 0.05
III++ 163 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.20 0.44 0.02 0.03 0.05
IV- 44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.41 0.34 0.25
IV+ 49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.43 0.24
IV++ 46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.46 0.22

Table 31: transition matrix 1961-1973, 91 countries, per worker GDP

The associated ergodic distribution is:

I- I+ I++ II- II+ II++ III- III+ III++ IV- IV+ IV++
ergodic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36 0.40 0.24

Table 32: ergodic distribution 1961-1973, 91 countries, per worker GDP
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I II III IV
1961 0.31 0.21 0.38 0.10
1973 0.20 0.16 0.42 0.22

ergodic 0 0 0 1.00

Table 33: distribution dynamics 1961-1973, 91 countries, per worker GDP

SECOND PERIOD: 1974:1997

Obs I- I+ I++ II- II+ II++ III- III+ III++ IV- IV+ IV++
I- 207 0.54 0.15 0.29 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
I+ 55 0.53 0.20 0.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
I++ 141 0.32 0.16 0.40 0.04 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00
II- 106 0.12 0.02 0.06 0.44 0.09 0.23 0.02 0.01 0.01 0.00 0.00 0.00
II+ 36 0.03 0.00 0.00 0.22 0.19 0.42 0.03 0.06 0.06 0.00 0.00 0.00
II++ 125 0.00 0.00 0.01 0.18 0.13 0.49 0.03 0.02 0.14 0.00 0.00 0.00
III- 269 0.00 0.00 0.00 0.03 0.00 0.01 0.38 0.21 0.36 0.00 0.00 0.01
III+ 159 0.00 0.00 0.00 0.01 0.01 0.00 0.37 0.24 0.31 0.02 0.00 0.04
III++ 361 0.00 0.00 0.00 0.01 0.00 0.00 0.29 0.16 0.46 0.01 0.01 0.07
IV- 175 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.01 0.02 0.31 0.23 0.39
IV+ 129 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.26 0.27 0.46
IV++ 239 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.27 0.28 0.44

Table 34: transition matrix 1974-1997, PWT, 91 countries, per worker GDP

I- I+ I++ II- II+ II++ III- III+ III++ IV- IV+ IV++
ergodic 0.05 0.02 0.03 0.02 0.01 0.02 0.11 0.06 0.12 0.16 0.15 0.26

Table 35: ergodic distribution 1974-1997, PWT, 91 countries, per worker
GDP

− + ++
I 0.49 0.16 0.34

II 0.44 0.13 0.43
III 0.38 0.21 0.42
IV 0.28 0.27 0.45

Table 36: ergodic distribution normalized for each GDP class, PWT, 91
countries 1974-97, per worker GDP
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I II III IV
1973 0.20 0.16 0.42 0.22
1997 0.21 0.10 0.35 0.34

ergodic 0.09 0.05 0.29 0.57

Table 37: distribution dynamics, PWT, 91 countries, 1974-1997, per worker
GDP

C.2 Relative per worker GDP

\Growth rate 1961-73 < 2.1% 2.1%, 4.1% > 4.1%
GDP\Growth rate 1974-97 < 0.1% 0.1%, 2.1% > 2.1%

0 − 0.25 I- I+ I++
0.25 − 0.6 II- II+ II++
0.6 − 1.8 III- II+ III++

> 1.8 IV- IV+ IV++

Table 38: state space definition for relative per worker GDP

FIRST PERIOD: 1961:1973

I- I+ I++ II- II+ II++ III- III+ III++ IV- IV+ IV++
ergodic 0.08 0.03 0.06 0.06 0.01 0.05 0.10 0.07 0.12 0.14 0.16 0.11

Table 39: ergodic distribution 1961-1973, PWT, 91 countries, relative per
worker GDP

− + ++
I 0.49 0.16 0.36

II 0.48 0.11 0.41
III 0.36 0.24 0.41
IV 0.34 0.39 0.27

Table 40: ergodic distribution normalized for each GDP class, PWT, 91
countries 1961-73, per worker GDP
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I II III IV
1961 0.18 0.27 0.36 0.19
1973 0.22 0.19 0.37 0.22

ergodic 0.17 0.12 0.29 0.42

Table 41: distribution dynamics, PWT, 91 countries, 1974-1997, per worker
GDP

SECOND PERIOD: 1974:1997

I- I+ I++ II- II+ II++ III- III+ III++ IV- IV+ IV++
ergodic 0.13 0.04 0.10 0.07 0.03 0.08 0.10 0.06 0.14 0.07 0.07 0.11

Table 42: ergodic distribution 1974-1997, PWT, 91 countries, relative per
worker GDP

− + ++
I 0.49 0.15 0.35

II 0.39 0.18 0.43
III 0.34 0.20 0.46
IV 0.28 0.28 0.44

Table 43: ergodic distribution normalized for each GDP class, PWT, 91
countries 1974-97, relative per worker GDP

I II III IV
1973 0.22 0.19 0.37 0.22
1997 0.24 0.18 0.34 0.24

ergodic 0.27 0.18 0.30 0.25

Table 44: distribution dynamics, PWT, 91 countries, 1974-1997, relative per
worker GDP
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