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Abstract

We study the impact of distortions in the investment goods sector on
aggregate total factor productivity (TFP). We develop a two-sector neo-
classical growth model in which TFP in the capital goods sector relative to
TFP in the consumption sector is inversely related to the price of invest-
ment relative to consumption, so that we use relative prices to measure
TFP in the investment goods sector. The model is calibrated to Brazil
and we �nd that distortions in the investment goods sector may explain
most of the decline in Brazilian TFP relative to the United States since
the mid-1970s.

1 Introduction

Between 1975 and 2000 there was a steep decline in Latin America total factor
productivity (TFP) relative to the U.S. Speci�cally, TFP in Latin America
declined from 88% of the U.S. TFP in 1975 to 54% in 2000.1 In Brazil it fell
from an average of 81% for the 1960-1975 period to 61%, on average, from 1990
to 2000.
At the same time, there was an increase in policy distortions in the in-

vestment sector of the region. In particular, some Latin American countries
implemented import-substitution industrialization policies (ISI) in this sector
in the 1970s. For instance, Brazil launched a major ISI program in the capital
goods sector and initiated policies that culminated in an import ban on foreign
produced computers as well as most computer components. There is strong
evidence (Lee (1995) and Eaton and Kortum (2001)) that equipment imports
a¤ect TFP in developing countries. A second strand of distortionary policies

�The authors acknowledge the �nancial support of CNPq-Brazil, Faperj and the INCT-
EDEIS.

yAuthors are from FGV/EPGE - Escola Brasileira de Economia e Finanças, FGV/IBRE
and FGV/IBRE.

1See Ferreira, Pessôa and Veloso (2013).
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observed in several Latin American countries was a signi�cant increase in the
share of state-owned enterprises in the production of intermediate and capital
goods.2 As shown by Schmitz (2001), government production of investment
goods reduces TFP and labor productivity.
In this paper we develop and calibrate a version of the two-sector neoclassical

growth model to assess whether the introduction of distortions in the investment
goods sector may explain the decline in TFP observed in Brazil relative to
U.S. In this model, TFP in the capital goods sector relative to TFP in the
consumption sector is inversely related to the price of investment relative to
consumption. Therefore, we can use data on the relative price of investment
to identify the investment-speci�c TFP level, employing the latter to estimate
aggregate TFP. We �nd that this mechanism is able to explain most of the
observed decline in TFP.
Our paper relates to Greenwood, Hercowitz and Krusell (1997) who used a

price series for quality-adjusted equipment to investigate the role of investment-
speci�c technological change in explaining postwar US growth. Restuccia and
Urrutia (2001) and Hsieh and Klenow (2007) used data on the relative price of
investment obtained from the Penn-World Table to analyze the implications of
investment-speci�c TFP for international di¤erences in investment and capital
per worker. In contrast, this paper introduces a distortion to capital accu-
mulation - a tax wedge - and focus on the impact of sectorial TFP changes on
aggregate growth and capital accumulation, using data of a developing economy.
Our paper is also related to Cole et al. (2005), that argued that competitive
barriers may explain why TFP is low in Latin America relative to the United
States, and to Bosworth and Collins (2003) and Loayza et al. (2005), which
also documented a negative TFP growth rate in Latin America in the eighties.
The paper is organized as follows. Section 2 describes brie�y the distortions

introduced in the Brazilian investment goods sector in the 1970s. Section 3
presents a version of the two-sector neoclassical growth that will be used to
quantify the impact of these distortions in aggregate TFP. Section 4 calibrates
the model and presents the main results. Section 5 concludes.

2 Distortions in the Investment Goods Sector

In 1975, Brazil launched a major program of import-substitution in intermedi-
ate and capital goods called II Plano Nacional de Desenvolvimento (II PND).
Tari¤s on imported intermediate and capital goods were increased by as much
as 30% to 100% of the value of the imports. For several goods, prior deposits
became mandatory to receive import licenses, and several non-tari¤ barriers
were created, including a negative import list known as "Annex C" and a more
stringent application of the Law of National Substitute. As a consequence of
the import-substitution policy, there was a sharp decline in the quantity of im-
ported capital goods in Brazil after 1974. In 1985, real capital goods imports
corresponded to only 19% of their quantity in 1974.

2Bulmer-Thomas (2003) presents evidence for Brazil and other Latin American countries.
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Another dimension of II PND was a signi�cant increase in government in-
tervention in the domestic production of capital and intermediate goods. Two
main mechanisms were used. First, there was a sharp increase in the amount
of subsidies provided to domestic producers.3 In fact, for many years Banco
Nacional de Desenvolvimento Econômico (BNDE), a very large public develop-
ment bank, charged negative interest rates (e.g., the principal would only be
corrected by 20% of in�ation) on its main investment lines of credit.4 Second,
several state-owned enterprises were created and there was an expansion in the
production share of the existing government enterprises.
In 1984, Brazil adopted an import ban (zero quota policy) on foreign pro-

duced computers. After the policy was adopted, Brazilian computer prices were
70 to 100 percent above international prices. Moreover, domestic content laws
required Brazilian computer makers to use domestically produced components.5

Figure 1 shows that between the mid-1970s and the late 1980s there was a
sharp increase in the relative price of investment in Brazil.6 Speci�cally, between
1960 and 1975 the relative price of investment was low and nearly constant and
it more than doubled since the mid-1970s. At the same time, aggregate total
factor productivity falls sharply after 1980 in the country.

Figure 1: Relative Price of Investiment (pi/pc) and Total Factor Productivity
(TFP), 1950-2008.

3 The Model

In this section we present a simple version of the two-sector neoclassical growth
model.7 Consider an economy inhabited by a representative household that

3See Bugarin et al. (2010).
4 It is now called Banco Nacional de Desenvolvimento Econômico e Social (BNDES).
5Luzio and Greenstein (1995) show that the abandonment of the import ban on computers

in 1992 was associated with a large increase in productivity.
6Similar �gures could be constructed for most Latin American countries. On average, the

relative price of investment in the region went from 0.80 in 1960 to 1.3 in 1988.
7The model is similar to those presented in Restuccia and Urrutia (2001) and Hsieh and

Klenow (2007).
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solves the following problem:

Max
1X
t=0

~�
t ~c1��t

1� � (1)

s:t: ~ct + pt~xt = [rt � �k (rt � �pt)] ~kt + ~wt + ~�t (2)

(1 + g) (1 + n) ~kt+1 = ~xt + (1� �) ~kt (3)

where ~ct is consumption per e¤ective labor, ~xt is investment per e¤ective labor,
pt is the relative price of investment, ~kt is capital per e¤ective labor, rt is the
rental rate of capital, ~wt is the wage rate per e¤ective labor, ~�t is a lump
sum transfer per e¤ective labor, n is the growth rate of the labor force, g is
the rate of technological progress, � is the rate of capital depreciation, ~� �
� (1 + g)

1��
(1 + n) is the adjusted discount factor and �k is a tax rate on

capital income. Each member of the household supplies inelastically one unit of
labor.
The Euler equation is given by

(1 + g) (1 + n) pt~c
��
t = ~�~c��t+1 [(1� �k) rt+1 + (1� �) pt+1 + �k�pt+1] (4)

There are two sectors, the consumption goods sector and the investment
goods sector. The technology for producing the consumption good C is given
by:8

C = AcK
�
c

�
(1 + g)

t
Lch

�1��
(5)

where Ac is TFP in the consumption good sector, Kc and Lc are capital and
labor devoted to the production of the consumption good and h is human capital
per worker, which is assumed to be exogenous.
The technology for producing the investment good X is given by

X = AxK
�
x

�
(1 + g)

t
Lxh

�1��
(6)

where Ax is investment-speci�c TFP and Kx and Lx are capital and labor
devoted to the production of the investment good.
The problem of the �rm in the consumption sector is given by:

max�c = C � wLc � rKc

The �rst-order conditions for the consumption sector �rm are:

�Ac~k
��1
c h1�� = r (7)

(1� �) (1 + g)tAc~k�c h1�� = w (8)

where ~kc is capital per e¤ective labor in the consumption sector and w is the
wage rate.

8We dropped the time subscript for convenience.
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The problem of the �rm in the investment sector is given by:

max�x = pX � wLx � rKx

and the �rst-order conditions for the investment sector �rm are similar to (7)
and (8).
In equilibrium, the marginal products of capital and labor are equated in the

two sectors, implying that capital per e¤ective labor is equated in both sectors.
Consequently, the relative price of investment is given by:

p =
Ac
Ax

(9)

and hence negatively related to TFP in the investment sector.
Let ~k and ~kx be the economy-wide and investment sector capital per e¤ective

labor, respectively. Using ~kc = ~kx = ~k and substituting (7) into (4), we obtain
the steady state capital per e¤ective labor:

~k =

�
�� (1� �k)

(1 + g)
� � � (1� �)� ��k�

� 1
1��

A
1

1��
x h (10)

Substituting the expression above into the capital accumulation equation,
we obtain the investment per e¤ective labor, which can be substituted into the
investment sector production function to obtain the steady state share of labor
in the investment sector, �x:

�x =
�� (1� �k) [(1 + g) (1 + n)� (1� �)]

(1 + g)
� � � (1� �)� ��k�

where pI is the relative price of investment in international prices. The steady
state output per e¤ective worker is:

~y = TF ~P ~k�h1�� (11)

where detrended total factor productivity, TF ~P �
�
TFP= (1 + g)

(1��)t
�
; is

given by
TF ~P � Ac (1� �x) + pIAx�x (12)

where pI is the relative price of investment in international prices.

4 Calibration and Results

Next we calibrate the model to explain the decline in average TFP and output
per worker in Brazil relative to the U.S. between 1960-1975 and 1990-2000,
which we interpret as steady states of the model.
To calibrate the model, we assume a capital share of � = 0:4; following Gollin

(2002) and we set � = 0:05: The rate of technological progress is estimated from
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U.S. data in Penn World Table 7.0 (PWT) and set to 0:0153. We also assumed
� = 0:98 and � = 1: The value of n is obtained from the PWT.
The physical capital series is constructed with investment data in interna-

tional prices from the PWT using the perpetual inventory method. As usual
in the literature, we assume that all economies are in a balanced growth path
at time zero and compute the initial capital stock, K0; according to the ex-
pression K0 = I0=[(1 + g)(1 + n)� (1� �)], where I0 is the initial investment
expenditure, g is the rate of technological progress, n is the growth rate of the
population and � is the rate of capital depreciation.
Our human capital measure is based on Bils and Klenow (2000) and is given

by:

h = exp�(s) = exp

�
�

1�  s
1� 

�
; (13)

where s stands for schooling. We measured s using average years of schooling
of the population aged 15 years and over, taken from Barro and Lee (2010),
interpolated (in levels) to �t an annual frequency. According to the calibration
in Bils and Klenow (2000), we set  = 0:58 and � = 0:32:
Data on output per worker in international prices, on the price of invest-

ment relative to consumption and number of workers are also obtained from the
PWT. We computed the value of aggregate TFP as the residual of an aggregate
production function, using the observed values of output per worker and the
constructed series of physical and human capital per worker.
We calibrate �k to match the observed average capital-output ratio in 1960-

1975.9 In the baseline calibration we also keep the same value of �k in 1990-2000.
In the formulas below, the superscript US denote U.S. variables and variables
without the superscript refer to Brazil. We set pI = 1, which is approximately
the value of the relative price of investment in Western Europe.
We calibrate Ac

AUS
c

in 1960-1975 using (12), the observed average values of

TFP , the computed values of �x and �
US
x and the average relative prices of

investment, p and pUS , in 1960-1975:

Ac
AUSc

=

�
TFP

TFPUS

�0@1� �USx +
�USx
pUS

1� �x +
�x
p

1A (14)

We normalize AUSc = 1. Given Ac

AUS
c
, we then compute Ac: Using (9), the

observed value of p and the computed value of Ac, we obtain Ax.
We assume that Ac

AUS
c

is constant between 1960-1975 and 1990-2000 and

compute the variation in Ax

AUS
x

from the change in p between these periods.

To compute relative TFP for the period 1990-2000, we use (12) and TF ~P �
TFP

(1+g)(1��)t
:

TFP

TFPUS
=

Ac (1� �x) +Ax�x
AUSc (1� �USx ) +AUSx �USx

(15)

9This implies a value of �k = 0:90.
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We then compute the steady state values of k, y and the capital-output ratio
�:
The empirical evidence described in Section 2 suggests that the increase in

the relative price of investment in Brazil may have resulted from a decline in TFP
in the investment goods sector associated with the policy of import-substitution
and government production of capital and intermediate goods. Based on the
two-sector neoclassical growth model and the calibration procedure described
above, we compute the investment-speci�c TFP decline based on the increase
in the relative price of investment and estimate its implications for aggregate
TFP, as well as for other variables, such as capital per worker, the capital-output
ratio and output per worker. In the tables below, the notation ẑ denotes the
value of variable z relative to the U.S. Let k̂, �̂ and ŷ be the relative capital
per worker, capital-output ratio and output per worker, respectively. Table 1
presents actual values of TFP̂ , k̂, �̂ and ŷ for Brazil relative to the U.S. for the
periods 1960-1975 and 1990-2000.10

Table 1: Brazil, Actual Values (USA=1)
period TFP̂ k̂ �̂ ŷ
1960-1975 0.81 0.24 0.92 0.26
1990-2000 0.61 0.28 1.15 0.24

Relative TFP in Brazil declined from 0.81 for the period 1960-1975 to 0.61
for the period 1990-2000. At the same time, both the capital-labor ratio and
capital-output ratio increased relative to the U.S., which is puzzling given the
decline of productivity. The net result was a decline of relative output per
worker in Brazil from 0.26 to 0.24.
Table 2 presents the predicted values for the period 1990-2000 obtained from

the main calibration of the model, taking into account the increase in p between
the two sub-periods.

Table 2: Brazil, Predicted Values (USA=1)
period TFP̂ k̂ �̂ ŷ
1960-1975 0.81 0.24 0.92 0.26
1990-2000 0.64 0.05 0.37 0.13
Simulation: increase in p

The model can account for most of the TFP decline in Brazil between 1960-
1975 and 1990-2000. However, the model predicts a sharp decline in relative
capital per worker, capital-output and output per worker, which was not present
in the data. This �nding is because, everything else being constant, a decline of
TFP in the capital goods sector increases the relative price of investment and
thereby reduces the steady state capital stock and output.
Clearly, something was occurring in the Brazilian economy that was compen-

sating for the lower TFP and our simulation is not capturing it. Note that the

10The relative human capital per worker in Brazil, not shown in Table 1, increased from
0.39 in 1960-1975 to 0.51 in 1990-2000.
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restrictions to capital goods imports represented an increase of investment cost,
and thus a reduction of the pro�ts of many �rms in the economy. To compensate
the users of the now more expensive capital goods the government used public
banks and agencies to subsidize investments. In other words, to compensate for
one distortion - ISI of capital goods - the government introduced another in the
opposite direction - subsidy of the purchases of these goods.11

In our model this is equivalent to a reduction in �k: Hence, our assumption
of a constant �k may be missing an important change in the Brazilian economy
during this time period. To assess the robustness of our results, we thus compute
the e¤ects of a decline in investment-speci�c TFP in Brazil (as measured by
the increase in the relative price of investment) on aggregate TFP and other
variables using di¤erent values of �k:The results - predicted values for 1990-
2000 - are presented in Table 3.

Table 3: Brazil, Predicted Values (USA=1)
�k TFP̂ k̂ �̂ ŷ r
0.90 0.64 0.05 0.37 0.13 30.5%
0.75 0.65 0.17 0.78 0.21 15.4%
0.54 0.67 0.33 1.16 0.28 10.5%
Simulation: increase in p and di¤erent values of �k

The �rst line of Table 3 corresponds to our baseline, which assumes a value
of �k = 0:90. Assuming that �k stays constant at 0.90, this implies a value
of the real interest rate, r, equal to 30.5% for the period 1990-2000, which is
implausibly high.12 Assuming that �k = 0:75; relative TFP changes very little,
but there is a signi�cant increase in the relative capital per worker, the capital-
output ratio and output per worker. As a result, there is a sharp decline in the
real interest rate to 15.4%. If we assume �k = 0:54, relative TFP increases to
0.67, in comparison with the baseline value of 0.64. The overall match of the
model improves further, as seen by comparing the results with the actual values
in Table 1. The value of the interest rate declines to 10.5%, which is similar to
the average real rate on government bonds in the 1990s.
Thus, if we allow the tax rate on capital income to fall in order to match

the value of the real interest rate for the 1990-2000 period, the model not only
accounts for most of the observed decline of TFP in Brazil, but it also matches
very closely the behavior of capital and output per worker. In any case, the
main �nding is that the decline of TFP does not change much, regardless of the
value of �k.

11Bugarin et al. (2010) present evidence that subsidy to capital increased markedly in the
period.
12The real interest rate is computed assuming that it is equal to the marginal productivity

of capital, where the latter is given by MPK = �
�
.
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5 Conclusion

A calibrated version of the two-sector neoclassical growth model indicates that
policy distortions that reduced TFP in the investment goods sector may explain
a signi�cant proportion of the decline of aggregate TFP in Brazil. Moreover,
there are indications that the government compensated producers by subsidizing
the acquisition of the less e¢ cient domestic production of capital goods, which
prevented a sharper decline in capital and output per worker, but did not prevent
the collapse of TFP.
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