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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 -
Il‘el'i_ocll).l In periods of recessionthiey ‘é¥en dutperforin growth related *
variables.
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1. Introduction.

Increasing economic. . integratidn.«amongn - the~ European-~countries is
expected to bring aboutfaster average growth:. Lessadvanced~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 out: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 - PRPsu.for«private: andi: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 Sala-i-Martin (1991), Mankiw, Romeér and. Weil (1990)-(MRW" thereafter),

Durlauf- and Johnsen (1992) and others!, Ou‘p-'ihterest,is:-'.::no‘; merely to asses

_

1 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 Bemnard and Durlauf
(1991). Altematively, 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 Selow (1956) model. We. provide
- sestimates-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 10 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: dealmg with convergence.
among countries off their balanced growth paths Thcre are many macroeconomm
features of OECD economies that are difficult to introduce in the narrow
margins of growth models (either of the ’endogenous’ or the ’exogenous’
typez). 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-s;sinstaneé;iAghiomgand;zﬂowitt.i(1991');,.-' Bean
and Pissarides (1992)) have not produced clear cut MemIKJiIical propositions
yet. The analysis in this field has proceeded mainly through empirical
estimates without solid theoretical foundations.

2 See Sala-i-Martin (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 alterative

specifications.

The model and the theoretical arguments are sketched: in -Section IL
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. Ainterpretation,

as well as with suggestions: for.further. researeh: The: oxerall . 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 countﬁes;;e= :depel{ding: on their
income levels. Convergence seems a feature Qf 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 retums. to
scale technology and three productive factors, efficient labour (AL),
physical (K) and human capital (H),

Y, = eﬂ(‘z‘ﬂ”{(AtLt)B orPry=t S

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

(5)
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where n and ¢ are the exogenous rates of growth of population and labour
augmenting technical progress respectively. The parameters: S, and s,
- 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 §4=5"=5.




Solving the model, the uniquessteady-state input combinations can be

~shown to be;

. * . -1
L 1 estY Y B
K _ k h (6)
AL | — n+{+0
L I 1
- R R R
H _ 9.sh s | *
AL | — n+0+0

plugging (6) and (7) into (1) we can write the expression for the steady
state per capita income as follows:

=A" (8)

n+ n+6G+
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- -The “main ~implication of - this model is the so “called . conditional
' convergence proposition, which means’ that 1n an ‘economy of this kind, per
capita growth between two penods of time (T and T+'c) can be expressed as a
fraction of its distance to the steady state at perlod T. In particular, it
- may be shown that this growth can be expressed as (for a detailed discussion
of this prbposition see Sala-i-Martin (1990a and 1990b)),

Y Y. 7 | Y
T+T T _ -AT Y T
m[WT+’C ]Jn[mrT] = (1-e*) m[ ']"[TKETT]
9




where A is the rate of convergence that-can be written as
A = B(n ++8) o (10)

For a given 7T, the larger A the closer the economy gets to its steady state.
Similarly, for a given A the economy approaches its steady state as 7

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 ith" country, -the . empirical - counterpart -of (8) and (9): are the

following expressions:

» -1 . * . * ) I* '

Inyl, * = B +0.T+f; [ociln(s]‘c Myln(st)-(o ) In(n’ +¢i+5i)]
(11)

Iny., . - Iny = o7 + (1expLklt})[Blz+¢melmy}*lny_; H*]; B

(12)

where starred variables represent their steady state values, and.
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The main purpose .of .this..paper..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 \;pérame.ter- se‘t..-{'Bls,Bé,a,y,QJ,-Zg.}:_k,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 T be large enough (30, 10 or even 5 years) as fo remove
- the -contamination of -short run- fluctuations- in the -econemy.-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

data set share the same parameter values in the productién .:function%,
o.=0, Bi=B’ Y=Y, $,=0, 6.=8, Ap=Ay Vi

so that the empirical model becomes™.

Inys,* = B +4T+" [aln(sli(*)+7ln(sli]*)-(a+y)h1(ni*+¢'+8f)J"+vi*

i i (1 AT
lny,iwc - lny,; = 0T + (l-e )

i i
[B ,HoT-Iny, +lny . t*] +1,

3 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,

4

We could calculate a different 7Li for each country. However, upon the

imposition of the same technological parameters, this would lead to the
unattractive  result . that. . economies: . with: . 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)

A = BE+y+S) | o s

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 A can be recovered from' the parameter T, in

Inyl -lnyi=m +m Inyiem nsiyem Ines e Inn! v o+8)+e
Vg YT T Y TR INE, JETRIE, Ty 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 'éompare
the fit with the unrestricted“linear*model «(Y6) + Fhe “overatl - 1oss -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°):




Iyl - Iyl = ot + ('1.-e"‘_'5),[3§f¢~1:-1ny;]+n; (14)

s sl e, o

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 ratesand ' population-growth), For ‘that -purpose we shall
estimate also the model in (14’) and (16’) to compute the raté of absolute
convergence and to’ analyzé to what extent the steady state varies across
countries and how it is related with the initial conditions at T.




II1. The Data.

Most data in our sample are taken: from OECD-ls,tatistics;_, 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 homogemze all- magmtudes ‘The use of exchange
rates (usually $USA) is nusleadmg 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 (1980) Summers
and Heston (SH, 1984 and 1991), and. several mtematmnal mstltunens (OCDE_;
~ and Eurostat) have proposed the use of the purchasmg power parltles (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 .
index. from,.national,,accounts .and

transformed in real terms using,its,price in !
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 1o its exchange rate (the comparatlve prlce 1eve1)

and its per. capzta income using exchange rates.:

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

90 85 USA .
PP Usa = PR Usafbsgo’bs,o0) 1= L2
where 1 is the ratio between price level in 1990 and -1985.

85,90
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Empirical growth  studies have-trditionally used the Summers and Heston -
- data -set, known .as Penn World Table mark 5. Data covers a wide rage of

countries from 1950 to0..1988. However; there:-are _._several" reasons. that justify

- the -use of a-different.:data: set. First, “we areinterested i wsing. :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. Alse, it
has to be noted that SH variables for countries with more than one benchmark
have slightly modified national uaccmums:-,;de’tta',,.,_.whichi-‘ar.e;:; obtained 'using a
consistentization procedure, and ‘that makes more difficult. to assembly the
series from different sources. Moreover, this problenr is aggravated because
national accounts data have been revised in recent years.

coesiSecondy SH do-not: maintain:.=the:ﬂxiiy;\..conventiOn in PPP.agreed by OECD,

which allows the original resulis of OECD countries multilateral: eompanisons..
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 importsé. 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 . censtruct.a. new. series of..PPPs, " taking .inte ;account " the
original- calculations involving. OECD membersin 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.
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results. We are currently working in this area, making a sensitivity analysis
of -how changes in PPPs affect convergence and- macroeconomic. 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
discrepancy in the case of Turkey7. For that reason, we estimate Turkey’s
1990 PPP for consumption, investment-and-public' expenditure, and use the
standard Geary-Khamis method® 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
- Geary-Khamis ‘aggregation method’.

As it has been noted by several authors; the ratia. Investment;over: 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' pdor*" countries have

higher investment prices in relatiVie'tef

This discrepancy is corroborated compaﬁng 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 . liras, while
National Accounts publication, alse in 1992, uses a GDP of 283187
billions.

See Dabdn and Doménech (1993}.

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 III4). 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.

10 As an example, in average for 1960-1990, Japan had a nominal and real I/Y

ratic of 31,3% and 257% respectively, while USA had 18,7% for both
measures.
12
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every couniry’s ratio of its muain-aggregates to its GDP is expressed in real

.ter.ms, i.e., -we use-different PP_Ps for. each compo_nent.

Table III 1 shows the 1960 1o 1990 averages of. the main:variables.used
in the following sections. Comparmg 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 IIL.3
~show thesevariables for-differentsubperiods. 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 couniries 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 1960.: There. is a
: strong negative relationshi'p.. This is the basic representation. of what is
called unconditional convergence: poor countries have: higher rates of :“gkrow'th
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 penods 1960—75 and 1985 90 -panel (a) and 1975-85 -panel
(b)-. As panel (b) conflrms 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.

Usmg the  standard results of the' parmmned matrtx 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 interpretedﬁ'i'as;;v-a-—.‘:ﬁrst f'Approxima»tiion" ‘to' conditional -

convergence.

13




Figure 4 shows the positive correlation-between-real -investment share
as percentage of GDP andper 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)11. As table III.1 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:: ¢asinet: 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 exporis
and in income after:controlling by /Y, 1960 per. capita income and populatidn
growth, as some growth models predict. Figure 7 shows a slightly negative -
correlation (higher excluding” ‘s chunmies)~ between=i¢a¥ 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

11 ] . . .
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 - seome countries (e.g.: Switzerland). - Kyriacou - estimates are available
for 1965, 1970, 1975, 1980 and 1985, but for Ausiria, Belgium,- Finland,
Netherlands, Norway and Switzerland there are some missing values we  have
interpolated.

14




controlling by the saving rate (I/Y), initial income and population growth,
12 X

- ~whilepanel:(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-growth. “However; the largevariance-suggests:that-there

is a little evidence.

Figure 9 exhibits a negative correlation (excluding Iceland) between
inflation and growth. Inflation has beenmeasured 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.

: R R T ek TR e I
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 compuiec 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 FML. ) o o

i s
v
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IV. Cross Section Estimation.

In this section ‘we estimate thesmodel :in " (13), (14),;7(15), (14’) and
(16’), setting T to 1960 and T equal to 30. This means that we corisider 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 ‘éndogeneity 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 - instraments -cutting . the
sample at some intermediate date. The reasons for not proceeding in this way
will become clear in the next section, when we -amalyze the- s&mp'l'eii-"‘?tﬁi(ing‘
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 different v&rsmnsofthe**lﬁ'teﬁr\mod%lm £16) -
and (16’). In column i 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 p.eof.~ 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+¢+6). Following the convention in

many studies of this kind we impose, at this stagel3, the values of 0.02 and

lsNeve_rtheless, in some non linear specifications -~ we - shall  explicitly

estimate (»; as we shall see, the point estimate does not differ very much .
from the restricted value 0.02.
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0.03 for ¢ and § respectively.” The inclusion of these variables improves the:
~fit - substantially, . producing a 25% . fall. in the standard.. error.. .The
coef-’f"u:ientsu:“'‘.;\t:2 and~ ;\ck 'hive;.«f the © expected:-sign: and: ~the -~ imposition - of
~~theoretical ‘restrictions (n2=—ﬂ3) ‘is not ‘rejected by the -data.: -

Most important tough, is that the negative coefficient of the initial
per capita income stands up consistently negative and becomes even more
.significant in the conditional model. Infact,‘?tl ‘increases: over a30%. 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
..:0f 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 (sh). Many
of the criticisms to the Solow model focus on the extremely simple
technological structure. incorporated in the.two inputs. constant. returns 1o
«:scaleproduction~funetion. W hat- these resilts:-show +is -in+accordance. with
MRW"S suggestion-that isolating -human eapital as an: accumulable factor in the-

production function can greatly improve the explanatory power of the basic

14 . . B L o .
We. call. unconditional «rate - at-..thewone. . obtained “.in.. the<.model without

- steady - state  variablesys This," s~ -not:: -strictly . correct.."as* “these - equations:
" mmay be misspecified.” Still, we ~carty 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: both':the  size- -and- the- sign -of - the estimated
parameters are as -expected. Theoretical rrestrictions 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 thesigns: A more detailed: 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 aboutrestrictions

that we can exploit in order to. obtain-direct: estimateszofi-the: parameters: 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 o and 7Y 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

L5 The »éonve—rgence property  is also built in some cndogenons  growth models

for particular values of the technological parameters.
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in order to achieve efficiency gains: Sécond, we run non linear regressions

- -wof ~thefully -restricted - convergence--equation;..we - have ..also.. estimated this

‘equation without steady 'state‘ variables(equation- (14’))-in- order-to ‘compare -
the “ unconditional -and~the" conditionat cdnv‘ergencef*éz ‘Mpatheseé; «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 nen 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
«ialthowgh - the. -fit .of .the steady. -state ,.,equatiﬂh is. -rather .:poorIG. The
convergence equation fits better-‘than its linear versioh 'with -a” moderate : fall'
in the standard error. Similarly*“the cross equations :restrictions: are. mot -
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
- income (&zﬁzf%lﬁ). 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%.

16 This has two  possible- -explanations. = Qn - the . one“'haﬂd,a.-; 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:
-4n- modeling aggregate --macroeconomic - variables. We  shall returmn 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 technotogical 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 -(ﬁ) is -about. 0.33, .quite ‘similar to -the -values:reported in MRW,
Durlauf and Johnson(1992) and Holtz-Eakin (1992). Estimated o are slightly - -

higher than expected; nevertheless, values: -around 0.40 :are- in the-rangesof. ..

those reported for the nicher countries in- Durlauf and Johnson’s paper, who -
report values between 0.34 and 0.55 for samples containing most OECD
countries. On the other hand, 'y is sllghtly 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 7y is aroumd: 020z :

The convergence rate (5:.) 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, -

A = BE(n40.05)/24 = 0.019
i
A = B(n++0.03)24 = 0.022
S T .

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

A estimated  in 'c_olumn 6 (0.023), in which. p-arameter‘ 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)-displays better: standarderror. and . R? than. the. partlally

~restricted-one-¢tcolumn 6). ...

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 it.would:take. twice as much:time for OECD
economies to reach the same level of per capifa income, than to reach each
country own’s steady state. There is- one -additional- insightwe can get from
the explanatory power of the unconditional convergence model. In this case
the fu]]y restricted non linear version fits significantly worse than its

l-inear:u@ounsterpart!zy-

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 7in..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

7 G, 4=0.118 versus G, 4=0.1\12“ in-_the  conditiorial: model, whereas for

the uncondmona] model G =(.173 versus O, =(.193.
v.l.1 iv.2.5
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convergence regressions émong ‘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 IIl-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 economie: -
achievement may be expected. This means that we may split the OECD sampleion
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 0, may depend on capital intensity in a non
continuous fashion. In this the case, Durlauf-and -Johnson:{1992) prové« that
B, in (14) will be higher..for: richer:countries,;-ands. thak : the. parameter
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. 'subsamp‘lve-sr of 23
countries, and selected those couniries whose exclusion: produées a 5% change
in some of the parameters Rl’ ?t , ;\t3: ‘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, foilowing‘ Du.rléuf 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 spliiting -procedure but we chose groups of countries large
enough ‘as :to" be’ ‘abléto 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
19908,

Before describing the results.in TFables.TV.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; stheparameter: values -are significantly . different from those . found for

the OECD as a whole; in particular, the augmented rate of. population:igrowth
(n+$+0) tums out to be non significant. Turkey presents the:highest rate.of
" population growth and one of the lowest -rates of - per ;éapi‘ta .grov{/th‘ in the
'OECD; the negative correlation between these two variables is strong enough
only because of this outlayer. Similarly, the positive cormrelation 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 Tables IV.3 and IV.4 we present estimates of the model (14) and
(147) 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 couniries- have
‘been permanently-at the bottom in:-the OECD ranking‘»for}.v.perf ‘capita-income.

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

Actually, - none ofi. these:-. procedures. can .be - formally  justified. ~ An
aiternative. methed . based in - more --solid - grounds - .is.-tried  ‘in...Andrés -and.
Boscd (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.
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the way we do in columns 2 and 3. We first-exclude'® from the sample the seven

richest.countries

20

A careful look at the estimates reveals some striking:differences. . -

Yy and, to a lesser extent, ¢. Differences in B

“in' 1960 (column 2).and then the se:.ven»poore:st21 (column 3).

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

2

and y are consistent with the

technological non convexity argument discussed earlier. In particular the

sharp difference in the constant. term-: B2 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 (Ao) as well -as a more efficient

technology (6) at a given point in time

22,

- P R.-1,_ AR R
Bl; =5 «11n9P+1nA0 < —Bl; ={(B") ' In6 +nA

This is even more evident if we consider-that the estimated-p 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

A taking in account the estimated rate of labour augmenting technical

progress (¢) that turns .out to be non significant for the poorest couniries;

in such case the rate of convergence of the former group: is twice as large.as
that for the latter. Finally, the. overalk:fit.-of.thes.convergence; equation. ist

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

common feature we shall find in alternative specifications and which we shall
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The results are rather robust to the ‘cut-off income.:level. We: chose this
split in order 1o 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.

USA, Switzerland, New Zealand, Luxembourg, Sweden, Australia and the

United Kingdom.
Turkey, Greece, Portugal, Spain, Japan, Ireland and Tceland.” -

Helliwell and Chung ~(1992) also - report- .sizable :. differences in the

constant ‘term once their -full- sample —is  divided .. according - to. per

~income ‘levels. These differences present the expected sign, the

term being lower for low income than for rich income groups of countries.
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discuss latter.

. Most of “these: results - catry.: over 1o the. -split.. based -in- the: 1990

~relative wealth™

‘Again, ‘thexparameters; -as -well :as the - overalli: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 splitithe 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 eriticism.. Similar per .capitaincomes.in .1960.may be consistent-with .very
‘d‘ifferent grthh prospects, so they can “hardly bé taken: as-. similar
technologies. In this sense, -the:-alternative ‘split, based -upon:199¢ ‘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 Iegressions fortheﬁvwﬁubﬁmﬁlmlmﬂﬂwndlttmlmdetﬂw
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::inital - conditions: :and.. the. steady" state:is. strong . and
positive among p.éo.r: countries; the lower the:-nitial conditions the-lower the
steady state

3 In this case the. .sevem . richest ,..‘,-'co'uritries.-v‘.f" are: ~[JSA,  Switzerland,

Luxembourg; - ‘Canada, -Germany;. Japan++and: =5Denmaxk.";Orrzr“’?:_thc* 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 --‘slightlysfwmsef,v 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 irrelevant. The abselute 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 uncenstrained 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 these: two: approaches::stille remaimsito. 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 QECD :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 convergehce 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.

26




~-Starting .with Kormendi and Meguire’s (1985) seminal work, a series of
recent papers. have. run..convergence .. like: -regressions...allowing for
“NACTOSCONONIIC -i»&ind«icators:‘»:i{I!he;-ae;emaim'mgumantea:jn: ~aznutshell: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: to: the: publicsector: size, -trade . and
ndminal_variables such as inflation and the like,

Public spending (coefficient —AG 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)):H they.  are
so, as in the case of infrastructure, justice, etc., they . increase. I:).ch;!;th‘e;%;'
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 fotal
__investment variable, with - ‘positive 1nfluence Oon. growth -as in. many- other
studies (Grier and Tullock (1989} have only ho nim:mamen about:
public consumptmn24 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 - vvariables:‘, -inflation:. ‘v(:c_oeffi_cientA-‘.;;;AP)-,,,-:,in-ﬂat;ionf.;-_ growth
(Ay),
growth (AV A), money supply growth (AM), unanticipated money (A AM)’ standard

standard deviation- of inflation (AVT), standard- deviatiop of -inflation

24 A more disaggregate. information  about . transfers, . infrastructures,  efc.

has proved difficult to assembly ~for:: the -time - being,. We' have -also. been-
unable, for  the time being, - to construct a igood- ‘data- ‘base. for other
fiscal variables such as public deficit and debt. '
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deviaticn of money growth (A and standard error of unanticipated money

v and
(Ay AM)' The " expected sign of all -these coefficients--is ~negative -with the-
exception AM and A AM 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 wvariables ‘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
also long lasting implications25. 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. inr

A

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 “of* “couritiies® more - actively #involved:va . 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 .te 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

23 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 comrelated with~ growth (once the effect of
initial conditions has been discounted)

28




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.

e More rrecentlyy-and mthe scontext .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 onits 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 1s 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, these countiies “specialized in; the Vhuman: 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 significant: positivey:-correlation with -.growth::. that - remains
robust no matter which other variables are.included: in - the. Tegression. 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 proceéded 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
i i AT i P
Iny}. Inyi=gre(1-e )[B2+¢T-InyT+1nyT+t*+}J:Aij] +TA X 41,
(17

where k indexed variables are -those related: to-trade and j 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 spublic. consumption to GDP. (GY)

appears negatively signed in most specifications but with a low- ¢ ratio;

which is only slightly above 1 in.the model including; other macroeconomic . . .

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 our326, 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-Reénelt:¢1992) in"a: comprehensive stdyyfind. .

that 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

26 In  fact they obtain - this -result in a ‘poélinge- model; as we- shall see later
this weak correlation among . growth. and public . spending-. carries over to
our pooled sample model.
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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; - Qur - results ~are- consistent- ‘with. - Kormmendi..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.. growth:. 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

- shavessuffered -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 impertant 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.irade.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) and- 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 A.
' The comprehensive work carried. out: by‘ﬁevine. and Renelt (1992) shows

how fragile are the findings about partial correlation's--amdng‘ growth and .most

macroeconomniic 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 robusiness 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
corresponding dummies were never highly ‘significéntzs, which ‘means that no

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

As can be seen in Table 1V.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 macroeconemic: impediment:to: growthu:

28 The highest t value was that of Iceland around -1.70. '
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V. Pooling.

- Cross section resuits, .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 econ‘omy;' 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, 1976,-1975; 1980 and 1985.

This amounts to reformulate the model_ to,

. - . * . * " *
Iyl * = B +4T+f 1[aln(sl'a)wm(s;T)-(a+y)m(n; +¢+8)] v
. (18)
lny,}.ﬂ,. - lny.ir = {1 + ( 1-e'}"t) [B2+¢T-lny,;.+my,i.+t*] .
(19)
~or in linear format,

i i i i * + % . P ok
.7 -y =G+ Iy T Iy )40 In(sy 4T, Inn "+ p+8) e

T
(20)
where
i=1,2, ... 24
T = 1960, 1965, ...., 1985.
T=5
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The  second ‘advantage “of ‘the” model:in:( 1'8’),.‘“(’.197)3.»’ 20)-1s-to-enable us
to improve our understanding:of uthe::are.lh‘ticmship- 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.

e Avthird -advantage ‘of “the “pooled:sample- is ithe:possibility: 1o carry- -out
some tests of structural stability on the convergence model. Growth rates -
have been far from homogeneous along the sample period in the~OECD:; 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 Sclow 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 convergencé: remains’Stable régardless“oft avebage '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.

Firia‘lly,‘ there«are; two - ways in-which+the ecénometri‘c;\.'sp‘eciﬁcatinnh- 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-ef the simulaneity bias is expected.
to be small in- the cross section,. given+ithat only -the last .element in the .

full period avérage of each variable is simultaneously determined with the

34




final year per capita income®”. However, in fhe‘-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 -.rallbwing for time

invariant 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.1 partially confirm the
results found in the cross section model. The coefficient of initial -income,
T, is negative and highly significant. Tncluding the steady state variables
improves the fit with a 10% “fall “in"the *Standérd “error; “Hif this* tase the -

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

increase in ;\tl, 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-»'acccpted-by, the data;-as- can.be: seen-in the
unchanged standard- error. Unlike the: cross section. case, ‘j'in.._:,the-f---p.ooled data

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

29

Although this is not teue for the steady . state - equation...

30 . . .
The contrast of country specific - parameters 1s- now-- in the  research

agenda; given the heavy non' linearity involved in (18) ‘and (19) this is.
not a frivial task in particular if this  individual effect affects the
parameter §.




- 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 -
(cdlumns 2, 3, 5 and 6) imposing “all  eross’ 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

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

different rates in each period, substituting: the linear - trend by‘ tlmef

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‘, Y, ) with o slightly lower than expected (0.24). The restriction imposed

-.on-¢ is easily--accepted; - free ‘estimation .ryleld: a. .pomt esumate -around. 0.01.

Unlike the linear case; once wé' imposet
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:. equatmn presents.. -

“ioa- poor - fit -with - arslow DW2. Moreover the - rejection.” of: theoretlt:al

31

By i#ts own nature the impact of s_ upon growth only works over the long

h
run. If this was the case, . shorter period. cormelations. - 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. : BRI B R .

3 . . . . .
2 Residual autocorrelation is common . to most estimations of the production

function, and the steady state equation s a rather  straightforward
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restrictions is overwhelming; the point estimates of «, Y and ¢ differ very
much - across - equations and -peint- to -very- different:technelogical -parameters,
as can be. also. .seen. in. the corresponding -\x-z,-.statisties; significantly higher

than their critical value.

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
statistics as the wunrestricted linear model (3‘=0.076). We obtain an
-illustrative picture- comparing the estimates in- Tables IV:2 -and V.2a. These
statistics (&ss’ f;’ss’ gss) are very. similar for the steady state equations in.
both cases; however, this coincidence. does not carry over:to the comvergence -
equation. Unlike the cross section case, here the convergence equation fits
rather worse in the fully restricted model and the parémétér 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:somewlere i the middlesof-thoses feand . -
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 1it-at the steady sta%te_‘peim estimates: (1.5%- anhu-al‘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 p,arameter. 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-equarion
restrictions are stiil rejected but not'at 1% level of éigniﬁcance although
the pairs [oc ¢ y } and {Ace, Y, l are still pretty different. Nevertheless
the estimated labour share and convergence rates are fairly similar and much
“~¢loser “to - the values found - inthe -cross- section -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-oriew As" in-
the cross section model the poor fit of this equation as well as the
conceptual difficulty of using average (Y/L)T,T+'c as the steady state proxy
makes it advisable to focus in the convergence model. ‘

~Ine Table ‘V.2b-four versions of the convergence equatlon confirm most of -
these results. In columns 1-and" 3~ t&chiti gress
trend and 7y is set to zero as it turned out to be non significant. When the
estimation yields implausible parameter values of ¢ we choose to set it to
0.02. The fit is similar in both cases and the same happens with the relevant
parameters «, ¢ and A. The direct, .estimation. of. A fums. out. to..be rather
precise. When time dummies-are -considered:and- ¢ set t070.02" (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)

and 2.6 (if directly estimated33). In column 5 the specification of technical

33 This value  falls somewhat off - the réngc -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 andgenerates:an-abrermally-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 (o+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”withéut- 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. and. we. are::interested. in .
testing whether there are significant differences in-technology ameng c.ountry

subsaniples.

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%), andimproves-fhe 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 . positionkinr 1960 (columns 2 and 3 respectively)
are stnkmg The relative size in B2 ‘goes “in the direction suggested: by
theory (B <B ) pointing ‘towards huge:differences in: efficieney :in" the use of
productlve factors in- favour of most advanced countries. These differences
also arise in the estimated rate of labour augmenting technical progress ($),
which is higher for rich countries than for poor countries34(3% versus 2%).
. The discrepancy in the capital share is even larger; the point estimate of &
for poor countries is almost three ‘timies” 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 ¢

+++(0.02)~ convergence has-proceeded-twice -as-fast -among initially. rich. countries

than among the poorest ones. When we computed A using the point estimate. &,
the differences are much larger; faster: technological «progress. ameng: richer:
countries has made convergencé 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. -

‘and -the scale effect (summarized® i *'Bf} are’ "mgmﬁoamty sbetter for - rieh

countries and so is the rate of technologlcal 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.
Calculated. at. $ this difference. gets wider, the: former being three. times, the
~ latter. -Nevertheless, again- the. x.e‘stimate.df*-f.capita'l=‘-*share7:;;_*i‘s-:’frather'fr‘ 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.

A .
34 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" modetis in"'general badly.-specified, we should
not tmst very much the point estimates. Nevertheless, the differences in B
& and q> in columns 2 and 3 versus columns 4 and 5 go in the dlrectlon

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 podfer’
countries move towards lower per capita incomes in 'the“"l'dng"“mn‘.‘ﬁ"Sinﬁlafiy,
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 1s negatlve (among the nchesl countries  in
1990). The rather implausible’ valties of“ thé \
5, as much as the unimportance of the steady state suggests that the strong

param

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 m‘ediUmterm‘r"ihééroeédhbiﬁfé ‘performance

-One of the' main advantages. of -using" 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 ‘publie-spending may-be -growth ‘-'pr'omoting,
both through its supply: side effects and also introducing the necessary-
demand impuises 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 :indueed..distertions «on: productive . factors. supply predominate over

and above the beneficial effects of public consumption ifi education; ‘law, -and-
social stability (transfers; eté.)35.‘ 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'fo remain -
stable over the cycle. . Inflation;for:-instance; imay % bes any. undesired.
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- -‘st.age‘s»‘ of'development--achieved--by - OECD
- -economies from 1960°to 1990 and alsocancels out the laige variations in the

average rate of growth along the sample period.

33 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 corretation with growth (Perotti (1992).
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Finally, the variables taken to measure the short run macroeconomic
- performance are to a large extent endog.enous.ato.nthe -growth-process. This is
more evident for the case of ‘the-irate -of - inflation: 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
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 usingcurrent-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 ¢ is exogenously
restricted: -and -the - trend:is “excluded. Freeestimation ' of ¢: ;zjn"f;:equ;al:iQHS‘-' ‘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 interestrare. fairly’ 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 inr average growth for reasons
other than variations in: the. rate-«of techuical  growths:and ~may . be: highly:
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

36 ' . .
As the economy grows, the presence  of economies :of scale may increase

competitiveness ~and. exports. .. However,» 1o - 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 As turned out to be positive in

some.- uspec.iﬁ-catvionsj-—...-anda»--‘negatia\&e -in...others.«but withi. a '+ statistic..always

‘o ibelow 0.5 This result ~contradicts: “somehows :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 ftried, 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 AP -is - robust- to+ .alternative.
choices among the macroeconemic 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 -gemuine:
price distortion and. uncertainty: -.effects. that: may.. mduag mlsqlloeauonsof

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

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 abbve; 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 impiying 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)37). 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
“Tun-neutrality: ‘holds38,- ~what ‘we - can. elaim-is that results.in:Table V.5 .do not
rule out such possibility. o

We have also tried the acceleration of money supply as a proxy of
unanticipated money39. 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=iis: net:-robust o changes: 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 1o test this
hypothesis. ‘

39 This is a commonly used assumption if money growth.follows a random walk,

AM = AM_ + ?’;T
where §T is white noise, then,
2

MT_E(M"T)=§T=AMT‘
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convergence equation. The (log’ of}* variance of inflation, money growth and
; _.unan.:t»ic-ipa‘ted - money - enter . significantly in the equation with the expected
negative -sign.~The -variance: ofz-«-inﬂ&ticml'appean-s.,»rstrbngly significant.-(as .in
o~ Grier-and  Tullock*(1989)):inequations:not ineluding:athersnominal . variables,
mainly inflation and money supply growth; however, when these variables are
brought in the ¢ 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.timeseries behaviour of-moeney 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*~>'—theuvariahce: in.
money supply is a better proxy:for fhc- 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 gxports; out..of;the; several ‘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 falls-ir. 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 ! statistic-close to the -level of significance
(between 1.5 and 1.6). | e s
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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'\;:.a;éeems- to. have
affected positively the rate of growth of OECD countries; nevertheless; . this
does not affect significantly to the estimated.A. This may: i-mply-;;that:expd%tst
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-have discussed :so:far. After-cheosing -the best.
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-rinr.--Bz 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 AM 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 AP AM and AX which increase by a

50%, and with the ratio AP/AM 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 1o -that:-value.- . Notice:that: the .implied- production
*function” is “now - very =ypehsdike t—.»‘v”[‘he‘:‘f'—"G'Iw}xa‘wdls',awn"=;2-«:f«fﬁﬂl@‘;%é‘ﬁh:e-.';_;«crﬁss. ssection
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 .perfoimme=, across’ OECD countries.. This 'may
- lead us to two alternative éoncltisions._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
~-wavith - 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 ‘t]tat’»l;ong- Tun-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 in'terpretation 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 .ferm
macroeconomic perfdnnance 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 discu'séed in section -
III. These periods capture ~better thaw # set' of - variables: thé 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.convesgence, we chose this
splitting in order to isolate fast grbwth\.zands low growth. periods.. Furthermore -
we have proceeded to esﬁmate 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. . Cenversely, estimated factor shares for- periods 1975-1980 and
1980-1985 are rather different. from: the-other: estimates;. leading to very low

--convergence rates andsuggestinga ‘genuine:change . 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. version:(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*"differencesf 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

~w-one.-fourth in«.period.-I1-as -compared..with period L. .In--fact; .the . abnormally

high DW casts some doubts on the adequacy of the Solow medel for the Jow
growth period. Tuming to-the-estimated -parameter values we-see .how: nl is-
also much lower and less precisely estimated in the second subperiod. The sum
of coefficients 1'!:2 and 11:4 is also much higher in period II, this suggests a
much lower convergence rate in this period.

~ The change in the regression resultsin .response- t@ thc inclusion. of*
t1me 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
differences among 1,;:1 are now far larger; falling to 0.09 versus 0.14 for the
- first one.. When: human:-eapital is-not considered:the model -even::predicts non
~convergence -at.all. The human capital:::vproxy,-?is “crucial-in-the second: period;
if we exclude it, the Solow model collapses, and 7, and T, become non

1 3
significant.

In Table V.7 we proceed to estimate the nondinear model (19). Again
the: model displays a very poor fit for: the:second- penod when time dummies
are not mcluded (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 ¥ much more precise in period I, whereas
the gain -in the - standard: error of Y is* much: more-modest-inperiod - II. The
difference in the estimated rate:of. growth of labour:augmenting technical
progress is also remarkable. The point ‘estimate’ of -¢r 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 A (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 con'\}ergence in
fast growth periods is twice as large than during the period of stagnation.
If we compute A 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 B2 are also fairly substantial and point to what theory: 'Suggests:r
the estimated value is much smaller in the period of.low. 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 equi‘li.bria (see
Durlauf (1991) among others). . wi - e o bimato. ' |

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
widens. the -differences -among: B 5 across-subsamples:-This better:fit-gives more
relevance to human capital in the recession' period. ‘Again’ the estimated o, 3
and vy 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-rv-estimatésa.during deep recession

periods, unless one is prepared to ."accept«.(..‘that,,capital'. is. used more
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efficiently in slumps40. A valuesare -again - significantly different across

_periods,. regardless .of . whether . they. are. estimated directly (3.2 and 1.8 vs a
2.6 average) or calculated- ‘fr.om»@s.ﬁ=matcd,~:parameters“r(Z.ﬁ and- 14 vs-a 2.3
~average): ‘In"the-low- growth period; -we~find that -k is+not-only -smaller; but
also much less significant with a drop in the ¢ statistic towards the limit

of non rejection of the null of non convergence.

The changing impact that time-dummmies 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- what 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
~80° far.«A genwvine:-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 Tates have recovered despite- high inflationand - -

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: resources:that ynemployment. rates: at.their.

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 fUptherfr;s;éommems.‘.First,
“macroeconomic variables add . very-little explanatory power to the model with
and without time dummies in Table 7. The parameter B, remains also largely

9 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, .:altheugh. slightly = less
significant, the set of variables. inthese 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 AG 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, uinflation - 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 A value is. slightly higher. tham--in-the- model . without
macroeconomic indicators. We may attach the usual interpretation to this
result. Medium ferm 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 OECD ‘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
'—,uﬁ\ﬂnner.:.':-I‘he,-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 B2 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;I in the basic
model, in the model with macroeconomic indicator this the estimated B; is
over nine times B;I. '

- There is: weak .evidence: ,,of.,a..negati\"é .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 . . . . CoL .
Again  we must not give to this correlation any - causal interpretation,

that  depends on the way . monetary . authoritigs: faced  the recession
particularly - at  its - earlier  stages... Institutional = aspects.. - related = with
the autonomy. of Central Banks - (as.:pointed - out by De. Leng. 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 A 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 réte is' now 0.8, aimost 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 cne of slow
convergence but that the historical précess 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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VYI1. Conclusions.

In this: paper we have.estimated:the. augmented Solow -model. (including
- humancapitaly for the  QECD. v.ceuﬂtﬁes.".:durinig 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 parametef 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 ¢
statistics for the basic parameters of interest and assess whether these
restrictions are rejected by the data. The basic cenvergence: .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 gr'thh rates across shorter
- periods; otherwise  the ‘pooling - model -presents remarkable : differences. with
- cross section one:.  Estimation by ‘v'non::-r-wlixilear instrumental ..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' taken-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 technol'ogi’c.al
parameters. ‘ o |

- The estimated convergence: rate is:-not . stable..either . in.. the. time. .

dimension. In periods of fast growth (1960-1975, 198'6-,1-990).vthis- 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 mnegative-

technological shocks, reflected.-in .a. significant. drop. 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 spéed 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

fesi;lts 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. seemsia:.
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 altermative PPP
indexes. Although we have not pursued this line of research here, .in some
- preliminary. work we have found. that .some . of the- r‘esults"répmted in the
literature are not robust to alternative: ,Hom’ogenizat'iem«r-zproeedures:;- 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 .1

1860-1990 AVERAGES

COUNTRY RATES OF GROWTH (AVERAGES IN %) INFLATION GDPAL REAL REAL  NOMINAL HUMAN
GDP/L  Inflaton MONEY EXPORTS L Acceleration 1960 1990  G/GDP  I/GDP  I/GDP  (X+M)/GD CAPITAL
' ' (USA=100) : ' (Kyriacou)

Australia 2.07 7.26 8.94 6.92 1.62 0.08 71.87 74.14 18.61 24,47 24.67 3010  7.82
Austria 3.03 4.68 7.29 9.32 0.30 -0.09 56.01 7714 22098 23.26 25.58 53.90 7.61
Belgium 2.91 4.99 5.94 8.55 0.29 0.05 57.12 75.80 18.90 17.78 2023 108,87 8.48
Canada 2.89 5.50 8.74 10.91 1.33 0.10 66.37 8753 . 21.72 20.78 22.32 4234 - 917
Switzerland 2.05 458 5.70 8.52 0.80 0.05 92.97 96.41 12.93 24.10 25.78 68.74 6.24
Germany 2.72 3.08 7.97 8.72 0.44 -0,06 67.52 84,97 21.43 20.77 2249  45.89 9.36
Denmark 2.42 7.30 11.39 7.20 . 0.39 -0.09 69.60 80.10 28.88 19.72 21.37 64.77 7.41
Spain 376 1038 15.41 1128  °0.81 0.16 32.48 54.71 16.94 18.69 23.44 20.54 6.87
Finland 3.41 8.23 12.28 7.70 ‘0.40 001" 51.18 78.11 23.37 28,87 26.14 52.30 7.77
France 2.74 6.91 '9.56 8.12 0.73 -0.02 62.91 79.67 20,08 19.97 22.65 34.61 9.40
United Kingdom 2.1 819 - 1032 5.63 0.31 014 7155 7558  30.23 1348 1825 3856 7.7
Greece 3.77 11.76 17.27 987 066 0.62 20.65 34.74 19.93 16.99 2150 3057 752
Irefand 3.16 8.80 10.06 9.64 o7 -0.16 3553 5073 - 22.43 17.72 21.94 78.45 7.79
\celand 4.10 2815 32,64 707 . 124 -1.23 44,82 7984 1991 2443 - 25.07 89.79 7.56
Italy 3,33 10.01 15.73 9.44 0.46 0.18 48.92 73.24 19.39 20.13 23.26 28.62 7.92
Japan 5.04 498 1204 10.86 '0.94 -0.20 33.62 8181 1390 25.74 31.31 19.48 832
Luxembourg 2.45 5.19 13.44 690  0.64 0.23 80,10 89.32 16.16 22.26 2516  160.02 6.10
Netherlands ' 2.42 5.03 8.17 7.84 0.88 - -0.10 6478 74.57 19.11 19.91 22.95 84.97 . 8.41
Norway 3.12 6.51 12.81 717 056 0.07 56.90 78.28 21.39 28.79 28.31 94.23 8.82
New Zealand 1.13 8.94 '9.98 550 '1.18 0.25 81.15 63.59 21.54 15.85 22.82 41.00 8.46
Portugal 4.04 12.44 19}_.55 10.58 0.57 0.38 22.80 40.93 21.07 18.69 2533 31.79 6.20
Sweden 2,17 723 904 679 = - 045 0.22 73.28 78.49 28.88 19.05 21.03 64.88 8.09
Turkey 3.14 29.04 32.18 086 6240 1.89 15.27 21.28 21.43 19.64 18,73 11.14 4.43
United States 1,93 5.05 6.12 6.46 - 1.09 0.12 100.00 18.73 18,71 15.01 11.26

100.00

18,99

Sources: OCDE énd FMI (several publications), Kyriacou (1991) and own calculations
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TABLE .2

1960-1975 and 1985-1990 AVERAGES

RATES OF GROWTH (AVERAGES IN %)

' Money growth lNFLAT[ON

GDP/L

REAL

0.54

COUNTRY REAL NOMINAL- © HUMAN
GDP/L  Inflaton MONEY EXPORTS L Acceleration Acceleration 1960  G/GDP  |/GDP I/GDP  (X+M)/GD CAPITAL
' (log. 13) (Kyriacou)’
Australia 266 6.60 9.29 9.93 1.88 1.62 0,67 742 1810 24.99 24.93 30.16 7.67
Austria 3.63 4.75 8.97 12.73 0.49 0.43 0.04 5.78 22.92 23.65 26.15 52.96 7.47
Balgium 3.83 4.91 747 1247 0.43 0.31 042 590 1841 1847 2087  106.85 8.33
Canada 3.25 4.91 8.25 11.88 1.56- -1.34 0.56 6.85 21.96 20.88 22.37 41.76 9.01
Switzerland 2.49 5.44 6.72 11.68 1.15 -0.55 0.31 9.60 12.79 25.15 27.42 66.87 6.45
Germany 3.26 4.36 9.26 12.50 0.77 0.04 0.02 6.97 21.25 2159 23.29 44.76 9.48
Denmark 2.68 7.18 11.51 10.38 0.55 0.09 0.30 . 718 27.33 20.79 22.54 64.35 6.89
Spain 5.53 856 17.50 14.80 0.85 0.77 071 3.35 16.57 19.47 2433  20.22 6.25
Finland 4.1 816 1350 9.87 42 115 0.50 528 - 2265 2979 2646  51.45 7.41
France 3.48 5.77 9.79 11.63 -0.37 0.37 6.49 19.95 20.47 23.22 33.46 9.07
United Kingdom 2.23 7.20 9.66 6.97 0.49 - 1.42 7.39 30.11 14.01 . 1869 38.39. 7.76
Greece 4.70 9.14 17.25 14.12 -0.78 - 0.73 2.13 19.40  17.68 21.47 30.76 7.31
Ireland 8.77 7.14 934 11.23 : 0.98 0.58 367 2124 16.77 20.47 78.06 7.44
leeland 4.43 20.94 24.14 8.29 143 022 | -1.65 4.63 19.38 25.02 25.50 94.56 7.41
Haly 3.73 7.47 16.03 12.92 Q.57 20,41 0.69 5.05 1960  20.98 2343  26.95 7.70
Japan b.24 5.91 15.82 13.50 1.07° -0.52 .00 3.47 1395 2593 3217 17.39 8.13
Luxembourg 2.91 4.77 18.05 10.15 0:89 1.05 0.16 8.27 15.91 23.74 2621  164.13 550
Netherlands 3.22 5.43 9.70 11.45 1,09 0.54 0.31 6.69 19.28 21.16 24.20 82.60 8.29
Norway 2.74 5.81 13.49 9.19 0.70 0.03 0.39 5.77 21.15 29.00 28.19 94.78 8.75
New Zealand 1.45 7.06 10.99 6.97 156 0.72 0.42 8.38 20.86 16.16 22.47 40.90 8.39
- Portugal 5.45 8.33 14.47 13.69 0.34 1.38 0.31 2.35 20.07 19.24 2455 34.31 523
Sweden 2.94 6.48 9.24 10.10 Q.61 1.01 0.79 7.56 27.69 19.80 21,93 64.14 7.86
Turkey 405 = 22.03 29.38 8.67 257 2.30 1.57. 158 21.13 19.46 18.46 10.96 4.03
United States 2.00 4.43 5.46 8.48 1.18, 0.41 10.32 19.62 19.05 18.33 1 10.77

Sources: OCDE and FMI (various publications), Kgriacou (1991) and own cal_culations

14,56
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TABLE 1.3

1975-1985 AVERAGES

COUNTRY RATES OF GROWTH (AVERAGES IN %) Maney growth INFLATION GDP/L  REAL REAL  NOMINAL HUMAN
GDP/L  Inflaton MONEY EXPORTS L Acceleration Acceleraton 1975  G/GDP  I/GDP  I/GDP (X+M)/GD CAPITAL
{log. 1$) (Kyriacou)

Augtralia 0.8¢ 9.24 9.17 1.89 1.29 -1.92 -0.98 12.08 19.91 23.50 24.15 30.35 8.04
Austria 1.82 5.04 4.83 3.79 -0.03 112 -0.33 10.30 22.84 22,74 24,50 58.29 7.83
Belgium 1.06 5.64 4.22 1.94 0.06 -1.25 -0.60 10.41 2009 . 16.42 19.03  117.66 8.71
Canada 217 717 10.55 10.17 1.03 1.24 -0.72 11.80 21.30 20.69 22.19 4458 9.42
Switzerland 1.18 3.42 433 3.38 0.20 -0.69 -0.41 13.67 13.38 2217 22.60 75.63 5.94
Germany 1.64 3.66 '6.33 2.40 -0.13 -0.76 -0.38 11.12 21.88 18.85 20.72 50.24 9.18
Denmark 1.90 8.26 12.30 1.89 0.1 -0.45 -0.80 11.17 32.54 17.71 19.01 67.54 8,18
Spain 020  14.86 12.98 5.73 0.81 -0.40 -0.81 7.63 17.47 1750 21.96 22.49 7.79
Finland 2.00 9.18 1120 4.35 0,40 2.35 -0.91 1012 2508 = 2667 2527  55.46 8.32
France 1.25 9.78 10.08 2.27 Q:48 -0.48 -0.74 11.21 20.18 19.24 21.68 38.28 9.90
United Kingdom 1.87 10.89 12.61 3.65 0.07 -0.06 2.16 9.98 30.35 12,57 17.55 39.66 7.64
Greece 1.93 17.93 19.03 2.77 0.94 0.14 0.48 5.29 21.00 15.62 21.81 31.23 7.83
Ireland 1.96 12.81 12.45 7.59 1.09 -1.80 -1.52 6.13 2498 20,28 25.63 82.55 8.31
Iceland 3.43 44.68 52.06 5.48 1.01 -0.62 -058 9.50 20.91 22.75 23.75 78.47 7.78
taly 2.52 15.83 16.75 3.75 0,30 -0.14 073 B.92 18.74 18.14 22.64 33.36 8.25
Japan 263 a7 6.06 6.94 0.80 -0.81 -0.59 9.41 13.32 26.19 29.82 24.60 8.61
Luxembourg 152 6.50 6.04 1.43 0.22 -3.28 0.39 11.70 16.68 19.30 23.49 15563 6,98
Netheriands 0.81 4.77 6.10 1.75 059 -1.29 -0.83 11.13 18.38 17.35 20.25 92.94 859
Norway 3.87 8.50 12.80 4.05 0.36 0.37 051 992 22.23 2853 28,50 95.31 8.92
New Zealand 0.51 13.39 9.07 3.25 0.58 -0.01 003 1049 23.05 15.37 23.69 41.73 855
Portugal 1.22 21.51 16.16 5.75 1.05 0.30 0.55 5.18 2380 1756 27.11 27.89 7.65
Sweden 0.62 9.36 9.57 1.18 0.19 -1.21 -0.80 12.32 31.72 1756 19.12 68.48 845
Turkey 1.32 45.26 40.70 13.10 2.30 0.83 265 275 22,37 20.22 1953 11.37 5.04
United States 1.80 6.74 7.97 3.26 1,03 0.75 Q.60 14.08 17.62 18.10 19.52 16.42 11.99

Sources: OCDE and FMI {various publications). Kyriacou (1991) and own calculations




Table Ii1.4

‘Dependent Variable: log (v5TF/yDER)

Estimation: method:: QLS

Explanatory variables - Coefficient  t-statistic
1. Year dummy 0.176 - 5.57
$, $ - ‘

2, log (yi/yUS A) : 0.760 10.26

$. % 2
3. [log (y;/¥;ga)] 0.099 285
- 4. log ((X+M)i/GDPi)/((X+M)US A/GDPUS ) -0.136 -1.83
2
5. [log ((X+M)/GDPA(X+M) o) /GDP ¢ )] 0.056. | 1.86
6. log (Ci/GDI-‘i)/(CUS A/GDPZUS‘ A) 0.908 - 3.69
7. [log (AGDP deﬂatori)/(AGDP deﬂamrUS A)]Z -0.06F. .. =201 -

Usable Observations. = 44

Degrees of Freedom = 37

R%= 0949 R%* oo 7
Mean of Dependent Variable: =-0410""
Std Error of Dependent Vble= 0324
Standard Error of Estimate = 0.079

Sample: OECD countries 1985 and 1990, excluding Iceland and
Switzerland  in - 1985, Turkey. (1990) and Treland: (1990, . because
- argument of log- in variable 7. is negative). _
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FIGURE 1: CONVERGENCE AMONG OECD COUNTRIES
1960-199C

RATE OF GROWTH OF PER CAPITA GDP~ - o

6,0

0,0 | | |
’ 1,0 2|0 3|0 4,0 5,0 6,0 7,0 8’0 9,0 10,0 , 11’0

PER CAPITA GDP IN-1960
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FIGURE 2 (a): CONVERGENCE AMONG OECD COUNTRIES
1960-1975 AND 1986-1990

RATE OF GROWTH OF GDP PER.CAPITA. .. ... ... ...

7,0

usa

1’0 ......... ._ ....................... e Tt

1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0 11,0
GDP PER CAPITA IN: 1960

FIGURE 2 (b): CONVERGENCE AMONG OECD COUNTRIES

1976- 1985
_ RATE OF GROWTH OF GDP PER CAPITA" = %~ 11 "0
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FIGURE 3: CONVERGENCE AMONG OECD COUNTRIES 1960-1990
PARTITIONED REGRESSION ANALYSIS'

RATE OF GROWTH OF PER CAPITA INCOME (*)

-1,0 -0,8 -0,6 -0,4 -0,2 0,0 0,2 0,4 06 - 08 10
INITIAL PER CAPITA INCOME (*)

(*) OLS reslduals In logs. Regressors are I/Y and population growth.

FIGURE 4: REAL INVESTMENT SHARE IN GDP AND GROWTH
OECD: 1960-1990

RATE OF GROWTH OF PER CAPITA INCOME ()

0,6

0,4 ]

0,2

FIN

-0,4 -0,3 0,2 -0,1 0,0 0,1 0,2 0,3 0,4
REAL INVESTMENT/GDP (*)

(*) OLS residuals in logs. Regréssors are initiat income and population growth.
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FIGURE 5: HUMAN CAPITAL AND GROWTH -
OECD: 1960-1990

RATE OF GROWTH OF PER CAPITA INCOME:(*)" -

0,3
0,2

0,1 uUsA

NZ

04  -0,3 0,2 -0,1 0,0 01 02 0,3 0,4
HUMAN CAPITAL (*). Source: Kyriacou

(*) OLS residuals in Iogé. Regressors are I/Y, initial income and population.growth:

FIGURE 6: EXPORTS AND GROWTH
OECD: 1960-1990

RATE OF GROWTH OF PER CAPITA INCOME () -~
0,3

IS n

0,2 -02 -0, -0,1 .00 0,1 0,1 0,2 02 03 03 0,4 0,4
RATE OF GROWTH OF EXPORTS (*)

(*) OLS residuals in logs. Regressors are /Y, initial income and population growth.
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FIGURE 7: PUBL_I_‘_C. EXPENDITURE
OECD: 1960-1990

RATE OF GROWTH OF PER CAPITA INCOME:(*): -

s = C

0.4 NZ

u ".6,0 ) ‘_5,0> . _4’.0_ _3’0 _2’0 5 ;_1,’_0 .,‘,‘.0,.0 1,0 ;,2,0 3’0 = 4,0 75,0 6,0
PUBLIC EXPENDITURE/GDP: (*) '

(*) OLS resliduals In logs. Regressors are I/Y, initial income and population'growth. .. .-
Dashed regression line excludes: CH, N2, SWE, DK, UK, C and IS
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FIGURE 8 (a): MONEY AND GROWTH
OECD: 1960-1990
RATE OF GROWTH OF PER CAPITA INCOME:(*)::
0,3 .
- c
0.2 J is
o1 - USA - " E .
’ B _ F uK, "
'____-_*E'L. NN e . LUX
0,0 —a E——
P "ern o= .
01| & L aur, - SWE DK
AUS . - n N
-0,2 FiN
a
-0,3 T
0,4 " Nz
-0,5
ST -040 90,8 0 50,2-+0,1 40,0 -0, - 0,2 -0,3--0,4..:0,6§ ..0,6 0,7 . 0,8 0,9
RATE OF GROWTH OF MONEY:(*)s* -
(*) OLS residuals In logs. Regressors are I/Y, initial income and:population growth..
Dashed regression line excludes lceland
FIGURE 8 (b): MONEY AND GROWTH
OECD: 1960-1990
RATE OF GROWTH OF PER CAPITAINCOME (%~ 7~ * " "~
0,4
is
0,3
" c . J
0,2
usa « £
0,1 R - ’ " F a ) - UK. - l:i )
‘ R
) [ ] .I L Gun NL _ .
0.0 o . LUX
a SWE GR =~ DK
-0,1 . . .
CH AUT AUS = FIN "N
-0,2 ' :
-0,3 :
. « N2
-0,4
-0,4 -0,3 -0,2 -0,1 0,0 0,1 0,2 0,3 0,4 0,5
RATE OF GROWTH OF MONEY (*)
(*) OLS residuals _in logs. Regressors are I/Y, initial income, inflation and p.opulation growth.
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FIGURE 9: INFLATION AND GROWTH
OECD: 1960-1990

RATE OF GROWTH OF PER CAPITA INCOME. (*) -

- 0,8
- - .
= J (] 1S
02 £
T~ - . USA
0,1 ~ - u F . -
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'~ -8,0° -6,0 44,0 -2,0: 0,0 2,0 4,0 60 8,0 10,0-12,0 14,0 16,0 180
INFLATION (*)
' {*)} OLS residuals in logs. Regressors are /Y, initial income and population growth: . . s

Dashed regression line excludes Iceland . _ : e

FIGURE 10: ACCELERATION OF INFLATION
OECD:1960-1990

RATE OF GROWTH OF PER CAPITA INCOME (*) " = = = .o’ .

-,2 -0 .8 06 -04 -02 00 02 04 06 08 1,0
ACCELERATION IN INFLATION (*)

(*) OLS residuais in logs. Regressors are {/Y, initial income and population growth.
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' ‘Tabkla IVE.I :
" Dependent variable 103(Y90/Yf60)' Sample it L., 24. -
" Estimation methed: OLS |

12 i 4 5

ctte. 145 -2.85 -2.03 -3.14 -3.33
(11.1) (252) (241 o (306). . (439

. -0.36 042 <040 049 - -0.49

log(Y 1)

4.81) (7.07) 698)  (7.96) (8.16)
log(/Y)' R 055 . 060 0.57 0.55
(3.63) 4.16)  @13)°  (4.23)
. i . E ] 7 7 )
log(n+$+90) -- -0.96 -0.60 -0.80 -0.90

(2.69) ' (2.47)
log(s;l) - - - 0.39 0.36

239) - @I

R 0.490 0.765 0.775
o 0.173 0.131 0.3 0.118  0.115

NOTES: *. restricted parameter,
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. i1 : .
Dependent variabie log__(YQO[Y 60). Sample..i:. 1., .24.

Table IV.2

* ‘Estimation method: non linear. least squares -~

L 2% 3 4 Al 6
B, -6.84 -792 -9.06 2.73 182
(5.81) (5.21) (5.29) (9.40) @.5%)
B, -1.54 6.19
(6.18) (3.28)
o 0.30 0.18 0.39 040 0.39
(4.86) (.77 (5.21) (5.48) (5.09)
v 0.33 0.42 0.26 027 0.26
(6.13) (5.04) (4.18) 4.30) 3.5
A 0.022
(5.72)
(0+Y) 0.77
* * * ) , (11'4)* *
o 0.02 0.02 0.02 003 0.02 0.02
(2.70) -
1:1% 0.801 0.814 0.788 0.379 0.775
R 0.498 0.531
o 0.109 0.105 0.112 0.192 0.115
o 0.273 0.264
S8 -
Bimp 0.37 040 0.35 0.33 0.23 0.35
A 0.021 0.023 0.020 0.019 0.013 -
imp ,
ximp(qn 0.022
NQTES: *: restricted- parameter. o
j:  joint  estimation, full restr-iction-s:xl((x)= <-3.14; xl('Y)= 2:62;

Xy (oy)= 3.17.

cols. 2, 3: joint estimation without cross equation restrictions.
ss: steady state equation.

t: this equation does not include sieady state variables.
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Table IV.3

- Dependent. variable log_(¥90/Y6O).~ Sample i: ',1,..,. 24

-+ Estimatien-methed:~non: linear::least -squares:- =

1 2 3 4 5
B, -4.34 -8.52 433 . 820 . 138
(2.11) (3.68)  (1.43) (5.00) (1.33)
o 0.38 0.36 033 0.33 0.14
(4.48) (265) - (4.01) (3.74) (1.11)
¥ 0.16 031 0.22 032 & -
(1.75) (2.72) (226) - (4.10)
) 0.02 0.02 0.02 0.03 0016
' 197 (1.34)  (226) (2.25)  (1.85)
> 0.836 0.550 0.796 0.779 0.892
o 0.100° 01267 < 0¥ SRR il TR
B. 0.46 0.33 047 0.35 0.86
imp
, 0.026 0.019 0.027 0.020 0.049
mp _ _ _
_imp(&;) 0026 0013 0027 0024 . 0041

NOTES: *: restricted ‘parameter.

Col. 1:
Col. 2:
Col. 3:
Col. 4:
Col. 5:.

excluding Turkey and Greece.

excluding the seven richest countries in 1960
excluding the. seven. poorest countries..in.. 1960
excluding the-seven .richest countries in 1990
excluding the seven poorest:countries -in. 1990-° ..

71




Table IV.4

il 1
'90”60)"' Sample-12 1,..; 24,

Estimation ‘method: non-near.least squares . .

Dependent: variable log(Y

Steady state variables not included

1 2 3 4 5
B, 2.53 437 226 = 284 227
(25.4) (2.46) (38.1) (5.86) (55.1)
(O+Y) 051 0.90 018 . 082 0.02
(4.64) (14.0) (0.64) (11.0)  (0.16)
e * * o * ok
o 0.02 0.02 0.02. 0.02 002
G 0.710 0.097 0.666 0.267 0.891
c 0.134 0.179 0.098 0191 0075
B. 0.49 010 . .082.. . :0:18: . 098 . -
imp
: 0.029 0.006 0.047 0.010  0.057
imp

NOTES: *: restricted parameter.

Col.
Col.
Col.
Col.
Col.

@B

1: excluding Turkey and Greece. .

excluding the seven richest countries in 1960 -
excluding the seven-poorest countries in 1960~ .
excluding the seven richest countries in 1990
excluding the seven poorest countries in 1990
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- Table IV.5

Dependent vanableg.log(Ygo‘[Y 60)' Sample.i:: 1,..,.24.

©hecHEstimationsmethod: ‘nonslinear least-.squares'

1 2 3 4 5 6
B, 762 516 -103 4,77 -6.60 -6.i1
(4.66) (4.08) (543) (393) - @.53) (4.16)
Ag -0.02 -- - -0.01 - -0.01
(1.67) (1.63) ©(L195)
A - 031 - - -0.29 -0.29 -0.28
(4.13) 4.00) - (3.93) (3.84)
A - - 0.03 - 002 . 002
(2.44) (226) (1.86)
o : 0.36 0.37 041 0.33 0.37 0.35
(4.45) (5.31) (5.87) 4.74) (6.12) (5.41)
(4.37) (3.60) (4.70) (4.09) (4.43) 4.59)
o 0.02 0.02 0.02 0.02 0.02 0.02
RZ 0.805 0.865 0.829 0.876 0.888 . 0.890
o 0.107 0.089 0.101 0.086 - 0.081 0.081
p. 0.34 0.42 0.31 0.42 0.39 0.40
mp
iaap 0.020 0.024 0.018 0.024 0.023 0.023

NOTES: *: restricted parameter. -
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Table IV.6
Dependent variable l_o«g(Y‘;GI_YéO): Sample i: 1,., 24.

Estimation- method: non linear least squares

1 2
B, 480 = -5.93
(1.68) 4.01)
A -0.04 -
p
(1.94)
A -- -0.28
a
(4.08)
A - 0.02
g
(1.86) -
A 0.03 0.03
(1.83) (2.04)
o 0.35 0.37
@61 (4.30)
Y 0.21 0.23 _
Q.I7) - BOBE L D L E e
()] 0.02 0.02
)
R 0.886 0.889
c 0082 . 0.071

NOTES: *: restricted parameter,
Col. I: excluding Iceland and Turkey.
Col. 2: excluding Spain, New Zealand, Greece and United Kingdom.
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Dependent variable log(Y

Table V.1

T+5

- “Btimation methed: -OLS.

-/Y,i.),S-ample-,i:»l 28 T:1960,65,.85.

1 3 4
cite. 0.34 -0.85 095  -082
(8.87) (2.70) (2.88) 292)
log(Y.i.) -0.10 -0.13 -0.14 -0.14
' (553 (677 (5.75) (5.76)
(i)t - 0.15 0,16 0.17
T
(3.90) (4.03) 440) -
4 *
tog{(n+9+5) - -0.28 -0.28 022
T
(2.75) (2.82)
log(sh)‘ - - 0.04 0.05
T -
R 0207 0328 0320 0332
o 0.081 0.075 0.075 0.075
DW 1.90 208 2077 210
NOTES: *: restricted parameter.
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Table V.2a
Dependent variable log(Y: ,i, + SN});Sample,i:l;.-;24;? P:1960,65:.,85.. ~

- Estimation ‘method; non linear »instramental. variables. .

T 458 3 4j,d 5ss,d 6d
B, -5.35 -9.02 -5.60 6.96.
(5.49) (242) (7.38) 400
B, -5.83 -8.59 ) -5.92 -5.76
(7.31) (7.01) (1.73) 6.64) :
o 0.24 0.20 0.65 0.24 0.21 042
(5.74) (4.40) (392)  (6.06) (4.67) (4.58)
0.36 0.40 -0.03 0.37 - 0,40 0.2t
(12.2) (11.5) (0.16) (1rd4),  (1L3), (2.84),
0.01 0.006 0.04 0.02 002 = 002
(1.67) (3.26) (2.61)
1:22 0.218 0277 0499 0524
R 0.565 0.563 0.578 0.581 - '
o 0.081 0.076 0.065 ' 0.063
. 0273 0.272 0269 0.268
DW 2.00 1.94 2.11 : 2.20
DW, 0.74 0.77 0.68 0.68
Buanp 0.40 0.40 035 039 0.39 037
imp 0.023 0.023 © - 00O 02y T Goz3 021
A
A 0.019 0.015 0.027
mp
NOTES: *: restricted parameter. .
j joint ~estimation imposing full restrictions: xl(a) = 6.74;
-— . — - d — . d . — " -
xé(y) = 922% x,z(oc,y)‘ = 1375 %00 = 447 X, = 518

Xploy) = 5.22.

d: equation including time dummies.

ss: steady state eguation.

Cols. 23 and 56: joint estimation without cross equation

restrictions . . .

Instuments:  constant,  log(Yp),  Alog(Yy ), log(1¥)i,,
Clog(Yz , logsi, log(mged)y . (mo+d)i . G, T,

' i .
. ‘Axf-l’ trend or dummies.




Dependent variable 1a.g(¥1';+sxy,'r)_5ample;i:1,.,2.4; T:1960,65;.85.

~ . Bstimation method: “non Jinear: instrumnental -variables:

Table V.2b

L 2 3 4 54
B, - -6.63 S8 721 -7.39 9,00
' (3.21) (2.58) (3.90) (4.37) (5.30)
o 0.61 0.56 0.43 0.41 0.40
(11.6) (8.68) (4.54) (5.59) (5.81)
Yo - - 0.21 0.23 0.26
, (2.74) (340) - (439
. - K * *
¢ 0.02 002 002 002 0.05
, (1.72) _ (3.10)
A - 0.024 - 0.026
(6.55) (5.44)
R? 0.298 0.338 0.495 0.510 0.414
o] 0.076 0.074 0.065 0.064 0.070
DW 2.08 2.11 2.21 2.13 2.25
B. 0.39 047 0366 5y 036 0 03
lmp b o - N B . i [E i T LN
A 0.023 -- 0.021 - 0.020
myp ,
kim p(qn 0.023 0.030

NOTES:: *:; restricted’ parameter,
d: equation- including time dummies.. -
in Table- V.2a (in .col

Instruments:

is not included as an instrument).

s withe Y - set to- 0, log.(sh)-i
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Dependent variable lqg(YT+5/Y,I‘).Sample,1.‘1,.,24,. T.1960,65-,.,85..-7

Estimation method: non' linear -instrumental variables

Table V.3

1 2 3 5
B, -1.84 -7.53 0.20 776 - 1.15
(1.18) (2.82) (0.22) (3.23) (1.33)
o 0.41 0.63 0.25 0.63 0.12
(4.84) (10.4) (2.78) (11.6) (1.13).
i) 0.02 0.02 0.03 0.02 0.04
- (2.18) (1.24) (2:63) 1(1.76) (2.94)
R’ 0357 0247 0419 ~ 0322 0443
o 0.072 0.085 0.055 0.077 0.064
DW 2.17 2.25 2.14 215 2.23
Bimp 0.59 0.37 0.7_5‘;:_‘”‘:} ,.0'37 o 9.887
imp 0.034 0.021 0.043 0.021 0.050-
A
() 0.034 0.014 0.050 0.021 0.068
imp ) .
NOTES: *: restricted parameter.

. Col.
Col.
Col.
Col.
Col.

excluding ‘Turkey and - Greece:
excluding the seven richest countries in 1960+ .
excluding the seven poorest countries in 1960
excluding the seven richest countries in 1990

5: excluding the seven poorest countries in 1990
Instruments: as in Table v.2b.
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Dependent variable _log:(Y,},+5/Y,;,)‘;Sample,i:-1-,‘.,2,4;.,T:l960-,65";.,8'5'.' :

Table V.4

" Estimation method: non ‘lincar-instrumental - variables

Steady state variabies not included

1 2 3 4 5
B, 241 1.57 2.29 118 2.00
4.12) (0.63) (6.67) 057  (6.04)
B 0.64 0.23 094 024 0.96
CBAL T8 46l . (287) (542)
o 0.02 0.03 0.02 0.04 0.04
| (1.11) (0.89) (163)  (1.07) (222)
22 0.261 0.101 0.364 0.149 0.432
G- 0077 0.093 0058  0.086 0.064
DW 1.96 201 2,03 1.85 2.19
o 0037 0013 0.
imp : IR It
A
imp@) 0.024 0.009 0.054 0009 0074
NOTES: *: restricted parameter.

Col. 1: excluding. Turkey and Greece.
Col. 2:; excluding- the-seven. richest-countries: 021960 . ..
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.5
Dependent variabie log(Y /YT) Sample,: 1,.24; T:1960,65,.85.

‘Estimation - method: - non--finear -instrumental - variables -

1 2 3 4 54 64
32 -5.51 -5.42 -4.67 -4.85 -7.80 -7.51
(3.38) (3.57 (3.06) - (3.04) (3.42) (3.39)
Ap -0.04 -0.04 -005. - -0.06- - -0.08 - -0-08
2.71) (2.69) (3.32) (3.36) (4.36) 4.23)
Am 0.04 0.04 0.05 0.05. 0.08. 0.08
(2.86) (2.87) (3.41) (3.47 (440) 4.31)
A - - 0.03 0.03 - -
am .
(1.43) a3
vt -0.07 -0.08 -0.07 -<0.08 -- --
(1.50) (1.66) (L.51) (1.56) L -0.12
-0.10 - -0.09 - (242)
vtm .
(2.19) 2.04)
- -0.10 - -0.10 -0.11 --
vam
2.37) (2.31) (2.30)
Ax ¢.004 0.004 0.004 0.004 0.006 0.006
441) (4.43) 4.23) (4.25) 4.41) 4.39)
o 0.57 0.57 0.44 042 .34 0.32
(12.0) (12.1) 420 (4 12) - (3.46) (3.30) _
'Y == - irzO-‘ 1/1, Byl & 13 AT 0;29 - L ’&30 B
\ . (L49),  (169),  (378), (399,
0 0.02 0.02 . C.02 0.02 0.02 0.02
22 0.531 0.532 0524 0.526 0.599 0.596
o] 0.062 0.062 0.063 0.063 0.058 0.058
DWwW 2.03 2.03 2.09 2,09 223 2.26
Bimp 0.43 043 045 . 045 - 037 038
Minp 0.025 0.025 0026 0026 0.021 0.022
NOTES:

*: restricted parameter. d: equat:on mcludmg time (J
Y ;

Inst.: ctt, . dum, log(Ye,) Alog(Y 1)’ log log(Yl)T 1,
log(s )T’ log(n+¢+5)T P +¢+5)T - (G/Y)T 1 AmT AmT " AzmT
1

Am,“ Ty AXT Ax,“, %1’ "ﬂ(n) var(nT P var(AnT)
var(ATtT l) var(AmT) var(AmTl) var(AzmT) var(A m,l_, 1)
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Table V.6 .

' . i i , "
Dependent variable log(YT+5/YT).Sample,l._1,.,24._

- Estimation method; Instrumental Variables-

1 M 39 4 5d 6%
cte. :0.88 086 080 160 2128 -0.75
(2.51) (2.46) (2.32) (2.47) (2.41) (1.61)
log(Y ) 015 004 013 003 009 -0.04
(5.82) (5.46) (6.31) 238)  (2.02) (1.05)
‘ . i L
coguy) o2 0.12 0.11 020 0.14 0.12
_ = | o
(2.48) (2.49) (2.33) (3.15) 2.73) (2.28)
log(n+¢+8)' 032 031 032 039 028 018
T
@91  (278) (2.87) (191 (1.73) (1.15)
log(s, )’ o4 004 - 0.13 0.13 -
. T
- 0% (1 (159  (L98)
R? 0412 0432 ' GAR" "'ﬁs?‘r“:i"‘?}'f‘z?r’ef:f“‘?*“-f’:é‘o421‘?:-': YAy
c 0.067 0.065 0.067 0.073 0.059 0.060
‘DWW 2.03 2.02 2.03 2.59 2.09 207

' NOTES d: equation including - time- dummies..

Cols. 1, 2 and 3, T: 1960, 1965, 1970 1985
Cols 4, 5, and 6 T: 1975, 1980.
Instruments: as in Table V.2.
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Table

V.7

. i i\« .
Dependent variable log(Y. T+5[Y T).Sample,n’.l,.,24.

Estimation method: non linear instumental variables- - -

1 2 34 4 59 64
B, -5.07 -4.55 -5.03 -14.9 -16.1 -15.7
(2.92) (2.64) (2.84) (2.79) 272 (3.06)
o 0.40 0.39 0.39 0.50 1043 0.39
(4.08) (3.14) 4.23) (3.11) (3.08) (3.53)
Y 0.17 0.17 0.19 0.25 033 037
2.37) (1.80) (2.29) (1.78) 221y (3.78)
* * * %K
) 0.04 0.02 0.02 0.04 0.02 0.02
(237 (1.13)
A - - 0.032 - - 0.018
(5.45) (2.14)
R? 0396 0415 0448 002 o043 o4t
o 0.068 0.067 0.065 0.073 0.059 0.058
DW 221 2.23 2.12 2.80 2.17 2.08
ﬁimp 0.43 0.44 042 - 0.25 0.24 0.24
A 0.026 0.026 - 0014 0014, - = -
lmp A :
?Limp(tb) 0.034 0.009

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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o : T.able,l.V.S i _
Dependent variable log(YT+5/YT).Sample,1: 1,.,24.
- Estimation -method: -non -linear - fnstrumental variables

1 2 3 4
B, -4.30 432 421 -3.36
QI @1 Q2 (26D -
A , 0.02 0.01 0.0t --
(1.36) (128)  (1.19)
A 0.03 0.03 -
am
(1.16) (1.07)
ot 0.4 . 0.4 - -0.13 0.11
(2.65) (2.62) (2.44) 33N
- 0.09 -
vim :
_ (1.70)
A ‘ -0.10 -- -0.09
vam
(1.94) (1.80) |
A, S 0003 0.003 0.003  0.003
e QOD (S (88 @I
o 054 .. &541&54 wodps QAR RE T e
(9.30) (9.13) 9.22) (897)
* * 3 *
¢ 0.02 0.02 0.02 0.02
T 0.486 0.478 0.482 0467
o 1 0.062 0062 . 0.062 0.063
DW 215 - 2.09 222 230
. 0.46 0.46 0.46 0.50
mp . :
. 0.027 0.027 0.027 0.029
imp

NOTES: *: restricted parameter.
T: 1960, 1965, 1970, 1985.
Instruments: as in Tabie V.7
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Table V.9 .

Dependent variable log(Y.. +5/.Y,;,);Sample,i:1,.,24.. _

T

Estimation..method: non dinear.-instrumental variables - . .

| 2 3 4
B, -19.6 21.8 -31.5 -29.0
(1.61) (1.5 (2:100 . (232
Ap -0.08 007 - -
(L.78) (1.60) _
A 0.08 0.08 - R
(L.87) (1.87)
tm -0.30 - --
(1.42)
vam -0.23 - - -
(1.35) _ _
A 0.008 0.009
(5.40) (6.40)
o 0.79 046
(8.54) 3.79)
Y - T3 Ay L
(3.64)
* * * *
¢ 0.02 0.02 0.02 0.02
R2 0.460 0.480 0.437 0.547
o 0.057 0056 0059 0052
DW 1.94. 201 174 - 199 -
ﬁimp 021 0.20 0.15 0.15
imp 0.012 0.011 | 0.008 0.008

NOTES: *: restricted parameter.
T: 1975, 1980,
Instruments: as in Table V.7
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