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Abstract

Agglomeration of economic activity over space as a result of ur-
banization is one of the most pervasive economic facts. This paper
provides a theoretical framework and an empirical research on the
effects of urbanization on growth. The document concludes that uz-
banization rates are positively correlated with the steady state growth
rate and provides evidence of positive external effects associated with
agglomerations.
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1 INTRODUCTION

About 42% of the world population lived in urban areas in 1992. In the same
year, in the European Union there was about 80% of urban population.
This paper examines the underlying factors that determine the process of
urbanization and its increasing rate. Its aim is to show what are the forces
that produce agglomeration of economic activity and the process through
what these forces act. In this work I will interpret the term ”agglomeration”
as the concentration of population and economic activity, in a specific place
within a larger area’.

Economic agglomeration is beneficial if it contributes to a higher or more
sustained growth. This is a very common assessment in the literature that
analyzes the concentration of economic activity. Since the seminal confribu-
tions of Romer (1986, 1990), economists think that knowledge generation and
transmission (”disembodied knowledge”) are essential for technical progress
and for economic growth. Lucas (1988), following the ideas introduced by
Romer, included for the first time in the neoclassical growth literature, cities
(agglomerations) as places where the external effects associated with man
capital are more intensely created. However, there are previous contribu-
tions in this field. The effect that cities have on human capital accurnulation
was already pointed out by Marshall (1890}, The relationship between cities
and the external effects of human capital is one of the most insightfal con-
tributions of Jacobs’ (1969) work. Jacobs and some historians like Bairoch
(1988) argued that most innovations take place in cities, where the environ-
ment encourages the flow and cross fertilization of ideas and the consequent
generation of innovations.

The rest of this paper is organized as follows. I begin with the presenta-
tion of some facts regarding to the urbanization phenomenon, subsequently
I will atternpt to illustrate the influence of urbanization on growth based
on international data and using simple regressions. In section 4, I will de-
velop an application of the standard neoclassical growth model, in which the
agglomeration process plays a determining role in the growth rate by increas-
ing the productivity of the production factors. Section 5 proposes a model

In this document 1 will only consider spatial agglomeration. Hall (1989) considers
"temporal agglomeration”, or economic activity concentration over time.



of endogenous urbanization and knowledge diffusion. The next section em-
pirically tests the predictions of the previous models. Finally the last section
concludes with the summary of the main results obtained in the paper.

2 URBANIZATION FEATURES

This section presents the immediate evidence that follows from the observa-
tion of the phenomenon of urbanization and from the analysis of the data
that describe it. T will use two different sets of data, firstly international
urbanization and income growth rates data and secondly the distribution of
the city size within different countries.

The first fact that attracts attention is associated with size. Both the
urbanization rate and the total population living in cities have been gradually
increasing over fime. In 1860 the percentage of population living in the 50
Spanish provincial capitals was less than 12%. This percentage has been
gradually increasing to reach 37% in 19912, According to the World Bank’s
World Development Report, the percentage of urban population in the world
has increased from 35% in 1970 (1.25 billions) to 42% in 1992 (2.3 billions).
In the developed countries this percentage was much greater, in 1992 it was
73% in Prance, 76% in the U.S. and 77% in Japan.

The second fact to mention is associated with the distribution of city size.
The distribution of the cities’ size within a country remains constant over
time, and is very similar across countries. I have computed a Gini index
to measure the distance from a uniform distribution. This index, calculated
with the size distribution of the 50 Spanish provincial capitals, shows no
variation in 134 years. It took a value of 0.566 in 1857 and in 1991 it was
0.564. What is more, in 150 years a statistically significant variation of the
index, which ranged between a minimum of 0.55 and a maximum of (.62,
{mean 0.59, variance 0.0005), could not bhe verified.

If we make international comparisons, we find very similar results. If
we calculate the same index using the data provided by Eaton and Eckstein
(1993) for France (period 1876 -1990) and Japan (period 1925-1985)% we find
minimal deviations from the Spanish case. The Gini index oscillates around
0.6%.

?The Spanish census contains in 1991, 379 cities, 4696 villages and a total of 60.808
poputation sites.
339 French and 40 Japanese urban areas.




The constant nature of the distribution points to the persistence in time
of many different city sizes, in what seems to be evidence of a constant
optimun city size distribution inside a country. Due to the characteristics of
the distribution function we could not infer just one optimum city size but
different optimum city sizes in accordance with the sizes of the other cities
in the country.

With regard to the ranking of the cities according to their size, we find
that there are very few variations over time. Following the work of Eaton
and Eckstein (1993) where the statistical method of Quah (1992) is used
to measure movements inside the ranking, I obtain, for Spanish capitals,
very similar results, which confirm a minimal mobility among different-sized
groups.

The data shown allows us to identify two central characteristics of eco-
nomic activity agglomeration. The first refers to the growing importance
of urbanization phenomenon, both in absolute and in relative terms. The
second characteristic refers to the constancy over time, as well as across
countries, of the city size distributions. The empirical evidence shows us a
persistence in growth and in the shape of the city size distribution.

Since the agglomeration of economic activity and the urbanization phe-
nomena are so present in our world, with a growing size and with such clear
stylized facts, it is relevant for economists to study the causes and effects of
agglomeration, and more specifically the causes and effects of urbanization.

3 URBANIZATION AND GROWTH

As was already mentioned in the introduction, various authors have stressed
the importance of knowledge diffusion and information transmission for growth.
l'also mentioned that many of these anthors indicated the role that cities play
in easing the generation of technological externalitics linked to diffusion and
cross fertilization. However, in spite of the various approximations to this
phenomenon in the literature, there is not a proper quantification of it. Us-
ing country data contained in the World Bank’s World Development Reports
and in the Summer and Heston data base (Penn World Table, mark 5.6), I
provide some illustrations that could help to clarify the characteristics and
effects of urbanization on growth.

AThis method calculates the transition matrix between the different size groups over
time.



It is an obvious fact that the countries with the greatest gross domestic
product per capita are also those with the greatest urbanization rate. Under
the hypothesis that all other variables remain constant, (Ceteris Paribus
hypothesis) this would indicate a greater productivity in the more urbanized
countries, and therefore a greater efficiency level of those countries. As can
be appreciated in the following figure, this relationship is exponential and
very significant.
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Concerning economic growth, we observe that the most urbanized coun-
tries in 1960 have experienced a higher growth rate during the 1960 - 1990
pexiod. See figure below.
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4 THE NEOCLASSICAL GROWTH MODEL
AND EXOGENOUS URBANIZATION

Following the recent restatement of the ability of the neoclassical growth
model to explain economic growth, due mainly to the contributions of Romer
(1986) and Lucas (1988, 1993), in this section, I develop a simple neoclassical
model in which the externalities linked to the exogenous urbanization rate
are explicitly modelled.

I consider a simple economy in which a single product is produced with the
following production function whose inputs are physical capital, and effective
labour units.

Y, = F(K,, AN;)

Effective labour is the number of workers in the economy N,, that is
assumed to be constant, multiplied by a measure of their human capital
content reflected in A4,%. Let:

dA,
— = A, gy
o glur)

no that the technical change is labour-saving in the Harrod sense.

The production function is continuous, twice differentiable and with con-
stant returns to scale and therefore fixst degree homogeneous. Given these,
the production function can be expressed as:

Yo = f(ke) with f'(k) > 0 and f'(k) <0.

Small letters represent the variable per unit of effective labour.

I also assume that there is no population growth or physical capital de-
preciation.

Production is devoted to consumption and capital accumulation (net in-
vestment):

dr
Y;, = O{, - It, with L«, = “"a%(j“

“Faton and Eckstein mention in their 1993 paper that large cities will have higher
levels of human capital, also Rauch, 1991: ... my results reflect productivity benefits
from geographic concentration of human capital caused by sharing of ideas”.




Or in per-capita terms:

dk
flky) == ¢ + —d—t} + Q(Ut)kt- (1)

The optimal control problem that the consumer must solve to obtain the
global maximum is:
Mazx [°U(c)e %dt
k) = ¢y + ke + glug) by

Cy 2 0
k>0

Where 6 is the discount factor.

The Hamiltonian function is defined by:

H, = U(ct)(a""'m’ 4 g f (k) — ¢ — glu)ky)
or
Hy = Ule)e ™ 4 Ae™(F(k) — i — g(u)ke)

With py = Me™®. The conditions for solving this problem are:
di , y
MO = A (Ra) + Mglu) = = A(f (k) — 0 — g(u)
2. Ho=0=Ule) =N

3. ilim proky = 0 (transversality condition)
Aamle el

1. duy, = —I’Ik = )‘\{,Gmm; — )\f,(')‘@mm = _‘)\(ﬁwm(f’(k?r,) *Q’(Ur)) )'\f, -
)

Solving this system:

(U ()= ~U' (e)l(f (ke) — 0 — g(w))] =

U'(c) ¢ :
T 0+ glu) — f (k) (2)

The sole member of the family of paths (k, i) satisfying both the initial
conditions and the transversality condition is the optimal path.

To fully work out the predictions of the model we need specific production
and utility functions, let these functions be:

|-
o'

U(Ci):i—’)’



(constant risk adversion, )

F(K,L) = KL = k) = b = f'(k,) = aklD

so that in place of equation (2) we have:

G4 1 ’
ST — 'k
=0 () - [ (k)
or:
ok =44 6+ gla) )

Using equation (1) we can solve the system to obtain:

; ’Y% + 0+ g{u)(1 - a)
N O

)
o+ G A gludke T o+l L. k
%, o ky ke @

As the right hand side of the previous equation is constant through the
balance consumption path we can differentiate to obtain:

we can also differentiate equation (3) to obtain:

K
mw—g

Hence, along the balanced path, the rate of growth is a function of the
urbanization rate.
At the steady state ¢ = 0 = k, we can solve equations (2) and (3):
k@™ = 0 4 g(u)
kY = ci + g(ut)k’t
of the following variables; capital, consumption and savings:

. (M)T‘*

} to obtain the constant balanced per capita value

¥



; 0+ g(u) 5 (g + g(u)(1 — a)
@ o

5" = glu) -

According to this model, the rate of long term growth, for both the phys-
ical capital stock and the per capita production, is g(u}, so the economy with
a greater urbanization rate, therefore with more cross fertilization, techno-
logical and knowledge externalities, will grow faster. So in a given economy
if we vary the urbanization rate it will vary the growth rate.

In this model two economies with different urbanization rates will have a
different long term balance growth rate.

5 ENDOGENOUS URBANIZATION

In this section I study the characteristics and behavior of an endogenous
urbanization growth model. Martin and Ottaviano (1996) use also an en-
dogenous growth model to conclude that with local spillovers the economic
activity agglomerates and the rate of technological progress increases.

5.1 THE GENERAL MODEL

Let the production functions of a homogeneous product® in the center {cities)
and in the periphery be:
x
Yc,f- = Ac,th,f.

(43
}/}),1 = Ap:tLP,f-

If we consider that the real wages are equal throughout the economy’, we
can use the first order conditions of profit maximization® to obtain:

STherefore: P, = B
"Perfect mobility of labour demand and supply.
8This result can also be obtained under the assumption of perfect competition.



Ly o Ap ¢
ol JR— 4
Lp,‘{; Ac,t ( )

'The evolution of the technology in the center is a function of the urban-
. . L . ' . - .
lzation rate v = y—%— according to the following differential equation:
Lc+.l.q)
dA(:,i, Lc
== Actd
dt Lo+ Ly,

where g is a linear function of the urbanization rate with ¢’ > 0 and ¢"
positive negative or equal to cero, so that:

ff(?""}i'-“f—)*‘-
A(:lf; — AC’[}G <o bep

Irom now on, in this work, we will consider that g(x) is equal to z * w.

In accordance with the "catch-up” literature (de la Fuente, 1995), We
assume that the evolution of the technological progress at the periphery is a
function of the technological distance between center and periphery and has
this function:

Wi _ g blog [ et
dr w08 Ay
In the steady state, the growth rate of the technology, and therefore the
economy’s growth rafe in equilibrium, are the same for the center and the
periphery:

dAct dAp.e A ,
dt o _di ‘ ('LL) — b IOg <, —
Ac,i A;r.a,t Ap,t

Using equation(4) we can solve the system to obtain the urbanization
rate in the steady state:
( U ) (a:u 5
- — Gn') 1—a
1—u

‘The urbanization rate is an implicit function of three variables, the speed of
the "catch up” b, the technological progress deriving from the urbanization z,
and the labour intensity of the production function . The following figure
shows the evolution of the percentage of the population living in centers
according to these parameters.

The figure shows an urbanization rate that is an increasing function of
the labour intensity of the production function a (0 < @ < 1) and of the

10
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Figure 1:

rate of technological progress, or in other words, the wbanization rate is an
increasing function of the positive external effects deriving from urbaniza-
tion. A greater infensity of knowledge spillover implies a greater population
percentage that would like to benefit from this positive externality. The rate
of knowledge diffusion or technological "catch up” has a negative effect on
the wbanization rate, it is a centripetal force. A faster technological dif-
fusion from the center to the periphery, that is a shorter lag between the
generation of a new technology in the center and the use of this technology
in the periphery, implies lower urbanization and growth rates. The greater
the diffusion rate, the lower the interest that people have in going to where
the technology is generated, since in a short period of time, these people,
living at the periphery, will be able to use the new technologies. In this case
it is more interesting to make use of the lower intensity of labour that exists
at the periphery.?

*The derivates of the urbanization rate arve the ones mentioned under the following
general conditions: >0, 2> 0y 0 < o < 1.
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5.2 EXTENSIONS OF THE ENDOGENOUS URBAN-
IZATION MODEL

5.2,1 CENTRIPETAL AND CENTRIFUGAL FORCES

The first and maybe the most obvious extension of the model is the inclusion
of centripetal-centrifugal forces that weaken or reinforce the nrbanization in
a territory producing a lower or a greater steady state urbanization rate. Let
us suppose that the technology in the center has some congestion cost, 7,
that decreases the technology growth rate. In this case the technology in the
center behaves according to:

dA(:,f.
dt

= Aoslg (u) ~ 7]
At the periphery we have the same technology behavior:

dAp,t . _ Ac,l
-_(JZT = Ac,tblog (Ap,t>

In this model the fraction of people in the center over the people living in
the periphery in the steady state is:

i DL T
(. ) = gli-ap
1—u

Consequently, the urbanization rate is lower when the transaction costs
are greater'’. The urbanization rate has a negative relationship with the
centrifugal forces and a positive one with the centripetal forces. Figure {2)
is similar to figure (1}. We can observe that the inclusion of congestion cost
causes a non-linear decrease in the steady state urbanization rate.

10 . a decrease of transaction costs, through for example trade integration, will increase
the growth rate because it leads a higher industrial concentration of firms where the R&D

is located.” Martin and Ostavianoe (1996).

12
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Figure 2:

5.2.2 TECHNOLOGICAL DIFFUSION AND URBANIZATION

We can consider that the technological diffusion parameter b, depends on the
urbanization rate. The spread of technology from the center to the periphery
is faster when there are proportionally less people living at the periphery. If
we consider that the technological diffusion is a lineally increasing function
of the urbanization rate the problem becomes easier. We would have the
following behavioral rule for the urbanization rate:

7=t

u

1_~umel——fx (5)

In this case the population living in the center is an increasing function of =

and of . This equation is plotted in figure (3), where we can notice how the
urbanization rates vary when the parameters change.

Under the general conditions mentioned above, the urbanization rate de-
pends on the parameters in the same way that we found previously. The
urbanization is a continuous function increasing on z and « and decreasing
on b.

13



Figure 3:

5.2.3 URBANIZATION AND TIME

In this sort of model, a variation of the wurbanization rate in the steady
state over time is only produced either through the endogencization of the
parameters, for instance the parameters can be a function of the technological
level, or through exogenous variations in the parameters of the model.

If the congestion cost decreases with the technological level, the urban-
ization rate will increase with time. If the rate of technological diffusion
increases with the technological level, the urbanization will decrease with
time.

Outside the steady state, that is with different growth rates for the center
and the periphery, we can easily obtain the evolution of the urbanization rate
over time in a particular case of the model with g(u) = z. In this case, the
technology in the center and in the periphery is:

Ac,t = AC,O e

A;D ;= G(Ke"“ i ) +log Ago— 4wt

With the condition of equal real wages across the economy, equation (4),
we can obtain an implicit function of the evolution of the urbanization rate:

14
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Note that when ¢ — oo, then ke ® — 0 and we have the previous section

case, the steady state of the urbanization rate.
We can clear ¢ in equation (6) to obtain:

—Ln (2= (1 - a) (Ln(u) — Ln(l - u)))
b

=

The following figure shows the evolution of the urbanization rate using
the previous equation for different values of the parameters.
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6 EMPIRICAL ANALYSIS

A lot of variables have been introduced in theoretical neoclassical endogenous
growth models and found to be significant in a number of empirical specifica-
tions. The level of human capital plays a significant role in a great number of
these models. Human capital both, promotes innovations and makes it eas-
ier to absorb the new technologies discovered elsewhere. Therefore a country
with a higher level of human capital tends to grow faster.

In the theoretical model presented, we also find that a greater urbaniza-
tion rate is positively correlated with the growth rate. We know that the
concentration of the population facilitates the transmission and cross fertil-
ization of ideas, thus increasing the underlying technological progress. Our
empirical model must include this fact, therefore the growth of the real GDP
per capita should be an increasing function of the wbanization rate. We
also must include the well documented fact of convergence across economies
predicted by the Neoclassical Growth Model. And finally we must include
the human capital variable to be sure that the urbanization rate variable is
not significant because it is gathering the effect of human capital stock on
growth*!,

The data used in this section are from Summers and Heston, Penn World
Table (mark 5.6} and from the World Bank data base. IFrom the World
Bank we use the value of the real per capita GDP (chain index) expressed
in international prices, base 1985 and the real investment share of GDP.
The human capital variable is defined as the number of students enrolled in
secondary school as a percentage of the total population of the corresponding
age group. Although in our data set we have not any case, note that it would
be possible to have an index for this variable greater than 100. Finally our
variable of agglomeration will be the total urban population!? as a percentage
of the total population of the country.

Table (1} presents the results of the estimation, for the following equation
of GDP growth across countries:

1T also tried the rate of industry on GDP, the estimation does not vary significantly.
2Note that different countries have a different definitions of urbanization according to
what they consider urban population for their country.

16



Log (GDP pc 60)+v+SEC 60-+6xURB 60+¢
(7)

I3 Growth GDP 1 — 87
0g S
4 T a 7

GDP growth per capita between 1960 and 1990

Comnstant 0.056  0.053  0.096
(3.38) (2.65) (4.54)

G DP per capita in 1960 0.007 0.008 0.017
(238) (1.64) (3.09)

Secondary school enrolment 1960 0.051 0.042
(4.64) Gy (Table D)

Urbanization rate 1960 0.047  0.039

(3.73) (2.96)

Rladj 0.19 02t 031

Obs. 82 82 82

T statistics are in parentheses'?.

Following Mankiw, Romer and Weil (1992) and including the external
effect due to urbanization we obtain (see appendix 1):

Log(GDP pc) = Cte— i Log(n+ f +8)+ BaLog(sy) + BsLog(sy) + Balirb +£&
(8)
Table (2) shows the anmual influence on the GDP per capita steady state

of each variable, according to the previous model:

13The t—statistics are calculated with standard errors robust to heterocedasticity, based
on White (1980) heteroskedasticity-consistent covariance matrix.

17



GDP per capita 1990

Constant -0.32 371 3.38
(022) (2.02) (3.12)

Ln (n+ f+6) -3.61 -204 -1.64
(7.39) (4.62) (4.39)

LN (I/GDP) 0.69 0.23 0.15
(7.08) (2.33) (L.73)

Ln (sec. school enrolment) 072 0.37

(8.35)  (3.86) (Table 2)
Urb. Rate 1.94
(6.03)

R*adj 0.61 0.76  0.83

Obs. 104 104 104

F-test 10.61 108.76 128.58

T statistics are in parentheses'?.

J + 6 =0.05 following Mankiw, Romer and Weil (1992)

According to the results of the estimations of equations (7) and (8) we
find evidence of positive external effects deriving from the agglomeration of
economic activity. The countries with a higher urbanization rate in 1960 have
grown more in the 1960-1990 period, and during these years the countries
more urbanized have had greater steady state growth rates.

7 CONCLUSIONS

In this paper I have provided a new approximation to the study of economic
agglomerations. I propose a variety of neoclassical growth models to study
agglomeration and the effects of the external economies deriving from it. In
these models the technological externalities (knowledge spillovers, cross fer-
tilization of ideas ...) that urbanization generates, are the source of growth of
the economy. This prediction is in accordance with the empirical correlation
between growth and urbanization rates.

In a second stage, an endogenous growth model, with technological dif-
fusion from the center to the periphery, is worked out. This model shows

MThe t—statistics are calculated with standard errors robust to heterocedasticity, hased
on White (1980) heteroskedasticity-consistent covariance matrix.

18



a negative effect of the speed of technological diffusion on urbanization rate
and cousequently on growth. A dynamic environment of production of ex-
ternalities and greater intensity of labour in the production function creates
higher urbanization rates.

The empirical results document a positive effect of urbanization on both
GDP growth and GDP per capita steady state. These findings support the
theories of external effects due to agglomeration. Cities are centers in which
the generation of externalities is enhanced and fostered by the cross fertil-
ization and transmission of ideas.

Economic activity tends to agglomerate because it produces a higher
growth rates through technological external effects generated in the agglom-
erations. The steady state agglomeration rate will depend on the intensity of
the external effects and of the centripetal, centrifugal forces, and it can vary
over time only if the economy is not in the steady state or if the parame-
ters also vary. Policies that foster higher steady state nrbanization rates will
provoke higher long run growth rates.
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APPENDIX 1

ANALYTICAL SOLUTION OF THE ENDOGENOUS URBAN-
IZATION RATE MODEL.

First: I have to solve the differential equation for 4,,.
Consider the following equation:

dAp,t . i Ac,t
T = Aablos (A )

Pt

. -‘J(ﬁf}“)f‘
With A, = A.pe \"""?/) we have:

dA (mi]iﬁw)mi’
Bt . Te+1 .
e A, blog (Ac,oe etip — Ay iblog A,
. dAy
We can make the following variable change 7 == log Ay, %‘f = —— and
obtain:
a7z

Ly
— = fblog A, { - zt — b2
d{; ’ ng ’}O + ’ (I-/(; + IJI}) ! )

Now we can solve this differential equation.
Homogeneous equation solution:
dzZ

— = =D = 7= ke
dt

Particular solution of the general equation:

%{i - g%g-ﬂe“bt — k{t)be™" = blog A, + b ( Le ) zt — bk(t)e ™
di ;

At _
_C—ig—' =g blog Ac’() +5 Lc T Lp xt

L )m I
k(t) = e [ log Ao — (2, <)t
(t) = ¢ (og .0 b + L+1, T

t-.{
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(seneral solution of the equation:

L P I
— k ’Abi 1 Ac _ (Lc"i“Lp) = . t
Z=ke "+ {log Acg p + i+, i

We can undo the variable change to obtain!®:

Le u
=D 1 e _ (Lc""‘i") Le ‘
ke Flog Ag o + ol

b Tatip
a4

App=e e

We can now substitute this equation in the real wage equation and in the
growth rate equation:

L
@t
1o ( Ted Ty ) # L;_
Lc . Ac,(]e . (,—ke“hrllf- 7’?" ‘P
L N 73 o
» DS i) ) (o g
e @k Aedg & AN
1-’{: ) N
e at k:ewbi. . (L(:-I-Lp = ()
Lo+ Ly, 7

Therefore:

BWhen g(u) = a :
gy = olhs o A= 421)

it readily obtained.
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APPENDIX 11
STEADY STATE INCOME PER CAPITA EQUATION.

Following Mankiw, Romer and Weil's (1992) work, let the production
function be:

Y, = KFH (B A L) P

Where E; is the stock of externalities due to agglomeration produced each
period and it is assumed to be a function of u :

By = Jipeotw

L and A grow at rates n and f according to the following functions:

Lt =1 0 enf.

Ai = AUG‘“

The production function per effective unit of labor, defined as A,L; is:

i ;

1
y = kO RP A
Let us consider that a constant fraction of output is invested in physi-
cal capital sy, and in human capital s,. With a depreciation rate of 8, the

evolution of this economy is determined by the following two equations:

!:czs;cy—(n-l—é—%f)k
h=sy—(n+d+fh

In the steady state k = h = 0. Therefore:

ko= (sphPETF (4 6 4 f))H/0-e)
b= (kB ™+ 6 4 )40

Substituting within these equations:

po primamgy P10 s AC

. 83, kB 1 —er— _ _ 1/(1-8)(1—a

P ‘Sk( (n+6+)) ) Ey _ s§j ﬁ)sﬁkﬁ“Ef_a g\ A ):>
B (n+6+f) B n-é+ f



- —a—p\ V{1-B=a) 1 g V(-B—a)

N e o szt giese)

k™= and h” ==
n+oé+f n+é+f

Substituting into the production function the steady states of k, and 5
and taking logs:

Dog(Y/L) = Log(o Bn) + gt = Tt Logla+  + 8) ¢

+—a-Log(sk) + -

L o) + (1~ a - Bgtu)
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APPENDIX III
COUNTRIES IN REGRESSIONS

Name: 1 (observation in the 30 years growth model); 1 (observation in
the 30 years GDP per capita model)

Algeria :1;1. Argentina :1;1. Australia :1;1. Austria :1;1. Bangladesh
‘11, Belgium :1;1. Benin :1;1. Bolivia :1;1. Brazil :1;1. Bulgaria :0;1.
Burkina Faso :0;1. Burundi :1;1. Cameroon :1;1. Canada :1;1. Cape Verde
Is. :0;1. Central Afr. :1;1. Chad :0;1. Chile :1;1. China :1;1. Colombia
:1;1. Comoros :0;1. Congo :1;1. Costa Rica :1;1. Cyprus :0;1. Denmark :1;1.
Dominican Rep. :1;1. Ecuador :1;1. Egypt :1;1. El Salvador :1;1. Fiji :0;1.
Finland :1;1. France :1;1. Gabon :0;1. Gambia :0;1. Ghana :1;1. Greece
:1;1. Guatemala :1;1. Guinea :1;1. Guinea-Biss :0;1. Guyana :0;1. Honduras
:1;1. Hong Kong :1;1. Hungary :0;1. Iceland :0;1. India :1;1. Indonesia :1;1.
Iran :1;1. Ireland :1;1. Isvael :1;1. Italy :1;1. Ivory Coast :1;1. Jamaica :1;1.
Japan :1;1. Jordan :1;1. Kenya :1;1. Laos :0;1. Lesotho :1;1. Luxembourg
:0;1. Madagascar :1;1. Malawi :1;1. Malaysia :1;1. Mali :1;1. Mauritania
:0;1. Mauritius :0;1. Mexico :1;1. Mongolia :0;1. Morocco :1;1. Mozambique
:1;1. Namihia :0;1. Netherlands :1;1. New Zealand :1;1. Nicaragua :1;1.
Nigeria :1;1. Norway :1;1. Pakistan :1;1. Panama :1;1. Papua N. Guinea
:1;1 Paraguay :1;1. Peru :1;1. Philippines :1;1. Poland :0;1. Portugal :0;1.
Rwanda :1;1. Senegal :1;1. Sierra Leone :0;1. Singapore :1;1. South Africa
:1;1. Spain :1;1. Sri Lanka :1;1. Sudan :0;1. Sweden :1;1. Switzerland :1;0.
Syria :1;1.Thailand :1;1. Togo :1;1. Trinidad And Tobago :1;1. Tunisia :1;1.
Tarkey :1;1. UK. :1;1. U.S.A. :1;1. Uganda :1;1. Urugnay :1;1. Venezuela
:1;1. Zambia :1;1. Zimbabwe :1;1.
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