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ABSTRACT

The purpose of this paper is twofold. First, we carry out an empirical
analysis of convergence patterns among the OECD countries, paying
special attention to the adequacy of the augmented Solow model to
explain growth and convergence in different subperiods and groups of
countries. Second, we look at! the relation among medium term
macroeconomic performance and the rate of growth and the speed of
convergence among the sample countries. We have devoted
particular efforts to the construction of a convenient database. We
provide nonlinear estimates of the basic technological parameters
and the convergence rate in a cross section of the average values of
variables over the 24 OECD countries for the sample period 1960-
1990, and for six subperiods, using pooled data of five years averages.
The human capital augmented Solow model explains reasonably well
growth and convergence among OECD countries over the whole
1960-1990 period. However, a closer look reveals many features*
which deserve further attention. In particular, estimated parameters
are not fully stable across countries and along subperiods.
Convergence occurs at different speeds among different groups of
countries, depending on their income levels. Convergence seems a
feature of fast growth times. During recessions, convergence is much
slower or inexistent. The model does not fit very well in shorter time
periods of macroeconomic turbulence^ Variables related to medium
term macroeconomic performance affect the rate of growth and
convergence; however their effect is not stable along the sample
period. In periods of recession they e Ven''outperform growth related
variables.
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I. Introduction.

Increasing economic integration among the European countries is

expected to bring about faster average growth. Less advanced countries hope

to narrow the gap with the richer ones in terms of per capita income;

however, whether or not this distributional effect will work is still an open

issue. From a theoretical viewpoint, growth theory is the appropriate

framework to deal with these issues. In the long run, two basic features

determine a country's economic achievement. One of these are the preferences

of households, firms and governments for current consumption as opposed to

future consumption. The other is the technological capability (in a broad

sense) of the society to use the resources not devoted to current

consumption.

The purpose of this paper is twofold. First, we carry ou| an: empirical

analysis of convergence patterns among the OECD countries. Second, we look at

the relation among the medium term macroeconomic performance and the rate of

growth and the speed of convergence among the sample countries. Unlike

previous works which use Summers-Heston data set, most data in our sample are

taken from OECD statistics and are expressed in 1985 international dollars.

We have extrapolated 1990 PBPs< for-.private ^andí public consumption, and

investment from 1960 to 1989, obtaining the purchasing power parities for GDP

trough the Geary-Khamis aggregation method.

Convergence regressions are carried out in the way popularized by Barro

and Saia-i-Martin (1991), Mankiw, Romer and Weil (1990)*(MRW thereafter),

Durlauf and Johnson (1992) and others . Our interest is not merely to asses

An alternative method to contrast the convergence hypothesis, based upon
the notion of stochastic convergence and cointegration among per capita
incomes across countries, has been suggested by Bernard and Durlauf
(1991). Alternatively, the one-factor neoclassical growth model could be
tested on the basis of its long run implications about the evolution of
some aggregate time series (Neusser (1991)).



whether or not convergence has,taken place;among the sample countries, but

also to see whether if the long run evolution of these economies can be

explained in the theoretical framework of the Solow (1956) model. We provide

«stimates of the basic technological parameters and the convergence^ rate in a

cross section of the average values of variables over the 24 OECD countries

for the sample period 1960-1990.

This procedure imposes though, too many restrictions; in particular,

the aggregate analysis assumes that technological parameters (and hence the

convergence rate) are stable across countries and along the sample period. To

asses to what extent this can be maintained, we split the sample in more

homogeneous country groups to find that the estimation results are non robust

to the exclusion of some countries. We have also estimated the model, using

six shorter periods (five years) averages of- the variables to take the

advantage of the time series dimension of the information set. Pooling model

estimates reveal some differences in the relevant parameters and, most

important, display a clear pattern of convergence which breaks down between

1975 and 1985.

Growth theory must be amended somehow when dealing with convergence

among countries off their balanced growth paths. There are many macroeconomie

features of OECD economies that are difficult to introduce in the narrow

margins of growth models (either of the 'endogenous' or the 'exogenous'
2

type ). Unemployment is, just to mention one of these, high enough as to cast

reasonable doubts about the market clearing assumption. Few theoretical

analysis are available^ at this stage, bringing together short run and long

run analysis; and even these (see for instance Aghionáand HowitL (1991), Bean

and Pissarides (1992)) have not produced clear cut empirical propositions

yet. The analysis in this field has proceeded mainly through empirical

estimates without solid theoretical foundations.

2
See Sala-i-Martín (1990a) and (1990b) for a survey and discussion ofthese
models.



The analysis of the impact of variables related to medium term

macroeconomic performance on growth and convergence focuses in three main

sets of variables: public consumption (as a percentage of GDP), nominal

variables, and the rate of growth of exports. The reasons to choose this

variables are discussed latter. The estimated elasticities present the

expected sign although the results are not robust to alternative

specifications.

The model and the theoretical arguments are sketched in Section II.

According to MRW's findings, the Solow model augmented to account for the

accumulation of human capital can explain much of the variance of growth

rates at the OECD level. We follow their suggestion and develop our empirical

analysis in the context of this model. In Section III we introduce the data

discussing in some detail the choice of the appropriate PPP index for the

different series. A first descriptive look at the most relevant variables is

also carried out in this section. Sections IV and V present the estimation

results for the cross section and the pooled sample.

Section VI concludes with the main findings and their interpretation,

as well as with suggestions fo%,^ijhm^

can be drawn from this exercise can be summarized as follows. The human

capital augmented Solow model explains reasonably well growth and convergence

among the OECD economies over the 1960-1990 period; however, a closer look

reveals many features that remain to be explained Convergence occurs at

different speeds among different groups of countries, > depending on their

income levels. Convergence seems a feature of fast growth times. During

recessions, convergence is much slower or inexistent. The model does not fit

very well in shorter time periods of macroeconomic turbulence. Variables

related to medium term macroeconomic performance affect the rate of growth

and convergence; however their effect is not stable along the sample period.

In periods of recession they even outperform growth related variables.



II. The 'augmented' Solow model.

According to the augmented Solow model, (MRW (1990) and Durlauf and

Johnson (1992)) the economy produces one good Y using a constant returns to

scale technology and three productive factors, efficient labour (AL),

physical (K) and human capital (H),

Yt = 9K^Hy(AtL/ cc+P+y=l (1)

the evolution of different inputs follow the accumulation equations (2) to

(5)

At = Aoe<t>t (2)
,>••£'.-."-

Lt = L0e
nt (3)

dKt k
^- = \\ - 5 Kt <4>

dHt K - -
^ = shYt - 8hKt ' - - - — (5) -

where n and <|> are the exogenous rates of growth of population and labour

augmenting technical progress respectively. The parameters s. and sh

represent the share of output devoted to accumulate physical and human

capital respectively. Finally we shall assume that both types of capital

depreciate at the same rate so that 8 =6 =8.



Solving the model, the unique*steady" state input combinations can be

shown to be:
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plugging (6) and (7) into (1) we can write the expression for the steady

state per capita income as follows:

Y
T~ = A*.6s

k
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n+<j>+6
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(8)

The main implication of this model is the so called; conditional

convergence proposition, which means that in an economy of this kind, per

capita growth between two periods of time (T and T+T) can be expressed as a

fraction of its distance to the steady state at period T. In particular, it

may be shown that this growth can be expressed as (for a detailed discussion

of this proposition see Sala-i-Martin (1990a and 1990b)),

In f YT+T 1

L (AL)T+T j

r YT iIn [ (AL)T
= d-e-AT)

-A,T> In Y
107

*

-In Í YT ll
[ <AL>T J

(9)



where X is the rate of convergence that can be written as

?t = p(n*+<t>+8) (10)

For a given T, the larger X the closer the economy gets to its steady state.
Similarly, for a given A, the economy approaches its steady state as T

increases.

Equations (8) and (9) and (10) fully characterize the long run and the
medium term evolution of the economy. As long as they can be written in terms

of observable variables they constitute the basic exogenous growth model that
has been the focus of a great amount of empirical research in recent years.
For the i country, the empirical counterpart of (8) and (9) are the

following expressions:

lnyj+t* = B.^.T+p:1 [a.lnís^+YjMsi^-ía.+Ypln^V^+S.)]

(11)

lnyí+T - my,; = <J>.T + (l-expt-X.TJÍ^+^T.lny^lny^^] .... „ ..;,..

(12)

where starred variables represent their steady state values, and

"[-£•]
,-1EI = (1-oc-Y) In0 + lnAQ + <))t

B2 = (l-a-Y)4ln9 + lnAQ



The main purpose of this papeK is» to investigate the size of the

parameter A. This can be done in several ways according to data availability.

A natural approach is to estimate the parameter set [B ,B2,cc,Y,(|>,X} using

time series for a single country; nevertheless the expressions = (10) and (11)

focus on long run issues that can hardly be tackled with annual data. The

usual procedure in the literature consist on taking some sort of time average

of variables letting i be large enough (30, 10 or even 5 years) as to remove

the contamination of short run fluctuations in the economy. In such case we

can suffer severe degrees of freedom limitation.

The alternative way to increase the number of observations is to

enlarge the data set to consider several countries (or regions)

simultaneously. In this case we must further assume that all countries in the
3data set share the same parameter values in the producticta function

a.=a, p.=p, Y.=Y. <t>r<l>, e.=e, AO.=AO Vi

so that the empirical model becomes .

lnyÍ+t* = B^T+P'1 [alnís^^+ylnísj^-ía+YÍlnín^+^+S^+v.

(13)

lnyí+T - lny| = <rc + (l-e^^^+^T-lny^+lny^^+ri.

"̂  ' ' ; '

This assumption is not usually tested; The proper approach in this case
would be to estimate the time series for each country (taking into
account the presence of common shocks and estimating by SURE) and testing
the null of common parameters across countries or groups of countries.

We could calculate a different X. for each country. However, upon the

imposition of the same technological parameters, this would lead to the
unattractive result that economies! wfithi faster population growth
mechanically present higher speed of convergence. This is the reason why
we compute A, from average population growth. .When we partially relax this
assumption we shall be able to compute different convergence rates across
countries or group of countries.



(14)

X = PKn'+Y+S)/! (15)
i

Most previous work has proceeded to estimate a linear version of (14)

as the so called convergence equation. It should be noticed that the

parameter X can be recovered from the parameter n. in

i*. ; . i*. . . . i*
lnyT+T"lnyT=7lO+7tllnyT+7ü2ln(Sk )+7Vn(Sh )+7t4ln(nl +<í)+5)+e

i

(16)

Our aim is not only to contrast the convergence hypothesis but also to asses

the relevance of the augmented Solow model to describe the long run behaviour

of the OECD economies. The estimation of the relevant parameters of the

production function can shed some light on the legitimacy of the

technological restrictions imposed. We will proceed to estimate directly the

technological parameters imposing as many theoretical restrictions as

possible. In particular we shall estimate jointly (13) and (14) and compare

the fit with the unrestricted linear *model ;(Í6).'> The oVeraH lolss of

explanatory power of the more restricted model will be taken as a measure of

the adequacy of the Solow model for the OECD countries during the sample

period.

Finally we shall also compare the model with and without controlling

for the steady state. The absolute, or unconditional, convergence hypothesis

implies that all countries move towards the same steady state or at least

that there is not correlation among the steady state and the initial

conditions. In this case, A, can be consistently estimated in the convergence

equation (14') or in its linear version (16'}:



lny;+T - Inyj = <j>i + (l-e-^i^^T-lny^+Ti: (14')

Iny^-lny^+^lny^+e: (16')

Absolute convergence is a natural hypothesis to test among the OECD
countries most of which share their steady state properties (in terms of

••technology, saving rates and population growth). For that purpose we shall

estimate also the model in (14') and (16') to compute the rate of absolute
convergence and to analyze to what extent the steady state varies across

countries and how it is related with the initial conditions at T.



III. The Data.

Most data in our sample are taken from OECD statistics. In particular,

GDP and its composition (current investment, consumption, public expenditure,

exports and imports) are drawn from National Accounts, 1960-1991, that uses

the System of National Accounts (SNA) definitions. In order to use this

information, we need first to convert nominal values in real terms and to use

a unique currency in order to homogenize all magnitudes. The use of exchange

rates (usually $USA) is misleading because they are subject to fluctuations

in exchange markets (e.g.: the appreciation of dollar, in the mid 80s) and

they do not take into account the price level in each country.

In previous works, Gilbert and Kravis (1954 and 1958), Kravis, Heston

and Summers (KHS, 1978 and 1982), Summers, Kravis and Heston (4980) Summers

and Heston (SH, 1984 and 1991), and several international institutions (OCDE

and Eurostat) have proposed the use of the purchasing power parities (PPP) in

international comparisons of real income. The construction of these parities

is based on samples of prices of thousands of goods and services. In this

paper we use the latest OECD publication of PPP, that uses 1990 as benchmark

year and includes all 24 OECD members. All nominal variables have been

transformed in real terms using r its, price, inciex from national^accounts and

expressed in international dollars of 1985 using estimated PPPs from 1990 for

each aggregate (for exports and imports, the exchange rate to US dollar) . As

in earlier works of KSH, there is a strong positive correlation between the

ratio of a country's PPP to its exchange rate (the comparative price level),

and its per capita income using exchange rates.

Extrapolation of PPPs from 1990 to 1985 uses the following expression:

PPPW _ 85 i USA i - i 24
i.USA " i,USA'H90'B5.9Q/ ' ~ 1-- /4

where I0, nn is the ratio between price level in 1990 and 1985.
oj,yu

10



Empirical growth studies have trditionaliy used the Summers and Heston

data set, known as Perm World Table mark 5. Data covers a wide rage of

countries from 1950 to 1988. However^athere are several reasons that justify

the use of a different data set. First, we are interested in using all recent

OECD information, updating the data set until 1990. That can be done applying

rates of growth to SH variables but this would disregard 1990 PPPs. Also, it

has to be noted that SH variables for countries with more than one benchmark

have slightly modified national accounts data, which are; obtained using a

consistentization procedure, and that makes more difficult to assembly the

series from different sources. Moreover, this problem is aggravated because

national accounts data have been revised in recent years.

Second,-..SH do not maintain the/orziy convention in PPP agreed by OECD,

which allows the original results of OEGD countries multilateral comparisons

to remain unchanged, when these countries are included in a wider group, EKS<

and Geary-Khamis aggregation methods are affected by inclusion of countries

with different GDP composition. In general, the larger the number and

differences in included countries, the larger the divergences in comparisons

within the initial group with respect to the original results.

Third, SH data set does not contain variables we were interested in¿

such as exports and imports . Consistency with other variables of national

accounts recommends the use of a unique source of data.

Our first attempt was to use the latest data from OECD, with revised

information, and to construct a new series of PPPs, taking into account the

original calculations involving OECD members'in 1970» 1975, 1980, 1985 and

1990, and maintaining the fixity convention as close as possible. However,

preliminary estimations with this data set reveal not negligible differences

with previous empirical growth studies, complicating comparisons with their

The ratio of the sum of both variables to GDP is included in SH data set
as a series termed OPEN.

11



results. We are currently working in this area, making a sensitivity analysis

of how changes in PPPs affect convergence and maeroeconomic performance

results.

Comparing OECD results for PPP in 1990 with the estimates obtained from

1985 as benchmark year (22 countries only), we have detected a big
*j

discrepancy in the case of Turkey . For that reason, we estimate Turkey's

1990 PPP for consumption, investment and; public expenditure, and use the

standard Geary-Khamis method8 to obtain a 1990 PPP estimation of GDP. After

these estimations, we have extrapolated 1990 PPPs for private and public

consumption, and investment from 1960 to 1989 for all 24 OECD countries,

obtaining the purchasing power parities for GDP by using the mentioned
Q

Geary-Khamis aggregation method .

As it has been noted by several authors, the ratio Investment; ovec GDP

(I/Y) is a measure of nominal efforts in investment. However, in growth

literature what is required is a measure of real investment. The reasons of

the discrepancies between both measures is the following. Two countries with

the same nominal ratio I/Y can face different price levels for investment

goods. In general, an empirically robust finding is that poor countries have

higher investment prices in relative tefrnt than rich ©nesi^l iMwhat follows,

7
This discrepancy is corroborated comparing the 1990 GDP data and its
composition in the publication Purchasing Power Parities > with National
Accounts for the same year. 'While Purchasing -Power>••>. Parities publication
in 1992, for 1990 PPPs, uses a GDP of 390083 billions of Ikas, while
National Accounts publication, also in 1992, uses a GDP of 283187
billions.

a
See Daban and Domenech. (1993).

9
Following Summers and Heston (1984) we have estimated an equation in
which relative per capita income in PPP is explained among other
variables by relative per capita income in US dollars (Table III.4). In
contrast to Summers and Heston we also includes GDP composition and the
squared of GDP deflator. This equation is used to estimate Turkey's PPP
in 1990 given the explanatory variables.

As an example, in average for 1960-1990, Japan had a nominal and real I/Y
ratio of 31,3% and 25,7% respectively, while USA had 18,7% for both
measures.

12



every country's ratio of its main aggregates to its GDP is expressed in real

terms, i.e., we use different PPPs for each component.

Table III.1 shows the 1960 to 1990 averages of the main variables used

in the following sections. Comparing each country's GDP per capita in 1960

and 1990 expressed as percentage of USA, most OECD members have narrowed

their gap with the richest country in the sample. Tables III.2 and III.3

show these variables for different subperiods. Per capita GDP growth was

higher in 1960-75 and in 1985-90 than in 1975-85, while we observe the

opposite result comparing inflation. Furthermore, exports rates of growth

were smaller on average for almost all countries from 1975 to 1985.

In Figure 1 we represent the scatter of average rates of growth for

1960-90 against the initial level of per capita income in I960, There is a

strong negative relationship. This is the basic representation of what is

called unconditional convergence: poor countries have higher rates of growth

than rich ones. However, this result for the whole period does not hold for

different subperiods. For all variables we have obtained five year averages

for 1960-65, 1965-70 and son on, until 1990. Figure 2 represents the scatter

of average rates of growth against the initial level of per capita income/in,

1960, but now for periods 1960-75 and 1985-90 -panel (a)- and 1975-85 -panel

(b)-. As panel (b) confirms, convergence does not hold for the whole sample.

However, excluding the poorest countries in 1975 (Turkey, Portugal, Greece,

Ireland and Spain), it seems to be again a negative correlation between

initial GDP per capita and its rate of growth.

Using the standard results of the partitioned matrix estimation we can

display the partial correlation of two variables in presence of other

explanatory variables as in Figures 3 to 10. Figure 3 is similar to Figure 1

but it takes into account the basic differences in steady states. Both

initial per capita income and its rate of growth are regressed on I/Y and

population growth. The scatter of their residuals shows a strong negative

correlation that can be interpreted as a first approximation to conditional

convergence.

13



Figure 4 shows the positive correlation between real investment share

as percentage of GDP and per capita income rate of growth, after controlling

by initial income and population growth, while Figure 5 represents the

correlation between growth in per capita income and human capital, including

in this case the ratio I/Y as a regressor. Human capital corresponds to

estimated average years of schooling in the labour force from Kyriacou

(1991) . As table III.l displays, there is a strong correlation between this

measure of human capital and initial per capita income in 1960. However, even

taking into account this fact, figure 5 exhibits a positive correlation

between human capital and growth in per capita income.

All these features are related to the long run performance of OECD

economies and must be analyzed in the context of growth models; however, the

long run influence of medium term macroeconomic indicators;«éanhét be

disregarded. Some interesting features of the macroeconomic performance in

the OECD along the sample period can be drawn from simple regression

analysis. Figure 6 displays a positive correlation between growth in exports

and in income after controlling by I/Y, 1960 per capita income and population

growth, as some growth models predict. Figure 7 shows a slightly negative

correlation (higher excluding some countries^ between' re&t government

consumption as percentage of GDP and income growth, after controlling by the

same variables as before.

Figure 8 (a) shows the effects of money growth into income growth

We used also enrollment rates in secondary education from MRW, obtaining
worse results. In general there is a strong correlation between both
measures of human capital, although we have* observed severe discrepancies
for some countries (e.g.: Switzerland). Kyriacou estimates are available
for 1965, 1970, 1975, 1980 and 1985, but for Austria, Belgium, Finland,
Netherlands, Norway and Switzerland there are some missing values we have
interpolated.

14



controlling by the saving rate (I/T), initial income and population growth,
12while panel (b) includes inflation as a regressor « In the later case we can

interpret the slightly positive correlation as; the effects - of unanticipated

changes in money into gr&wm. However; the large varianee' suggests that there

is a little evidence.

Figure 9 exhibits a negative correlation (excluding Iceland) between

inflation and growth. Inflation hasr been- measured as the rate of growth of

GDP deflator. This results seems to be even more robust when we use first

differences of inflation (acceleration) as Figure 10 shows: increasing

inflation has negative effects on growth.

12 ' " " ' "" " ' "1""'v ' " • ' - ' • ' " * • - • • : • • :

Following Kormendi and Meguire (1985), data correspond to money
definition in FMI International Financial Statistics (line 34). We have
detected some breakpoints for some countries. To avoid this cumbersome
problem, we have reconstructed those series using information of
different yearbooks which allows to compute the rate of growth of money
for those years, with the exception of New Zealand where we use also OCDE
data. For all countries money, stock in 1990 correspond to original data
from FMI.

15



IV. Cross Section Estimation.

In this section we estimate the model in (13)r (14), (15), (14') and

(16'), setting T to 1960 and T equal to 30. This means that we consider only

the cross section variability to analyze the convergence hypothesis over the

very long run. Steady state values of the variables are then approximated by

their thirty years averages. This procedure (common to much of the work in

this field) also makes less relevant the 'endogeneity problem in estimating

the convergence equation, which would otherwise make pretty difficult to

obtain consistent estimates given the difficulty of finding suitable

instruments.

Alternatively we could find lagged values as instruments cutting the

sample at some intermediate date. The reasons for not proceeding in this way

will become clear in the next section, when we analyze the sample taking

shorter period averages. As we shall see, the differences across subperiods

are large enough so that splitting the sample is not a trivial decision.

4.1 Results for the whole sample

In Table IV. 1 we present differeWfersiofas^Ftlfe^

and (16'). In column 1 a first test of unconditional convergence displays a

strongly significant negative parameter for per capita income in 1960. Both

the parameter size and the equation fit are similar to the results reported

by MRW. As in their case, the poor fit suggests the convenience of

controlling for steady state variation across countries. In columns 2 and 3

the model includes the ratio of investment to GDP (I/Y) as well as the

'augmented rate of population growth' (n+<|>+8). Following the convention in
13many studies of this kind we impose, at this stage , the values of 0.02 and

13
Nevertheless, in some non linear specifications we shall explicitly

estimate <j); as we shall see, the point estimate does not differ very much
from the restricted value 0.02.

16



0.03 for 0 and 8 respectively. The inclusión of these variables improves the

fit substantially, producing a 25% fall in the standard error. The
A A

coefficients n^ and K;, have the expected?; sign- and * the imposition of
2 /? A

theoretical restrictions (̂ =-71-) is not rejected t>y the; data.

Most important tough, is that the negative coefficient of the initial

per capita income stands up consistently negative and becomes even more
A

significant in the conditional model. lHfae t f7C | increases over a 30%. This

suggests that conditional convergence has taken place at a faster rate than

the unconditional one . Steady states are different and positively correlated

across countries with their initial per capita income. Richer countries in

1960 still point towards higher steady state per capita incomes. The omission

of these variables biases the convergence parameter downwards.

Comparing these results with MRW's, we get a better fit as; well as

faster convergence speed. This could be explained by the different

homogenization method (as explained in section III) as much as by the

enlarged time span in our sample, that includes the period 1985-1990 in which

faster growth has brought about faster convergence than in 1975-1980 and 1980

1985.

In columns 4 and 5 the convergence equation is augmented to include a

proxy for the share of output devoted to accumulate human capital (s,). Many

of the criticisms to the Solow model focus on the extremely simple

technological structure incorporated in the two inputs constant returns to

scale production function. What these results show is in accordance with

MRW's suggestion that isolating human capital as an accumulable factor in the

production function can greatly improve the explanatory power of the basic

14
We call unconditional ««rate at the ¿¡«me obtained in the» model without
steady state variables^ This is not strictly correct as : these equations
may be misspecified. Still, we carry out this exercise for comparison
purposes.
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model of exogenous growth (Lucas (1988)), The augmented model improves the

fit in a further 10% reduction in the standard error; the human capital proxy

is highly significant and boUv the size and the sign of the estimated

parameters are as expected. Theoretical restrictions on the linear model are

easily accepted by the data with an additional improvement in the standard

error. The estimated parameters are also in the range of values reported by

MRW and Durlauf and Johnson (1992) among others. The conditional convergence

parameter is also higher (in absolute value) in the fully specified model

than in the ones we have previously discussed. This is consistent with the

idea that there is enough variation in human capital formation across OECD

countries and that richer countries in 1960 have devoted more resources to

invest in schooling, which in turn has contributed to increase their welfare

prospects in the long run.

So far we have discussed about the signs. A more (Jetailedi analysis of

the data set is needed to assess the validity of the augmented Solow model,

in order to explain growth and convergence processes in the OECD countries.

Rejecting convergence implies rejecting the Solow model, however accepting

convergence does not necessarily implies the validity of the Solow model .

Equations (8), (9) and (10) contain much more information about restrictions

that we can exploit in order to obtaifi*áfeeéts estimates*oiifethe« parametesss of

interest, and to test to what extent the data is compatible with the Solow

model. We do not claim we are testing it against a well defined alternative.

Rather we test whether convergence equations keep their explanatory power

when we explicitly derive them from a well specified theoretical framework.

We have taken three different approaches to estimate the technological

and convergence parameters. First we estimate a and y through the joint

estimation of the convergence and the steady state equations (see Holtz-Eakin

(1992)) both with and without the corresponding cross equations restrictions

The convergence property is also built in some endogenous growth models
for particular values of the technological parameters.
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in order to achieve efficiency gains; Second, we run non linear regressions

of the fully restricted convergence equation; we have .also estimated this

equation without steady state variables" (equation (14')) in order to compare

the unconditional and the conditional convergence hypotheses. ̂ Finally, we

have also tried the partially restricted convergence equation in which A, is

directly estimated instead of calculated from (15). In some specifications,

there is a non negligible difference among these two estimation procedures as

far as the estimated A. is concerned.

The results of all these estimation methods are presented in Table

IV.2. In column 1, the estimation imposes all parameter restrictions across

equations. The model does not reject the restrictions imposed by theory

although the fit of the steady state equation is rather poor . The

convergence equation fits better than its linear versión with á moderate?fall

in the standard error. Similarly the cross equations restrictiions are not

rejected at the 5% level. The estimated parameter set has also sensible

values, confirming the MRW's suggestion of a production function with a

balanced share of physical capital, human capital and labour in national
A A A

income (a=p=y=4/3). The convergence rate that can be drawn from these

estimates is also in the range of values found in previous work (Barro and

Sala-i-Martin (1991)) about 2.1%., , ,

The joint estimation without imposing cross equations restrictions

(columns 2 and 3) produces substantially the same results although revealing

some interesting differences. The point estimates in the convergence equation

are closer to the (1/3, 1/3, 1/3} set than those in the; steady -state one,

with a slightly higher capital share and lower human capital share. Again the

fit improves somewhat, and the implicit convergence rate is around 2%.

This has two possible explanations. Qn the one hand,. the ,,sample average
may not be a good proxy for (Y/L). On the other hand, the steady state
equation is static in nature and suffers the problems of static equations
in modeling aggregate macroeconomic variables. We shall return to this
later, in the pooled sample model.
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This seems a promising line of research which suggests, at least, that

there is weak evidence in favour of the technological restrictions implied by

the Solow model. However, the fit of the steady state equation is very poor;

henceforth, in what follows we abandon the joint estimation of the two

equations to focus in the convergence one. We can still test the convergence

hypothesis on it, although we do not claim that an 'exogenous growth'

interpretation is the only one consistent with this'-result.

In columns 4 to 6 we present different versions of the convergence

equation. In columns 4 and 6 we estimate all the parameters in (14) with and

without imposing the restrictions implied in (10). In both cases the implicit

labour share '($)• is about 0,33, quite similar to the values reported in MRW,

Durlauf and Johnson(1992) and Holtz-Eakin (1992). Estimated a are slightly

higher than expected; nevertheless, values around 0.40 are; in the ranges of

those reported for the richer countries in Durlauf and Johnson's paper, who

report values between 0.34 and 0.55 for samples containing most OECD
A

countries. On the other hand, y is slightly lower than in MRW's paper, but

again this result is not at odds with Durlauf and Johnson's findings who

report many estimations ranging from 0.0 to-0.4. Similarly in Holtz-Eakin

(1992) the estimated 7 is around 0:2®:-. "' < T s " 1: r< »>••'> *»*,

The convergence rate (A) is fairly robust to alternative

specifications. In column 4, the parameter <|) is estimated to be 0.03,

slightly higher than the value usually imposed at 0.02. The convergence rate

can be computed in two ways,

£ = ¡fe(n.+0.05)/24 = 0.019
i

£ = jk(n.+<i>+0.03)/24 = 0.022
i

both values are close to the ones obtained before and are also similar to the

X estimated in column 6 (0.023), in which parameter restrictions implied in
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(10) have not been imposed. It is worth noting that the data seems to accept

the restrictions in (10) fairly well. Actually, the restricted model (in

columns 3 or 4) display;

restricted one (column 6).

2
columns 3 or 4) displays better .standard error and R than the partially

Finally, in column 5 we estimate the model in (14') without controlling

for the steady state. The unconditional convergence rate is much lower than

the conditional one, showing that ik;WOiald3 take twice as much time for OECD

economies to reach the same level of per capita income, than to reach each

country own's steady state. There is one additional insight we can get from

the explanatory power of the unconditional convergence model. In this case

the fully restricted non linear version fits significantly worse than its

linear counterpart . The parameter restrictions implied by the augmented

Solow model are rejected in the unconditional case but not in the conditional

one. This suggests that controlling for the steady state is crucial.*;in: order

to test the adequacy of the basic growth model. Ad hoc convergence

regressions without a fully specified steady state are uninformative about

the structural features of long run economic performance.

4.2 Subsample estimates

The results we have discussed so far seem robust to alternative

econometric specifications. As we shall see throughout the paper, these

results no longer hold when we look at the OECD sample at a more disaggregate

level. One of these, disaggregation .procedures consists^ in analyzing to what

extent the main parameter estimates hold when we take* different country

groups among the 24 OECD members we have been studying so far. There are

three reasons for analyzing subsamples. First, the well known criticism to

17
(J. , .=0.118 versus O. „ .=0.112" in the conditional model, whereas foriv. 1.4- iv .2.4
the unconditional model O. , =0.173 versus C5. - =0.193.

iv.1.1 iv.2.5

21



convergence regressions among countries that'have been observed to have

converged ex-post (i.e. at the time T+T (De Long (1988))). Second, the

descriptive analysis in section III has revealed huge economic differences

among OECD countries both in their long run and in their short run

achievement. Third, several studies report sizable differences in the most

relevant parameters as well as in the convergence speed across countries. To

the extent that we can identify homogeneous groups among the 24 countries in

our sample, it is worth testing whether convergence has taken place at the

widespread accepted 2% rate inside each group.

Durlauf and Johnson (1992) put forward an explanation for these

differences in terms of technological non convexities. At any point in time

there are several available technologies that might be -distributed across

countries according to some economic or institutional features. In particular

a close correlation between the type of technology used and the economic

achievement may be expected. This means that we may split the OECD sample^on

the basis of that variable and test whether such differences do exist.

According to Romer's (1986) model of learning-by-doing, the initial value A

and the scale parameter 9, may depend on capital intensity in a non

continuous fashion. In this the case, Durlauf and Johnson^ (1992) prove that

B- in (14) will be higher ,for «rieher-> countries, and thafe the-parameter
¿i

homogeneity hypothesis could not be maintained any longer.

Given our degrees of freedom limitation we have proceed to control for

differences in technological parameters in two ways. First, we have run the

linear version of the model (16) for each of the 24 subsamples of 23

countries, and selected those countries whose exclusion produces a 5% change
A A A

in some of the parameters K., n^, n~. At the same time we have tested the

significance of country dummies in the full sample regression. To our

surprise this procedure revealed little changes in the relevant parameters

with the exception of Turkey, Greece and, to a lesser extent Japan. For this

reason we kept the subsample of the 22 OECD countries having excluded Turkey

and Greece. Additionally, following Durlauf and Johnson's (1992) (see also

Helliwel and Chung (1992)) suggestion we took the level of income at
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different points in time as an alternative splitting method. We did not try

an endogenous splitting procedure but we chose groups of countries large

enough as to be able to estimate,the parameters of interest.. Unlike Durlauf

and Johnson we did not choose a single year, based split, but rather we tried

to identify groups of countries according to their position in 1960 and in

199018.

Before describing the results in Tables IV.3 and IV .4, a, short comment

is worth about the unreported linear estimates. Some of the most important

differences among subsamples can only be seen in a non restricted setting;

otherwise, restricted estimation hides some changes in relative parameters.

Excluding Turkey (and to a lesser extent) Greece, the Solow model no longer

holds; the parameter; values are significantly different from those found for

the OECD as a whole; in particular, the augmented rate of population vgrowth

(n+<|)+8) turns out to be non significant. Turkey presents the highest rate of

population growth and one of the lowest rates of per capita growth in the

OECD; the negative correlation between these two variables is strong enough

only because of this outlayer. Similarly, the positive correlation between

growth and savings is sharply weakened when we exclude Japan. The coincidence

of a high savings rate and growth rates in Japan is explaining a large

proportion of what is considered, evidence in, fa^our^Df ,thef Solow model.

In Tables IV.3 and IV.4 we present estimates of the model (14) and

(14') for the five subsamples chosen. Excluding Turkey and Greece (column 1)

generates a substantial increase in the convergence rate to 2.6, which is 30%

higher than for the OECD as a whole. Notice, that these two countries have

been permanently at the bottom in the OECD ranking for- per capita income.

Hence, an alternative way of looking at this issue is to split the sample in

18
Actually, none of these;; procedures can be formally justified. An
alternative method based in••••-'-more'-\-scrfid" .:-groimds-'--is^.-tried • :in,-Andrés and
Boscá (1993). At this stage we are merely interested in. excluding from
the sample the countries in each of the tails of the distribution at
different points in time.

23



19the way we do in columns 2 and 3. We first exclude from the sample the seven

richest countries in 1960 (column 2) and then the seven poorest (column 3).

A careful look at the estimates reveals some striking?differences.

First, the parameter estimates are rather different, in particular B2,

y and, to a lesser extent, <|). Differences in B and y are consistent with the

technological non convexity argument discussed earlier. In particular the

sharp difference in the constant term Bi among the poorest and the richest

countries is largely consistent with the notion that the latter have enjoyed

a higher level of efficiency per worker (A ) as well as a more efficient
22 °technology (0) at a given point in time :

B^ = (pVlne^lnA1* < BR = (pR)'1lneR+lnAR

¿ O 2. O

This is even more evident if we consider that the estimated PI is smaller for

the poorest countries sample, and so is the convergence rate A,. This rate is

50% higher among the richest countries; this gap is much larger if we compute

^ taking in account the estimated rate of labour augmenting technical

progress ((()) that turns out to be non significant for the poorest countries;

in such case the rate of convergence of the former groupiis twice as large as

that for the latter. Finally, the ov€srall,Jik of*4he«,COBvergejaee;, equation is

consistently better for the group of more advanced countries; this is a

common feature we shall find in alternative specifications and which we shall

19
The results are rather robust to the cut-off income level. We chose this
split in order to avoid a sharp fall in the degrees of freedom, and also
to allow for different countries in each group when we rank them
according to their position in 1990.

20
USA, Switzerland, New Zealand, Luxembourg, Sweden, Australia and the
United Kingdom.

21
Turkey, Greece, Portugal, Spain, Japan, Ireland and Iceland.

22
Helliwell and Chung (1992) also report sizable differences in the
constant term once their full sample is divided according to per capita
income levels. These differences present the expected sign, the constant
term being lower for low income than for rich income groups of countries.
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discuss latter.

Most of these results cany over to the split based in the 1990
23relative wealth . Again, the parameters, as well as the overall fit, are very

different across subsamples. The high rate of convergence among the rich

countries is not surprising and may be criticized on the basis of sample

selection. Nevertheless, in this case, the convergence rate is higher than

the average in both subsamples as might be expected? when we split ¿the sample

in more homogeneous groups. If homogeneity is measured as the final

achievement (per capita income in 1990) we find faster intragroup

convergence, whereas if homogeneity is measured at the starting point this is

no longer the case. The split based on initial per capita income is not free

of criticism. Similar per capita incomes in 1960 may be consistent with very

different growth prospects, so they can hardly be taken as similar

technologies. In this sense, the alternative split, based upon 1990 wealth;,

may reflect much better these technological differences.

The good fit for the last subsample (column 5) is somehow surprising if

we consider the rather implausible parameter values we obtain in the context

of Solow technology. To analyze this puzzle we have run unconditional

convergence regressions for the five; syb^mples* T^e«unc©nditiomalijiiodeL fits

much worse than the conditional one among poor countries and generates a very

low convergence speed. The unconditional rate is about a half of the

conditional one; this holds regardless of whether we define the poorest

countries in 1960 (0.6 versus 1.3) or in 1990 (1.0 versus 2.3). The

correlation, among the, initial conditions» anidi the steady state is; strong and

positive among poor countries; the lower the initial conditions the lower the

steady state

23
In this case the seven richest countries are: USA, Switzerland,
Luxembourg, Canada, Germany, Japan -and Denmark. On- the other hand, the
seven poorest are: Turkey, Greece, Portugal, Ireland, Spain, New Zealand
and Italy.
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In the rich countries subsamples (columns 3 and 5) things look

different. When we choose the countries on the basis of their position in

1960, the unconditional model fits slightly worse, but produces a higher rate

of convergence than the conditional one (4.7 versus 2.7). Unlike the other

subsamples, in this case the correlation among initial conditions and the

steady state is negative. Finally, when we choose the richest countries in

1990, the steady state variables become ircelevantv The absolute and relative

rates of convergence are similar, and the fit does not improve substantially.

This result, together with the implausible parameter values for this

subsample, casts some doubts on the adequacy of the augmented Solow model at

this disaggregate level. Information about technological constraints add

nothing to the simple unconstrained unconditional model.

4.3 Growth and medium term macroeconomic performance

The relation between medium term macroeconomic policy and performance

and long run growth is a recurrent topic in macroeconomics. In fact, the

theoretical gap between theses two <• approaches still,, remain- to be-filled,

although the empirical analysis of growth is increasingly interested in the

incidence of some variables such as inflation, public spending and others

upon the longer run prospects of the economy. In the next pages we discuss

the effect of some of these variables upon both the growth rate and the rate

of convergence in our OECD sample.

The expected impact of each variable on growth relies in some arguments

put forward in the literature in a more or less formal manner. Their impact

on convergence can be better understood using an omitted variables argument;

to the extent that the true steady state is influenced by medium term

macroeconomic stance, its omission from the model may introduce a bias in the

parameters of interest, in particular in A."The sign of this bias depends on

the correlation between each omitted variable and the steady state.
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Starting with Kormendi and Meguire's (1985) seminal work, a series of

recent papers have run convergence like regressions allowing for

macroeconomic indicators. The main argument in a nutshell is as follows. To

the extent that some variables affect the accumulation of capital they should

not appear in the convergence regression. However if they influence the rate

of return of investment they may be significant (Fischer (1991)). The

variables to be considered are related; t® the; public sector;;;size, trade and

nominal variables such as inflation and the like.

Public spending (coefficient AQ in Table IV.5) affects growth in many

ways. In the theoretical growth literature different components of public

spending enhance or harm growth depending on whether they are cooperants with

other factors in the production function or not (Barro (1989)>. If they are

so, as in the case of infrastructure, justice, etc., they increase both the

social and the private returns of other factors; otherwise, they might work

in the opposite direction introducing tax based price distortions affecting

the supply of some factors by reducing after tax rates of return (Singh

(1992)). Public investment has already been considered in our total

investment variable, with positive influence on growth; as in many other

studies (Grier and Tullock (1989)) we have only homogeneq^s.infprmatiQn about

public consumption which may harm growth in the long run. Demand led growth

arguments can hardly be expected to hold over such a long period.

Nominal variables can affect growth in a variety of ways. We have tried

several of these variables: inflation (eoefncient Ap),, inflation growth

(Av), standard deviation of inflation (A-^), standard deviatiop of inflation

growth (AyA), money supply growth (AM), unanticipated money (AAM), standard

24 -;

A more disaggregate information about transfers, infrastructures, etc.
has proved difficult to assembly for the titne being. W© have also been
unable, for the time being, to construct a good data base for other
fiscal variables such as public deficit and debt.
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deviation of money growth (AVTM) and standard error of unanticipated money

(A ). The expected sign of all these coefficients is negative with the
V A.MI

exception A and A . According to standard keynesian or accelerationist

versions of the Phillips curve mechanism, inflation might be positively

correlated with growth (Grimes (1991)). Nevertheless these influences are

better captured by the exogenous anticipated and specially unanticipated

money growth, as it became popular in the imperfect information based

business cycle models. Hence, if monetary variables are allowed in, the

expected sign of price variables is negative to account for the distortionary

effects on relative prices and on intertemporal allocation of resources in

particular. Finally, the way in which monetary policy is conducted may have
25also long lasting implications . Henceforth, the effect of all standard

deviation measures is expected to be negative as they capture the, increased

uncertainty that the wrong management of short term shocks may introduce in

the economy.

Finally we tried several open economy indicators. The relationship

between the degree of openness and growth has been vastly discussed in the

development literature. An important outcome of the long lasting debate about

inward versus outward oriented policies is the widespread consensus about the

better growth performance ofi':v-teotnitries^fmore actively <*involvee 'a in

international trade. On the one hand, presence in international markets gives

a country the opportunity to have access to the more advanced production

techniques via imports; on the other hand, competition in export markets

enhances productivity and incentives each country to look for its own place

in the international division of labour in order to gain competitiveness.

A number of authors (see Balassa (1978) or Michaely (1977) among

25
In a recent paper De Long and Summers (1992) have studied the
relationship among Central Bank independence and productivity growth.
They find that Central Bank independence is negatively correlated with
inflation and positively correlated with growth (once the effect of
initial conditions has been discounted)
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others) highlighted in the late seventies several beneficial aspects of

exports, such as higher capacity utilization,... incentives for technological

improvements and efficient management due to competitive pressures abroad,

training of higher quality labour or the ^existence ^of economies of scale.

Feder (1982) analyzed, in the context of a two sector neoclassical growth

model, the existence substantial differences between marginal factor

productivities in the export and non-export sectors. He found statistical

evidence of such productivity differentials as well as of positive

externalities from the export to the non-export sector in a sample of

semi-industrialized countries. Nevertheless, productivity differentials could

not be found in a sample of developed countries.

'More recently^ and in ¡the context «of ¡the new growth theory, Grossman

and Helpman (1991) have further studied the relationship between trade»

technological change and growth; Their main contribution is to show that a

country's comparative advantage depends on its factors endowment, and in

particular that countries better endowed with human capital tend to

specialize in those activities with higher productivity. Because the rate of

growth is an average of the growth rates of the R&D sector, the production of

high technology goods sector and the production of traditionally

competitive goods sector, those countries-specialized in'¡the human capital

intensive activities display higher growth rates. In this context countries

that export more, mainly in intraindustry trade goods will grow faster.

Finally, Levine and Renelt (1992) show that the openness indicators

show a highly • significanty':p0sítive^>:CQirelatí0nfet'-with'-=-^owlhxv-lhat--..---remains--

robust no matter which other variables are» included in the regression. In

this paper, though we don't find that all the trade indicators are

significant; the finding that the rate of growth of exports weighted by their

share in GDP is not significant is in accordance with Feder's finding that

for developed countries there is no productivity; differential.

The specification search has proceeded by analyzing the effect of each

variable in the non linear model and trying all possible combinations among
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them. The chosen specification in terms of goodness of fit was the following

augmented convergence equation

lnyÍ+T-tay^+(lH^

(17)

where k indexed variables are those related to trade and / indexed ones are

nominal variables and the ratio of public spending to GDP.

The main results are summarized in Table IV.5. Unlike some previous

studies, we find that the public sector size is not strongly correlated with

growth in the OECD sample. The ratio of public consumption to GDP (GY)

appears negatively signed in most specifications but with a low t ratio,

which is only slightly above 1 in the model including; othex macroeconpmic

indicators (column 6). The strongest evidence in favour of this effect is

found by Grier and Tullock (1989) for the OECD countries; however their
*)(~\

specification is different to ours , in particular their model does not

include the investment rate. Similarly, Barro (1989) finds strong negative

correlation among public consumption and growth for the Summers and Heston

data set, whereas Levine and Renelt" ('1992s) in a comprehensive staáypífindF
27that this correlation is non robust to the inclusion of other macroeconomic

indicators. As can be seen comparing columns 1, 4 and 6, public consumption

adds very little to the overall significance of the Solow model, and is non

robust to the enlarged regressors set. Furthermore, the implied A, is not

affected by the exclusion of the ratio GY.

Only the acceleration of prices appears, out of the several nominal

iy¿
In fact they obtain this result in a pooling model; as we shall see later
this weak correlation among growth and public spending carries over to
our pooled sample model.

27
And in general among any other public sector size indicator and growth.
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variables tried, negative and significant regardless of the set of regressors

in the equation. The inflation rate is only weakly significant, whereas the

monetary variables and the corresponding standard deviations are not

significant at all; Our results are consistent with Kormendi and Meguire's

(1985); on the other hand, Fischer (1991) finds a strong negative effect of

inflation on growth in both cross section and pooling models using the

Summers and Heston data set, and so does Grimes (1991) who also reports a

negative influence of inflation growths It is interesting to realize that

this variable contributes to a 20% fall in the standard error as well as to a

substantial increase in the convergence rate. This result suggests that price

acceleration has not only harmed growth but that has done so unevenly across

countries; convergence would have been faster if some countries would not

«have suffered higher inflation growth than others. Price acceleration has the

effect of reducing the steady state per capita income which a particular

country points to; this has been more important for poorer countries in 1960

narrowing the gap between their initial income level and their effective

steady state, making convergence to look faster.

Finally, as was pointed out in other works, there is a strong

correlation among openness and growth. We have tried alternative measures of

competitiveness and openness, such as, trade balance,, real and nominal exports

plus imports, etc.. Among those, only the rate of growth of exports (and to

a lesser extent this rate weighted by the share of exports in GDP) is robust

to alternative specifications. As can be seen in columns 3, 5 and 6, growth

is associated with exports growth regardless of the set of macroeconomic

variables we take in account. This result is stronger! than those /reported in

other studies such as Kormendi and Meguire's (1985) and1 Levine and Renelt's

(1992) who found this positive correlation to be non robust to alternative

specifications. On the other hand, the inclusion of exports does not

significantly affect the implied convergence rate X.

The comprehensive work carried out by Levine and Renelt (1992) shows

how fragile are the findings about partial correlations among growth and most

macroeconomic indicators. Macroeconomic performance varies also very much
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across our sample countries; most of the differences in published work have

also very much to do with the set of countries considered in each case. A

natural test on the robustness of the results in Table IV.5 is to check to

what extent they hold for different subsamples. Again the search has

proceeded excluding one country at a time and controlling with country

dummies. The results are pretty sensitive to the composition of the sample.

Nevertheless, these results must be taken cautiously because the
28corresponding dummies were never highly significant , which means that no

country was found off the confidence interval of the fitted model.

As can be seen in Table IV.6 the public spending to GDP ratio is non

robust to particular subsamples. Excluding Spain, New Zealand, Greece and the

UK, the ratio GY becomes significant The same happens, excluding either of

those. On the other hand, two countries present abnormally high inflation

rates: Iceland and Turkey. The exclusion of Iceland and Turkey .for the sample

generates a dramatic change in the effect of macroeconomic variables. Given

that these countries suffer from a very high inflation rate but stills grow

at a higher than average rate, once we include them in the sample the

(negative) correlation among inflation and growth vanishes. However, once we

drop Iceland and Turkey from the sample the inflation rate appears as the

main medium term macroeconomic impediment to growth.

28
The highest t value was that of Iceland around 1.70*
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V. Pooling.

Cross section results, as the ones presented in the previous section

are, illustrative in many ways of the long run behaviour of the OECD

economies; nevertheless, there is an alternative use of our information that

covers a large time span from 1960 to 1990. There are several advantages in

exploiting the time series dimension of our data set. First, the way in which

long term growth and shorter term fluctuations are isolated is somewhat

arbitrary; it is true that the time span needed for growth forces to become

effective is long and it is advisable not to draw conclusions from annual

data. A popular intermediate approach consists of taking shorter period

averages as representatives of the long run path of the economy; this cancels

some uninteresting cyclical movements but still leaves some room for time

varying shocks to affect the growth process. We have chosen a five year

period split with the break points at 1960, 1965, 1970, 1975, 1980 and 1985.

This amounts to reformulate the model to,

lnyí+t* = B1+(()T+p-1[aln(s¿*)+Yln(sÍ*)-(a+Y)ln(nÍ%<t)+8)]+viT

(18)
.- , . - , . - . . . *< l -

lnyÍ+T - Inyi = (f)T + (l-e-XT)[B2+(^T-lnyÍ+lnyÍ+t*]+TiiT

(19)

or in linear format,

myT+T4nyT=VnilnyT+^2ln(SkT)+n3ln(ShT)+7r4ln(nT*'f<|)+8)+eiT

(20)

where

i •= 1, 2, ,24

T = 1960, 1965, ...., 1985.

T = 5
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The second advantage of the model; in (18), (19)i (20) is to enable us

to improve our understanding of the relationship among growth and medium term

macroeconomic performance. By its very nature, long run averages of

macroeconomic indicators are not much informative about their impact on

growth. Consider two economies experiencing a 2% average inflation over 30

years. Economy A has suffered sharp changes in inflation, whereas in economy

B inflation has been stable along the period. The incidence of inflation on

growth is likely to be very different in these economies; hence, we may

obtain much more precise estimates of correlation among these two variables

using shorter term averages.

A third advantage of the !pooled= sample is the possibility ¡to carry out

some tests of structural stability on the convergence model. Growth rates

have been far from homogeneous along the sample peráod iu the? OBGD. Many

countries grew very fast until 1973 and entered in a deep recession since

then up to 1986. This raises two related issues as far as the Solow model is

concerned. The first one is to what extent it is legitimate to expect the

Solow model (or in general any model based in labour market equilibrium) to

hold during periods of high unemployment. Moreover we can also investigate

whether the rate of convergence remains stable regardless of average growth.

In other words, the question is whether OECD economies converge at the same

speed during recessions or rather weather richer countries fare better than

poor ones in bad times, so that the distance among them is widened.

Finally, there are? two ways in which "the econometric specification can

be improved, one of which we shall exploit here. So far we have relied on OLS

estimates in the cross section. The reasons to do that were twofold; first

because of the difficulty of finding well suited instruments, and second for

comparison purposes, given that most of the work done in this area has

followed this approach. In fact the size of the simultaneity bias is expected

to be small in the cross section, given» that only the last element in the

full period average of each variable is simultaneously determined with the
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29final year per capita income . However, in the pooled sample, the potential

bias is larger, because now is one out of five (rather than one out of

thirty) elements in the average which is simultaneously determined with the

left hand variable. In general we have estimated the models by non linear

instrumental variables. Instruments are first lags of endogenous variables as

well as some current and lagged macroeconomic variables.

The model in (18), (19), (20) could also be estimated allowing for time
30invariant individual country effects . In fact the null of the same constant

term across countries has been imposed rather than tested at this stage.

Henceforth, we shall proceed assuming that these effects do not exist or at

least that they are uncorrelated with the right hand side variables to ensure

consistency in the estimates in our pooling model.

5.1 Results for the whole sample.

The linear regression estimates in Table V.I partially confirm the

results found in the cross section model. The coefficient of initial income,
A
Ttj, is negative and highly significant. Including the steady state variables

improves the fit with a 10% fall in the standard error, In* this1 case the

conditional model also yields a much higher convergence rate, with a 40%
A

increase in K., which again suggests a positive correlation among the initial

conditions and the steady state. The parameter restrictions implied by the

linearized Solow model are easily accepted by the data* as can be seen-in- the

unchanged standard error. Unlike the .cross section case, in the pooled data

set the human capital proxy is positive but not always significant, with a /

29
Although this is not true for the steady state equation,.

The contrast of country specific parameters is now in the research
agenda; given the heavy non linearity involved in (18) and (19) this is
not a trivial task in particular if this individual effect affects the
parameter <|).

35



statistic below 1.5. As we shall see this result is heavily dependent on the

specification chosen, so that the estimated elasticity of human -capital must

be carefully interpreted .

Non linear instrumental variables regressions are summarized in Table

V.2. In Table V.2a we present the results of the joint estimation of both the

steady state and the convergence equations with (columns 1 and 4) and without

(columns 2, 3, 5 and 6) imposing all cross equations restrictions. The

difference among columns 1 to 3 and columns 4 to 6 relies on the treatment of

technical progress. In the first block the model in (18), (19) is estimated

under the assumption of a constant rate of technical progress to be estimated

(<))). In the models indexed with D a more general specification for technical

progress considers 'a constant -average rate <|> set to OvQ2; sallowing to

different rates in each period, substituting the linear trend by time

dummies.

The fully restricted model (column 1) fits rather worse than the

unrestricted linear one. The estimated parameter set yields plausible values
A A A A

(a, y, <))) with a slightly lower than expected (0.24). The restriction imposed

on <() is easily accepted; free estimation yields a point estimate around 0.01.

Unlike the linear case, once we* impose -the cross equations restrictions human

capital appears well signed and significant. The convergence rate is between

1.9 and 2.3, in the range of values obtained in the cross section model.

However, the fit of the convergence regression worsens significantly as

compared with the linear case. Similarly, the» steady state; equatif» presents
32a poor fit with a 4ow DW . Moreover, the rejection of theoretical

31 By its own nature the impact of s, upon growth only works over the long

run. If this was the case, shorter period correlations among human
capital accumulation and growth may not be very strong. The fact that the
model with time dummies y appears significant reinforces this
interpretation.

32
Residual autocorrelation is common to most estimations of the production
function, and the steady state equation is a rather straightforward

36



restrictions is overwhelming; the point estimates of a, y a°d <f differ very

much across equations and point to very different technological parameters,

as can be also .seen in

than their critical value.

2
as can be also .seen in the corresponding % statisties significantly higher

The joint estimation of both equations without imposing the cross

equations restrictions in columns 2 and 3 also reveals other explanations for

the poor performance of the fully restricted model; Imposing cross equations

restrictions produces parameter values close to the ones obtained in the

(poorly specified) steady state equation. When these restrictions are relaxed

the fit of the convergence equation improves sharply as to reach the same
A

statistics as the unrestricted linear model (a=0.076). We obtain an

illustrative picture comparing the estimates in Tables IV.2 and ¥,2a. These
A A A

statistics (a , y , a ) are very similar for the steady state equations in

both cases; however, this coincidence does not carry over to the convergence

equation. Unlike the cross section case, here the convergence equation fits

rather worse in the fully restricted model and the parameter estimates are

far from the values obtained there (1/3, 1/3, 1/3). Despite the labour share

is still around 0.37, in the pooled sample the share of human capital is not

significantly different from zero. Finally, in the cross section fully

restricted model, point estimates lie*some^e*e 4np the ifflddfeofF!h0secfóWndf

for each equation taken separately, while in the pooling model joint

estimation parameter values have nothing to do with those found in the

convergence equation. All these discrepancies are summarized in the estimated

convergence rate which is in this case extremely different depending on

whether we evaluate it at the steady state point estimates: (1.5% annual rate)

or at the convergence equation ones (2.7% annual rate).

How could we account for this discrepancy?. Our guess is that the

convergence model specification is incomplete if we do not allow for the

transformation of the production function, evaluated in a poorly measured
steady state capital/labour ratio.
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changing performance of OECD economies along the sample period. In columns 4

to 6 we present a similar exercise but including time dummies to account for

the huge differences across subperiods. As we have seen the, six periods in

which we have split our sample display extraordinary variations in terms of

growth and macroeconomic performance. Including dummies improves the overall

fit of the model, in particular in the case of the convergence equation (with

a 20% fall in the standard error). The parameter values are closer to the

(1/3, 1/3, 1/3) set that we found in the cross section. In particular y is

now positive and unambiguously significant in both equations. Cross equation

restrictions are still rejected but not at 1% level of significance, although
A A A A

the pairs {a , Y } and (a , y } are still pretty different. Neverthelessv l ss 'ss ce 'ce v J

the estimated labour share and convergence rates are fairly similar and much

closer ••:tó''-''lhe:''-valuesi-ifoüMd''ií-m''''tíie'-'"«rc)-ss<í-''setítion-' model (between 2.1% and

2.3%). It is interesting to note that time dummies turn out-to be significant

in the convergence equation but not so much in the steady state on@? As in

the cross section model the poor fit of this equation as well as the

conceptual difficulty of using average (Y/L) as the steady state proxy
1,1 T C

makes it advisable to focus in the convergence model.

In Table V.2b four versions of the convergence equation confirm most of

these results. In columns 1 and 2 technical 'progresses ''specified» as; a linear'

trend and y is set to zero as it turned out to be non significant. When the

estimation yields implausible parameter values of <j) we choose to set it to

0.02. The fit is similar in both cases and the same happens with the relevant

parameters cc, (j) and k The direct, estimation of A. turns out to be rather

precise. When time dummies are considered and <j> set to 0.02 (columns 3 and

4), y becomes significant and the overall fit improves significantly,

yielding a value of A. between 2.1 (if calculated from estimated parameters)
33and 2.6 (if directly estimated ). In column 5 the specification of technical

33 This value falls somewhat off the range of values obtained so far;
nevertheless we keep it for comparison purposes with similar
specifications by subsamples.
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progress combines the linear trend and the time dummies; the statistics do

not change very much but the estimated <|) is much higher than the value

obtained in other specifications and^generates an abnormally high convergence

equation (3.0%).

The overall conclusion we can draw from these estimations is a value of

A, which is slightly higher than that found in the cross section analysis, in

the context of a convergence equation which bears many similitudes with the

one estimated in the previous section. The share of capital (oc+y) is about

2/3, although in the pooling model the relative share of human capital

appears smaller, and is even non significant if we do not control for

different average growth rates across periods. In fact when these differences

are controlled for, the pooling model becomes very similar to the cross

section one.

5.2 Subsample estimates.

In order to facilitate comparisons with the results in section IV, we

have kept the same split among countries as in the cross section model. As in

that case, we have proceeded to estimate the model with and" without steady'

state variables to establish differences among conditional and unconditional

convergence. In all cases we have chosen the linear trend specification for

technical progress in order to be able to estimate (|). In the time dummies

model this estimated showed implausible, values ana we aref interested in

testing whether there are significant differences in technology among country

subsamples.

Let us consider the conditional model first (Table V.3). The exclusion

of Turkey and Greece from the sample increases the rate of conditional

convergence by more than a 50% (from 2.2% to 3.4%), and improves the fit with

a substantial fall in the standard error. As in the cross section, the

convergence model displays a much better fit as we exclude poor countries

from the sample. The differences in estimated parameters among poor and rich
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countries according to their position in 1960 (columns 2 and 3 respectively)
A

are striking. The relative size in B. goes in the direction suggested by
Ap AD

theory (B -<B ) pointing towards huge«lifferences in efficiency in the use of

productive factors in favour of most advanced countries. These differences
A

also arise in the estimated rate of labour augmenting technical progress (<()),

which is higher for rich countries than for poor countries (3% versus 2%).
A

The discrepancy in the capital share is even larger; the point estimate of a

for poor countries is almost three times as large as' that for the rich ones.

It is noteworthy that the dramatic change in this parameter, once we exclude

the seven poorest countries from the sample, casts some doubts about the

validity of the Solow model at this disaggregate level. The differences in

implied conditional convergence rates are large; evaluated at average (f)

(0.02) convergence has proceeded -twice as fast among initially .rich countries
.. , -.'- . , . . . A

than among the poorest ones. When we computed A using the point estímale <|>,

the differences are much larger; faster technological progress among richer

countries has made convergence to advance at a 5% annual rate versus 1.4% for

the poor countries group.

These results are largely confirmed if we take the alternative

splitting criteria (per capita income in 1990). Again, the initial conditions
A

and the scale effect (summarized in B ) are significantly better» for rich

countries and so is the rate of technological progress <(). The estimated

labour share is also much larger among richer countries, generating a

conditional convergence rate of 5% against 2.1% among the poor ones.
A

Calculated at <(>,. this difference gets wider, the former being three times the

latter. Nevertheless, again the estimated: capital share;; is; rather implausible

for the rich countries sample; the point estimate is less than one fifth of

the value obtained for the OECD as a whole and is not even significantly

different from zero.

34 A
For this group <() is not even significantly different from zero.
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Unconditional convergence models in Table V.4 confirm these differences

and the caveats about the textbook Solow model interpretation of convergence.

Given that the unconditional model is^ in general badly specified, we should
• • . . . - . . • . - . . . . A

not trust very much the point estimates. Nevertheless, the differences in Br
A A .
oc and § in columns 2 and 3 versus columns 4 and 5 go in the direction

suggested by the technological non convexities argument put forward earlier.

The two more relevant conclusions we can draw from these results are

the following. First, the unconditional model fits as well as the conditional

one for the rich countries group, whereas this is not the case in the poor

country group. Second, unconditional convergence is slower than conditional

convergence among less advanced countries regardless of the splitting time

(0.9% to 1.4% versus 2.1%). As discussed earlier, this is a sign of both that

the steady state has variation enough among these countries and that poorer

countries move towards lower per capita incomes in the long nm.Similapíy,

unconditional convergence is faster than conditional convergence among the

richer countries (5.4% to 7.4% versus 4.3% to 6.8%). On the basis of this

result we may conclude that the steady state is uncorrelated with initial

conditions in these samples (in particular among the richest countries in

19960), or that this correlation is negative (among the richest countries in

1990). The rather implausible values of the main parameters in columns 3 and

5, as much as the unimportance of the steady state suggests that the strong

convergence bias among the richest countries in the OECD is not fully

accounted for by the mechanism built in the Solow model.
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5.3 Growth and medium term mácroéconbmíc performance

One of the main advantages of usiirg pooled rather than cross section

information is the way in which the impact of medium term macroeconomic

variables can be treated. The relationship among medium term variables and

growth is not the same across the different stages of economic development.

Consider the case of the public sector size. At the early stages of

development, a sustained level of public spending may be growth promoting,

both through its supply side effects and also introducing the necessary

demand impulses to help economic activity. Nevertheless^ when the economy has

reached its equilibrium growth path and moves close to its potential output,

the demand impulse vanishes and public consumption might be harmful for

growth if induced distortions on productive factors supply predominate over

and above the beneficial effects of public consumption iri education; law, and
35social stability (transfers; etc.) . Similarly, fast growing economies in

their take-off process may devote most resources to the domestic market,

while advanced economies need to sell abroad to achieve high growth rates.

On the other hand, the correlation among public spending, inflation and

the openness of the economy with the rate of growth is unlikely to remain

stable over the cycle. Inflation, for instance, ¡may,*be» anundesired

consequence of demand impulses to growth, or rather the result of negative

supply shocks leading to an economic slowdown. It is difficult to attach a

particular interpretation to the relation among short run macroeconomic

indicators and long run growth if we average over long time periods. This

procedure hides the different stages of development % achieved by OEGD

economies from 1960 to 1990 and also cancels out the large variations in the

average rate of growth along the sample period.

35
In many studies of this kind, political stability indicators, as well as
those related with the extent to which property rights can be enforced,
show an unambiguous positive correlation with growth (Perotti (1992).
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Finally, the variables taken to measure the short run macroeconomic

performance are to a large extent endogenous to the growth process. This is

more evident for the case !of the ¡irate of inflations and the* ratio of public

spending to GDP, and less so for first differences and second moments of

nominal variables. The simultaneity among growth and exports is also less
O £

clear cut and we shall take the rate of growth of exports as exogenous . This

raises the convenience of instrumenting at least some macroeconomic

indicators, and we can do so using current exogenous and lagged endogenous

variables.

The best specifications of the augmented convergence equation are

presented in Table V.5. In all these models the parameter <j) is exogenously

restricted and the trend is excluded, f-ree estimation of <[> sin equations with

trend gave a value slightly above 0.01, with a low t statistic (in all cases

below 1.2). However, the main parameters; of interest are fairlf robust and

remain unaffected by the consideration of technical progress, so we chose to

set the rate of growth of labour augmenting technical progress to 0.02. The

alternative way of accounting for technical progress (i.e. time dummies) may

interact in a complicated manner with the impact of medium term macroeconomic

indicators. These dummies may explain changes in average growth for reasons

other than variations in: the<.-.'Tatemo!'tééhnieál;:'!::gr^wteiarid-^ni!^ ..:be*'MgMy-:-

collinear with some of the variables we consider here. To avoid this we have

proceeded to search for the best specifications in equations without time

dummies; after that, in columns 5 and 6, we test to what extent these

preferred models are robust in presence of time dummies.

A common feature of all specifications we tried is the absence of

correlation among the rate of growth of per capita income and the public

As the economy grows, the presence of economies of scale may increase
competitiveness and exports. However, to the extent that this effect
takes time we can safely keep exports growth as exogenous in the
convergence equation.
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sector size. This is so regardless of the -time period, and the inclusion of

other regressors. The estimated coefficient A_ turned out to be positive in

some specifications' and negative in others .'but with a / statistic always

below 0.5. This result contradicts somehow; those obtained in the cross

section model. Although there we found weak negative correlation among the

size of the public sector and the rate of growth, we trust more the absence

of correlation once the time variation has been considered.

Unlike the cross section model, the impact of nominal variables we have

examined comes up strong and well signed in the pooling model. The impact of

inflation is negative, as expected, in any specification we tried, which is

in accordance with the results reported by Fischer (1991), Kormendi and

Meguire (1985), and Grimes (1991) among others. Contrary to Levine and

Renelt's (1992) results, the significance of A is robust to alternative

choices among the macroeconomic policy indicators; only in the case in which

money growth is not included the rate of inflation becomes non significant.

Notice that, as long as we include money supply growth in our equations,

there should not be much ambiguity in the interpretation of this negative

coefficient. Phillips curve type effects should be captured by money growth

and hence, the negative impact of price inflation represents the genuine

price distortion and uncertainty effects that may induce misalloeations of

resources.

Money growth, on the other hand, enhances growth. This effect has also

been reported in the literature (Kormendi and Meguire (1985)), and as in the

case of inflation, A... keeps its significantepositive value regardless of the

set of regressors included, with the exception of inflation. When' inflation

is not included, again money growth contributes very little to growth. Two

non mutually exclusive explanations can be put forward to this joint

behaviour of money growth and inflation. First, there must be some

collinearity in the data; nevertheless, inflation is instrumented by its

first lags, whereas money growth is taken as exogenous,; which must help to

reduce collinearity. Second, as we discussed above, the two opposite effects

of nominal growth upon real growth may cancel out if we only consider one of
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these variables on its own.

We should bear in mind that; this ~ positive influence of money upon

growth cannot be understood as implying non neutrality of money in the long

run. It depends on how nominal GDP impulses are split among inflation and

real GDP changes over the long run, and this depends largely on institutional

and distributional matters. Notice that inflation and money supply growth

enter in all specifications with roughly the same coefficient and opposite

signs (the same happens in the 'base' coefficients reported by Levine and

Renelt (1992) ). To the extent that inflation has a unit elasticity with

respect to changes in the money supply, nominal shocks have no effect

whatsoever upon real per capita growth. We cannot say at this stage if long
38run neutrality holds i wl

rule out such possibility.

38run neutrality holds i what we can claim is that results dn Table V,5 do not

We have also tried the acceleration of money supply as a proxy of
39unanticipated money . As can be seen in columns 3 and 4, there is weak

evidence of a positive effect of unanticipated money over and above the

effect of total changes in money supply. We can conclude then that even in

the medium term, the effect of money is lower if anticipated; nevertheless,

as we shall see shortly, this result is not -robust' to* ehatógesí in* the

specification of the augmented model.

Three second moments of nominal variables appear significant in the

37 See Table 11 in their paper.

38
In fact real growth models of this kind are not well suited to test this
hypothesis.

39
This is a commonly used assumption if money growth follows a random walk,

AMj, = AMj. + £T

where ^ is white noise, then,

Mj. - EtHj,) = £T = A2!̂
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convergence equation. The (log of) variance of inflation, money growth and

unanticipated money enter significantly in the equation with the expected

negative sign. The variance of inflation appears strongly significant (as in

Grier and Tullock (1989)) in equations not including other nominal variables,

mainly inflation and money supply growth; however, when these variables are

brought in the t ratio falls near the level of non significance (close to

1.55). Unlike the results reported by Levine and Renelt (1992), the variance

of the truly exogenous nominal shocks, ..whether represented .by total money or

unanticipated money growth, stands strongly significant regardless of the set

of regressors. As expected, given the time series behaviour of money supply,

these two components are pretty similar and their statistical effect is

indistinguishable. The rationale of this effect can be found in the

endogenous nature of price variability, which is the result of the exogenous

shocks and the way the monetary policy faces-them. Perhaps -the variance in

money supply is a better proxy for the erratic nature of monetary policy and

for the increased uncertainty which harms long run growth through relative

price distortions.

The strong positive correlation among growth and exports that we found

in the cross section model carries over the pooled sample. As in the cross

section, only the rate of growth, of exportsv out of, the, seveial proxies of

competitiveness tried, proved to be robust to alternative specifications.

This variable is not only strongly significant but also extraordinarily

robust to the inclusion of other regressors and to the estimation method.

The statistical contribution of these macroeconomic indicators is non

negligible. When introduced, the standard error falls5in¡about* a 20%, close

to the improvement caused by the introduction of time dummies. A sizable

proportion of the changes in the average rates of growth across periods can

be accounted for by the cyclical behaviour of OECD economies. Similarly, once

we augment the convergence model, the estimation of the human capital share

is more precise and we get a t statistic close to the level of significance

(between 1.5 and 1.6).
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The estimated A, also changes to some extent. The inclusion of these

variables, in particular of inflation related variables^ increases the

convergence speed up to 2.5% (about a 20%)* This finding, that was also

detected in the cross section analysis, is of some interest; for it implies

that inflation has reduced the prospects of growth of the OECD as a whole,

but not homogeneously across countries. When inflation and the variance of

prices is not taken into account, the implied convergence rate is around 2.%,

whereas once it is included it jumps to 2.6%. This may imply that convergence

has happened at a faster rate than previous results show. Some of the low

growth countries have high inflation rates: if this is not taken into

account, convergence seems slower than actually is.

In the case of exports, the ability to sell abroad seems to have

affected positively the rate of growth of OECD countries; nevertheless, this

does not affect significantly to the estimated X. This may imply ithat exports

growth is uncorrelated with the savings rate and with the initial per capita

income. The omission of this variable is irrelevant for the convergence

proposition but not for growth as such.

Equations in columns 5 and 6 deserve some additional comments, for they

qualify some of the effects we hav«diseio^ee;?s0!vfoK^

specifications, we have analyzed to what extent these results simply capture

the major shifts in the macroeconomic performance of OECD economies across

the six five year periods in the sample. To do this, we have reestimated

these models including the time dummies in B and found that the weaker

effect of inflation variance is no longer significant; similarly, the effect

of money growth is the same whether anticipated or not (A is non

significant either). Apart from that, many correlations found before still

hold, and become more significant than in the constant B models. This is the

case in particular with the coefficients A , A and A which increase by a

50%, and with the ratio A^A which keeps its value at -1.

Bringing the dummies in causes an additional fall in the standard error

in about a 10% and, as in the model without macroeconomic variables, produces
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a substantial alteration in the estimated technological parameters. The share

of physical capital falls towards 1/3 and that of human capital is now

significant and close to that value. Notice that the implied production

function is now very much like the one, drawn from- - the cross section

estimates. Similarly, the implied convergence rate is close to the usual

value 2.1%. It is important to note that the pooling model becomes closer and

closer to the cross section one once we augment it to account for the shifts

in the short run macroeconomic perforrtiaiiee across OECD countries» This may

lead us to two alternative conclusions. On the one hand one might think that

all we can learn about the convergence process among the OECD countries is

incorporated into the very long run averages and that taking shorter periods

somehow hides the long run tendencies built in the data. As long as pooling

with 30 years averages is not a ! real possibility for the time being, we

should better keep on the cross section analysis. On the other hand, the

pooling model shows how that long run averages cancel out many interesting

bits of information in the data, some of which are correlated with observable

macroeconomic indicators whereas others are not. The explanation of these

observed correlations and the search for an economic interpretation of the

statistical contribution of the dummies can improve our knowledge of the

growth and convergence processes.
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5.4 Convergence and non convergence across the sample period.

Pooling data permits yet another -way of analyzing the data that sheds

additional insights on the structural stability of the growth process we are

looking at. Perhaps the main advantage of the time series dimension in our

sample is that it may be used to uncover possible structural breaks in the

relevant parameters of the Solow model. 1960-1990 is a very long period for

technological parameters to remain unchanged; however it is not the time span

of the data what we are interested in here. The issue we want to address is

whether or not the speed of convergence itself bears any particular

relationship with the average rate of growth.

Most studies of the relationship among growth ¡and medium term

macroeconomic performance proceed by including specific variables in the

convergence equation, as we have just done. This amounts to search for stable

correlations among long run features of the economy and variables with higher

short run variation than the former. A more general approach to this issue is

to study the convergence and growth processes across different episodes of

the business cycle. Our sample period can be split into two subperiods with

very different performances of OECD economies, as was discussed in section

III. These periods capture better thaw1 a set of variables the changing

performances of OECD economies in the postwar era: sustained and balanced

growth until 1974 and a long lasting recession thereafter until 1985. Since

then, OECD economies have grown rather fast again, although they have

experienced major macroeconomic shocks.

In what follows we carry out the study of growth and convergence by

splitting the sample into two periods. Period I covers the fifteen first

years of the sample, from 1960 until 1975, plus the latest period 1985-1990;

similarly, period II refers to 1975 to 1985. Given that our interest is

mainly to analyze the relation among growth and convergence, we chose this

splitting in order to isolate fast growth and low growth periods. Furthermore

we have proceeded to estimate the equation (19) for the six subperiods by

simple OLS and found very different parameter estimates that lead to high
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convergence rates from 1965 to 1975; and more moderate ones in 1960-1965 and

1985-1990. Conversely, estimated factor shares for periods 1975-1980 and

1980-1985 are rather different, from the other estimates; leading to very low

convergence rates and suggesting a genuinewhange in structural parameters.

As usual, some of the most remarkable differences among subsamples are

somehow hidden in the linear fully restricted model and can be better shown

in the context of the linear unrestricted versions (20). In Table V.6 we

display some of the most interesting results. The comparison of simple linear

models (column 1 vs column 4), reveals three important differences across

periods. The fit of the unrestricted linear model in period I is much better
^than in period II. The standard error is 10% higher and the R is less than

one fourth in period II as compared with period I. In fact» the abnormally

high DW casts some doubts on the adequacy of the Solow model for the low
A

growth period. Turning to the estimated parameter values we see how Tt. is

also much lower and less precisely estimated in the second subperiod. The sum
A A

of coefficients K and n. is also much higher in period II, this suggests a

much lower convergence rate in this period.

The change in the regression results in response to the inclusion of

time dummies is also revealing the remarkable, .differences between the two

subsamples. Time dummies add very little explanatory power to the model in

period I, whereas they contribute to a substantial improvement in the fit for

the second period (leading also the DW to more plausible values). The
A

differences among n are now far larger; falling to 0.09 versus 0.14 for the

first one. When human* capital is not considered:•: the model even predicts non

convergence at all. The human capital proxy is crucial in the second period;

if we exclude it, the Solow model collapses, and rc and n become non

significant.

In Table V.I we proceed to estimate the non ¿linear model (19). Again

the model displays a very poor fit for the second period when time dummies

are not included (col 1 vs 4). Although the overall fit in both cases is

similar to the linear version in Table V.6, the imposition of parameter
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restrictions makes the estimation of y much more precise in period I, whereas

the gain in the standard error of y is much more modest in period II. The

difference in the estimated rate of growth of labour augmenting technical

progress is also remarkable. The point estimate of ^coincides in 0.04 but it

is non significantly different from zero in the low growth period. Even in

this case, a dramatic difference in the implicit rate of convergence can be

detected. Implicit X (evaluated at average <|) = 0.02) is now 2.8 during the

first period (30% higher than for the whole sample period) and 1.4 during the

recession (30% lover than for the full sample). The rate of convergence in

fast growth periods is twice as large than during the period of stagnation.

If we compute X, taking into account the much lower rate of technical progress

in period II, the differences get much larger, reaching a value of 3.4 in

fast growth years versus 0.9 in the stagnation period, The differences in

estimated B are also fairly substantial and point to what theory suggests:

the estimated value is much smaller in the period of lo» growth and¿ slow

convergence. This cannot be interpreted, as in the splitting across

countries, as a 'threshold level effect' because we are taking observations

at different points in time. An alternative interpretation may rely on the

negative impact of short term macroeconomic shocks upon the choice among

alternative technologies, as in the literature of multiple equilibria (see

Durlauf (1991) among others). ¡ » s =

Bringing time dummies in (columns 2, 3, 4 and 6) improves the fit in

both periods, but again much more clearly in the second one. The standard

error falls by 20%, and the DW gets close to 2. This new specification also
A

widens the differences among B. across subsamples; This better fit gives more

relevance to human capital in the recession period. Again the estimated a, 3

and y differ markedly across periods. The share of physical capital maintains

its value, but the labour's share declines sharply in the recession period

(from 0.44 to 0.24) whereas the share of human capital increases. This casts

some doubts on the interpretation of ot and y estimates during deep recession

periods, unless one is prepared to accept that capital is used more
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efficiently in slumps . X values are again significantly different across

periods, regardless of whether they are .estimated directly (3,2 and 1.8 vs a

2.6 average) or calculated from estimated parameters'(2.6 and 1.4 vs a 2.3

average); In the low gro^

also much less significant with a drop in the t statistic towards the limit

of non rejection of the null of non convergence.

The changing impact that time dummies have across subperiods, suggests

that the correlation among growth and macroeconomic indicators may not be

stable along the cycle. We want also to check to what4 extent this changing

interaction influences the value of A, across periods. This is the reason why

we have carried out this exercise keeping the same sample split we have used

so far. A genuine investigation of these effects should consider also an

alternative split to take account of the peculiarity of the last period

(1986-1990) in which growth rates have recovered despite high mflation and

unemployment. Although in terms of growth and convergence, the latest years

belong to what we have called period I, their medium term macroeconomic

features (such as inflation, unemployment, public deficits, interest rates,

etc) resemble much more those which took place in the slump. Actually, what

has been specific of the last recovery since 1986 is; that it has happened

despite the enormous waste of* resouEee^ttoat uneii^lo^m^

historical levels seem to indicate.

Upon estimation of the augmented convergence equation for the first

subperiod we find that much of the features we found in the full sample still

hold (Table V.8). However, several results deserve further comments. First,

macroeconomic variables add very little explanatory power to the model with

and without time dummies in Table 7. The parameter EL remains also largely

40 An alternative explanations in terms; of omitted variable bias can be
stated as follows: when unemployment is high and rapidly changing, the
model in terms of per capita incomes is not properly specified. As
unemployment rates are not included as regressors, the parameters may be
biased.
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unchanged with a moderate increase, which points to slightly better initial

technological conditions. On the other hand, altheiugh slightly less

significant, the set of variables in these equations are very similar to

those found for the sample as a whole. Nevertheless only exports and the

variance of nominal variables appear clearly significant. The non

significance of A is one of the most robust findings, and also holds for

these high growth years.

It is interesting to look at the correlation among real and nominal

variables along the period of sustained and balanced growth. If any, we find

that the negative impact of inflation is accounted for by the variance terms.

Inflation is no longer significant and money growth is only weakly

significant. As was discussed previously, i inflation should be negatively

correlated with growth after negative supply shocks. To the extent that fast

growth was fueled by a rapidly expanding demand, inflationary pressures could

be the undesirable effect of growth rather than an impediment to it. However,

even in these years, a wrongly managed monetary policy leading to excessive

nominal variability could have lowered the growth prospects of these

economies.

The estimated X value is slightly higher than ina^the model ¡without

macroeconomic indicators. We may attach the usual interpretation to this

result. Medium term macroeconomic performance mattered during the fast growth

period but it affected all countries in a rather homogeneous way, not having

much effect upon the relative speed with which each country approached its

steady state. As we saw in the model with dummies, the Solow convergence

equation explains fairly well the long run behaviour of the OEGD economies in

the period of balanced growth, with no need of additional information.

Shorter term macroeconomic variables or time dummies may be significant but

in no way alter the main features of the estimated basic model (overall fit,

parameter values, convergence rate, etc.).

Things look very different when we introduce these macroeconomic

indicators in the convergence equation for period II. As can be seen in Table
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V.9, this modification does change the estimated model in a non negligible

manner. The fit improves dramatically with a 20 to 30% fall in the standard

error. What is more interesting indeed is that now the model fits even better

than the corresponding model with time dummies. The overall specification

also improves with a DW close to 2.0 . The estimated constant term B^ also

falls significantly getting twice as large in absolute value. This reveals

that the sharp differences in the available technology after a series of

negative shocks are even larger than the ones estimated in the basic model.

Whereas the point estimate of B was three times larger than B in the basic
Imodel, in the model with macroeconomic indicator this the estimated B is

IIover nine times B .

There is weak evidence of a negative impact of inflation on growth. At

the same time, the variance terms lose significance. Is interesting to

realize the different correlation among growth and inflation that was pointed

out earlier. The inflation rate that wasn't harmful for growth along the

period covered by the first subsample, appears as one of the major

difficulties for growth during the recession. In fact, the kind of supply

shocks that lowered growth rates in industrialized countries were also

responsible for rising inflation .

Exports growth accounts for most of the explanatory power of

macroeconomic variables. This variable explains almost as much as all growth

related variables included, and more than any of these taken separately. This

reinforces the previous impression that the Solow model no longer fits the

41
The basic model in the fourth column of Table V.7, suffered from severe
specification problems with a DW close to 2.8.

42
Again we must not give to this correlation any causal interpretation,
that depends on the way monetary authorities faced the recession
particularly at its earlier stages. Institutional aspects related with
the autonomy of Central Banks (as pointed out by De Long and Summers
(1992)), or with openness (Romer (1991)) lie behind the association among
supply shocks and inflation responses.
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data properly during the recession period. Once we augment the model, the

estimated value of k is now far lower than in the basic growth model. Unlike

the first period, now the inclusion of macroeconomic indicators reduces the

rate of convergence speed. In fact this rate is now 0.8, almost one fourth

than the value obtained for the first period once these variables are

included (3.0); moreover, this convergence rate is not significantly

different from zero in some specifications. If we take this result seriously

we should consider that the low growth period was not only a one of slow

convergence but that the historical process of narrowing the gap among the

OECD economies was interrupted by the recession. Although growth forces no

longer generated convergence, the ability to gain external competitiveness

allowed some less advanced countries to keep growing as to keep pace with the

most advanced ones.
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VI. Conclusions.

In this paper we have estimated the augmented Solow model (including

human capital) for the OEGD countries during the ¡period 1960-1990. We have

proceeded to homogenize the country series, using the 1990 PPP series

published by the OECD, for each component of GDP.

Unlike most previous studies, we have chosen to estimate the model

taking full account of the theoretical parameter restrictions. Linear

estimation gives some interesting hints, but non linear models are well

suited to discuss other implications of the Solow model. Exploiting the

technological parameter restrictions we can get direct point estimates and t

statistics for the basic parameters of interest and assess whether these

restrictions are rejected by the data. The basic convergence! equation has

also been estimated jointly with the steady state equation imposing the cross

equation restrictions.

In the cross section model, parameter estimates fall in the range

suggested in previous work; the production function has similar factor shares

{1/3, 1/3, 1/3}, and the rate of labour augmenting technical progress grows

at the commonly accepted rate of 2%.. In. this setting the data seem to accept

fairly well the cross equations restrictions so that convergence features are

consistent with the implications of the Solow model. When pooled data are

used, cross equations restrictions are overwhelmingly rejected and we must

control for the sizable differences in average growth rates across shorter

periods; otherwise the pooling model presents remarkable differences with

cross section one. Estimation by non linear instFunient»! «variables and

controlling with time dummies, yields plausible point estimates, although the

share of physical capital is higher than expected (around 0.45) and that of

human capital slightly lower (0.2).

The rate of convergence is very robust to alternative estimation

procedures and takes a value between 2,0 and 2.3, very much in the range of

what previous studies have found. However this value is not fully stable.
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When different splits are takenj in-the- sample, the estimated rate of

convergence changes substantially. In particular, the rate of convergence

seems to be higher among the richer countries (defined according their per

capita income at different 'points in time). The, ratio between the rate of

unconditional convergence and that of conditional convergence also changes

across subsamples; for the poorer countries this ratio is below one, whilst

it is above one when only richer countries are considered. Subsample

estimates also reveal remarkable differences with respect to goodness of fit

and the adequacy of the Solow model. Estimated parameters are very different

across subsamples, in a way suggesting the presence of technological non

convexities. Moreover, for the group of richer countries the rate of

convergence is very high despite the implausible values of the technological

parameters.

The estimated convergence rate is not stable either in the time

dimension. In periods of fast growth (1960-1975, 1986-1990) this rate is

twice as large as in recession times (1975-1985). In these latter years, the

rate of convergence is not even significantly different from zero in some

specifications. Low growth has been also caused by a fall in the rate of

increase of labour augmenting technical progress and for other negative

technological shocks, reflected in^ a sigmfleant ¿dropí in >the constant term»

Furthermore, the Solow model is not well suited to fit the growth patterns of

OECD countries during the 1975-1985 decade. In this period, a rather ad hoc

specification including indicators of short and medium term macroeconomic

performance seems to do much better.

Macroeconomic variables seem to influence growth; (and to some extent

the speed of convergence itself) in the way suggested by a series of more or

less ad hoc arguments. Nevertheless, in this case the difference between the

results in the cross section and in the pooling model are remarkable. In the

cross section model, there is weak evidence of a negative impact of public

consumption on growth, whereas exports growth is unambiguously positively

correlated with it. Among the nominal variables, only the rate of growth of

inflation shows the expected negative influence upon growth. The findings of
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the pooling model deserve a more detailed discussion. Public spending is not

significant in any specification we tried. The effect of growth exports is

enhanced, once the time dimension of the data set is taken into account. The

set of significant nominal variables is far richer than in the cross section

model. Inflation, and inflation and money supply variability harm growth,

whereas money growth (specially if unanticipated) displays a positive effect

upon growth rates. The impact of macroeconomic variables changes along the

cycle.

The overall picture that can be drawn from this exercise can be

summarized as follows. The human capital augmented Solow model explains

reasonably well growth and convergence among the OECD economies over the

1960-1990 period; however, a closer look reveals many features that remain to

be explained. Convergence occurs at different speeds among different groups

of countries, depending on the income split chosen. Convergence seemsca

feature of fast growth times. During recessions, convergence is much slower

or non-existing. The model does not fit very well in shorter time periods of

great macroeconomic turbulence. Variables related to medium term

macroeconomic performance affect the rate of growth and convergence; however,

their effect is not stable along the sample period and even outperform growth

related variables in periods of low growth; ,

These issues deserve further research. The main lines open for the near

future are the following. First there is the construction of alternative PPP

indexes. Although we have not pursued this line of research here, in some

preliminary work we have found that some of the results reported in the

literature are not robust to alternative homogenizatien procedures. Second,

we want to try alternative estimation methods in order to evaluate to what

extent either the initial conditions or the steady state contain unobservable

country specific effects. Third, the subsample split deserves further

analysis in order to test the stability of the convergence result, combining

the split across countries and across time periods. Fourth, a sensitivity

analysis of the macroeconomic variables could bring about interesting

results. Finally, on the theoretical side, the relationship among medium term
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performance and long run growth, specially during the episodes of high and

increasing unemployment, seems to be one of the most promising areas of

research to account for the growth prospects of the OECD countries.
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TABLE 111.1
1960-1990 AVERAGES

o\
•f*

COUNTRY

Australia
Austria
Belgium
Canada
Switzerland
Germany
Denmark
Spain
Finland
France
United Kingdom
Greece
Ireland
Iceland
Italy
Japan
Luxembourg
Netherlands
Norway
New Zealand
Portugal
Sweden
Turkey
United States

RATES
GDP/L

2.07
3.03

2.91
2.89
2.05
2.72
2.42
3.76

3.41
2.74
2.11
3.77
3.16
4.10
3.33
5.04
2.45

2.42
3.12
1.13
4.04
2.17
3.14
1.93

OF GROWTH (AVERAGES IN %)
Inflation

7.26
4.68
4.99
5.50

4.58
3.98
7.30

10.38
8.23
6.91
8.19

11.76

8.80
28.15
10.01
4.98
5.19

5.03
6.51
8.94

12.44
7.23

29.04
5.05

MONEY EXPORTS

8.94
7.29
5.94
8.74

5.70
7.97

11.39

15.41
12.28
9.56

10.32
17.27
10.06
32.64
15.73
12.04
13,44

8.17

12.81
9.98

14.55
9.04

32.18
6.12

6.92
9.32
8.55

10.91

8.52
8.72
7.20

11.28
7.70
8.12
5.63
9.87
9.64
7.07
9.44

10.86
6.90

7.84
7.17
5.50

10.58
6.79
9.86
6.46

INFLATION
L Acceleration

1.62
0.30
0.29
1.33
0.80
0.44
0.39

"0.81
:Q.40
0.73
0.31
0.66

0.71
1.24
0.46
0.94

• 0.64

0.88
', 0.56
•'1.18
0.57
0.45
,2.40
1 .09

0.08
-0.09
0.05
0.10
0.05

-0.06
-0.09
0.16

-0.01

-0.02
0.14
0.62

-0.16

-1.23
0.18

-0.20
0.23

-0.10
0.07
0.25
0.38
0.22
1.89
0.12

GDP/L
1960 1990

(USA=100)

71.87
56.01
57.12
66.37
92.97
67.52
69.60
32.48
51.18
62.91
71.55
20.65
35.53
44.82
48.92
33,62
80,10
64.78
55.90
81.15
22.80
73.28
15.27

100.00

74.14
77.14
75.80
87.53
96.41
84.97
80.10
54.71
78.11
79.67
75.58
34.74
50.73
79.84
73.24
81.81
89.32
74.57
78.28
63.59
40.93
78.49
21.28

100.00

REAL
G/GDP

18.61
22.98
18.90

21.72
12.93
21.43
28.88
16.94
23.37
20.08
30.23
19.93
22.43
19.91
19.39
13.90
16.16

19.11
21.39
21.54
21.07
28.88
21.43
18.99

REAL NOMINAL HUMAN
I/GDP I/GDP (X+M)/GD CAPITAL

(Kyriacou)

24.47
23.26
17.78
20.78
24.10
20.77
19.72
18.69
28.87
19.97
13.48
16.99

17.72
24.43
20.13
25.74
22.26
19.91
28.79
15.85
18.69
19.05
19.64
18.73

24.67
25.58
20.23
22.32
25.78
22.49
21.37

23.44
26.14
22.65
18.25
21.50
21.94
25.07
23.26
31.31
25.16

22.95
28.31

22.82
25.33
21.03
18.73
18.71

30.10
53.90

108.87
42.34
68.74
45.89
64.77
20.54
52.30
34.61
38.56
30.57
78.45
89.79
28.62
19.48

160.02
84.97
94.23
41.00
31.79
64.88
11.14
15.01

7.82
7.61
8.48

9.1.7
6.24
9.36
7.41
6.87

7.77
9.40
7.71
7.52
7.79
7.56
7.92
8.32
6.10
8.41
8.82
8.46
6.20
8.09
4.43

11.26

Sources: OCDE and FMI (several publications), Kyriacou (1991) and own calculations



TABLE 111.2
1960-1975 and 1985-1990 AVERAGES

o\
L/l

COUNTRY

Australia
Austria
Belgium
Canada
Switzerland
Germany
Denmark

Spain
Finland
France
United Kingdom
Greece
Ireland
Iceland
Italy
Japan
Luxembourg
Netherlands
Norway
New Zealand
Portugal
Sweden
Turkey
United States

RATES OF GROWTH (AVERAGES IN %)
GDP/L

2.66

3.63

3.83

3.25

2.49

3.26

2.68

5.53

4.11

3.48

2.23

4.70

3,77

4.43

3.73

1.24

2.91

3.22

2.74

1.45

5.45

2.94

4.05

2.00

Inflation

6.60

4.75

4.91

4.91

5.44

4.36

7.18

8.56

8.16

5.77

7.20

9.14

7.14

20.94

7.47

5.91

4.77

5.43

5.81

7.06

8.33

6.48

22.03

4.43

MONEY EXPORTS

9.29

8.97

7.17

8.25

6.72

9.26

11.51

17.50

13.50

9.79

9.66

17.25

9.34

24.14

16.03

15.82

18.05

9.70

13.49

10.99

14.47

9.24

29.38

5.46

9.93

12.73

12.47

11.88

11.68

12.50

10.38

14.80

9.87

11.63

6.97

14.12

11.23

8.29

12.92

13.50

10.15

11.45

9.19

6.97

13.69

10.10

8.67

8.48

Money growth INFLATION

L Acceleration Acceleration

1.88

0.49

0.43

1.56

1.15

0.77

0.55

0.85

0.42

0.89

0.45

0,55

Q.55

1.43

0.57

1.07

Q.89

1.09

0.70

1,56

0.34

Q.6.1

2.57

Í.18

1.62
0.43
0.31
-1.34
-0.55
0.04

0.09
0.77

1.15
-0.37
0.49
-0.78

0.98

0.22
-0.41
-0.52

1.05
0.54
0.03

0.72
1.38
1.01
2.30

-0.41

0.67
0.04
0.42
0.56
0.31
0.02
0.30
0.71
0.50
0.37

.1 -42

0.73
0.58

-1.65
0.69
0.00
0.16

0.31
0.39

0.42
0.31
0.79
1.57
0.54

GDP/L
1960

(log. l$)

7.42
5.78
5.90
6.85
9.60
6.97
7.18
3.35
5.28
6.49
7.39
2.13

3.67
4.63
5.05

3.47
8.27
6.69
5.77

8.38
2.35
7.56
1.58

10.32

REAL
G/GDP

18.10
22.92
18.41
21.96
12.79
21.25
27.33
16.57
22.65
19.95
30.11

19.40

21.24
19.38
19.60
13.95

15.91
19.28
21.15
20.86
20.07
27.69
21.13
19.62

REAL NOMINAL HUMAN
I/GDP I/GDP (X+M)/GD CAPITAL

(Kyriacou)

24.99
23.65
18.47
20.88
25.15
21.59
20.79
19.47
29.79
20.47
14.01
17.68

16.77

25.02
20.98
25.93
23.74
21.16
29.00
16.16
19.24
19.80
19.46
19.05

24.93
26.15
20.87
22.37
27.42
23.29
22.54
24.33
26.46
23.22
18.69

21.47

20.47
25.50
23.43
32.17

26.21
24.20
28.19

22.47
24.55
21.93
18.46
18.33

30.16
52.96

106.85
41.76

66.87
44.76
64.35
20.22
51.45
33.46
38 39
30.76
78.06
94.56
26.95
17.39

164.13
82.60
94.78
40.90
34.31
64.14
10.96
14.56

7.67
7.47
8.33
9.01

6.45
9.48
6.89
6.25
7.41

9.07
7.76
7.31

7.44
7.41
7.70
8.13
5.50

8.29
8.75

8.39

5.23
7.86
4.03

10.77
Sources: OCDE and FMI (various publications), Kyriacou (1991) and pyvn calculations



TABLE 111.3
1975-1985 AVERAGES

o\o\

COUNTRY

Australia
Austria

Belgium
Canada
Switzerland

Germany
Denmark
Spain

Finland
France
United Kingdom

Greece
Ireland
Iceland
Italy

Japan
Luxembourg
Netherlands
Norway
New Zealand

Portugal

Sweden
Turkey
United States

RATES OF GROWTH (AVERAGES IN %)
GDP/L

0.89
1.82
1.06
2.17
1.18
1.64
1.90
0.20
2.00
1.25
1.87
1.93
1.96
3.43
2.52
2.63
1.52
0.81
3.87
0.51

1.22
0.62
1.32
1.80

Inflation

9.24
5.04

5,64
7.17
3.42
3.66
8.26

14.86

9.18
9.78

10.89
17.93
12.81
44.68
15.83

3.71
6.50

4.77
8.50

13.39

21.51
9.36

45.26
6.74

MONEY EXPORTS

9.17
4.83
4.22

10.55
4.33
6.33

12.30
12.98

11.20
10.08
12.61
19.03
12.45
52.06

16.75
6.06
6,04
6,10

12.80
9.07

16.16
9.57

40.70
7.97

1.89
3.79
1.94

10.17
3.38
2.40
1.89
5.73

4.35
2.27
3.65
2.77
7.59
5.48
3.75
6.94
1.43
1.75
4.05
3.25
5.75
1.18

13.10
3.26

Money growth INFLATION
L Acceleration Acceleration

1.29
-0.03
0.06
1.03
0.20

-0.13

0,11
0.81

0,40
Q;48
0.07
0.94
1>09

1',P1
0.30
0.80

O-22

0.59
0.36
0.58
1.05
0.19

£.30
1,03

-1.92
-1.12
-1.25

1.24
-0.69
-0.76
-0.45
-0.40

-2.35
-0.48
-0.06

0.14
-1.80

-0.62
-0.14
-0.81
-3.28
-1.29
0.37

-0.01
0.30

-1.21
0.83
0.75

-0.98
-0.33

-0.60
-0.72
-0.41
-0.38
-0.80
-0.81

-0.91
-0.74
-2.16
0.48

-1.52
-0.58
-0.73
-0.59
0.39
-0.83

.0.51 •'•"•
-0.03
0.55

-0.80
2.65

^Q,60

GDP/L
1975

(log. l$)

12.08
10.30
10.41

11.90
13.67
11.12
11.17
7.63

10.12
11.21
9.98
5.29
6.13
9.50
8.92
9.41

11.70
11.13
9.92

10.49
5.18

12.32
2.75

14.08

REAL
G/GDP

19.91
22.84
20.09
21.30
13.38
21.88
32.54
17.47

25.09
20.18
30.35

21.00
24.98
20.91
18.74
13.32
16.68
1§.38
22.23
23.05
23.80
31.72

22.37
17.62

REAL NOMINAL HUMAN
I/GDP I/GDP (X+M)/GD CAPITAL

(Kyriacou)

23.50
22.74

16.42
20.69
22.17
18.85
17.71
17.50

26.67
19.24
12.57
15.62
20.28
22.75
18.14
26.19
19.30
17.35
28.53
15.37
17.56
17.56

20.22
18.10

24.15
24.50
19.03
22.19

22.60
20.72
19.01
21.96

25.27
21.68
17.55
21.81
25.63
23.75
22.64
29.82
23.49
20.25
28.50
23.69

27.11
19.12
19.53
19.52

30.35
58.29

117.66
44.58
75.63
50.24
67.54
22.49

55.46
38.28
39.66
31.23
82.55
78.47
33.36
24.60

155.63
92.94
95.31
41.73
27.89

68:48
11.37
16.42

8.04
7.83
8.71
9.42
5.94
9.18
8.1.8
7.79

8.32
9.90
7.64
7.83
8.31
7.78
8.25
8.61
6.98
8.59
8.92
8.55
7.65
8.45

5.04
11.99

Sources: OCDE and FMI (various publications), Kyriacou (1991) and own calculations



Table III.4
Dependent Variable: log (y?PP/yT

P
T^)

1 U o A
Estimation method: OLS

Explanatory variables

1.

2.

3.

4.

5.

6.

7.

Year dummy

10*^USA>
$ $ 2

[log (y*/y*SA)]2

log ((X+M)./GDP.)/((X+M)USA/GDPUSA)

[log ((X+MyGDP.yaX+M^/GDP^)]2

log (C/GDP^C^/GDP^)

[log (AGDP deflator.)/(AGDP deflatorT .)]2

1 UoA

Coefficient

0.176

0.760

0.099

-0.136

0.056

0.908

-Oi061

i-statistic

5.57

10.26

2.85

-1.83

1.86

3.69

-2.01

Usable Observations = 44
Degrees of Freedom = 37

R2= 0.949 R2= 0.941
Mean of Dependent Variable. =-0.410
Std Error of Dependent Vble.= 0.324
Standard Error of Estimate = 0.079

Sample: OECD countries 1985 and 1990, excluding Iceland and
Switzerland in 1985, Turkey (1990) and Ireland (1990, because
argument of log in variable 7 is negative).
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FIGURE 1: CONVERGENCE AMONG OECD COUNTRIES
1960-199C
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FIGURE 2 (a): CONVERGENCE AMONG OECD COUNTRIES
1960-1975 AND 1986-1990
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FIGURE 2 (b): CONVERGENCE AMONG OECD COUNTRIES
1976-1985
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FIGURE 3: CONVERGENCE AMONG OECD COUNTRIES 1960-1990
PARTITIONED REGRESSION ANALYSIS
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(*) OLS residuals in logs. Regressors are I/Y and population growth.

FIGURE 4: REAL INVESTMENT SHARE IN GDP AND GROWTH
OECD: 1960-1990
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FIGURE 5: HUMAN CAPITAL AND GROWTH
OECD: 1960-1990
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(*) OLS residuals in logs. Regressors are I/Y, initial income and population growth.

FIGURE 6: EXPORTS AND GROWTH
OECD: 1960-1990
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(*) OLS residuals in logs. Regressors are I/Y, initial income and population growth.
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FIGURE 7: PUBLIC EXPENDITURE
OECD: Ü60-T990
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Dashed regression line excludes: CH, NZ, SWE, DK, UK, C and IS
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FIGURE 8 (a): MONEY AND GROWTH
OECD: 1960-1990
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(*) OLS residuals in logs. Regressors are I/Y, initial income and population growth.
Dashed regression line excludes Iceland

FIGURE 8 (b): MONEY AND GROWTH
OECD: 1960-1990
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(*) OLS residuals in logs. Regressors are I/Y, initial income, inflation and population growth.
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FIGURE 9: INFLATION AND GROWTH
OECD: 1960-1990
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FIGURE 10: ACCELERATION OF INFLATION
OECD: 1960-1990
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(*) OLS residuals in logs. Regressors are I/Y, initial income and population growth.
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Table IV..1
Dependent variable log(Y/Y¿A Sample i: 1,..,'24..

Estimation method: OLS

ctte.

log(Y¿0)

1

1.45

(11.1)

-0.36

2

-2.85

(2.52)

-0.42

3

-2.03

(2.41)

-0.40

4

-3.14

(3.06)

-0.49

5

-3.33

(4.39)

-0.49

(4.81) (7.07) (6.98) (7.96) (8.16)

logd/Y)1 - 0.55 0.60 0.57 0.55

(3.63) (4.16) (4.13) (4.23)

log(n+(j)+5)

log(s¿)

R2

a

-0.96 -0.60*

(2.69)

..

0.490 0.710 0.710

0.173 0.131 0.131

-0.80

(2.47)

0.39

(2.39)

0.765

0.118

-0.90*

0.36

(2.71)

0.775

0.115

NOTES: *: restricted parameter.
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Table IV.2
Dependent variable log(YQf./Yfín). Sample i:, 1,.., 24.

Estimation method: non linear least squares

B2

Bl

a

Y

A,

(a+Y)

<t>

*2Rss
a
ass

p.•imp
A,. '

imp A
X. (()»imp T

i1J

-6.84

(5.81)
-7.54

(6.18)
0.30

(4.86)
0.33

(6.13)

*
0.02

0.801
0.498

0.109
0.273

0.37

0.021

CC

2s

-6.19

(3.28)
0.18

(1.77)
0.42

(5.04)

*
0.02

0.531

0.264

0.40

0.023

3

-7.92

(5.21)

0.39
(5.21)
0.26

(4.18)

*
0.02

0.814

0.105

0.35

0.020

4

-9.06

(5.29)

0.40
(5.48)
0.27

(4.30)

0.03
(2.70)

0.788

0.112

0.33

0.019

0.022

t5'

2.73

(9.40)

0.77
(11.4X,
0.02

0.379

0.192

0.23

0.013

6

-7.82

(4.53)

0.39
(5.09)
0.26

(3.51)
0.022
(5.72)

*
0.02

0.775

0.115

> • • .-' • ' .

0.35

NOTES: *: restricted parameter.
j: joint estimation, full restrictions:^ (tt)= 3.14; X1(Y)=

X2(a,Y)= 3.17.
cols. 2, 3: joint estimation without cross equation restrictions.
ss: steady state equation.
t: this equation does not include steady state variables.

i= 2.62;

76



Dependent variable

Table IV.3
log(V^/Y¿0). Sample i: ..!,.., 24,

• . . • • • ; s Estimation ¿method: ¿nonílineaEileast squares • • ; • • • - •

B2

a

Y

4>

R2

a

"imp

X.imp

X. ($)imp T

1

-4.34

(2.11)

0.38

(4.48)

0.16

(1.75)

0.02

(1-97)

0.836

0.100

0.46

0.026

0.026

2

-8.52

(3.68)

0.36

(2.65)

0.31

(2.72)

0.02

(1.34)

0.550

0.126

0.33

0.019

0.013

3

-4.33

(1.43)

0.33

(4.01)

0.22

(2.26)

0.02

(2.26)

0.796

0.077 '

0.47

0.027

0.027

4

-8.20

(5.00)

0.33

(3.74)

0.32 *.

(4.10)

0.03

(2.25)

0.779

0.105

0.35

0.020

0;024

5

1.38

(1.33)

0.14

(1.11)

— •

0.016

(1.85)

0.892

0.075' '

0.86

0.049

0.041

NOTES: *: restricted parameter.
Col. 1: excluding Turkey and Greece.
Col. 2: excluding the seven richest countries in 1960
Col. 3: excluding the seven poorest countries in 1960
Col. 4: excluding the seven richest countries in 1990
Col. 5: excluding the seven poorest countries in 1990

77



Table IV.4
r í «7-ÍDependent variable log(YQ0/Y,A. Sample i: 1,.., 24.

Estimation method: non linear least squares

Steady state variables not included

B2 2.53

(25.4)

4.37

(2.46)

2.26

(38.1)

2.84

(5.86)

2.27

(55.1)

(cx+7) 0.51 0.90 0.18 0.82 0.02

(4.64) (14.0) (0.64) (11.0) (0.10)

4> 0.02 0.02 0.02 0.02 0.02

R2 0.710 0.097 0.666 0.267 0.891

0.134 0.179 0.098 0.191 0.075

P. 0.49 0.10 ,0^2; , , , - 0 * 1 8 u 0¿9«'imp

K.imp 0.029 0.006 0.047 0.010 0.057

NOTES: *: restricted parameter.
Col. 1: excluding Turkey and Greece.
Go!. 2: excluding the seven richest countries in 1960
Col. 3: excluding the seven poorest countries in 1960
Col. 4: excluding the seven richest countries in 1990
Col. 5: excluding the seven poorest countries in 1990
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Dependent variable.

Table IV.5

-WJoPiP- Sample i: 1,.., 24.

Estimationffmethod: non; linear least squares

B2

A
g

A
a

A
X

a

Y

4>

R2

a

"imp

X.imp

1

-7.62

(4.66)

-0.02

(1.67)

~

0.36

(4.45)

0.30

(4.37)

0.02*

0.805

0.107

0.34

0.020

2

-5.16

(4.08)

-

-0.31

(4.13)

-

0.37

(5.31)

0.21,

(3.60)

0.02*

0.865

0.089

0.42

0.024

3

-10.3

(5.43)

--

-

0.03

(2.44)

0.41

(5.87)

0.28

(4.70)

0.02*

0.829

0.101

0.31

0.018

4

-4.77

(3.93)

-0.01

(1.63)

-0.29

(4.00)
l _ _

0.33

(4.74)

0.25

(4.09)

0.02*

0.876

0.086

0.42

0.024

5

-6.60

(4.53)

-

-0.29

(3.93)

0.02

(2.26)

0.37

(6.12)

0.24

(4.43)

0.02*

0.888

0.081

0.39

0.023

6

-6.11

(4.16)

-0.01

(1.15)

-0.28

(3.84)

0.02

(1.86)

0.35

(5.41)

0.25

(4.59)

*
0.02

0.890

0.081

0.40

0.023

NOTES: *: restricted parameter.
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Table IV.6

log(Y^Q):

Estimation method: non linear least squares

Dependent variable- log(Yg0/Y* ). Sample i: .•!-,.., 24.

B2

A
P

A
a

A
g

A
X

a

Y

4>

R2

1

-4.80

(1.68)

-0.04

(1-94)

0.03

(1.83)

0.35

(4.61)

0.21

(2.17)
*

0.02

0.886

2

-5.93

(4.01)
__

-0.28

(4.08)

-0.02

(1.86)

0.03

(2.04)

0.37

(4.30)

0.23

. . (3.Q5)E '-,-':•'•' :.»:.'< . : : . . " " . - . • . • . • ' . - ' , - . , ,„ ' . ; . . . ; .• . i .,•>.- ;&-:. -•• . ;,. . - • • :- •;
*

0.02

0.889

0.082 0.071

NOTES: *: restricted parameter.

Col. 1: excluding Iceland and Turkey.

Col. 2: excluding Spain, New Zealand, Greece and United Kingdom.
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Table V.I

y^-Sa^
Estimation method: OLS

Dependent variable log(Yrj;+5A'^).Sainple,i:l,.,24vT;l;960,65,,,85.

ctte. 0.34 -0.85 -0.95 -0.82

(8.87) (2.70) (2.88) (2.92)

log(YJ) -0.10 -0.13 -0.14 -0.14

(5.53) (6.77) (5.75) (5.76)

log(w)1 -- 0.15 0.16 0.17
f

(3.90) (4.03) (4.40)

log(n+<|)+S)' - -0.28 -0.28 -0.22
f

(2.75) (2.82)

logis,)1 -- - 0.04 0.05
f

(1.00) (1.42)

R2 0.207 0.328 0.329 0.332

0.081 0.075 0.075 0.075

DW 1.90 2.08 2.07 • 2.10

NOTES: *: restricted parameter.
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Table V.2a
Dependent variable log(Y^, ¿/Y').Sample,i:l;.,24; T:1960,65,.,85.

Estimation method: non linear instrumental variables

B2

Bl

a

Y

*

f>
ss

a
a

ss
DW
D\V

ss

"imp
X.

impA

A.. (*)impVY/

1J

-5.35

(5.49)
-5.83

(7.31)
0.24

(5.74)
0.36

(12.2)
0.01

(1.67)

0.218
0.565

0.081
0.273

2.00
0.74

0.40

0.023

0.019

2SS

-8.59

(7.01)
0.20

(4.40)
0.40

(11.5)
0.006
(3.26)

0.563

0.272

0.77

0.40

0.023

0.015

3

-9.02

(2.42)

0.65
(3.92)
-0.03
(0.16)
0.04

(2.61)

0.277

0.076

1.94

0.35

0:020*""

0.027

4J'd

-5.60

(7.38)
-5.92

(7.73)
0.24

(6.06)
0.37

(11-44,
0.02

0.499
0.578

0.065
0.269

2.11
0.68

0.39

o;oir

<-ss,d

-5.76

(6.64)
0.21

(4.67)
0.40

(11-34,
0.02

0.581

0.268

0.68

0.39

(1023 :

6d

-6.96

(4.00)

0.42
(4.58)

0.21
(2-844,
0.02

0.524

0.063

2.20

0.37

0:021 "

NOTES: *: restricted parameter.
j: joint estimation imposing full restrictions: Xi(a) = 6.74;

XjCy) = 9.22; X^'Y) = 13.71; %j(tt) = 4.47; X^y) = 5.18;

?£(a,Y) = 5.22.
d: equation including time dummies.
ss: steady state equation.
Cols. 2,3 and 5,6: joint estimation without cross equation
restrictions . . .
Instruments: constant, log(Y'), Alog(Y* ), log^I/Yjij,

logiY1)^, log(sh)j, logCn+^+a)^,^, (n+<j)+8)^ r (G/Y)^r n^_r

AXp ., trend or dummies.
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Table V.2b
Dependent variable log(Y,*, 5/Y').Sample<i:l,.,24; T:1960,65;,.,85.

Estimation melfe9d:«non iíaearí instrumental .variables

B2

a

Y

<!>

X

R2

a
DW

"imp

K.
imp A

X. <<b)impVY'

1

-6.63

(3.21)

0.61

(11.6)

--

0.02

(1.72)

0.298
0.076
2.08

0.39

0.023

0.023

2

-5.18

(2.58)

0.56

(8.68)

-

0.02*

0.024

(6.55)

0.338
0.074
2.11

0.47

—

3d

-7.21

(3.90)

0.43

(4.54)

0.21

(2.74)

0.02*

—

0.495
0.065
2.21

0.36.. ,

0.021

4d

-7.39

(4.37)

0.41

(5.59)

0.23

(3.40)

0.02*

0.026

(5.44)

0.510
0.064
2.13

OJ6

—

5d

-9.00

(5.30)

0.40

(5.81)

0.26

(4.39)

0.05

(3.10)

0.414
0.070
2.25

0.34,

0.020

0.030

NOTES: *: restricted parameter.
d: equation including time dummies.:
Instruments: as in Table V.2a (in... cols, withv J set to 0, logis,)1

f
is not included as an instrument).
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Table V.3
Dependent variable log(Y^, ._/Y ).Sample,i:l,.,24;

B2

a

4>

R2

a

DW

"imp
K.imp

X. ($)imp Y/

Estimation

1

-1.84

(1-18)

0.41

(4.84)

0.02

(2.18)

0.357

0.072

2.17

0.59

0.034

0.034

method:

2

-7.53

(2.82)

0.63

(10.4)

0.02

(1.24)

0.247

0.085

2.25

0.37

0.021

0.014

non linear

3

0.20

(0.22)

0.25

(2.78)

0.03

(2.63)

0.419

0.055

2.14

0.75

0.043 "

0.050

instrumental

4

-7.76

(3.23)

0.63

(11.6)

0.02

(1.76)

0.322

0.077

2.15

0.37

0.021

0.021

T:1960)65(.>85.

variables'

5

1.15

(1.33)

0.12

(1.13)

0.04

(2.94)

0.443

0.064

2.23

0.88

0.050

0.068

NOTES: *: restricted parameter.
Col. 1: excluding Turkey and Greece.
Col. 2: excluding the seven richest countries in 1960
Col. 3: excluding the seven poorest countries in 1960
Col. 4: excluding the seven richest countries in 1990
Col. 5: excluding the seven poorest countries in 1990
Instruments: as in Table v.2b.
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Table V.4
Dependent variable log(Y^5/Y^).Sample,i:l,.,24; T:1960,65,;,85.

Estimation method: non linear instrumental variables

Steady state variables not included

B2

P

4>

R2

a
DW

1

2.41

(4.12)

0.64

;(3>4l)

0.02

(1.11)

0.261

0.077

1.96

2

1.57

(0.63)

0.23

(2.78)

0.03

(0.89)

0.101

0.093

2.01

3

2.29

(6.67)

0.94

{4.61)

0.02

(1.63)

0.364

0.058

2.03

4

1.18

(0.57)

0.24

(2.87)

0.04

(1.07)

0.149

0.086

1.85

5

2.00

(6.04)

0.96

(5.42)

0.04

(2.22)

0.432

0.064

2.19

X. 0.037 0.013 0-054 O.Q14 0.055imp i

X. ($) 0.024 0.009 0.054 0.009 0.074
imp

NOTES: *: restricted parameter.
Col. 1: excluding Turkey and Greece.
Col. 2: excluding the seven richest countries in 1960
Col. 3: excluding the seven poorest, countries in 1960»
Col. 4: excluding the seven richest countries in 1990
Col. 5: excluding the seven poorest countries in 1990
Instruments: as in Table v.2b.
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Dependent
.Table V.5

variable log(Y,J,+5/Y,J,).Sample,i:l,.,24; T

Estimation method

B2

A
P

A
m

Aam

Avt

vtm

A
vam

A
X

a

Y

4>
R2

a
DW

3-rimp
K.imp

NOTES:

1

-5.51

(3.58)
-0.04

(2.71)
0.04

(2.86)
—

-0.07

(1.50)
-0.10

(2.19)
—

0.004

(4.41)
0.57

(12.0)

0.02*

0.531
0.062
2.03

0.43

0.025

2

-5.42

(3.57)
-0.04

(2.69)
0.04

(2.87)
~

-0.08

(1.66)
—

-0.10

(2.37)
0.004

(4.43)
0.57

(12.1)

0.02*

0.532
0.062
2.03

0.43

0.025

: 1960,65 ,.,85.

: non linear instrumental variables

3

-4.67

(3.06)
-0.05

(3.32)
0.05

(3.41)
0.03

(1.43)
-0.07

(1.51)
-0.09

(2.04)
~

0.004

(4.23)
0.44

(4.20)
,0.11 , , .
(1-49^
0.02

0.524
0.063
2.09

0.45

0.026

4

-4.85

(3.04)
-0.06

(3.36)
0.05

(3.47)
0.03

(1.37)
-0.08

(1.56)
—

-0.10

(2-31)
0.004

(4.25)
0.42

(4.12)
• 043c,,-,,:r.
(1.69^
0.02

0.526
0.063
2.09

0.45

0.026

*: restricted parameter, d: equation including time
Inst.: ctt., dum., log(Y*)( Alog(Y| p, log

log(sh)j, log(n+<t>+8)j r (n+(()+8)j_r, (G/Y)^,

A m^_v 7ü| r AXJ, Ax| r ATTJ, r var(7t|),

vai(An+ A varíAm^), varfAnu A var(A nu,), var(

5d

-7.80

(3.42)
-0.08

(4.36)
0.08

(4.40)
—

—

—

-0.11

(2.30)
0.006

(4.41)
0.34

(3.46)
r,OJffi^;.

(3.78^
0.02

0.599
0.058
2.23

0.37

0.021

dummies.WL
Am|, A

2
var[4-l

A -rife 'A

6d

-7.51

(3.39)
-0-08

(4.23)
0.08

(4.31)
—

. .

-0.12
(2.42) •;¥

~

0.006

(4.39)
0.32

(3.30)
^30; \

(3.99^
0.02

0.596
0.058
2.26

0.38

0.022

.'°S(YWi A2 im^j, A m^,

A var(An^,
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Table .V.6 .
Dependent variable Iog(YT ,/Y ),Sample,i:l,. ,24.

Estimation method: Instrumental Variables

ctte.

log(YT)

logCl/v)1

f

log(n+(j)+8) 1

T

logísj1

f

R2

CT

DW

1

-0.88

(2.51)

-0.15

(5.82)

0.12

(2.48)

-0.32

(2.91)

0.04

(0.98)

0.412

0.067

2.03

2d

-0.86

(2.46)

-0.14

(5.46)

0.12

(2.49)

-0.31

(2.78)

0.04

(1-02)

0.432

0.065

2.02

3d

-0.80

(2.32)

-0.13

(6.31)

0.11

(2.33)

-0.32

(2.87)

-

0.428

0.067

2.03

4

-1.60

(2.47)

-0.13

(2.38)

0.20

(3.15)

-0.39

(1.91)

0.13

(1.59)

o:iie

0.073

2.59

5d

-1.28

(2.41)

-0.09

(2.02)

0.14

(2.73)

-0.28

(1.73)

0.13

(1.98)

0.421

0.059

2.09

6d

-0.75

(1.61)

-0.04

(1.05)

0.12

(2.28)

-0.18

(1.15)

-

':•• tt4Q2> -

0.060

2.07

NOTES: d: equation including time dummies.
Cols. 1, 2 and 3, T: I960, 1965, 1970, 1985.
Cols 4, 5, and 6 T: 1975, 1980.
Instruments: as in Table V.2.
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Table V.7
Dependent variable log(Y' /Y^),Sample,i:l,.,24.

Estimation method: non linear instrumental variables

B2

a

Y

4»

K

R2

a
DW

"imp
JLimp A

K. ($)impVY'

1

-5.07

(2.92)

0.40

(4.08)

0.17

(2.37)

0.04

(2.37)

--

0.396

0.068

2.21

0.43

0.026

0.034

2d

-4.55

(2.64)

0.39

(3.14)

0.17

(1.80)

0.02*

-

0.415

0.067

2.23

0.44

0.026

3d

-5.03

(2-84)

0.39

(4.23)

0.19

(2.29)

0.02*

0.032

(5.45)

0.448

0.065

2.12

0.42

4

-14.9

(2.79)

0.50

(3.11)

0.25

(1.78)

0.04

(1.13)

-

'0.129

0.073

2.80

0.25

0.014

0.009

5d

-16.1

(2.72)

0.43

(3.08)

0.33

(2.71)

0.02*

-

0.431

0.059

2.17

0.24

0.014

6d

-15.7

(3.06)

0.39

(3.53)

0.37

(3.78)

0.02*

0.018

(2.14)

~ 0.438 ' * '•""

0.058

2.08

0.24

NOTES: *: restricted parameter.
d: equation including time dummies.
Cols. 1, 2 and 3, T: 1960, 1965, 1970, 1985.
Cols 4, 5, 6 and T: 1975, 1980.
Instruments: as in Table V.2a.
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Table .V.8 .
Dependent variable log(Y /YT).Sample

B2

A
m

A
am

V

A
vtm

A
vam

A
X

a

<t>

R2

a
DW

"imp
X.imp

Estimation method:

1

-4.30

(2.77)

0.02

(1.36)

0.03

(1-16)

-0.14

(2.65)

-

-0.10

(1-94)

0.003

(2-07)

0.54

(9.30)

0.02*

0.486

0.062

2.15

0.46

0.027

non linear

2

-4.32

(2,74)

0.01

(1.28)

0.03

(1.07)

-0.14

(2.62)

-0.09

(1.70)

-

0.003

(1.97)

0.54 ,

(9.13)

0.02*

0.478

0.062

2.09

0.46

0.027

instrumental

3

-4.21

(2.74)

0.01

(1.19)

-

-0.13

(2.44)

--

-0.09

(1.80)

0.003

(1.85)

0,54

(9.22)

0.02*

0.482

0.062

2.22

0.46

0.027

,i:l,.,24.

variables

4

-3.36

(2.67)

-

-0.11

(3.37)

0.003

(2.13)

,, Q.50 f, , „

(8.97)
*

0.02

0.467

0.063

2.30

0.50

0.029

NOTES: *: restricted parameter.
T: 1960, 1965, 1970, 1985.
Instruments: as in Table V.7
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Table .V.9 .
Dependent variable log(YT /YT).Sample,i:l,.,24.

B2

A
P

A
m

vtm

A
vam

A
X

a

Y

4>

R2

a
DW

"imp
X.imp

Estimation method:

1

-19.6

(1.61)

-0.08

(1.78)

0.08

(1.87)

~

-0.23

(1.35)

0.008

(5.40)

0.79

(8.54)

--

0.02*

0.460

0.057

1.94

0.21

0.012

non linear

2

-21.8

(1.57)

-0.07

(1.60)

0.08

(1.87)

-0.30

(1.42)

-

0.008

(5.65)

0.80

(8.83)
) ___ ,t

0.02*

0.480

0.056

2.01

0.20

0.011

instrumental

3

-31.5

(2.10)

--

-

~

--

0.007

(5.02)

0.85

(14.7)

0.02*

0.437

0.059

1.74

0.15

0.008

variables

4

-29.0

(2.32)

-

-

-

-

0.009

(6.40)

0.46

(3.79)

0.39" ^ ~

(3.64)

0.02*

0.547

0.052

1.99

0.15

0.008

NOTES: *: restricted parameter.
T: 1975, 1980.
Instruments: as in Table V.7

90


	Growth, Convergence and Maeroeconomic Perfonnance in OECD Countries: A Closer Look
	ABSTRACT
	I. Introduction.
	II. The 'augmented' Solow model.
	III. The Data.
	IV. Cross Section Estimation.
	4.1 Results for the whole sample
	4.2 Subsample estimates
	4.3 Growth and medium term macroeconomic performance

	V. Pooling.
	5.1 Results for the whole sample.
	5.2 Subsample estimates.
	5.3 Growth and medium term mácroéconbmíc performance
	5.4 Convergence and non convergence across the sample period.

	VI. Conclusions.
	References.
	Tables and Figures




