Investigacién Econémica, vol. LXVI, 262, octubre-diciembre, 2007, pp. 59-87

Economic Growth Models and Growth Tendencies

in Major Latin American Countries
and in the United States, 1963-2003

GABRIEL MENDOZA PICHARDO*

INTRODUCTION

Pasinetti (2000) has developed a thorough critique of the distribution theory
that underlies neoclassical growth theory. Rada and Taylor (2006) have
concluded that such theory is empty of content, since it rests on the flawed
neoclassical production function. They argue, however, that the latter theory
can be fruitfully substituted by productivity equations models derived from
national accounts conventions and algebraic identities. They point out that
these models, based on identities, are bound to fit empirical data. Models
constructed on national accounts identities, when applied to empirical data,
will uncover long term structural tendencies and breakpoints of specific
capitalist economies.
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Two growth models, put forward by Gérard Duménil and Dominique
Lévy and by Duncan Foley and Thomas Michl, are discussed below. Each
belongs to the type of aggregated macroeconomic models derived from
national account identities and to the Classical economic tradition. I believe
that these models represent a powerful approach to explaining historical and
current economic tendencies in real economies such as the economies of
Latin America. Nevertheless, they reproduce the limitations and omissions
of aggregate analysis, and some constraints derived from their specific
assumptions. Moreover, there are empirical difficulties that stem from the
design and availability of national accounts data.

The aim of Duménil and Lévy and Foley and Michl is to formalize the
long-term tendencies of capitalist economies proposed by Karl Marx in
Capital. Duménil and Lévy (2003) have called these tendencies “trajectories 4
laMarx,” while Foley and Michl (1999) have labeled their model a “Classical
model of growth with Marx-biased technical change and constant wage
share.” For these authors, during long periods, but not indefinitely, developed
capitalist economies are subject to trajectories 4 /2 Marx. Some of the
patterns of these trajectories do coincide with the stylized facts proposed
by Nicholas Kaldor, but others, such as the constancy of the output-capital
ratio, do not (see for example Kaldor, 1957).

Duménil and Lévy’s and Foley and Michl’s models are quite similar.
Each assumes a capitalist economy with two classes (capitalists and workers),
which produces only one good. Duménil and Lévy offer theories of real
wage and technical change. Foley and Michl postulate that the real wage
grows at the same rate as labor productivity and that both labor productivity
and the output-capital ratio (the technical variables) evolve at given growth
rates. ] am interested here in presenting the patterns of growth derived from
these models to analyze the economic growth behavior of Latin American
economies in compatrison with that of the United States (us). I will not
discuss Duménil and Lévy’s specific growth functions, nor their wage and
technological change theories (Duménil and Lévy 1995 contains a detailed
discussion of their technological change model). Moreover, a discussion of
economic policies in Latin America is beyond the scope of this paper.
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The paper is organized as follows. The first two sections develop
in detail the models of Duménil and Lévy and Foley and Michl. The
next section presents an empirical test of Neoclassical versus Classical
economics designed by Foley and Michl. Then several theoretical caveats,
some applicable to all aggregate macroeconomic growth models, others
specific to the chosen models are discussed. Next country selection, the
database, and the methodology for construction of variables are explained,
along with some remarks on the quality of the database. After that, an
analysis, based on the theoretical models presented in previous sections, of
economic growth patterns in Argentina, Brazil, Chile, Colombia, Mexico,
and the us is offered. Finally, summary and concluding remarks appear in
the last section.

DuMENIL AND LEVY MODEL

According to Duménil and Lévy (2003), in Marx there are three long-
term tendencies at work in a capitalist economy: the growth of labor
productivity, the increase of the value composition of capital, and the fall of
the profit rate (though the mass of profits can be growing). These tendencies
are counteracted or nullified by rises in the rate of surplus value and by
increases in the share of profits accumulated in relation to the total profits
(rate of accumulation). Below we will formally define these categories.
For Duménil and Lévy (2003), the variables that determine the path
of a capitalist economy interact with each other: given the real wage and
the existing technology (a set of techniques of production), capitalists can
compute the profit rate of each technique. They then choose the more
profitable technique. Thus, the real wage indirectly determines the technique
in use and the profit rate, which in turn determines the rate of accumulation.
Then, depending upon the technique in use, the rate of accumulation sets
the level of output and employment. Finally, the employment level affects the
real wage. The theories of technical change and real wage are crucial in
Duménil and Lévy. In particular, if the technical change that prevails is
one that raises the composition of capital, the output-to-capital ratio (or
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capital productivity) tends to decrease. Therefore, though a positive rate of
accumulation increases the stock of capital, it becomes less productive, due
to the type of technical change that is taking place.

Following Duménil and Lévy (2003), and adopting Foley and Michl’s
notation, let us define ¥, K and N respectively as net output, fixed capital
(in same monetary units than output), and number of workers employed.
The technical parameters are given by y = Y/N (net output per worker or
net labor productivity) and @ = Y/K (net output-to-capital ratio or net capital
productivity). w is the real wage per worker, and W= whN is the total wage bill.
Let us define R as the net profit, ¥ as the wage share in net output and 0
as the profit share in net output. Then V

Y=W+R 1]
l=y+0 [2]

Marx’s rate of surplus value (R/W), the profit shate (8), and the wage share ()
are alternative measures of distribution, since R/W=6/(1 —0) = (1 —y)/y.
If one of these variables is constant, the other two are constant. If the wage
share increases, the rate of surplus value decreases. The wage share can be
expressed as the real wage divided by labor productivity.

y = W/Y = (WIN)/(YIN) = wly [3]

The net profit rate —net profits by unit of capital— is given by » = R/K, and
the value composition of capital —capital in monetary units divided by the
wage bill- by A=K/W. Note that the net output-capital ratio and the net
profit rate can be written as follows:

¢ =1/(Ay) [4]

r=00=(1-y)e 5]
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Therefore, if the wage share (or the profit share) is constant, by equation [4]
the net output-capital ratio will change inversely with changes in the value
composition of capital, the wage ratio by equation [3] will move at the same
rate as net labor productivity (W = yy), and the profit rate by equation [5]
will change at the same rate as the net output-capital ratio (r = 0¢).

A trajectory 4 /a Marx implies that the net output-capital ratio and the
profit rate will fall while labor productivity and the real wage will rise. In
equation [5] with a net profit share held constant, a falling net output-capital
ratio reduces the profit rate. Let us define g, as the annual growth rate of
variable x. The annual growth rate of capital is given by the Cambridge
equation; that is to say, it is equal to the share of net profits that goes to
capital accumulation (or rate of accumulation), sg, times the net profit
rate:

8k =Sr T [0]

If the profit rate is falling, the growth rate of capital will fall if the share
of nct profits that goes to capital accumulation is constant or is falling. As
long as net capital productivity falls and net labor productivity raises, the
annual growth rates of net output and employment will also fall, even faster
than g, since

gY=er+gcp [7]
Ev=Srt+8,— & (8]

Duinénil and Lévy show, through special time functions, that with a constant
wage share, it is possible to have trajectories 4 &« Marx that do not end in
stagnation. The rate of profit falls, while capital, profits, accumulated profits,
output and employment all rise, though at a decreasing rate of growth.
Without these functions, the model achieves a point in which the economy
comes to a halt —as occurs in Foley and Michl’s model.
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FoLEY AND MICHL’S MODEL

In their book Growth and Distribution, Foley and Michl develop several growth
models, departing from a common model of production based on Sraffian
real wage-profit rate curves. Their seventh chapter is dedicated to a classical
growth model with Marx-biased technical change. Labor productivity grows
while capital productivity decreases. This model of biased technical change
also appears in Foley and Marquetti (1999), Foley and Marquetti (2000),
and Michl (1999).

As in Duménil and Lévy’s model, Foley and Michl’s hypothetical
economy produces only one good, which is used either for consumption
or accumulation. Their economy is closed and does not have a governmental
sector. Using their notation, Foley and Michl define gross product and fixed
capital stock in monetary units as X and K, respectively, and the number of
workers employed as N. Total wage bill and gross profits are defined as W
and Z, and consumption and gross investment as C and /, where [ is equal
to the increase of the capital stock (AK) plus depreciation (D). Therefore,

X=W+Z 9]
X=C+1I [10]

In Foley and Michl’s work, output, profits, and investment variables are
referred to quantities including depreciation. Here, unless explicitly specified,
these variables and the relations where they enter are gross of depreciation.
Let us define x = X/N as labor productivity, p = X/K as the output-capital
ratio, and k= K/N as the capital-labor ratio. The profit share in output is given
by 1t = Z/X, the profit rate by v = Z/K = (Z/X)/(K/X) = np, the depreciation
rate by 8 = D/K, and the real wage (wage per worker) by w= W/N. The capital-
labor ratio can also be written as k = x/p. Finally, gx= AK/K is the rate of
growth of the capital stock. Therefore, dividing by the number of workers
and rearranging, equations [9] and [10] become:
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w=x—-z=x—-vk=x(1-(v/p)) [11]
c=x—i=x-(g+t8)k=x(1-((gc+8)/p)) [12]

Equation [11] is the schedule (line) real wage-(gross) profit rate, which has
a —k slope and extreme points v = 0, w"* = x, the coordinate (0, x), and

*=x/k=p, w=0, the coordinate (p, 0); see in graph 1 lines xopy and x,p;.
Equation [12] is the schedule (line) consumption per worker-growth rate,
which also has a —k slope, and its extreme points are g+ 6 = 0, "> = x,
the coordinate (0, x), and (g, + 6)"*= x/k = p, ¢ = 0, the coordinate (p, 0).
Since both schedules are mathematically identical, Foley and Michl call
their union the growth-distribution schedule. In equations [11] and [12], an
inverse (classical) relationship between the real wage and the profit rate and
the consumption per worker and the growth rate of capital is present.

GrarH 1
Growth-distribution schedule
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Assuming that the depreciation rate is constant through all techniques, a
technique of production can be described either by labor productivity
and the capital-labor ratio (i.e. by x, k) or by labor productivity and capital
productivity (Ze. by x, p). Once x and k (or p) are known, if a theory of
wage determination and a theory of savings are added to equations [11]
and [12], the growth model can be solved for the wage rate, the profit rate,
the consumption per worker and the growth rate of capital stock. Foley
and Michl use a version of the Cambridge equation where one plus the
growth rate of capital (the growth factor) is equal to the fraction B used as
capital in the current period of the sum of the capital from the previous
production process plus net profits (the wealth stock: K + Z — D) divided by
the previous capital:

1+gx=p(1+v-9) [13]

Assuming that the profit share in output, @, is constant, the real wage, as in
equation [3], will grow at the same pace as labor productivity:

w=(1-m)x [14]

'To model technical change, assume that labor productivity grows at the rate
Y and capital productivity evolves at the rate ¥. These add two equations to
the growth model:

x = xo(1+y) [15]
p = po(1+y)’ [16]

Equations [11] through [16] form Foley and Michl’s classical growth
model. The parameters of the model are xo, po (or k), 8, B, T, ¥, and y. The
endogenous variables ate x, p (ot k), w, v, ¢, and gi. Note that if ®is constant
and p decreases at the rate ), the profit rate declines, because v = ntp (which
is equivalent to equation [5], which calculates the net profit rate). Since v—90
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is also declining, the rate of growth of the capital stock will also fall by the
Cambridge equation, equation [13]. The stock of capital will stop growing
altogether when the net profit rate (v — 8) equals (1 — B)/B. The growth rate
of output will also fall, since this growth rate is equal to the rate of growth of
the capital stock plus the rate of growth of capital productivity:

gx=8kt X [17]

If v > 0 and y < 0, Marx-biased technical change is taking place (labor
productivity increases and capital productivity falls). The growth-distribution
schedule shifts to the left in the v, g+ 8 axis, and to the top in the w, ¢ axis,
as is shown in line x,p; with respect to line xop, in graph 1. Marx-biased
technical change implies that there are savings of labor and more consumption
of capital per unit of good produced. Alternatively, Marx-biased technical
change can be described as an increase in both labor productivity and the
capital-labor ratio (z.e. the absolute value of the slope —k rises). If the profit
share (m) is constant, the real wage will grow at the same rate as labor
productivity, and the profit rate will diminish at the same rate as the output-
capital ratio. If Marx’s technical change is at work, a rising real wage will
lead capitalists to shift to an available technique of production with higher
labor productivity and lower capital productivity than the technique in use,
a move that will produce an inevitable fall in the profit rate.

Two other shifts of the growth-distribution schedule are relevant.
One is Harrod’s neutral technical change, where labor productivity grows
while capital productivity remains constant (Z.e. y > 0, x = 0). If the profit
share is constant, the real wage grows at the same rate of labor productivity
and the profit rate does not change. The other is Hicks’ neutral technical
change, where both labor productivity and capital productivity rise in the
same proportion (i.e. 7 =7 > 0). If the profit share is constant, the real wage
will increase at the same rate as labor productivity and the profit rate will
rise at the same rate as the output-capital ratio.

The general conclusion of the Duménil and Lévy model and Foley
and Michl’s is that in a growth model with growing labor productivity and
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decreasing output-capital ratio, the rate of profit and the rate of growth of
the economy will diminish. Eltis (2000) has shown that in a Marxian growth
model, for any initial values, the rate of profit will eventually begin to fall.
This will happen if it is postulated that the rate of growth of outputis greater
than the rate of growth of variable capital (the wage bill) and lower than the
rate of growth of constant capital (the capital stock). This result is achieved
at the same time that the rate of surplus value is growing, Eltis, however,
has emphasized that to put in motion the forces that produce Marx-biased
technical change, increase in the real wage is a necessary condition.

AN EMPIRICAL TEST OF NEOCLASSICAL
AND CLASSICAL ECONOMICS

According to Foley and Michl (1999), an innovator’s profitable adoption
of biased technical change can occur before the wage rate increases. But
ultimately, via class struggle and a composition effect, the whole capitalist
class will end up with a lower profit rate. Each capitalist would adopt a
new technique, given the real wage, if the transitional profit rate generated
by this technique is greater than that generated by the technique in use. Under
the assumption of a constant wage share and Marx-biased technical change,
when all capitalists employ the new technique, the final profit rate will
be lower than that generated by the previous technique. Given the wage rate,
Foley and Michl show that capitalists will adopt the new technique, if:

<y (I+0/(v=0 [18]

They observe that for Neoclassical economic theory, with a continuum
of techniques, this viability condition must hold as a strict equality in order
to satisfy the postulate that the wage is equal to the marginal product of labor.
Classical economics allows 7 be equal or less than the right hand side of
equation [18]. Therefore, if T <y(1 + x)/(y — ¥) for a given economy, then
that economy is not working under Neoclassical economics’ assumptions.



Economic GRowTH MODELS 69

With data from twenty-two Organization for Economic Co-operation
and Development (OECD) countries from 1965 to 1995, Foley and Michl
(1999) found an overwhelming tendency for 7 to be less than y(1 +)/(y —).
Then developed capitalist economies worked at wage levels above the
marginal productivity of labor. Michl (1999) presents similar results for six
developed countries between 1973 and 1992. He found that the right hand
side of the viability condition was between 0.52 and 0.72, while profits
were one third of income for those countries [note that in Michl (1999) the
viability condition is written as T < y/(y —x)].

In the Neoclassical context, Marx-biased technical change can be viewed
as a movement along an isoquant. Zeira (1998) has recognized the stylized
fact that labor productivity tends to grow while capital productivity tends to
decrease. For Zeira, the choice of a technique is a standard neoclassical choice
along the isoquant, which depends on the relative price of the production
factors. A rise in the wage rate relative to the interest rate will generate an
increase in labor productivity and a fall in capital productvity. For Michl
(1999), though the historical data can fita Cobb-Douglas production function,
one cannot assume a continuous and differentiable production function as
the viability condition, equation [18], shows.

THEORETICAL CAVEATS

Both the Duménil-Lévy and the Foley-Michl models, as macroeconomic
aggregate models, are subject to at least two critiques. The first one derives
from Piero Sraffa’s work. The inverse relationship between the real wage
and the profit rate showed in equation [11] and graph 1 holds for economies
with more than one good, but as Sraffa showed, this relationship is no longer
linear. Equation [11] is only an approximation of the true real wage-profit
rate schedule of economies that produce more than one good. In these
economies the phenomenon of technique re-switching appears, ze. the direct
and one to one relation between the level of the wage rate, on the one
hand, and labor productivity and capital to labor ratio, on the other hand,
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does not necessarily hold. Foley and Michl (1999, chapter 3) and Foley and
Marquetti (1999), discuss the limits of theit economic growth model.

The second critique has to do with the fact that macroeconomic
aggregate models cannot take into account the structural changes that are
normally at work in a capitalist economy. Technical change increases
average incomes, modifies the composition of output and employment,
changes the price structure, and transforms demand and consumption
patterns (see Pasinetti and Scazzieri, 1987). In the early stages of economic
development, the agricultural sector decreases its share of output in favor of
the industrial sector, while in a modern developed economy, the industrial
sector itself loses share, and services increase their importance. Therefore,
an important composition effect exists behind the changes in both aggregate
labor productivity and capital productivity. Kongsamut, ez @/ (2001) have
underscored these structural changes, which they label Kugnets facts, and
attempt to make them compatible with the Kaldor facts within a neoclassical
balanced growth model, where the sectors’ shares are changing, ‘

For the Duménil-Lévy and Foley-Michl models, I would argue that at
least three limitations should be highlighted. First, the model assumes a
closed economy. The presence of an external sector is very important in
real economies and for some, such as in Mexico, the weight in gross output
of total external transactions should not be disregarded, especially in the
expenditure side of the model (Ze. equations [10] and [12] in the Foley-
Michl model).

The other limitations are connected with the concept of capital in Marx
and with the calculation of the profit rate. On the one hand, the aggregate
Duménil-Lévy and Foley-Michl models cannot differentiate between the
two categories that form constant capital, in Marx’s terminology: fixed capital
(buildings, machinery and equipment) and constant circulating capital (raw
and auxiliary materials). Each category has a different turnover time.
However, as we will see in the next section, given the way that capital stock,
K, is empirically calculated it folds together both types of constant capital.
Therefore a crucial point is whether the chosen depreciation rate to calculate
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K via the perpetual inventory method is really an accurate weighted average
of the different kinds of capital stock depreciation rates.

On the other hand, wages are explicitly not included in capital. This
implies that workers are paid after production takes place and therefore
capitalists do not advance capital to buy labor, which is not the case in real
economies. This assumption underestimates the amount of total capital
advanced by the capitalists, and increases the profit rate, since K is only
composed by constant capital. This problem cannot be solved by adding the
wage bill, W, to K, since wages, which are circulating capital, have a specific
turnover time, which may be on average different of one year. However, with
all these caveats in mind, I believe that the empirical use of these models
can shed light on growth tendencies in major Latin American economies,
and allows us to compare them with the growth behavior of a developed
economy, like the United States economy.

COUNTRY SELECTION AND DATABASE

For this exercise, I selected five major Latin American countries. According
to Economic Commission for Latin America and the Caribbean (ECLAC,
2006), these countries concentrate 82 percent of the 2005 gross domestic
product (GDP) of Latin America and the Caribbean at constant 2000 dollars.
These economies, along with their shares of the Latin America and the
Caribbean 2005 GDP, are as follows: Brazil (30.3), Mexico (28.7), Argentina
(14.2), Colombia (4.5), and Chile (4.2). I limited the sample to five countties,
excluding Venezuela, whose share of the combined GDP of Latin America
and the Caribbean is 5.9 percent. This was because Venezuela is the only one
of the largest economies whose mining and quarrying sector represents 18
percent of its GDP (the next highest being Chile, at under 7 percent), and also
because the oil rent may introduce distortions in its economic performance.
The United States is included for the sake of comparison.

Following Adalmir Marquetti’s procedure in his Extended Penn World
Tables Version 2.1, Epwt2.1 (Marquetti, 2004a), I recalculated the database
for the six selected countries. Marquetti used the Penn World Table Version
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6.1, pwt6.1 (in Heston, Summers and Aten, 2002). I am using the Penn World
Table Version 6.2, pwt6.2 (in Heston, Summers and Aten, 2000) to generate
the variables contained in the Foley-Michl growth model, equations [11]-
[16]. For methods of construction of variables in PwT and EPWT, the reader
should check the documentation sections in their respective web sites.

All primary variables, except workers share in output, were taken from
pwT6.2. They are as follows: population; real GDP per capita (2000 constant
international dollars, chain seties); investment share of real GDP per capita
(2000 constant international dollars, Laspeyres series); and real GDP chain
per worker (2000 constant international dollars, chain series), where “Worker
[-..] 1s usually a census definition based of economically active population.”
[See “Data Appendix for a Space-Time System of National Accounts: Penn
World Table 6.1 (Pwr6.1)” in PwT6.1 documentation].

PWTG6.2 contains data for the period 1950-2004 for the countries
considered, except for the case of Chile, with data for 1951-2004. The
study period is 1963-2003 (1964-2003 for Chile). The number of workers
for 2004 cannot be deduced from pwt6.2. The Constant Capital stock
variable, K, is calculated using the Perpetual Inventory Method (PM), with
the following formula:

K, =Z(1-0.075)") I,

where [ is constant gross investment, I’ = 14 and i = 1, 2,..., 14. See
Marquett’’s (2004a) “This dataset was compiled from the Penn World Tables
and other sources.” By construction, capital stock series are available for
1963 to 2004 for all the countries, except for Chile, whose capital stock
series begin in 1964.

Finally, I took Marquetti’s workers’ share in output, remunerations
divided by gross domestic product, in EPWT Version 2.1, which was taken
from several issues of the United Nations’, National Accounts Statistics: Main
Aggregates and Detailed Tables. 1 updated this variable with national accounts
data from each government’s statistics agency (listed at the end of the
bibliography) as follows:
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* Argentina: there is no data for this variable in pwT; I include data for 1993-2004.

¢ Brazil: there is data for 1963-1970 and 1975 in EpwT; I added data for 1980, 1985
and 1995-2004.

* Chile: there is no wage share data for 1983-1986 in epwT; I include data from 1996
to 2004.

¢ Colombia: there is data for 1963-1997 in EpwT; I updated the series for the period
1990-2004.

* Mexico: in EPWT wage share appears for the period 1970-1998; I updated the period
1988-2004.

* United States, there is data for 1963-1996 in EpwT; I updated the whole petiod
1963-2004.

The data set, which is available from the author upon request, contains
homogeneous and comparable data of the Foley-Michl growth model
variables. In a database with the scope of the EPwT there can be several
problems with the quality of the data and the way the variables were
constructed. Working with the statistics of only one country in its own
monetary unit may allow researchers to avoid the compromises of a
database encompassing several economies and to gain accuracy, but it can
also preclude comparative analysis of growth performance. Marquetti (2003)
uses EPWT to analyze historical and regional patterns of technical change.
For an analysis of Brazil using the Foley-Michl growth model, see Marquetti
(2004b). Mexico is analyzed in Mendoza (2003). The main source for an
analysis of the us economy from the perspective of the models presented
here are Duménil and Lévy’s papers; see, for example, Duménil and Lévy
(2004).

There are at least three variables whose construction is perhaps the
most problematic: capital stock, K, number of workers, N, and the wage
share in output, 1 — 7. K includes all net capital, except wages, since it is
calculated from total gross investment (fixed gross investment plus inventory
changes). Marquetti’s method for estimating the capital stock assumes a
uniform depreciation rate of 0.075 for all countries. According to Marquett,
this relatively high depreciation rate underestimates the size of the capital
stock and increases the variance of its rate of growth. However, Marquetti
assumes that there is not any systematic deviation of these rates of growth.
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Therefore, because K does not include wages, and because for the included
part, it is underestimated, variables in which it enters as divisor will be
overestimated (output-to-capital ratio, p, profit rate, v).

The number of workers, N, based on the census variable economically
active population, encompasses, in the one hand, more than wage earners or
productive workers (such as clerks, self-employed, and owners) and, in the other,
employed and unemployed people. Therefore, N is likely to overestimate
the labor force. In the case of the wage share, as long as there exists, in real
economies, aside from capitalists and workers, a group of se/f-employed whose
income is imputed to profits, 1 — 7 may also be underestimated. Rada and
Taylor (2006) remind us that this problem does not have an easy solution and
recount the attempts to solve it by several researchers. One last remark: note
that consumption, C, is equal to real GDP less gross investment (C =X—1),
and therefore includes the external trade balance.

BEHAVIOR OF MAJOR LATIN AMERICAN COUNTRIES
AND THE UNITED STATES, 1963-2003

The economies considered are dissimilar and show different behaviors
over time. The absolute value of us labor productivity, x, in 2003 was 67.9
thousand constant 2000 international dollars (see table 1). In the same year,
relative to Us, labor productivity was 42.6 percent in Chile, 35.8 in Argentina,
27.4 in Mexico, 22.8 in Brazil, and 20.3 in Colombia. There is a huge labor
productivity gap between us and Colombia, but also between Chile and
Colombia. The differences in labor productivity (x), the capital-labor ratio
(k), and the real wage rate (W), among the five Latin American countries
and the us are remarkable.

Graph 2 plots the evolution of the log of labor productivity for each
country. It shows that around 1980 there is a marked change from rapid
and relatively stable growth to stagnation, huge backward movements, and
high volatility in the cases of Argentina, Brazil, Colombia, and Mexico. In
contrast, Chile’s labor productivity behaves inversely: it began with marked
cyclical behavior before 1985, and then grew rapidly after that year. The



TaBLE 1

Foley-Michl growth model. Variables evolution by country, 1963-2003

Absolute variable value

Mean annual growth rates

Argentina
1963 2003

1963-2003

1963-1982 1982-1994

1994-2002

19092.7 24 284.7
0.8390 0.8217
227558 29 554.2
0.3936 0.2922
10 813.9 7 095.5
0.5923 0.5816
gK*‘
gx“
Type of technical change

0.0075
0.0008
0.0071
-0.0269
—0.0365
-0.0002
0.0219
0.0239
Harrod

0.0075 0.0123
-0.0215 0.0403
0.0295 -0.0269
-0.0768

-0.0447

0.0645

0.0428 -0.0121
0.0301 0.0286
Marx Hicks

-0.0243
-0.0319
0.0072
-0.0198
-0.0421
-0.0200
0.0233
0.0049
Crisis

Absolute variable value
Brazil

Mean annual growth rates

1963 2003

1963-2003

1963-1973 1973-1983

1983-2003

8859.0 15 461.6
0.7915 0.8100

111924 19088.5
0.3168 0.3952

2 806.5 61109
0.5408 0.4899

* %
8k

* %
8x

Type of technical change

0.0148
0.0012
0.0142
0.0021
0.0210
0.0040
0.0401
0.0442
Harrod

0.0480 0.0048
0.0029 —0.0341
0.0452 0.0406
0.0149
0.0526

-0.0026
0.0738
0.0834

Harrod

0.0032
0.0180
-0.0145
-0.0091
-0.0066
0.0098
0.0080
0.0264
Crisis




TasBLE 1, continued...

Absolute variable value
Chile

Mean annual growth rates

1964 2003

1964-2003

1964-1989 1989-2003

16 621.9 28 929.2
0.4841 0.6487

34 338.7 44 594.9
0.3811 0.3939

6334.6 11 395.9
0.2996 0.3932

* %

.
8x

Type of technical change

0.0160
0.0091
0.0082
0.0118
0.0302
0.0020
0.0275
0.0391
Hicks

0.0067 0.0325
0.0293 -0.0269
-0.0216 0.0614
0.0097 0.0149
0.0177 0.0480
0.0274 -0.0343
-0.0035 0.0771
0.0273 0.0550
Hicks Marx

Absolute variable value

Mean annual growth rates

Colombia
1963 2003

1963-2003

1963-1973 1973-1984

1984-2003

94243 13759.4
1.0875 1.1106
8 666.1 12 388.8
0.3813 0.3403
3593.5 46828
0.6728 0.7326
g™
g

Type of technical change

0.0097
0.0008
0.0093
-0.0017
0.0081
0.0029
0.0381
0.0407
Harrod

0.0303 0.0073
0.0133 -0.0172
0.0169 0.0248
-0.0081 0.0247
0.0218 0.0326
0.0186 -0.0309
0.0418 0.0534
0.0576 0.0398
Hicks Marx

0.0011
0.0038
-0.0021
-0.0117
-0.0106
0.0122
0.0273
0.0322

Crisis




TasLE 1, continued...

Absolute variable value Mean annual growth rates
1963 2003 1963-2003 1963-1983 1983-1998 1998-2003
13239.1 18 627.6 0.0093 0.0226 -0.0054 0.0001
0.8635 0.7014 -0.0048 -0.0114 0.0101 -0.0236
15332.2 26 557.3 0.0144 0.0343 -0.0154 0.0242
0.3567 0.3170 -0.0021 -0.0132 0.0044 0.0073
6196.6 5904.4 0.0015 0.0014 -0.0003 0.0073
0.5106 0.4791 -0.0014 -0.0039 0.0092 -0.0265
g’ 0.0447 0.0665 0.0146 0.0477
g 0.0427 0.0598 0.0257 0.0255
Type of technical change Marx Marx Crisis Crisis
Absolute variable value Mean annual growth rates
1963 2003 1963-2003 1965-1982 1982-1994 1994-2003
33960.3 67 865.4 0.0177 0.0097 0.0225 0.0199
0.8208 0.6025 -0.0075 -0.0128 0.0035 -0.0174
41 376.0 112 633.8 0.0254 0.0228 0.0190 0.0380
0.5588 0.5771 0.0009 0.0038 -0.0038 0.0024
18978.6 39164.7 0.0186 0.0135 0.0186 0.0224
0.3621 0.2548 -0.0084 -0.0175 0.0089 -0.0203
g 0.0398 0.0406 0.0315 0.0479
g 0.0338 0.0293 0.0362 0.0322
Type of technical change Marx Marx Harrod Marx

Notes: * Data for these variables is for the years 1993 and 2003 for Argentina and 1970 and 2003 for Mexico. Mean growth rates were calculated using
the available data (see section: Country selection and database). ** Mean value of the variables, i.e. mean growth rates of K and X.
Source: see section: Country selection and database.

Mexico

United States
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Us economy shows a more stable pattern: labor productivity growth is
certainly slow during the period, but its falls are short lived and are not
deep, the recessions of the mid 1970s and the early 1980s perhaps being
the exceptions. Thus, after forty years, labor productivity in Latin American
countries has diverged from labor productivity in the Us. The percent mean
annual growth rates of x in 1963-2003 are: Argentina, 0.8; Brazil, 1.5; Chile,
1.6; Colombia, 1.0; Mexico, 1.0; and us, 1.8.

GRaPH 2
Log of labor productivity by country, 1963-2003
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The output-capital ratio, p, also shows a structural breakpoint at the beginning
of 1980s in the majority of the countries (see graph 3). In Argentina, Brazil,
and Mexico the relatively long fall of this ratio clearly reverses. In the us
(and perhaps in Colombia, but with large swings), where the output-capital
ratio was also falling before early 1980s, a certain stabilization occurs. In
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Argentina, Mexico, and the Us, this ratio began to fall again in the mid 1990s.
Chile is again the exception, since it presents a growing output-capital ratio
through the period 1964-1989 and a falling ratio since 1989.

GRrarH 3
Output-capital ratio by country, 1963-2003
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In table 1, the period 1963-2003 is subdivided into subperiods of technical
change patterns. For each country, a technical change pattern is defined as
the segment of time between a trough and a peak, or vice versa, of the output-
capital ratio. The technical change pattern is characterized according to
the value of the mean annual growth rates of labor productivity (g,) and the
output-capital ratio (g,). Recall that alternatively a technical change pattern
can be characterized by the growth rates of labor productivity (g,) and the
capital-labor ratio (g), where g, = g, —g,. Technical change is defined as
Harrod if g,> 0.0040 and —0.0040 < g,< 0.0040, as Hicks if g,, g,> 0.0040,
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as Marx if g,> 0.0040 and g,<—0.0040 (Marx), and as crzsis if for any value
of g,, g:<0.0040.

Subperiods were faitly easy to define for each country, except for
Colombia, due to dramatic short-term swings of the output-capital ratio
after 1984. Note that in table 1, aside from the five subperiods of fechnical
change crisis, Marx-biased technical change appears in seven subperiods,
followed by Hicks and Harrod with three and two, respectively. Therefore,
Marx-biased technical change is not a rarity, and it would be worth analyzing
in depth the likely reasons behind this kind of technical change. Taking
into account the theoretical relationships in equations [11]-[16], analysis of
the evolution of technical and distributive variables can proceed for each
country and subperiod.

For the period 1963-2003, Argentina, Brazil and Colombia followed a
Harrod neutral growth path. For this period, due to the lack of data, it is
not possible to discern distributive variables tendencies for Argentina. For
Brazil, the real wage (W) grew more than labor productivity (x), and therefore
the wage share (1 — ) increased while the profit rate (v) fell (recall that the
growth rate of the profit rate can be written as g,= g; + g,). Colombia
took the inverse trajectory: the real wage grew less than labor productivity,
then the wage share decreased and the profit rate rose.

Mexico and the us followed a Marx-biased technical change in 1963-
2003. In both countries, the profit rate fell. In Mexico a stagnant real wage
and a falling wage share (data for 1970-2003) did not compensate the fall
in the output-capital ratio, and the profit rate decreased. In the us, the real
wage grew at a slightly higher rate than labor productivity. Therefore, the wage
share saw a small increase, which along with the fall in the output-capital ratio
determined the reduction of the profit rate. Finally, in Chile the technical
change was of the Hicks type during 1964-2003. The wage rate grew more
than labor productivity and the wage share increased, but the strong rise of
the output-capital ratio also implied an increase in the profit rate.

For all these Latin American countries except Chile, the final years of
the period 1963-2003 were of technical change crisis (stagnant or falling
labor productivity) associated with an increase in the output-capital ratio
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(which reversed in the 1990’s in Argentina and Mexico). In Argentina, after
1994 the fall in labor productivity was very steep and the output-capital ratio
began to decrease. These resulted in a simultaneous fall of the real wage and
the profit rate. In Brazil, the output-capital ratio grew during 1983-2003.
This tendency was reinforced with the fall in the wage share (and the real
wage) during 1996-2003, which implied an increase in the profit rate. In
Colombia, during 1983-2003 the technical ratios were stagnant and volatile
and the increase in the profit rate was due to the reduction of the real
wage and the wage share.

In Mexico during 1983-1998 labor productivity fell, but the stagnation
of the real wage and the increase in the output-capital ratio allowed an
increase of the profit rate. In 1998-2003 the evolution of technical and
distributive variables generated a new fall in the profit rate: labor productivity
was constant, the capital-output ratio fell and the real wage and the wage
share somewhat recovered. In 1989-2003, Chile’s exceptionality in Latin
America is clear. This country followed a Marx-biased technical change:
rapid rise in labor productivity coupled with a falling output-capital ratio, a
combination that produced a fall in the profit rate, a result reinforced with
an increase in the wage share (due to a growth rate of the real wage above
of the growth rate of labor productivity).

The us followed a Marx-biased technical change pattern during 1965-
1982 and 1994-2004, with a higher growth rate of labor productivity
and lower (negative) growth rate of the output-capital ratio in the latter
subperiod. With a slight increase in the wage share (the real wage increased
more than labor productivity) in both subperiods, the profit rate fell. In
contrast, during 1982-1994 the us economy shows Harrod technical change,
z.e. growing labor productivity and stagnant output-capital ratio. Since the real
wage grew less than labor productivity, the wage share fell and the profit
rate recovered.

Itis remarkable that the economic ctisis and the structural breaks of early
1980s were preceded by subperiods of Marx biased technical change with
a falling rate of profit for each of the countries considered, except Chile.
The fall of the profit rate is clear in the Us in 1965-1982, and Colombia in
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1973-1984, and a little bit less marked in Mexico in 1963-1983. In Brazil,
the technical change in 1973-1983 was of a Marx-type, but even before,
with a Harrod technical change in 1963-1973, the profit rate was falling (the
profit rate in Brazil passed from its highest point of 60 percent in 1968 to
48 percent in 1975 and then fell to 40 percent in 1985).

The three Hicks subperiods appear in Argentina (1982-1994), Chile
(1964-1989), and Colombia (1963-1973). In principle, higher labor
productivity and higher output per unit of capital translates in simultaneous
increments of the real wage and the profit rate. This was the case for Chile
and Colombia (for Argentina there is no data). Hicks’ type of technical
change appears to be unusual in real economies. Moreover, in the case of
Argentina and Chile, Hicks technical change occurred in the context of either
shrinking or sluggish capital stock.

For each country, the last two rows in Table 1 include the mean annual
growth rates of capital stock (gx) and output (gy). Marx-type technical
change implies a growth rate of capital stock greater than the growth rate
of output, Harrod technical change yields similar rates, and Hicks technical
change produces a greater growth rate of output since by equation [17], gy=
8kt &,- Note that in Chile (1964-1989) and in Argentina (1982-1994), each
a Hicks technical change subperiod, the capital stock did not grow at all
ot decreased and that the only subperiod of technical change with a really
negligible growth rate of output corresponds to Argentina in 1994-2002.

Itis possible to connect the evolution of the growth rate of output (gy)
with the evolution of the profit rate (V) via equations [17] and [13]. The
latter equation shows that the growth rate of capital stock (gx) depends on
the profit rate, assuming that the saved fraction of the wealth stock, B,
and the depreciation rate, 0, are constant. However § may depend directly
on profitability and 6 would change with the capital stock composition and
technical progress. Therefore, though there are other determinants of the
growth rate of output which can be relevant in real economies, this growth
rate should somehow track the evolution of the profit rate.

Graph 4 plots the annual growth rate of output and the profit rate by
country. Visual inspection shows that both rates tend to follow the same
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path through time, a path of diminishing profitability and economic growth,
with the exception of Chile for both rates and the us for the growth rate
of output. However, both variables exhibit high volatility, and perhaps the
movement of the profit rate is one or more years ahead of the output
growth rate. The growth rate of output is more volatile than the profit rate.
During 1963-2003 for the countries with more observations of the profit
rate (Chile, Colombia, Mexico and us), the coefficient of variation ranges
from 5 percent for Mexico to 24 percent for Chile, while the coefficient
of variation of the output growth rate goes from 69 percent for us to 147
percent for Chile. Finally, the growth rate of output and the profit rate
are positively correlated in a range between 22 percent for Mexico and 51
percent for Colombia.

GRarH 4
Output growth rate and profit rate by country, 1963-2003
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CONCLUDING REMARKS

The Duménil-Lévy and Foley-Michl macroeconomic aggregate growth
models, discussed here, are useful for analyzing current structural economic
trends. Using these models it is possible to analyze long-term tendencies of
capitalist economies, particulatly the growth trajectory put forth by Marx.
The interaction of technical variables (labor productivity and the output-
capital ratio), distributive variables (wage share, profit share and profit
rate), and capitalists’ investment decisions, determine the growth path of
output and employment.

A trajectory 4 /a Marx is defined by growing labor productivity,
descending output-capital ratio, increases of the real wage equal to labor
productivity growth, constant profit share and decreasing profit rate. This
configuration produces falling rates of growth of the capital stock and
output. Other theoretically relevant trajectories are Harrod and Hicks
technical change. Harrod’s implies positive and equal growth rate of labor
productivity and the real wage and constant output-capital ratio and profit
rate. In Hicks, technical change labor productivity and capital productivity
grow at the same positive rate, causing both the real wage and the profit
rate to grow.

As aggregate macroeconomic models, the models explained here are
subject to some criticism. They do not escape the Neo-Ricardian critique
of the phenomenon of re-switching and cannot account for structural
changes happening in economic growth. Another limitation is their
definition of capital, which does not incorporate wages as part of capital
and does not distinguish between types of constant capital. Taking into
account these theoretical caveats, and with the help of the Penn World Table
database for the years 1963-2003, the Foley-Michl model was used to analyze
growth patterns (defined by the behavior of labor productivity and capital
productivity) in major countries of Latin America and in the Us.

The five Latin American economies analyzed (Argentina, Brazil, Chile,
Colombia, and Mexico) differ from each other and in relation to the us.
Labor productivity in Latin America is diverging from labor productivity in
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us. Chile’s behavior in general is at odds with that of the other countries.
In the early eighties, a structural break took place for the worse in labor
productvity in Argentina, Brazil, Colombia, and Mexico. Before 1980, in
these countries and the us, Marx-biased technical change was at work,
including a falling rate of profit.

The structural break of the 1980s signified the end of a descending
output-capital ratio. But Brazil, Colombia, and Mexico entered a period of
technical change crisis (growth rate of labor productivity zero or negative).
In Argentina, a Hicks type pattern prevailed, but the growth rate of capital
stock became negative. In the us, a Harrod type of growth replaced the
Marx-type. These changes in the pattern of growth seemed to be directed
to recuperate the rate of profit, an idea put forward by Duménil and
Lévy. Though profitability was recovered temporarily, in the final years
of the 1963-2003 period Latin American economies have either entered
into (Argentina) or continued in (Brazil, Colombia, and Mexico) a state
of technical change crisis. Additionally, the increase in the output-capital
ratio did not last. Meanwhile, Chile and us moved to a Marx-type technical
change pattern.

For Latin American economies, and to some extent for us, there are
signals that the problems of profitability have returned in the last years. The
growth models used in this paper showed that profitability is directly linked
to the growth rate of output and employment, via the growth rate of the
capital stock. The empirical data also show this link: the profit rate and
the growth rate of output move together. As the profit rate has descended
through time in Latin American countries, the growth rate of output has
also dwindled. Because trajectories 4 /# Marx do take place in real economies,
and because the profit rate is an important variable of economic growth,
economists must pay mote attention to these two issues.

REFERENCES

Duménil, G. and D. Lévy, “A Stochastic Model of Technical Change: An
Application to the us Economy (1869-1989), Metroeconomica, vol. 46, no. 3,
1995, pp. 213-245.



86 GABRIEL MENDOZA PICHARDO

, “Technology and Distribution: Historical Trajectories 4 /a Marx”, Journal

of Economic Bebavior & Organization, vol. 52, no. 2, October 2003, pp. 201-234.

, Capital Resurgent. Roots of the Neoliberal Revolution, Cambridge, Massachusetts,
Harvard University Press, 2004.

ECLAC, Statistical Yearbook for Latin America and the Caribbean 2006, Santiago de Chile,
EcLAC, 2007.

Eltis, W., The Classical Theory of Economic Growth, Palgrave, New York, 2000.
Foley, DK. and A. Marquetti, , “Productivity, Employment and Growth in
European Integration”, Metroeconomica, vol. 50, no. 3, 1999, pp. 277-300.

, “El crecimiento econémico desde una perspectiva clasica”, in D. Guerrero
(ed.), Macroeconomia y crisis mundial, Madrid, Spain, Editorial Trotta, 2000,
pp. 47-65.

Foley, DK. and T. Michl, Growth and Distribution, Cambridge, Massachusetts,
Harvard University Press, 1999.

Heston, A., R. Summers, and B. Aten, Penn World Table Version 6.1, Pennsylvania,
Center for International Comparisons Income and Prices at the University of
Pennsylvania, <http://pwt.econ.upenn.edu/>, October 2002.

, Penn World Table Version 6.2, Center for International Comparisons
of Production, Income and Prices at the University of Pennsylvania,
<http://pwt.econ.upenn.edu/>, September 2006.

Kaldor, N., “A Model of Economic Growth”, The Economic Journal, vol. 67, no. 268,
December 1957, pp. 591-624.

Kongsamut, P, S. Rebelo and D. Xie, “Beyond Balanced Growth”, Review of Economic
Studzes, no. 68, 2001, pp. 869-882.

Marquetti, A., “Analyzing Historical and Regional Patterns of Technical Change
from a Classical-marxian Perspective”, Journal of Economic Behavior and
Organization, vol. 52, no. 2, 2003, pp. 191-202.

, Extended Penn World Tables Version 2.1, EPwT2.1, <http://homepage.

newschool.edu/~foleyd/epwt/>, April 2004a.

, “A economia brasileira no capitalismo neoliberal: progresso técnico,
distribuicio, crescimento e mudanga técnica”, Sdo Paulo, Universidade de
Sdo Paulo, Instituto de Pesquisas Economicas, Programa de Seminarios
Académicos, 5* Feira, PUC-RS, Seminario no. 3/2004, 25/03/2004, 2004b.

Mendoza, G., “El crecimiento de la economia mexicana”, Economia Informa, no. 321,
Mexico, Facultad de Economia-unam, November 2003, pp. 81-87.




Economic GROWTH MODELS 87

Michl, T., “Biased Technical Change and the Aggregate Production Function”,
International Review of Applied Economics, vol. 13, no. 2, 1999, pp. 193-206.
Pasinetti, L., “Critique of the Neoclassical Theory of Growth and Distribution”,
Banca Nagionale del Lavoro Quarterly Review, vol. 3, no. 215, December 2000,

pp. 383-431.

Pasinetti, L. and R. Scazzieri, “Structural Economic Dynamics”, in J. Eatwell,
M. Milgate and P. Newman (eds.), The New Palgrave. A Dictionary of Economics,
vol. 4, London, The MacMillan Press Limited, 1987, pp. 525-528.

Rada, C. and L. Taylor, “Empty Sources of Growth Accounting, and Empirical
Replacements a la Kaldor and Goodwin with some beef”, Structural Change
and Economic Dynamics, no. 17, 2006, pp. 486-500.

Zeira, J., “Workers, Machines, and Economic Growth”, Quarterly Journal of Economiics,
November 1998, pp. 1091-1117.

Government Statistics Agencies

Argentina: Instituto Nacional de Estadistica y Censos
<www.indec.mecon.gov.ar>.

Brazil: Instituto Brasileiro de Geografia e Estadistica
<http://www.ibge.gov.br/>.

Chile: Banco Central de Chile, Cuentas Nacionales de Chile 1996-2005
<http://www.bcentral.cl/publicaciones/ estadisticas/actividad-economica-
gasto/pdf/ctasnac2005.pdf>.

Colombia: Departamento Administrativo Nacional de Estadistica
<http:/ /www.dane.gov.co/>.

Mexico: Instituto Nacional de Estadistica Geografia e Informatica
<www.inegi.gob.mx>.

United States: Bureau of Economic Analysis
<http:/ /www.bea.gov/>.



