
ABSTRACT

MADARIAGA, JESSICA F. Essays on Financial Integration, Capital Goods, and
Growth. (Under the direction of Aslı Leblebicioğlu and Thomas Grennes.)

My dissertation consists of three separate papers. The first paper is a joint work

with Aslı Leblebicioğlu and it investigates the extent to which financial integration

promotes growth by improving the quality of a country’s capital stock. To that end,

we derive a capital composition index, where the share of a particular type of capital

in the total capital stock is determined by its embodied efficiency. We construct its

empirical counterpart using capital imports data. We estimate the direct and indirect

effects (through the capital composition channel) of financial openness on growth using

a simultaneous equations system. We find that while financial flows do not directly

affect growth, they raise growth indirectly by improving the composition of a country’s

capital stock. All else constant, the composition channel yields a growth difference of 1.52

percentage points between the countries with total liabilities equal to the first quartile and

the third quartile. Among the components of financial flows, FDI and equity liabilities

matter more. We also find that the effect of financial flows on the composition of capital

and growth is small and insignificant for countries with less developed financial markets.

The goal of the second paper is to measure the contribution of imported equipment

to growth in labor productivity for thirteen countries in Latin America between 1970

and 2005. These countries are natural case studies due to the progressive transition

over the last two decades from relatively high protection levels towards more broad

trade liberalization regimes. I find that for the majority of countries in the sample, the

contribution of imported equipment per worker to growth in labor productivity is similar

to the contribution of domestic equipment per worker to growth in labor productivity.

Argentina, Brazil, and Mexico are the exception, with the contribution of domestic



equipment per worker to growth in labor productivity having two to four times the

impact of imported equipment per worker in these countries. By contrast, in Bolivia,

Chile, Costa Rica, and Paraguay, the average contribution of imported equipment per

worker to growth in labor productivity was higher than the contribution of domestic

equipment per worker. Overall imported equipment per worker explained between 20 to

60 percent of the average contribution of overall equipment per worker to growth in labor

productivity.

Finally, the third paper constructs a time series for both the relative price of capital

and the relative price of equipment for thirteen countries in Latin America from 1960

to 2000. I find significant differences across countries in the relative price of equipment,

although the relative price of equipment fell for a number of countries in the latter part of

the sample. This finding is in accordance with the view that the trade reforms undertaken

by the region in the late 1980s and early 1990s helped lower the cost of equipment. I

next document that the differences across countries in the relative prices arise because

of barriers to trade, domestic policy distortions, and differences in productivity and

skill endowment. More specifically, government expenditures and tariff rates increase the

relative price of equipment, while trade reform and increased transparency in the transfer

of executive power lower the relative price of equipment. Additionally, increases in the

terms of trade and more developed financial markets lower equipment’s relative price. In

contrast, I find that domestic distortions such as increases in government expenditures

and increases in transparency do not impact the relative price of capital, while increases

in tariff rates as well as the terms of trade do increase capital’s relative price.
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Chapter 1

Financial Flows, the Composition of Capital, and

Growth

1.1 Introduction

This paper investigates the extent to which financial integration can promote growth

by improving the quality of a country’s capital stock. There is an extensive literature

that studies the various channels through which financial integration can affect growth.1

The two main channels that emerge from the neoclassical framework are total factor

productivity (TFP) and capital accumulation. Bekaert et al. (2010) find that financial

openness has a positive effect on both channels, while Bonfiglioli (2008) reports a positive

effect only on TFP.2 As shown by Caselli and Wilson (2004), the composition and quality

of capital can explain an important share of the variation in TFP across countries.

Consequently, the composition of capital can provide a channel through which financial

integration enhances productivity. With the notable exception of Alfaro and Hammel

(2007), who find that stock market liberalizations are associated with a significant

1See Henry (2007) for a review of the literature.
2Similarly, Kose et al. (2009) show that FDI and portfolio equity liabilities raise TFP growth, while

debt liabilities do not.
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increase in the imports of machinery and equipment, little attention has been given

to how financial flows can improve the composition and quality of a country’s capital

stock and thereby foster growth.

In order to assess the importance of the quality channel, we derive a capital

composition measure based on the model developed in Caselli and Wilson (2004), where

the share of a particular type of capital in the total capital stock is determined by its

embodied efficiency. The more equipment investment is composed of highly efficient

and R&D intensive capital goods, the higher the overall quality of the capital stock will

be. As the composition of capital directly affects TFP, the model provides a natural

specification where the effects of financial flows on growth through the quality channel

can be quantified. Based on this model and the capital composition measure, we examine

two issues: (i) whether financial flows can promote growth by improving the composition

of capital; (ii) which types of international financial flows have been more effective in

improving the quality of a country’s capital stock and in doing so promoting growth.

As in Caselli and Wilson (2004) and Alfaro and Hammel (2007), we identify

investment in machinery and equipment with imports of capital goods when constructing

the capital composition measure. This identification relies on the findings in Eaton and

Kortum (2001), who document that the production of capital equipment is concentrated

in a few countries while the rest of the world must import these capital goods. Using

data on imports of machinery and equipment from the Trade, Production, and Protection

database of the World Bank, and data on R&D intensities of capital goods from the

ANBERD database of the OECD, we build a measure for the composition of capital.

Given our identification of investment with imports, we exclude major exporters of capital

goods from the sample. Consequently our data-set comprises a total of 54 developing

and developed countries, covering the 1976-2001 period.
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We incorporate both de jure and de facto measures of financial integration in our

estimations. The de jure measure, taken from Chinn and Ito (2008), allows us to

gauge how changes in a country’s policy stance towards integration affect their capital

composition. The limitation of the de jure measure is that the country’s policy stance

may not reflect the true level of integration. The de facto measures, taken from the

External Wealth of Nations Database by Lane and Milesi-Ferretti (2007), are based on

international financial flows and give a better indication of integration. Using the de

facto measures, we are able to quantify how financial flows are converted into physical

capital and thereby enhance the capital composition of a country. Additionally, the de

facto measures allow us to examine how effective different types of international financial

flows are at improving a country’s capital stock. We focus on total external assets and

liabilities as a fraction of GDP (gross external position) and total liabilities as a fraction

of GDP as our de facto measures.

To quantify the impact of financial openness on growth through the capital

composition channel, we formulate a simultaneous equations system to assess the direct

effect of financial openness and the composition of capital on growth, along with the

indirect effect of financial openness on the composition of capital. We estimate the

system of equations on five year-averaged data, using three-stage least squares, to address

the consistency issues arising from simultaneity and to improve efficiency through cross-

equation correlations. Our methodology follows Wacziarg (2001), who studies the total

effect of trade openness on growth through various channels. In a similar vein, Klein

and Olivei (2005) focus on how capital account liberalization impacts growth through

the financial development channel by estimating a system of simultaneous equations.

We find that the direct effect of financial openness on growth is not significant using

any of our financial openness measures. In contrast, we find that the effect of financial

3



openness on the composition of capital is significant using the de facto measures, but not

the de jure measure. Quantitatively, the estimate of the gross external position implies

that if financial openness were to increase by ten percentage points, the composition of

a country’s capital stock would improve by 0.63 percent, which in turn would promote

growth by 0.036 percentage points. If we only consider financial inflows, a ten percentage

point increase would improve the capital composition by 1.11 percent, which generates

a growth increase equal to 0.286 percentage points. All else constant, the composition

channel yields a growth difference of 1.52 percentage points between the countries with

total liabilities equal to the first quartile and the third quartile. Our estimate of the

growth effect due to financial openness is in line with the other estimates in the literature,

such as Bekaert et al. (2005) or Quinn and Toyoda (2008).3 These results are robust

to including a wide range of growth determinants that include the investment share

(capturing the quantity of capital), human capital, and the size of government. Moreover,

the results also hold if we only consider a smaller sample of developing countries.

To further understand how financial inflows improve the composition of capital and

contribute to growth, we estimate our baseline specification with the three components

of financial inflows (FDI, equity, and debt) included separately. We find that FDI and

equity inflows have positive and significant effects on the composition of capital while

debt inflows do not. When all of the inflows are considered jointly, only FDI remains

significant and debt becomes negative (although not significant). In terms of magnitudes,

the impact of FDI inflows is greater than the impact of equity inflows when estimated

individually or jointly with the other components of financial flows.

In the final part of the paper, we analyze the sensitivity of our results to considering

the countries’ level of financial development. When we include financial development

3See Prasad et al. (2009) for an extensive survey of the literature.
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(measured by private credit to GDP ratio) along with total liabilities, each measure is

positive and significant in the capital composition equation with domestic credit having

more than twice the impact of total liabilities. When we control for the total liabilities

of financially developed and less developed countries separately, we find that the effect

is significant only for the financially developed countries. This result implies that the

countries who reap the benefits of international financial flows are the countries whose

domestic credit markets are well developed.

Our work complements a related strand of literature that uses firm level data to

investigate the impact of financial liberalization on the allocation of capital. Evidence

of a “quality effect” in this literature is defined as the improvement in capital allocation

across firms after financial liberalization occurs. Several papers document evidence of

this improved allocation effect. For example, using panel data for twelve developing

countries, Galindo et al. (2007) construct an index on the efficiency of capital allocation

to show that capital goes to firms with a higher marginal return to capital after financial

liberalization. Similarly, Abiad et al. (2008) use measures of Tobin’s q for four developing

countries to examine the quality effect and confirm a positive and significant effect of

financial liberalization on allocative efficiency.4

The rest of the paper is organized as follows. Section 1.2 outlines the construction of

the capital composition index based on the Caselli and Wilson (2004) model, and section

1.3 presents our empirical specification. We describe the sources of the data and provide

some basic facts about the capital composition measure and financial openness indicators

in section 1.4. Section 1.5 presents our results on the growth effects of financial openness

through the capital composition channel. Finally, section 1.6 concludes.

4In addition to allocative efficiency, some papers, such as Chari and Henry (2008), have found a
positive impact of financial liberalization on the growth of capital stock.
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1.2 Constructing the Composition of Capital Index

In this section, we present our measure for the optimal composition of capital, derived

from Caselli and Wilson’s (2004) model of heterogeneous types of capital. We begin by

outlining their model and continue by describing how we obtain our empirical measure

for the optimal composition of capital.

Consider the aggregate output Yi of country i, which is produced using P intermediate

inputs with the following technology:

Yi = Bi

[
P∑
p=1

xγip

](1/γ)

, (1.1)

where Bi is the country-wide productivity, xip’s are the intermediate inputs, and γ < 1

is the coefficient describing the degree of (imperfect) substitutability between the inputs.

Production of each intermediate good, xip, requires the use of a specific type of capital,

Kip, and labor:

xip = ApL
1−α
ip Kα

ip, (1.2)

where Ap is the productivity of type p capital. We assume the level of efficiency embodied

in capital type p increases with its R&D intensity, which suggests that Ap is higher for

more R&D-intensive goods.

The optimal choices for capital and labor for the P intermediate goods require the

marginal products of capital and labor be equalized across the sectors. Assuming perfect

mobility of labor across the intermediate sectors and the optimal choices for each type

of capital and labor, the optimal investment rule can be expressed as:

ξip =
Kip

Ki

=
A
γ/(1−γ)
p∑

j A
γ/(1−γ)
j

, (1.3)
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where Ki =
∑

pKip is the aggregate capital stock of country i. This expression implies

that investment will be larger in capital types that embody higher efficiency. Using

equation (1.3), we can also show that the optimal capital ratio of different types will be

determined by their relative efficiencies:

Kip

Kij

=
ξip
ξij

=
A
γ/(1−γ)
p

A
γ/(1−γ)
j

,

which can be alternatively written as

Ap = Aj

[
ξip
ξij

](1−γ)/γ

. (1.4)

In order to illustrate how aggregate output depends on the composition of capital,

we use the solution in equation (1.3) to rewrite the aggregate output as

Yi = BiQiK
α
i L

1−α
i , (1.5)

where Qi is the index of capital composition given by

Qi =

[
P∑
p=1

(Apξip)
γ

](1/γ)

=

[
P∑
p=1

Aγ/(1−γ)
p

](1−γ)/γ

. (1.6)

Caselli and Wilson (2004) interpret this measure as an index of quality. Equations (1.5)

and (1.6) show how aggregate output depends on both the quantity of capital and the

composition of capital, which in turn is determined by the relative efficiency of each

type of capital.5 A higher capital composition index signals a better quality of capital

and results in a higher level of output. In our subsequent empirical analysis, this direct

5The technical details of the derivation of the composition index are available upon request.
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relationship between the composition of capital and output obtained in (1.5) will help us

quantify the growth effects of financial flows through the capital composition channel.

Since the level of efficiency embedded in each type of capital is not observable, we

need to construct an empirical proxy for the capital composition index in equation (1.5).

For that purpose, we begin by substituting the expression for efficiency of capital types

p = 1, ..., P from equation (1.4) into equation (1.6) to obtain the following expression:

Qi = A1

[
P∑
p=1

ξip
ξi1

](1−γ)/γ

. (1.7)

The resulting measure of the capital composition is expressed in terms of observable

capital ratios (relative to capital type 1) and the productivity of type 1 capital.6 The

variation in this capital composition index will come from differences in the relative

capital ratios as well as the efficiency of capital type 1 across time and across countries.

Since we do not observe the efficiency of any type of capital, we choose fabricated metal

products as the type of equipment for normalization. This choice (also used in Caselli and

Wilson (2004)) is motivated by two empirical facts. First, it is the least R&D-intensive

capital good, which implies minimal differences across countries in terms of efficiency.

Second, its R&D intensity has not changed much over time, as highlighted in Figure 1.

Following Caselli and Wilson (2004), we proxy for the relative capital ratios,
ξip
ξi1

’s,

using capital imports of type p relative to the imports of fabricated metal products.

By using capital imports in the construction of the capital composition index, we are

making two assumptions. First, because the majority of the world’s capital is produced

by a small number of countries, we are assuming that equipment investment by the rest

of the world consists of imports from these equipment-producing countries. Second, we

6The choice for capital type 1 to construct the ratios is arbitrary.
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are proxying for the capital types using investment (import) flows of each type.7 As the

end result, we obtain an index of capital flows rather than capital stock.8

The capital composition index in (1.7) does not differentiate between types of

equipment investment in its composition. However, capital goods that are more intensive

in their R&D contents might be more efficient, which would increase the overall

productivity in a country. With this consideration in mind, we define an augmented

capital composition index where each capital type is weighted by its R&D intensity:

qi =

[
P∑
p=1

ξipRp

ξi1R1

](1−γ)/γ

. (1.8)

The R&D intensity of capital type p, Rp, is determined by the world R&D spending on

capital type p per unit of production. It should be noted that we construct a capital

composition index for country i for each year in our sample period.9 We provide more

details on the construction of the capital composition measure and the data sources in

section 1.4.

1.3 Empirical Specification and Estimation

As equation (1.5) depicts, in addition to the quantity of capital, the composition of

a country’s capital stock also determines the country’s level of income. Financial

openness can promote growth through both the capital quantity and the capital quality

channel. By lowering the cost of capital, financial openness allows a country to increase

the quantity of its capital. Moreover, openness enables international risk-sharing and

7As noted by Caselli and Wilson (2004), using investment flows as proxy for capital stocks would be
strictly correct if there was full depreciation.

8From now on, we will use “composition of capital” and “composition of investment” interchangeably,
since our index consists of machinery and equipment flows.

9Both the investment shares and the R&D in equation 1.8 are time-varying.
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relaxes credit constraints permitting agents to invest in riskier, more productive projects

(see Saint-Paul (1992), Obstfeld (1994) and Acemoglu and Zilibotti (1997)). Because

undertaking more productive projects involves investing in more efficient types of capital,

openness can also improve the composition and quality of a country’s capital. Therefore,

financial openness can additionally foster growth by raising productivity through the

capital composition channel.

In order to estimate the direct and indirect effects (through the capital composition

channel) of financial openness on growth, we adopt a simultaneous equations framework

that relies on five-year averaged data. We estimate the following system of equations:

(yit − yit−5) = α0 + α1yit−5 + α2ln(qit) + α3FOit + γ′Zit + ε1,it (1.9)

ln(qit) = β0 + β1yit−5 + β2FOit + δ′Wit + ε2,it, (1.10)

where yit is the logarithm of GDP per worker, yit−5 is initial income at the beginning

of the five-year period, ln(qit) and FOit are the logarithm of the composition index and

the financial openness measure averaged over the five year period. We consider both

de jure and de facto measures of financial openness. We use Chinn and Ito’s (2008)

openness index for the de jure measure, and we alternate between the gross external

position as a percentage of GDP and total liabilities as a percentage of GDP for the de

facto measure. In the subsequent specifications, we use the components of total liabilities

individually as the de facto measures in order to examine the impact of different types of

financial inflows on the composition of capital and growth. Given the system of equations

above, the indirect effect of financial openness on growth through the capital composition

channel is equal to α2β2, and the total effect of financial openness on growth is equal to

α2β2 + α3.
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The vectors Zit and Wit contain other potential determinants of growth and the

composition of capital. In the growth equation, we include a set of determinants

commonly used in the literature, such as initial income, the investment rate and

education. We additionally control for the inflation rate (as a measure of macroeconomic

stability), an index of government presence in total production and investment (to

control for public infrastructure and potential crowding-out effects), and two measures

of trade openness. Our first trade openness measure is the trade liberalization indicator

of Wacziarg and Horn Welch (2008), and the second measure is an index of exchange

rate convertibility from Gwartney et al. (2011). The convertibility index captures the

distortions in the foreign exchange market, where a value of 10 signifies a fully convertible

exchange rate without a black market, and a value of zero implies that the black market

premium is equal to or greater than 50 percent.10 In later specifications, we add private

credit to both equations and check the robustness of our results.11

The determinants of composition or quality of capital is less established in the

literature. We choose a set of explanatory variables for vector Wit in equation (1.10)

similar to the set used in Caselli and Wilson (2004), augmented by measures of

financial openness. To control for economic impediments to importing and investing

in various types of capital, we include the trade liberalization indicator, the exchange

rate convertibility measure, and the terms-of-trade. We also control for geographic

barriers to importing capital by including a measure of remoteness and an indicator

for being land-locked.12 Both of these variables indicate higher transportation costs and

the increased difficulty for some countries to invest in certain types of capital. The other

10See the data appendix for the data sources.
11We choose to present the results with private credit as robustness checks because we lose a number

of countries when we include this variable in our estimation due to missing data.
12The remoteness index we construct is based on the measure in Melitz (2007), and it captures the

distance of a country from the other countries, weighted by their GDPs.
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country characteristics we include are human capital (measured by secondary eduction)

and the government presence index. As human capital complements R&D intensive

capital goods, we expect it to have a positive impact on the composition of capital.

The effect of government presence in total production and investment, however, can be

positive or negative.13 The impact would depend on whether government undertakes

projects based on economic objectives and invests in highly efficient types of capital, or

whether it invests with political motives and crowds-out private investment.

We estimate the parameters of the system in equations (1.9) and (1.10) using three-

stage least squares (3SLS). Our estimation methodology follows Wacziarg (2001) closely

and combines features of instrumental variables, random effects and generalized least

squares. Given the time span of our data-set (1976-2001), we have five non-overlapping

five-year periods.14 We formulate the system in (1.9) and (1.10) for each of the five

time periods, which allows the error terms ε1,it and ε2,it to be correlated across the two

equations and across the time periods. By taking into account this correlation structure,

the 3SLS estimation improves efficiency. The cross-period correlations also account to

assuming random country effects that are uncorrelated with the explanatory variables. To

control for region-specific, time-invariant factors that may affect growth and the capital

composition, we include regional dummy variables in every equation. We restrict the

coefficients on all variables across time periods and obtain one set of parameters for the

full system.

In the system described above, endogeneity bias arises because the composition

of capital is included as an explanatory variable in the growth equation. The 3SLS

13As defined by Gwartney et al. (2011), the government presence index ranges from 0 to 10, where
higher values signify a smaller government presence.

14The Trade, Production, and Protection database of the World Bank provides observations on capital
imports until 2004. The results we present are obtained by discarding the last three years of the sample.
Results do not change if we instead discard the first three years and use the end of the full sample.
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estimation achieves consistency through instrumenting for the composition of capital, as

well as other control variables that can be potentially endogenous. We allow financial

flows and the investment rate to be endogenous and instrument for them accordingly. To

the list of exogenous variables in the system, we add an index of creditor’s rights and legal

origin dummy variables as outside instruments. As discussed in Beck et al. (2000), legal

origin, spread mainly through colonialism, affects the investment environment and the

operation of financial intermediaries which may be a determinant of financial flows. The

creditor’s rights index we use is constructed by Djankov et al. (2007) and includes laws

and regulations that measure the powers of secured lenders in bankruptcy. Similar to

the legal origin indicators, the creditor’s rights index has been used as an instrument for

financial flows in previous studies (see e.g., Imbs (2004)) since such laws and regulations

help explain financial flows.15

The 3SLS estimation procedure involves the following steps: estimate the system

equation by equation using two-stage least squares to obtain the covariance matrix of

the error terms; estimate the equations jointly by employing a generalized least squares

procedure that uses the covariance matrix as the weighting matrix along with the fitted

values of the endogenous variables obtained in the previous step.

1.4 Data

Our unbalanced panel data-set includes 54 countries and covers the 1976 to 2001 time

period. The choice of the sample is dictated by the availability of import data on capital

goods needed to construct our composition measure. The source of the import data is the

15The first-stage regression results suggest that our instrument set has significant explanatory power
for the investment rate and the financial flows (gross external position and total liabilities). For example,
total liabilities depends significantly on creditor’s rights (in addition to education, a small government
presence, and remoteness), while legal origin indicators help identify the investment rate for most of the
time periods. Details on the first-stage results are available upon request.
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Trade, Production, and Protection database of the World Bank provided by Nicita and

Olarreaga (2007). As discussed in the previous section, we identify types of equipment

investment with capital good imports, as in Caselli and Wilson (2004) and Alfaro and

Hammel (2007). In doing so, we use the fact that the production of capital equipment

is concentrated in a few countries while the rest of the world must import these capital

goods. This fact motivates our approach of using countries that are not major exporters.

We define major exporters as the collective group of countries that export approximately

85 percent of the world’s total capital goods over 50 percent of the time in our sample

period. The set of major exporters includes the countries identified in Eaton and Kortum

(2001) in addition to a few other countries that meet the above criteria.16 The list of

countries that we include in our sample can be found in the Data Appendix.

In the following subsections, we describe the construction of the capital composition

index in detail, discuss the financial openness measures we use, and present some basic

correlations between the composition of capital and the financial flows in our sample. As

discussed in the previous section, we include a rich set of explanatory variables in the

baseline specification. We provide the definitions of these variables and cite the sources

in the Data Appendix A.1.

16As in Eaton and Kortum (2001), the United States, the United Kingdom, Japan, Germany, France,
Sweden, and Italy are always excluded from our sample. Given our 85 percent cutoff over 50 percent of
the sample period, we also exclude the Netherlands, Canada, Switzerland, South Korea, and Singapore.
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1.4.1 Capital Composition Measure

We construct our capital composition index based on equation (1.8).17 The Trade,

Production, and Protection database classifies imported goods by 3-digit ISIC codes, and

within that classification, there are five categories of capital goods, giving us P = 5.18

The list of categories can be found in Table 1.1.

To construct the investment share for each capital good, ξip, we divide the imports

of each capital category by the country’s total capital imports. Next, we weight the

investment shares by their R&D intensities.

As highlighted by Coe and Helpman (1995), world R&D expenditures are highly

concentrated in a small number of countries. We therefore use total R&D spending from

these countries as a proxy for world R&D flows.19 To build the weights of R&D intensity

for each investment share in a given year, we first convert world R&D spending into US

dollars. We then sum the world R&D spending by capital type and divide it by the total

output for that capital type. Data on R&D spending is gathered from the ANBERD

database of the OECD, while the total output of each capital good is collected from the

Trade, Production, and Protection database of the World Bank.

17Notice that the summation in equation (1.8) is raised to power 1−γ
γ . In calculating the index, we

set 1−γ
γ = 1, implying a choice for γ = 0.5. The results we present in the following sections are robust

to alternative choices for the degree of substitutability, γ, and are available upon request.
18It should be noted that Caselli and Wilson (2004) had nine categories of capital goods as opposed to

five, due to the fact that they derived their capital goods from World Trade Flows data-set of Feenstra et
al. (2005). Because the Trade, Production, and Protection data-set classifies imported goods by 3-digit
ISIC codes, we were unable to exactly match Caselli and Wilson’s classification of 4-digit ISIC codes.
We ultimately decided to use the World Bank data-set because it also included observations on total
output by 3-digit ISIC codes which we utilized when constructing the R&D intensity weights for each
capital good.

19These countries are Australia, Canada, Denmark, Finland, France, Germany, Ireland, Italy, Japan,
the Netherlands, Norway, Spain, Sweden, the United Kingdom, and the United States.
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Table 1.1: Categories of Capital Goods

Capital Type ISIC (Rev 2) Description Average R&D Intensity

Professional Goods 385 Measuring&controlling equipment, 0.066
photographic&optimal goods, watches&clocks.

Electrical Machinery 383 Electrical industrial machinery&apparatus, 0.057
Radio,Television, radio,television,communication equipment & apparatus,
&Communication Equipment electrical appliances&house-ware

Transport Equipment 384 Ship building&repairing,railroad equipment, 0.045
motor vehicles, motorcycles&bicycles, aircraft

Machinery Except Electrical 382 Engines&turbines, agricultural machinery&equipment, 0.033
metal& wood working machines,
special industrial machinery&equipment except metal& wood working,
office, computing& accounting machinery.

Fabricated Metal Products 381 Cutlery,hand tools,general hardware,structural metal products, 0.005
furniture and fixtures primarily of metal

Notes:

Categories ranked by R&D intensities averaged over the sample period. The R&D intensity is calculated as the ratio of world R&D

spending on the corresponding category of goods to total production of the capital goods in that category.
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The average R&D intensities are presented in Table 1.1. As documented, fabricated

metals has the lowest average R&D intensity among the five categories of capital goods.

As highlighted by Figure 1.1, the R&D intensities we use as weights are product specific

and vary over time but do not change across countries.

Figure 1.1: R&D Intensities over Time
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Figure 1.2: Investment Shares of Capital Goods

Total investment in the five categories of capital goods for various income groups is

presented in Figure 1.2.20 It is interesting to note that all income groups have large stocks

of transportation equipment. Additionally, low income countries tend to have large stocks

of low R&D intensity capital goods such as non-electrical equipment, while high income

countries lean more towards higher R&D intensity goods, such as professional goods.

Table 1.2 documents the variation in the capital composition measure across income

groups. The measure ranges from a low 9.011 (Uruguay 1976) to a high 2065.440 (Panama

1977), with a median value of 97.120. The high income group has the smallest variation

and the upper middle income group has the largest variation. This could be due to the

fact that countries in the high group are more homogeneous in terms of macroeconomic

20The World Development Indicators were used to determine the grouping of countries into low income,
middle low income, upper middle income, or high income categories. See the Data Appendix B.1 for a
detailed list of the countries included in each income group.
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Table 1.2: Capital Composition Index for High, Middle and Low Income Countries

Full High Upper Middle Lower Middle Low

Sample Income Income Income Income

Median 97.120 117.076 104.965 97.278 82.752

Mean 117.984 118.422 145.814 113.548 103.852

Min 9.011 52.056 9.011 24.319 15.943

Max 2065.440 292.809 2065.440 422.940 928.630

St.Dev 102.037 42.814 190.743 62.16404 83.717

Note:
The capital composition index numbers are obtained using equation (1.8) in the text.

fundamentals and institutions. For example, the majority of high income countries are

OECD economies while the upper middle income countries range from Latin America

to East Asia. Figure 1.3 illustrates the regional differences in the capital composition

measure across time. East Asia, on average, has the highest composition measure while

Africa has the lowest. The composition of capital for Latin America and the “other”

region category (which includes China and India) tends to vary over time, and the high-

income OECD countries show an increasing composition over time. We also see that in

the latter part of the 1990s when financial flows began to increase, the composition of

capital also increases for the majority of the regions.

The high income group has the smallest variation and the upper middle income group

has the largest variation. This could be due to the fact that countries in the high group

are more homogeneous in terms of macroeconomic fundamentals and institutions. For

example, the majority of high income countries are OECD economies while the upper

middle income countries range from Latin America to East Asia. Figure 1.3 illustrates the
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regional differences in the capital composition measure across time. East Asia, on average,

has the highest composition measure while Africa has the lowest. The composition of

capital for Latin America and the “other” region category (which includes China and

India) tends to vary over time, and the high-income OECD countries show an increasing

composition over time. We also see that in the latter part of the 1990s when financial

flows began to increase, the composition of capital also increases for the majority of the

regions.

Figure 1.3: Capital Composition Index by Region

1.4.2 Financial Openness Measures

To measure financial openness, we incorporate both de jure and de facto measures. Our

benchmark measure of de jure openness is taken from Chinn and Ito (2008), who construct

an openness index using a principal components model based on four categories of capital
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account restrictions.21 The first principal component is interpreted as the composite

measure of de jure capital account openness, and a higher composite measure reflects the

country’s increased financial openness. The Chinn and Ito measure is considered de jure

because it is constructed in order to capture the existence of restrictions put on capital

account transactions. However, as noted by Edwards (1999), one of the drawbacks of de

jure measures is that they do not capture the effectiveness of the restrictions due to the

private sector’s ability to sidestep these restrictions.22

To account for the level of actual participation by a country in international capital

markets, we also consider de facto measures of financial openness. Our first measure

of de facto financial integration is the gross external position as a percentage of GDP

from the External Wealth of Nations Database compiled by Lane and Milesi-Ferretti

(2007). This measure aggregates asset and liability data on FDI, equity portfolios,

debt, derivatives and official foreign exchange reserves. While the gross external position

provides information on the actual extent of financial openness in terms of inflows and

outflows, financial inflows might matter more by providing international financing for

higher quality capital. To investigate whether financial inflows allow countries to improve

their composition of capital, we include total liabilities (as a fraction of GDP) as a de

facto measure. We also evaluate the impact of the different components of total liabilities

(FDI, equity portfolios, and debt) individually to see if one type of financial inflow is more

essential in improving a country’s capital composition. Summary statistics for de facto

measures of financial openness and the composition of capital are presented in Table 1.3.

21The four categories of capital account restrictions include the following: presence of multiple
exchange rates, restrictions of current account transactions, restrictions on capital account transactions,
and the requirement of the surrender of export proceeds.

22We have chosen to work with the Chinn and Ito measure because alternative de jure measures are
unavailable for our full sample. For example, another commonly used measure is the dummy variable
based on the existence of restrictions classified on a 0-1 basis by the IMF in its Annual Report on
Exchange Arrangements and Exchange Restrictions. However, this indicator is only available between
1967 and 1996.
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Focusing on total liabilities, the observations range from a low 4.8 percent to a high 821.3

percent with the median at 64.8 percent. In regards to the different components of total

liabilities, debt inflows have the highest mean value at 65.2 percent of GDP, with equity

and FDI inflows at 3.2 percent and 16.2 percent.

1.4.3 Basic Correlations

Table 1.4 reports the ordinary least squares (OLS) regressions of the composition of

capital on the de jure and the de facto measures of financial openness. We first present

the basic unconditional correlations, then check the correlations when we control for fixed

effects, and both fixed and time effects. Panel A highlights the individual impact of each

openness measure on the composition of capital, while Panel B shows the joint impact

of FDI, equity, and debt liabilities on the composition of capital. Several points emerge

from Table 1.4.

First, as Panel A demonstrates, while all the openness measures have a positive and

significant impact on the capital composition index, the magnitude of these measures

varies. In regards to the individual components of total liabilities, equity liabilities

have the largest correlation. However, after accounting for fixed and time effects, the

magnitude of FDI and equity liabilities appears to be very similar and significantly

larger than the remaining indicators. In Panel B, we consider the three components

of inflows jointly. Again, equity liabilities have the largest unconditional correlation, but

the magnitude of the three inflows is similar once fixed effects are included. Once fixed

and time effects are both considered, the correlation with FDI liabilities declines slightly.
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Table 1.3: Descriptive Statistics

Min 1st Quartile Median 3rd Quartile Max Mean St.Dev

Capital composition 9.01 72.77 97.12 137.26 2065.44 117.98 102.04

Gross external position 7.48 58.37 87.53 128.85 1498.10 126.83 181.16

Total liabilities 4.79 42.63 64.78 95.77 821.27 84.70 90.35

Equity liability 0.00 0.00 0.11 1.92 266.49 3.21 14.31

FDI liability 0.22 5.13 9.41 17.85 269.32 16.24 23.25

Debt liability 3.89 32.81 49.39 74.31 745.97 65.21 70.65

De jure openness -1.81 -1.13 -0.22 1.18 2.54 -0.12 1.43

Investment 0.97 9.43 14.12 20.59 43.81 15.17 7.36

Private credit 2.00 20.00 32.00 56.00 210.00 41.68 31.19

Inflation -23.87 4.88 9.53 16.55 477.49 17.95 36.74

Education 2.60 18.30 30.00 41.10 74.00 30.35 14.50

Trade liberalization 0.00 0.00 1.00 1.00 1.00 0.60 0.49

Remoteness 5.78 8.70 8.93 9.14 9.78 8.87 0.46

Terms of trade 8.03 82.97 98.22 109.93 473.48 102.05 38.42

Exchange rate convertibility 0.00 7.60 9.80 10.00 10.00 7.98 3.26

Government 0.00 2.00 4.00 7.00 10.00 4.35 2.85

Initial GDP per worker 926.49 5837.52 12694.9 23676.4 63909.1 16434.63 13322.59

Notes:
The capital composition index numbers are obtained using equation (1.8) in the text.
The following variables are presented as percentages of GDP: the gross external position, total
liabilities, FDI liability, equity liability, debt liability, investment, and private credit. See the Data
Appendix for the description of the variables.
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Table 1.4: Correlations

Panel A:

Individual Correlations De Jure Gross External Total FDI Equity Debt
Openness Position Liabilities

Unconditional 0.045** 0.058** 0.095** 0.319** 0.639** 0.094**
(0.009) (0.007) (0.015) (0.057) (0.091) (0.019)

With fixed effects 0.048** 0.122** 0.227** 0.514** 0.507** 0.260**
(0.011) (0.010) (0.018) (0.070) (0.074) (0.024)

With fixed & time effects 0.031** 0.119** 0.230** 0.425** 0.426** 0.275**
(0.012) (0.010) (0.019) (0.078) (0.075) (0.023)

Number of obs. 1336 1344 1344 1344 1335 1344

Panel B: Joint Correlations FDI Equity Debt

Unconditional 0.114* 0.518** 0.056**
(0.071) (0.098) (0.022)

With fixed effects 0.250** 0.236** 0.223**
(0.078) (0.081) (0.025)

With fixed & time effects 0.142* 0.208** 0.251**
(0.082) (0.078) (0.024)

Number of observations 1335 1335 1335

Notes:
Preliminary analysis of the impact of de facto openness across 54 countries over the 1976-2001 period.
For all estimates, the dependent variable is the capital composition index defined in equation (1.8).
Results are obtained from OLS regressions without any other controls. In Panel A, we regress each de
facto measure separately on the capital composition index. In Panel B, we regress FDI, equity, and
debt liabilities jointly on the capital composition index. ** and * denote significance at the 5% and
10%, respectively.
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1.5 Promoting Growth through the Composition of

Capital

We begin this section by presenting the results from the baseline specification in equations

(1.9) and (1.10), using de facto and de jure measures of financial openness. In the

following subsection, we show the robustness of the results to using the seemingly

unrelated regression estimator and using 3SLS on a non-OECD sample. In subsection

1.5.3, we examine whether one type of financial inflow is more essential in improving a

country’s capital composition and fostering growth than others. In the final subsection,

we analyze the sensitivity of our results to considering the effects of domestic financial

development on the composition of capital and growth.

1.5.1 Total Effects of Financial Openness

Table 1.5 presents the results using the Chinn and Ito (2008) index, the gross external

position and total liabilities as alternative measures of financial openness in the growth

and capital composition equations. As reported in columns (1a) and (1b), the de jure

measure of financial openness is positive but not significant in either the growth or

the capital composition equation. In contrast, the specifications in columns (2a)-(2b)

and (3a)-(3b) show that both of de facto measures– the gross external position and

total liabilities– have positive and significant effects on the composition of capital and

therefore indirectly impact growth. The indirect effect of an increase in the gross external

position can be calculated as the product of the impact of the capital composition on

growth (0.057 from column (2a)) with the impact of financial openness on the capital

composition(0.063 from column (2b)). A ten percentage point increase in the gross

external position increases the composition index by 0.63 percent, which in turn promotes
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Table 1.5: Direct and Indirect Effects of Financial Openness on Growth

(1a) (1b) (2a) (2b) (3a) (3b)

Dependent Variables: Growth Capital Comp. Growth Capital Comp. Growth Capital Comp.

Composition of capital 0.058* 0.057* 0.062**
(0.031) (0.032) (0.031)

De jure financial openness 0.010 0.037
(0.011) (0.028)

Gross external position 0.013 0.063**
(0.009) (0.026)

Total liabilities 0.022 0.111**
(0.017) (0.050)

Government 0.001 -0.011 -0.001 -0.009 -0.0004 -0.008
(0.003) (0.012) (0.004) (0.012) (0.004) (0.012)

Education 0.001 0.004 0.001 0.003 0.001 0.004
(0.001) (0.003) (0.001) (0.003) (0.001) (0.003)

Trade liberalization 0.023 -0.192** 0.027 -0.139* 0.028 -0.140*
(0.024) (0.080) (0.024) (0.078) (0.025) (0.078)

Exchange rate convertibility 0.006** 0.012 0.006** 0.018* 0.006** 0.017*
(0.003) (0.010) (0.003) (0.010) (0.003) (0.010)

Initial GDP -0.085** -0.080** -0.081**
(0.017) (0.017) (0.018)

Investment 0.009** 0.009** 0.009**
(0.002) (0.002) (0.002)

Inflation -0.098** -0.102** -0.104**
(0.028) (0.026) (0.027)

Terms of trade 0.001 0.001 0.001
(0.001) (0.001) (0.001)

Remoteness 0.158 -0.004 -0.006
(0.116) (0.107) (0.109)

Landlocked -0.242* -0.223* -0.220*
(0.134) (0.134) (0.135)

East Asia -0.096** 0.121 -0.081** 0.220 -0.086** 0.209
(0.035) (0.116) (0.035) (0.161) (0.035) (0.162)

Sub-Saharan Africa -0.026 -0.309** -0.022 -0.309** -0.021 -0.321**
(0.034) (0.122) (0.033) (0.121) (0.034) (0.122)

Latin America -0.023 -0.108 -0.017 -0.009 -0.018 -0.021
(0.023) (0.112) (0.022) (0.123) (0.022) 0.114

High OECD 0.004 -0.019 0.004 0.0001 0.004 0.001
(0.003) (0.122) (0.003) (0.116) (0.003) (0.116)

Indirect effect of fin. openness 0.0021 0.0036 0.0069
(α2β2) (0.182) (0.068) (0.049)
Total effect of fin. openness 0.0121 0.0163 0.0286
(α2β2 + α3) (0.271) (0.053) (0.091)

Columns (1a) & (1b) use the Chinn and Ito (2008) openness index as the measure of de jure openness. See the data
appendix for the variable definitions & countries included. Standard deviation of the coefficients are reported in
parentheses. ** and * denote significance at the 5% and 10%, respectively. The composition of capital, the investment
rate and the de facto measures of financial openness are instrumented. To the list of exogenous variables in the system,
we add an index of creditor’s rights and legal origin as outside instruments. The p-values of the likelihood-ratio tests for
the indirect effect (α2β2) and total effect (α2β2 + α3) of financial openness are reported. The R-squares obtained from
the growth equations range from 0.157 to 0.384, and the R-squares obtained from the composition equation range from
0.059 to 0.253.
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growth by 0.036 percentage points. When we add the direct impact of financial openness

on growth in column (2a), the total effect of a ten percentage point increase in the gross

external position becomes 0.163 percentage points, which is significant with a p-value of

0.053.23

Since financial inflows should matter more for financing higher quality capital, we

focus on total liabilities as a percentage of GDP as the de facto measure of financial

openness in columns (3a) and (3b) of Table 1.5. The indirect and total impacts of

financial openness become larger when we include total liabilities. Given the estimates

in columns (3a) and (3b), a ten percentage point increase in total liabilities increases

the composition of capital by 1.11 percent, which in turn increases growth by 0.069

percentage points. The p-values of the likelihood-ratio tests imply that in addition to

the indirect effect, the total effect is also significant at 10 percent. After combining the

direct and indirect effects, a ten percentage point increase in financial inflows leads to an

increase in growth equal to 0.286 percentage points. All else constant, this alone yields

a growth difference of 1.52 percentage points between the countries with total liabilities

equal to the first quartile and the third quartile. Our estimates of the growth effects

of financial openness is in line with previous findings. For example, Quinn and Toyoda

(2008) report that a twenty-five percentage point increase in capital account openness

leads to about a one percentage point increase in GDP growth. Similarly, Bekaert et

al. (2005) and Li (2003) document an increase in GDP growth by 1 and 0.6 percentage

points, respectively.

Some other interesting results, common to all specifications in columns (1a)-(3b),

emerge from the specifications in Table 1.5. First, most of the growth determinants

23The significance of the combinations of parameters are tested using the likelihood-ratio test, where
the p-values reported are computed from the χ2(r) distribution and take into account the constraints
imposed by the model specification. The calculation of the p-values is possible due to the joint estimation,
which produces a covariance matrix of cross-equation parameters.
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enter with the expected sign and are significant. Investment, capturing the quantity of

capital, has a positive and significant impact on growth in addition to the composition

index that captures the quality of capital. As expected, inflation and initial income

enter negatively in the growth equation. Neither government nor education variables are

significant. Both the trade liberalization indicator and the exchange rate convertibility

measure are positive (with the latter being significant), suggesting that openness to trade

is associated with faster growth.24

Among the explanatory variables in the capital composition equation, variables that

capture economic impediments to importing and investing in efficient capital goods (or

lack thereof) are significant. The measure of exchange rate convertibility is positive

and significant as expected, implying that the countries with higher convertibility

indexes, with minimum to no exchange rate controls, find it easier to invest in imported

capital. Contrary to our expectations, the estimate of trade liberalization index in the

capital composition equation is negative and significant. We presume that this negative

correlation is caused by a group of developing economies, with low capital composition

indexes, who import large amounts of consumption goods.25 The coefficients on the

geographic characteristics of a country, the remoteness indicator and the landlocked

dummy, are both negative (with only landlocked dummy being significant) suggesting

that transportation costs may be a non-trivial determinant of imports of capital goods.

The estimate of education is positive, albeit not statistically significant, suggesting there

may be complementarities between human capital and highly efficient physical capital.

Moreover, the negative coefficient on government suggests that a smaller value of the

24See Wacziarg (2001) and Alcala and Ciccone (2004) and the references therein for the mechanisms
through which international trade can improve aggregate productivity and growth.

25As noted by Alfaro and Hammel (2007), because the degree of import restrictions on capital goods
is typically less severe than the degree of import restrictions on other goods, trade liberalization episodes
usually impact consumption goods disproportionately.
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government presence index is associated with higher quality capital, although inferences

on this variable may be problematic due to its relatively large standard error.26

1.5.2 Robustness

To check the sensitivity of our results to the estimation method and the sample choice,

we first estimate the baseline specification with the de facto measures of financial

openness using seemingly unrelated regressions (SUR) and then 3SLS using the non-

OECD sample.27 Columns (1a)-(1b) and (2a)-(2b) of Table 1.6 present the results

using SUR to estimate equations (1.9) and (1.10) on the full sample. Without using

instruments, the SUR estimator in general yields inconsistent but more efficient estimates.

Table 1.6 shows that the baseline results generally remain the same when we use SUR.

More specifically, the size of the impact of the gross external position and total liabilities

on the composition of capital is the same across the alternative estimation methods.

However, the impact of the de facto openness variables on growth is much smaller when

we do not instrument for any of the endogenous variables. For example, the impact

of total liabilities on growth is estimated to be 0.022 when using 3SLS and -0.002 when

using SUR. The direct effect of financial openness on growth is not significant using either

methodology.

Next, we analyze the extent to which the developed countries in our sample drive

the results in Table 1.5. To that end, we omit the 10 high income OECD countries

from the sample and estimate the system using the remaining 44 countries. In these

estimations, we exclude terms of trade from the specification to gain more degrees

26Note that a smaller value of the government presence index implies a larger share of output supplied
by state-operated-enterprizes and a higher share of government investment in total investment.

27To save space, we only present the results using gross external position and total liabilities as
measures of financial openness. If we estimate the model with Chinn and Ito’s de jure openness measure
using SUR or using the non-OECD sample, the results look very similar to the ones in Table 1.5, and
the de jure measure is not significant.
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of freedom.28 Columns (3a)-(3b) and (4a)-(4b) of Table 1.6 show that the results

for the non-OECD sample are similar to the baseline results. While the size of the

impact of financial openness (the gross external position or total liabilities) is almost

the same across samples, its impact on growth becomes slightly negative (although still

insignificant) for the non-OECD sample. It is also interesting to note that the effect

of trade liberalization on both growth and the composition of capital becomes stronger

for the non-OECD countries (0.028 vs. 0.043 for growth and -0.140 vs. -0.167 for the

composition of capital). Moreover, education becomes significant using the non-OECD

sample, suggesting a marginal increase in human capital is important for improving the

composition and quality of capital especially in developing countries.

28We choose to exclude the terms of trade from the specification since it never enters the equations
significantly and its coefficient is always very close to zero.
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Table 1.6: Robustness

SUR Non-OECD sample

(1a) (1b) (2a) (2b) (3a) (3b) (4a) (4b)
Dependent Variables: Growth Capital Comp. Growth Capital Comp. Growth Capital Comp. Growth Capital Comp.

Composition of capital 0.051** 0.054** 0.065* 0.068**
(0.018) (0.018) (0.035) (0.034)

Gross external position 0.003 0.064** -0.003 0.071**
(0.004) (0.016) (0.010) (0.035)

Total liabilities -0.002 0.119** -0.009 0.117*
(0.009) (0.031) (0.019) (0.070)

Government -0.001 -0.008 -0.001 -0.007 0.001 -0.007 0.002 -0.005
(0.003) (0.008) (0.003) (0.008) (0.002) (0.014) (0.002) (0.014)

Education 0.001 0.002 0.001* 0.002 0.001 0.006* 0.001 0.006*
(0.001) (0.003) (0.0006) (0.003) (0.001) (0.004) (0.001) (0.003)

Trade liberalization 0.021 -0.059 0.019 -0.058 0.044* -0.167** 0.043* -0.167**
(0.020) (0.057) (0.020) (0.057) (0.026) (0.084) (0.026) (0.084)

Exchange rate convertibility 0.007** 0.015** 0.007** 0.015** 0.009** 0.014 0.009** 0.014
(0.003) (0.007) (0.003) (0.007) (0.003) (0.010) (0.003) (0.011)

Initial GDP -0.065** -0.064** -0.067** -0.065**
(0.011) (0.011) (0.020) (0.020)

Investment 0.006** 0.007** 0.008** 0.008**
(0.001) (0.001) (0.003) (0.003)

Inflation -0.110** -0.112** -0.109** -0.111**
(0.022) (0.022) (0.027) (0.027)

Terms of trade 0.001 0.001
(0.001) (0.001)

Remoteness 0.091 0.087 -0.095 -0.078
(0.092) (0.092) (0.141) (0.143)

Landlocked -0.233* -0.231* -0.057 -0.059
(0.130) (0.131) (0.161) (0.164)

Indirect Effect of Fin. Openness 0.0032 0.0064 0.0046 0.0079
(α2β2) (0.005) (0.003) (0.059) (0.047)
Total Effect of Fin. Openness 0.0058 0.0046 0.0021 -0.0014
(α2β2 + α3) (0.173) (0.585) (0.817) (0.941)

Notes:

Columns (1a)-(2b) are estimated using SUR on the sample of 54 countries over the 1976-2001 period. Columns (3a)-(4b) are estimated using 3SLS on a sample

of 44 non-OECD countries. All specifications include regional dummies. For the SUR specification, the R-squares obtained from the growth equations range from

0.209 to 0.399, and the R-squares obtained from the composition equation range from 0.074 to 0.251. For the non-OECD specification, the R-squares obtained

from the growth equations range from 0.148 to 0.426, and the R-squares obtained from the composition equation range from 0.030 to 0.251. See Table 1.5 for

additional notes.
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1.5.3 Composition of Financial Flows

Given the importance of financial inflows highlighted by the analysis in subsection 1.5.1,

our next question is whether one type of inflow is more essential in improving a country’s

capital composition and promoting growth than others. To explore this issue, we divide

the total liabilities measure into three major categories (i) FDI liabilities, (ii) portfolio

equity liabilities, and (iii) debt liabilities and re-estimate the system in equations (1.9)

and (1.10). Table 1.7 presents the results from splitting the de facto liabilities measure.

Columns (1a) through (3b) show that while none of the inflows enter the growth equation

significantly, FDI and equity liabilities both have positive and significant effects on the

composition of capital.

The impact of FDI inflows on the composition index, and therefore growth, is the

largest. This perhaps is not surprising given that most FDI flows involve foreign

companies bringing in productive capital from their parent countries, which would

improve the composition of capital. The estimates in columns (1a) and (1b) imply

that a ten point percentage increase in FDI inflows would improve a country’s capital

composition by 6.79 percent, leading to an increase growth by 0.448 percentage points. A

similar ten percentage point increase in equity inflows would improve capital composition

by 5.23 percent, leading to an increase growth by 0.296 percentage points. When the

direct effect is also included, the total effect of a ten percentage point increase in equity

inflows becomes a 1.49 percentage point increase in growth. In contrast, debt inflows

do not have a significant impact on the composition of capital or growth and have a

magnitude that is ten times smaller than FDI inflows.

We next consider the three components of inflows jointly. As we are increasing the

number of parameters to be estimated, the results become less precise. The results

in columns (4a) and (4b) of Table 1.7 show that only FDI inflows remain statistically
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significant in the capital composition equation. The estimates in columns (4a) and (4b)

imply that a ten percentage point increase in FDI and equity inflows increase growth

through the capital composition channel by 0.344 and 0.233 percentage points, and their

p-values from the likelihood ratio tests indicate that both of their indirect growth effects

are significant at 5 percent. Debt inflows, on the other hand, have a negative impact

on growth through the composition of capital, although the effect is not significant.

This result resembles the findings in Kose et al. (2009), who show that debt liabilities

negatively impact TFP growth.
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Table 1.7: Composition of Financial Flows

(1a) (1b) (2a) (2b) (3a) (3b) (4a) (4b)

Dependent Variables: Growth Capital Comp. Growth Capital Comp. Growth Capital Comp. Growth Capital Comp.

Composition of capital 0.066** 0.056** 0.069** 0.069**
(0.032) (0.030) (0.031) (0.031)

Total liabilities 0.016
(0.017)

FDI liabilities -0.026 0.679** 0.500*
(0.081) (0.241) (0.280)

Equity liabilities 0.120 0.523** 0.340
(0.085) (0.199) (0.237)

Debt liabilities 0.026 0.062 -0.022
(0.020) (0.067) (0.074)

Government 0.002 -0.014 0.0001 -0.006 0.0001 -0.004 0.0003 -0.012
(0.004) (0.013) (0.003) (0.011) (0.003) (0.011) (0.004) (0.013)

Education 0.001 0.002 0.001 0.004 0.001 0.005 0.001 0.002
(0.001) (0.003) (0.001) (0.003) (0.001) (0.003) (0.001) (0.003)

Trade liberalization 0.023 -0.157* 0.027 -0.157** 0.028 -0.151* 0.032 -0.156*
(0.024) (0.084) (0.024) (0.077) (0.025) (0.079) (0.025) (0.085)

Exchange rate convertibility 0.007** 0.018* 0.007** 0.021** 0.006** 0.019* 0.006** 0.019*
(0.003) (0.010) (0.003) (0.010) (0.003) (0.010) (0.003) (0.010)

Initial GDP -0.084** -0.078** -0.082** -0.078**
(0.017) (0.017) (0.018) (0.018)

Investment 0.009** 0.009** 0.010** 0.009**
(0.002) (0.002) (0.002) (0.002)

Inflation -0.111** -0.104** -0.106** -0.105**
(0.028) (0.025) (0.026) (0.027)

Terms of trade 0.0002 0.0004 0.0004 0.0002
(0.001) (0.001) (0.001) (0.001)

Remoteness -0.022 0.010 0.014 0.057
(0.103) (0.110) (0.112) (0.114)

Landlocked -0.221 -0.174 -0.217* -0.198
(0.148) (0.127) (0.131) (0.142)

Indirect Effect of FDI Flows 0.0448 0.0344
(α2β2) (0.038) (0.028)
Indirect Effect of Equity Flows 0.0296 0.0233
(α2β2) (0.066) (0.028)
Indirect Effect of Debt Flows 0.0043 -0.0011
(α2β2) (0.352) (0.763)
Total Effect of Fin. Flows 0.0191 0.1493 0.0299 0.0729
(α2β2 + α3) (0.809) (0.074) (0.145) (0.010)

Notes:

All specifications include regional dummies. In column (4a) the total effect of financial flows is calculated as the sum of indirect effects plus the direct effect. The

R-squares obtained from the growth equations range from 0.158 to 0.385, and the R-squares obtained from the composition equation range from 0.008 to 0.344.

See Table 1.5 for additional notes.
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1.5.4 Sensitivity to the Level of Financial Development

It is highly conceivable that countries with developed financial systems grow faster due

to the availability of domestic credit for investment. Moreover, financial development

can enhance the allocation of international financial flows to more productive investment

projects. To gauge such effects, we first include the ratio of private credit to GDP as an

explanatory variable in the baseline specification. The results in columns (1a) and (1b)

of Table 1.8 show that both total liabilities and financial development are positive and

significant at 10 percent in the capital composition equation but are insignificant in the

growth equation. The impact of domestic credit on the capital composition is more than

double the impact of financial inflows. A ten percentage point increase in domestic credit

improves the composition of capital by 2.81 percent, which in turn increases growth by

0.21 percentage points. An equal increase in financial inflows improves the composition

of capital by 1.05 percent which in turn promotes growth by 0.08 percentage points.

To examine the sensitivity of the effects of financial flows on the composition of capital

and growth to financial development, we estimate the following extended version of our

baseline specification:

(yit − yit−5) = α0 + α1yit−5 + α2ln(qit) + α3FOLowit+

α4FOHighit + α5FDit + γ′Zit + ε1,it

(1.11)

ln(qit) = β0 + β1yit−5 + β2FOLowit + β3FOHighit + β4FDit + δ′Wit + ε2,it, (1.12)

where FDit stands for financial development; and FOLowit and FOHighit denote

financial openness for countries with lower and higher than median financial development.

The results in columns (2a) and (2b) of Table 1.8 show that the effect of financial

inflows on the composition of capital is significant only for countries with relatively
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Table 1.8: Sensitivity to Financial Development

(1a) (1b) (2a) (2b)

Dependent Variables: Growth Capital Comp. Growth Capital Comp.

Composition of capital 0.074** 0.073**
(0.030) (0.030)

Total liabilities 0.013 0.105*
(0.018) (0.059)

Total liabilities*High fin. dev. 0.022 0.136*
(0.021) (0.071)

Total liabilities*Low fin. dev. -0.016 0.038
(0.042) (0.131)

Financial development 0.065 0.281* 0.031 0.168
(0.053) (0.157) (0.069) (0.210)

Government 0.001 -0.007 0.001 -0.007
(0.003) (0.012) (0.003) (0.012)

Education 0.001 0.004 0.001 0.004
(0.001) (0.003) (0.001) (0.003)

Trade liberalization 0.019 -0.120 0.022 -0.113
(0.024) (0.0878) (0.025) (0.084)

Exchange rate convertibility 0.003 0.018* 0.002 0.021**
(0.003) (0.011) (0.003) (0.011)

Initial GDP -0.085** -0.089**
(0.017) (0.018)

Investment 0.009** 0.010**
(0.002) (0.002)

Inflation -0.090** -0.085**
(0.027) (0.029)

Remoteness 0.005 -0.0001
(0.110) (0.114)

Landlocked -0.310** -0.287*
(0.151) (0.154)

Indirect Effect of Total Liabilities 0.0078
(0.013)

Total Effect of Total Liabilities 0.0213
(0.235)

Indirect Effect of Total Liabilities*High Fin. Dev. 0.0100
(0.015)

Total Effect of Total Liabilities*High Fin. Dev. 0.0315
(0.127)

Indirect Effect of Total Liabilities*Low Fin. Dev. 0.0028
(0.772)

Total Effect of Total Liabilities*Low Fin. Dev. -0.0134
(0.766)

All specifications include regional dummies. High financial development is an indicator variable that takes on a value one

if the country’s private credit to GDP ratio is greater than or equal to the mean for the full sample, and zero otherwise.

Low financial development is an indicator variable that takes on a value one if the country’s private credit to GDP ratio is

below the mean for the full sample, and zero otherwise. The composition of capital, the investment rate, total liabilities,

and private credit are instrumented. To the list of exogenous variables in the system, we add an index of creditor’s rights

and legal origin as outside instruments. The R-squares obtained from the growth equations range from 0.192 to 0.353, and

the R-squares obtained from the composition equation range from 0.013 to 0.309. See Table 1.5 for additional notes.
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higher levels of financial development. The coefficient on financial inflows for financially

less developed countries in column (2b) is four times smaller than the estimate for the

financially developed countries, and it is not significant. As in the previous set of results,

the direct effect of financial inflows on growth is not statistically significant for either

group of countries, and it is positive only for the financially developed countries.

The results in Table 1.8 imply that the benefits of enhancing a country’s domestic

financial system precedes the benefits of international financial integration for two

reasons. First, increases in domestic credit promotes growth directly and indirectly

through capital composition by more than the increases in international financing.

Second, as highlighted by Bekaert et al. (2005), countries absorb the benefits of

international financial flows better if their domestic credit markets are well developed.

1.6 Conclusion

A large body of literature has focused on the different channels through which financial

openness can foster growth. A number of empirical studies within this literature conclude

that financial openness has no direct effect on capital. This paper proposes that capital

should be disaggregated in order to enhance its explanatory power. As argued by Caselli

and Wilson (2004), the overall contribution of capital on output can be broken down

into a quantity (capital accumulation) and quality (capital composition) term. More

importantly, the quality term can explain a significant share of the variation in the TFP

across countries.

In order to quantify the impact of financial openness on growth through the capital

composition channel, we estimate a simultaneous system of equations on growth and the

composition of capital. While the direct effect of financial openness on growth is not
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significant, its indirect effect through the capital composition is robustly significant. A

ten percentage point increase in the gross external position increases growth by improving

the composition of capital by 0.036 percentage points. When we consider only financial

inflows, the impact is larger at 0.286 percentage points. Our results imply that the

composition channel can explain a growth difference of 1.52 percentage points between

the countries with total liabilities equal to the first quartile and the third quartile.

When we control for total liabilities for financially developed and less developed countries

separately, we find that the effect is significant only for the financially developed countries.

In order to understand the relative importance of different types of financial inflows

in improving the quality of a country’s capital stock and contributing indirectly to

growth, we estimate our baseline specification with three components of total liabilities

(FDI, equity and debt) included separately. While FDI and equity inflows both have

positive and significant impacts on the composition individually, equity liabilities become

insignificant (along with debt inflows) when all of the inflows are considered jointly. In

terms of magnitudes, the impact of FDI inflows is larger when considered individually or

jointly with the other flows.

Recent research by Gourinchas and Jeanne (2006) has highlighted the need for

financial openness to enhance productivity in order to have significant growth effects.

We believe this paper provides a step toward a more focused analysis on the channels of

financial openness that spur productivity and increase growth.
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Chapter 2

Investment Specific Productivity

and the Role of Imported Capital

Goods in Latin America

2.1 Introduction

Starting with the influential work of Johansen (1959) and Solow (1960), many papers have

argued that technological progress is embodied in new equipment goods. Throughout

history, examples of these goods are prolific. Beginning with the steam engine during the

Industrial Revolution and continuing today with faster and more powerful computers,

new and improved technologies are associated with new and improved equipment goods.

These new and improved equipment goods are also highly traded, as Eaton and Kortum

(2001) document that the majority of their production is concentrated among a small

group of R&D-intensive countries. This implies that most of the world imports its

equipment, and by doing so, captures some of the new and more efficient technology

39



embodied in these goods. Imported equipment, therefore, should be an important source

of growth.

Recent findings by Cavallo and Landry (2010) highlight the gains from imports of

equipment for the U.S. economy. In their paper, technological advancement in new

equipment is reflected by the decline in the price of equipment relative to the price of

consumption. The assumption behind this specification is that if technological progress

makes producing equipment goods increasingly efficient over time, then the price of

equipment goods relative to consumption goods should decrease. Using a simple growth

accounting exercise, they show that 20 percent of the growth in U.S. output per hour

since 1967 can be attributed to imported equipment.

Given the substantial impact of imported equipment on U.S. growth, it is natural

to question the extent of the gains for countries that do not produce the majority

of their equipment. In this paper, I attempt to address this issue. By constructing

growth accounts based on the methodology presented in Cavallo and Landry (2010),

I quantitatively assess the contribution of imported equipment to growth in labor

productivity for thirteen Latin American countries between 1970 and 2005. These

countries are natural case studies. Over the last two decades, they have transitioned

from relatively high protection levels towards more broad trade liberalization programs

by pursuing regional and unilateral integration initiatives. Because the sample period

captures the shift towards more open trade regimes, I can analyze the extent to

which domestically produced and imported equipment contribute to growth in labor

productivity.

With the exception of Argentina, Brazil, and Mexico, I find that the contribution

of imported equipment per worker to growth in labor productivity is quite similar to

the contribution of domestic equipment per worker. For example, between 1970 and
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2005, imported equipment per worker contributed 12.59 percent to growth in Ecuador’s

labor productivity, while domestic equipment per worker contributed 15.44 percent. By

comparison, Cavallo and Landry (2010) find that imported equipment contributed 20.3

percent to growth in U.S. output versus the 52.1 percent contributed from domestic

equipment. In Argentina, Brazil, and Mexico, however, the contribution of domestic

equipment to growth in labor productivity had two to four times the impact of imported

equipment. More specifically, domestic equipment per worker contributed 38.01 percent

to growth in Argentina’s labor productivity, while imported equipment contributed 8.53

percent. In Brazil, domestic equipment per worker contributed 14.47 percent to growth in

labor productivity in comparison to the 4.21 percent contributed by imported equipment

per worker. And in Mexico, domestic equipment per work contributed 32.32 percent to

growth in labor productivity as opposed to the 15.44 percent from imported equipment

per worker.

In Bolivia, Chile, Costa Rica, and Paraguay, the average contribution of imported

equipment to growth in labor productivity was higher than the contribution of domestic

equipment. However, the difference between the contribution of imported equipment and

the contribution of domestic equipment varied. For example, Chile’s imported equipment

per worker contributed 10.80 percent to growth in labor productivity in comparison to the

9.25 percent contributed by domestic equipment, while Paraguay’s imported equipment

per worker contributed 27.96 percent to growth in labor productivity as opposed to

the 21.55 percent provided by the domestic equipment. Overall, for the majority of

the countries in the sample, imported equipment per worker explained between 30 to

60 percent of the average contribution of equipment per worker to growth in labor

productivity.

This paper is related to the larger literature on equipment investment and economic
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prosperity. Most quantitative papers emphasize the role of equipment as the “carrier” of

new technologies. Jones (1994) provides evidence of a strong and negative relationship

between equipment prices and growth, and Caselli and Wilson (2004) highlight that the

composition of capital investment can explain an important share of the variation in

TFP across countries. DeLong and Summers (1991) show that the overall investment

in equipment is an important determinant of growth, while Lee (1995) stresses the

importance of imported machinery for growth. Unlike previous papers in the literature, I

am able to distinguish between equipment investment that is domestically produced and

that which is imported in addition to accounting for the technological advances embodied

in equipment investment. This allows for a more rigorous analysis of the contributions

of imported and domestic equipment to growth in labor productivity.

The rest of the paper is organized as follows. Section 2.2 presents the methodology

used to compute the contributions to growth in labor productivity. Section 2.3 describes

the data utilized while Section 2.4 highlights the investment patterns in Latin America

over the past 35 years. Section 2.5 discusses the quantitative role of imported equipment

in Latin America and section 2.6 checks for robustness. Finally, section 2.7 concludes.

2.2 Methodololgy

To calculate the contribution of imported equipment to growth in Latin America, I follow

the methodology presented in Cavallo and Landry (2010). Their approach, influenced by

the work of Greenwood et al. (1997), incorporates two types of technological progress-

a disembodied, neutral technological change and an embodied, technological change

propelled by improvements in the quality of new equipment goods. Final output requires

labor (Lt) and two types of capital- structures (Ks) and equipment (Ke) - while the
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production function is a Cobb-Douglas,

Yt = ZtK
αs
s,tK

αe
e,tL

1−αs−αe
t (2.1)

where 0 < αs, αe and αs+αe < 1. The variable Zt is the measure of disembodied, neutral

technological change, and αs and αe measure the capital income shares of structures and

equipment. The structures accumulation equation equals

Ks,t+1 = (1 − δs)Ks,t + Is,t, (2.2)

where Is measures the investment in structures, Ks represents the capital stock in

structures, and δs equals the depreciation rate for structures. Technological change

embodied in new equipment goods enters the model through the equipment accumulation

equation,

Ke,t+1 = (1 − δe)Ke,t + qtIe,t, (2.3)

where the capital stock in equipment for period t+ 1 includes the un-depreciated capital

plus the enhanced investment, qtIe,t, from period t. The variable q reflects the costs of

producing a new unit of equipment in terms of consumption and is equivalent to the

inverse of the price of equipment relative to the price of consumption. The assumption

behind the specification for q is that if technological progress makes producing equipment

goods increasingly efficient over time, then the price of equipment goods relative to the

price of consumption goods should be declining. Therefore increases in q, which in

turn directly enhance equipment investment, require that the relative price of equipment

goods is falling faster over time relative to consumption goods. Equations (2.1) and

(2.3) highlight the assumption that neutral technological change does not depend on
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investment in equipment while embodied technological change does.

Because the interest of the paper centers on the importance of imported equipment to

growth, the equipment accumulation equation is separated into a component composed

of imported equipment and into a component composed of domestic equipment. The

aggregate stock of equipment investment is the sum of both components and the separate

accumulation equations evolve according to the following equations:

Km,t+1 = (1 − δe)Km,t + θtqtIe,t, (2.4)

Kd,t+1 = (1 − δe)Kd,t + (1 − θt)qtIe,t, (2.5)

where θ reflects the share of imported equipment in total equipment investment, Km

is the value for the imported equipment stock, and Kd is the value for the domestic

equipment stock. It is important to note that because equations (2.4) and (2.5) have the

same q this is equivalent to assuming that both the imported and domestic investment

in equipment have the same level of embodied technology. The variable Ie measures the

effective equipment investment and it is formed with a basket of domestic and imported

equipment investment where

Ie,t = Iθtm,tI
(1−θt)
d,t . (2.6)

This specification is used because it allows for some limited substitutability between

imported and domestic equipment and avoids the extreme assumption of perfect

substitutes or perfect complements. To calculate the contributions to output growth,

I rewrite equation (2.1) in terms of labor productivity

Yt
Lt

= Zt
Ks,t

Lt

αsKe,t

Lt

αs

. (2.7)
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Productivity growth is expressed by writing equation (2.7) in terms of log-differences,

gy = gz + αsgs + αege, (2.8)

where gi denotes the growth rate of the corresponding variable i. The growth accounting

equation (2.8) highlights that growth in labor productivity derives from growth in “total

factor productivity”, gz, and capital deepening, αsgs + αege. In order to measure the

contribution of imported and domestic equipment, I multiply the average contribution

of equipment to growth in labor productivity with the respective average contribution of

imported and domestic equipment to the overall stock of equipment. By interpreting the

Latin American data through the above framework, the contribution from these different

sources of growth can be quantitatively assessed.

2.3 Data

I perform the above growth decomposition for thirteen Latin American countries, using

annual observations spanning from 1970 to 2005. These countries include Argentina,

Bolivia, Brazil, Chile, Colombia, Costa Rica, Ecuador, Guatemala, Honduras, Mexico,

Panama, Paraguay, and Uruguay. The nominal values of output, investment in structures,

and total equipment investment for each country are deflated by their corresponding

consumer price index allowing each value to be expressed in units of consumption.1 The

main variables included in the growth decomposition are the stock of structures, the stock

of equipment, output, labor, total factor productivity, and the income shares. Unless

1Greenwood et al. (1997) argue that the preferred consumption deflator would only include nondurable
goods and non-housing services in order to avoid the issue of accounting for improvements in consumer
durables. Because of data limitations, I am unable to use their measure and instead use a consumer
price index.
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otherwise noted, all observations are taken from the official estimates by the Economic

Commission for Latin America (ECLAC) and correspond to the most recent revision of

the United Nations System of National Accounts (SNA).

I construct the series for the stock of structures using the perpetual inventory

method outlined in equation (2.2). Observations on investment in structures, Is, include

the portion of gross fixed capital formation dedicated to structures. I initialize the

capital stock by assuming that the growth rate of investment for the first four years

is representative of the growth of the investment prior to the beginning of the series.

Specifically, from equation (2.2) the rate of growth of capital in structures is

Ks,t+1 −Ks,t

Ks,t

=
Is,t
Ks,t

− δs. (2.9)

By rearranging equation (2.9), the initial stock of capital can be expressed as

Ks,t =
Is,t

gIs + δs
, (2.10)

where Is,t is the real investment in structures in 1970, gIs is the average annual growth

rate of investment in structures for the first four years of the investment series, and δs

is the average depreciation rate of structures set at 0.056 in accordance with Greenwood

et al. (1997).2 Due to data limitations, the depreciation rate for structures is based on

U.S. observations. Because the actual depreciation rate of structures in Latin America is

most likely higher than the rate in the U.S., potentially due either to under-maintenance

caused by distortionary policies that favor new construction investment or a lack of

quality inputs used in the initial construction process, the use of the U.S. depreciation

2In the growth literature, many authors use the 5 year average annual growth rate of investment.
However, given the fact that the oil shocks significantly impact the Latin American economies starting
in 1975, I use the four year average in order to avoid this large fluctuation.
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rate is best interpreted as a lower bound estimate on structural depreciation in Latin

America.3

The series for the stock of equipment is also constructed using the perpetual

inventory model. Total investment in equipment includes the portion of gross fixed

capital formation dedicated to machinery and equipment plus inventory. Investment in

domestic equipment is calculated as the difference between total equipment investment

and imported equipment. Effective investment, Ie, is a Cobb-Douglas aggregate of

imported and domestic equipment outlined in equation (2.6), where θ is the share of

equipment imports in total equipment investment. The measure for q is the inverse of

the ratio between the price index of equipment and the price index of consumption. The

price index for equipment is calculated as the nominal price of equipment divided by

the real price of equipment and is derived from observations provided by the Economic

Commission for Latin America (ECLAC). The price index for consumption is measured

by the consumer price index from the International Monetary Fund (IMF).

Similar to the arguments used to construct the initial capital stock value in structures,

I estimate the initial stock of equipment as

Ke,t =
qtIe,t
gIe + δe

. (2.11)

The quality adjusted, real effective investment in equipment in 1970 is qtIe,t, the average

annual growth of investment in equipment for the first four years of the investment series

is gIe , and the average depreciation rate of equipment is δe. As noted by Oliner (1993) and

Cavallo and Landry (2010), physical depreciation as opposed to economic depreciation

should be used with the equipment capital accumulation equation due to the increased

3For further detail on the role of depreciation in developing countries and its impact on the capital
stock refer to Bu (2006).
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quality improvements in equipment. Physical depreciation is expressed as

δe,t = 1 − (1 − de,t)
qe,t
qe,t−1

. (2.12)

The variable, de,t, is the ratio between current cost depreciation and the previous year

current cost net stock from the BEA Fixed Asset Tables and is associated with the

economic depreciation rate. Due to the inclusion of the country specific change in the

relative price over time, qe,t
qe,t−1

, the value for the physical depreciation of equipment

differs from the values in the U.S. and differs across Latin American countries. I use

the corresponding average rate of physical depreciation for each country when building

the measures of capital stock in equipment.

As the output measure, I use gross domestic product (GDP) net the value-added of

the agriculture and mining industries. The number of workers is collected from both the

Conference Board and the Groningen Growth and Development Center’s Total Economy

Database, while total factor productivity is calculated as outlined in equation (2.1). The

income share of capital, α, is set at 0.3 in accordance with Gollin (2002), while αe is set

at 0.17 and αs is set at 0.13 following Greenwood et al. (1997).

2.4 Characteristics of Investment in Latin America

I begin by presenting some basic results regarding investment in Latin America over the

sample period. In Figure 2.1 the evolution of the average investment rate as a percent of

GDP for the entire region is highlighted, while Figure 2.2 shows each country’s investment

as a percent of GDP. The highest investment rates occur in the 1970s when the region

experienced a boom in foreign lending.
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Figure 2.1: Average Investment in Latin America, % of GDP

This boom is particularly evident following the oil price shocks in 1973 − 1974 and

1978−1979 when petro-dollars were channeled into Latin America. Investment decreases

in the 1980s during the ensuing debt crisis as every country in the sample except Colombia

defaulted on their international foreign debt. Marking the end of the “lost decade”,

investment recovers in the 1990s as globalization increases. In fact, according to the

Wacziarg and Horn Welch (2008) liberalization indicator, between 1985 and 1996 twelve of

the thirteen countries in the sample began programs of trade liberalization.4 Investment

was adversely affected at the end of the 1990s by a series of negative shocks occurring in

East Asia in 1997, Russia in 1998, and Brazil in 1999. Despite the negative shock from

Argentina in 2001 − 2002, investment steadily increases towards the end of the sample

period.

4Chile has been open since 1976. Bolivia opened in 1985; Colombia, Costa Rica, and Mexico opened
in 1986; Guatemala in 1988; Paraguay in 1989; Uruguay in 1990; Argentina, Brazil, Ecuador, Honduras,
in 1991; and Panama in 1996.
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Figure 2.2: Country Investment, % of GDP

Figure 2.3 presents the ratio between investment in equipment and investment in

structures by decade. The examination of these ratios is relevant given the empirical

evidence of the positive and strong association between investment in equipment and

growth. As highlighted by Figure 2.3, investment in structures has gradually declined

over the period while investment in equipment is much more volatile. The percent of

investment dedicated to structures is larger than the percent dedicated to equipment for

every decade except the 1990s when investment in equipment reached its highest level.

To investigate whether the increase in equipment in the 1990s was fueled by the

increased imports of equipment during the trade liberalization period, Figure 2.4 plots

the average share of capital goods imports in equipment investment. Figure 2.4 shows

that while domestic investment in equipment declines in the 1990s, imported equipment

increases significantly. This suggests that the driving force in the increase in equipment
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Figure 2.3: Investment in Equipment vs. Structures, % of Total Investment

Figure 2.4: Share of Imported and Domestic Investment in Total Equipment Investment
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Table 2.1: Contribution of Imported Equipment to Growth in Effective Investment (%)

Country Contribution of Imported Equipment

to Growth in Effective Investment

Argentina 41.48

Bolivia 66.15

Brazil 24.75

Chile 37.40

Colombia 37.75

Costa Rica 52.99

Ecuador 39.63

Guatemala 49.77

Honduras 55.31

Mexico 52.62

Panama 8.94

Paraguay 49.03

Uruguay 36.19

investment in the 1990s was the increased imports of capital goods.

Table 2.1 further highlights the contributions of imported equipment to growth in

effective investment for each country. Excluding the lowest contribution (Panama at

8.94) and the highest contribution (Bolivia at 66.15), imported equipment has contributed

between 25 to 55 percent to the growth in effective investment.

2.5 Growth Decomposition in Latin America

Table 2.2 reports the decomposition of labor productivity growth for the thirteen Latin

American over the 1970 to 2005 period. The first column in Table 2.2 shows the average

annual growth in labor productivity for each country in descending order. As shown, the
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Table 2.2: Growth Decomposition for Latin America (%)

Country Output Contribution Contribution Contribution Contribution

Growth Total Capital Equipment Structures TFP

Chile 3.77 44.74 20.05 24.69 55.26

Ecuador 3.13 47.00 28.03 18.97 53.00

Brazil 3.02 47.18 18.68 28.50 52.82

Costa Rica 2.50 46.95 31.69 15.26 53.05

Colombia 2.29 35.40 26.43 8.97 64.60

Panama 2.12 30.79 21.23 9.56 69.21

Paraguay 1.58 84.20 49.51 34.69 15.80

Honduras 1.19 35.94 25.76 10.18 64.06

Bolivia 1.17 51.99 23.31 28.68 48.01

Mexico 0.44 79.62 47.76 31.86 20.38

Uruguay 0.38 79.43 45.02 34.41 20.57

Argentina 0.36 80.16 46.54 33.62 19.84

Guatemala 0.21 80.45 32.54 47.91 19.55

growth experiences in Latin America are diverse. For example, Chile’s annual growth

in labor productivity averaged 3.77 percent while Argentina’s annual growth in labor

productivity averaged just 0.36 percent. In looking at the entire sample, Chile, Ecuador,

Brazil, Costa Rica, Colombia, and Panama averaged annual growth in labor productivity

between 2 to 4 percent, while Paraguay, Honduras, Bolivia, Mexico, Uruguay, Argentina,

and Guatemala averaged annual growth in labor productivity between 0.36 to 1.58

percent. The remaining columns in Table 2.2 decompose labor productivity into the

average contributions from total capital, capital in equipment per worker, capital in

structures per worker, and TFP. As highlighted by Table 2.2, total capital has played an

important role in the growth process. Growth performance, however, did not have a direct

association with the total capital contributions. For example, despite having similar

contributions to labor productivity from total capital, Colombia grew at an average rate
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almost double the rate in Honduras during the sample period (2.29 percent compared

to the 1.19 percent). Furthermore, for Mexico, Uruguay, Argentina, and Guatemala,

higher contributions from capital did not translate into higher average growth in labor

productivity.

In regards to the contributions to labor productivity from capital in equipment per

worker versus capital in structures per worker, the average contribution of equipment per

worker appears to have played a larger role in the growth process for most countries. It

is noteworthy that in two of the four countries where structures contributed more than

equipment (Bolivia and Brazil), each experienced episodes of hyperinflation. Bolivia’s

hyperinflation lasted from 1984 − 85 while Brazil’s occurred from 1988 − 1990 and

1992 − 1994. One hypothesis is that in economies which experience hyperinflation and

subsequent banking crises, structures would be considered a “safer” asset because it could

retain its value. However, one could counter this argument by noting that Argentina

also experienced hyperinflation between 1984 − 1985 and 1989 − 1990, yet their largest

contribution to growth comes from equipment per worker.

The final column in Table 2.2 shows the contribution from changes in TFP. TFP was

clearly a main source of growth for most of the countries in the sample. The exception

appears to be for Mexico, Uruguay, Argentina, and Guatemala, who have some of the

lowest contributions from TFP.

Table 2.3 splits the average contribution of equipment per worker on labor produc-

tivity into the average contribution of imported and domestic equipment per worker.

As highlighted in Table 2.3, with the exception of Argentina, Brazil, and Mexico, the

contribution from imported equipment per worker is similar to the contribution from

domestic equipment per worker to growth in labor productivity. For example, between

1970 and 2005, imported equipment per worker contributed 12.59 percent to growth in
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Ecuador’s labor productivity, while domestic equipment per worker contributed 15.44

percent. In comparison, Cavallo and Landry (2010) find that imported equipment

contributed 20.3 percent to growth in U.S. output per hour versus the 52.1 percent

contributed from domestic equipment. In Argentina, Brazil, and Mexico, however,

the contribution of domestic equipment had two to four times the impact of imported

equipment. Domestic equipment per worker contributed 38.01 percent to growth in

Argentina’s labor productivity, while imported equipment contributed 8.53 percent. In

Brazil, domestic equipment per worker contributed 14.47 percent to growth in labor

productivity in comparison to the 4.21 percent contributed by imported equipment per

worker. And in Mexico, domestic equipment per work contributed 32.32 percent to

growth in labor productivity as opposed to the 15.44 percent from imported equipment

per worker.

In Bolivia, Chile, Costa Rica, and Paraguay, the average contribution of imported

equipment per worker on labor productivity was higher than the average contribution

of domestic equipment per worker. According to the Wacziarg and Horn Welch (2008)

liberalization indicators, over the sample period Bolivia and Chile have been open the

longest (29 years).5 In regards to Costa Rica and Paraguay, according to the tariff

measure calculated in Clemens and Williamson (2004), both countries have lower tariff

rates in comparison to the rest of the countries in the sample period.6 This could

potentially explain the larger role played by imported equipment in these countries. The

last column in Table 2.3 shows that on average for the majority of countries in Latin

America, imported equipment has explained between 30 to 60 percent of the average

contribution of equipment per worker on growth in labor productivity.

5Chile has been open since 1976, while Bolivia was temporarily open from 1970−1979 and from 1985
until today.

6Clemens and Williamson (2004) measure tariff as the ratio of tariff revenue to the value of imports.
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Table 2.3: Contributions of Imported and Domestic Equipment per Worker (%)

Avg Contribution

Contribution Contribution Contribution of Equipment
Country Equipment Imported Domestic Explained

Equipment Equipment by Imports

Chile 20.05 10.80 9.25 53.87

Ecuador 28.03 12.59 15.44 44.92

Brazil 18.68 4.21 14.47 22.54

Costa Rica 31.69 16.42 15.27 51.81

Colombia 26.43 9.75 16.68 36.89

Panama 21.23 8.44 12.79 39.76

Paraguay 49.51 27.96 21.55 56.47

Honduras 25.76 12.40 13.36 48.14

Bolivia 23.31 13.65 9.66 58.56

Mexico 47.76 15.44 32.32 32.33

Uruguay 45.02 21.04 23.98 46.73

Argentina 46.54 8.53 38.01 18.33

Guatemala 32.54 11.63 20.91 35.74

2.6 Robustness

In this section, I investigate three different robustness checks. More specifically, I ask

how much fluctuation would occur in the growth decomposition if the factor income

shares change, how much would the contributions to labor productivity differ by using

unadjusted GDP as the measure of output, and how much would the contributions to

labor productivity be affected by removing embodied technological change.

2.6.1 The Measurement of Factor Shares

The usual way to implement growth accounting is to weight the growth rates of the factors

of production by their factor income shares. Gollin (2002) provides evidence that the
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income shares are approximately constant across countries, with capital’s income share,

α, equaling 0.3. Greenwood et al. (1997) use this α value and then estimate equipment’s

capital share, αe, as 0.17 and structure’s capital share, αs, as 0.13. A natural robustness

check is to examine how much the growth decomposition would fluctuate by altering

the factor income shares. Based on the existing literature’s estimates on capital income

shares in Latin America, I set an upper bound on capital’s income share, αU , at 0.35 and

a lower bound on capital’s income share, αL, at 0.2, with αe and αs still divided by the

proportion set in the baseline specification (56.67 percent of the total capital’s share for

equipment and 43.33 percent of the total capital capital’s share for structures). Table

2.4 and 2.5 highlight the results. At both the upper and lower bound, the results appear

feasible with the contribution of capital rising with increases in capital’s income share

and falling with decreases in capital’s income share.

57



Table 2.4: Growth Decomposition for Latin America (%) when α = 0.35

Country Output Contribution Contribution Contribution Contribution

Growth Total Capital Equipment Structures TFP

Chile 3.77 52.23 23.36 28.87 47.77

Ecuador 3.13 54.84 32.65 22.19 45.16

Brazil 3.02 55.08 21.76 33.32 44.92

Costa Rica 2.50 54.76 36.92 17.84 45.24

Colombia 2.29 41.27 30.78 10.49 58.73

Panama 2.12 35.90 24.73 11.17 64.10

Paraguay 1.58 98.23 57.67 40.56 1.77

Honduras 1.19 41.93 30.03 11.91 58.07

Bolivia 1.17 60.67 27.14 33.53 39.33

Mexico 0.44 92.88 55.63 37.25 7.12

Uruguay 0.38 92.67 52.44 40.23 7.33

Argentina 0.36 81.39 42.08 39.31 18.61

Guatemala 0.21 93.92 37.90 56.02 6.08
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Table 2.5: Growth Decomposition for Latin America (%) when α = 0.20

Country Output Contribution Contribution Contribution Contribution

Growth Total Capital Equipment Structures TFP

Chile 3.77 29.85 13.33 16.52 70.15

Ecuador 3.13 31.33 18.63 12.70 68.67

Brazil 3.02 31.49 12.42 19.07 68.51

Costa Rica 2.50 31.28 21.07 10.21 68.72

Colombia 2.29 23.57 17.57 6.00 76.43

Panama 2.12 20.50 14.11 6.39 79.50

Paraguay 1.58 56.13 32.91 23.22 43.87

Honduras 1.19 23.94 17.12 6.82 76.06

Bolivia 1.17 34.68 15.49 19.19 65.32

Mexico 0.44 53.07 31.75 21.32 46.93

Uruguay 0.38 52.96 29.93 23.03 47.04

Argentina 0.36 46.51 24.01 22.50 53.49

Guatemala 0.21 53.69 21.63 32.06 46.31
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2.6.2 The Measurement of Output

The calculations of labor productivity used in the baseline specification incorporated a

correction for natural resources used as inputs. More specifically, as noted in the data

section, I use GDP minus the value-added of the agricultural and mining industries as

the measure of output. This correction is often implemented in the literature to prevent

countries with abundant natural resources from being among the most productive in the

world. Caselli (2005) cautions that since similar corrections are not feasible for the capital

stock, correcting for natural resources in the output measure may lead to a significant

downward bias in the estimate for TFP. To test for the sensitivity of this correction,

Table 2.6 presents the growth decomposition using unadjusted GDP as the measure of

output. As Table 2.6 highlights, TFP increases for only three countries, Chile, Ecuador,

and Argentina, and this increase is relatively small for Chile and Ecuador. In contrast,

the TFP falls for the majority of the countries in the sample (10 of the 13 economies)

while the contribution of capital rises. This suggests that in regards to Latin America,

correcting for natural resources tends to put an upward bias on TFP and a downward

bias on the contribution of capital.
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Table 2.6: Growth Decomposition for Latin America (%): Unadjusted GDP

Country Output Contribution Contribution Contribution Contribution

Growth Total Capital Equipment Structures TFP

Chile 3.93 43.02 19.28 23.74 56.98

Ecuador 3.23 45.58 27.18 18.40 54.42

Brazil 2.89 49.27 19.51 29.76 50.73

Costa Rica 2.01 58.31 39.36 18.95 41.69

Colombia 1.82 44.54 33.25 11.29 55.46

Panama 1.90 34.38 23.71 10.67 65.62

Paraguay 1.07 99.71 56.02 43.69 0.29

Honduras 0.59 57.00 36.31 20.69 43.00

Bolivia 0.80 76.25 34.18 42.07 23.75

Mexico 0.30 95.23 54.05 45.51 4.77

Uruguay 0.28 99.56 55.12 44.44 0.44

Argentina 0.43 66.84 38.81 28.03 33.16

Guatemala 0.14 89.89 36.95 52.94 10.11
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2.6.3 The Measurement of Embodied Technological Change

To access how much the contribution of equipment per worker would be affected by

removing the embodied technological change, I run a counterfactual experiment including

only a neutral productivity shock. Under this scenario, the q variable in the equipment

accumulation equation (2.3) is set to 1 and the equipment depreciation rate is measured

in terms of economic depreciation. This should indicate the importance of embodied

technological change. Table 2.7 and Table 2.8 show the results.

The contribution of equipment per worker to labor productivity in Argentina, Costa

Rica, Colombia, Mexico, Paraguay,and Uruguay all fall, with the most substantial

decrease occurring in Argentina, Paraguay, and Uruguay. The contribution of equipment

per worker to labor productivity in Bolivia, Brazil, Ecuador, Chile, Guatemala, and

Honduras all increase, with the most substantial increase occurring in Bolivia and

Ecuador. No significant change in the contribution of equipment per worker occurs

for Panama.
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Table 2.7: Growth Decomposition for Latin America (%) with only a Neutral
Productivity Shock

Country Output Contribution Contribution Contribution Contribution

Growth Total Capital Equipment Structures TFP

Chile 3.77 46.39 21.70 24.69 53.61

Ecuador 3.13 55.04 36.07 18.97 44.96

Brazil 3.02 50.03 21.53 28.50 49.97

Costa Rica 2.50 39.92 24.66 15.26 60.08

Colombia 2.29 26.68 17.71 8.97 73.32

Panama 2.12 31.05 21.49 9.56 68.95

Paraguay 1.58 50.72 16.03 34.69 49.28

Honduras 1.19 39.79 29.61 10.18 60.21

Bolivia 1.17 64.89 36.21 28.68 35.11

Mexico 0.44 45.40 13.54 31.86 54.60

Uruguay 0.38 65.02 30.61 34.41 34.98

Argentina 0.36 69.75 36.13 33.62 30.25

Guatemala 0.21 88.41 40.50 47.91 11.59

The main assumption in this paper is that technological progress makes the

production of capital goods increasingly efficient over time resulting in new equipment

being less expensive relative to consumption goods. Therefore, in order to generate

“quality” improvements, the relative price of equipment must be falling faster over time

relative to consumption goods. Examining Figure 5, we see that in certain countries the

relative price of equipment goods is rising faster over time relative to consumption goods.

If this is due to some distortion in the market causing a higher relative price of equipment

goods, we can compare the growth accounting results to examine the consequences of the

distortion.

In Bolivia, without distortions, the contribution of equipment per worker to labor

productivity is 36.21 percent with imported equipment explaining 65.62 percent of the
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Table 2.8: Contributions of Imported & Domestic Equipment per Worker with Neutral
Shock (%)

Avg Contribution

Contribution Contribution Contribution of Equipment
Country Equipment Imported Domestic Explained

Equipment Equipment by Imports

Chile 21.70 11.95 9.75 55.07

Ecuador 36.07 16.03 20.04 44.44

Brazil 21.53 5.20 16.33 24.15

Costa Rica 24.66 11.93 12.73 48.38

Colombia 17.71 6.25 11.46 35.29

Panama 21.49 8.66 12.83 40.30

Paraguay 16.03 7.47 8.56 46.60

Honduras 29.61 14.18 15.43 47.89

Bolivia 36.21 23.76 12.45 65.62

Mexico 13.54 4.08 9.46 30.13

Uruguay 30.61 13.73 16.88 44.85

Argentina 36.13 6.35 29.78 17.57

Guatemala 40.50 14.71 25.79 36.32

average contribution from equipment per worker. With distortions, the contribution of

equipment per worker to labor productivity falls to 23.31 percent. In Ecuador, without

distortions, the contribution of equipment per worker to labor productivity is 36.07

percent with imported equipment explaining 44.44 percent of the average contribution

from equipment per worker. With distortions, the contribution of equipment per worker

to labor productivity drops to 28.03 percent. It is noteworthy that for the majority

of the countries belonging to the trading bloc MERCOSUR, removing the embodied

technological change reduces the contribution of equipment per worker. However, for the

majority of countries in the Andean Community trading bloc, removing the the embodied
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Figure 2.5: The Relative Price of Equipment

technological change increases the contribution of equipment per worker. 7

2.7 Conclusion

A large literature in economics finds that investment in equipment goods increases

economic growth through capital deepening and increased access to technology which

is embodied in the new equipment good. The main assumption in this paper is that

technological progress makes the production of equipment increasingly efficient over time

7MERCOSUR includes Argentina, Brazil, Paraguay, and Uruguay, while the Andean Community
includes Bolivia, Colombia, Ecuador, Peru and Venezuela.
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resulting in new equipment being less expensive relative to consumption goods. Therefore

quality improvements are measured as the inverse of the price of equipment relative to

the price of consumption.

Because the majority of equipment goods are produced in a small number of R&D-

intensive countries, imported equipment should be an important source of growth. This

paper aims to measure the contribution of imported equipment to growth in labor

productivity in Latin America between 1970 and 2005. Given the increased openness in

the region due to comprehensive trade liberalization programs, Latin America provides a

natural case study. With the exception of Argentina, Brazil, and Mexico, I find that the

contribution of imported equipment per worker to growth in labor productivity is similar

to the contribution of domestic equipment per worker. In Argentina, Brazil, and Mexico,

however, the contribution of domestic equipment to growth in labor productivity had

two to four times the impact of imported equipment. For four countries in the sample,

Bolivia, Chile, Costa Rica, and Paraguay, the average contribution of imported equipment

to growth in labor productivity was higher than the contribution of domestic equipment.

Overall, for the majority of the countries in the sample, imported equipment per worker

explained between 20 to 60 percent of the average contribution of equipment per worker

to growth in labor productivity.
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Chapter 3

Trade Barriers, Domestic Distortions, and the Role

of the Relative Price Of Equipment

3.1 Introduction

There is an intense debate in the literature regarding the effect that distortions have

on the relative price of capital goods, and equipment in particular. On the one hand,

Hsieh and Klenow (2007) argue that the high relative price of capital goods in developing

countries is driven entirely by the low price of consumption goods. On the other hand,

Taylor (1998), Restuccia and Urrutia (2001), and Eaton and Kortum (2001) argue that

the high price of capital goods is driven by domestic policy distortions and trade frictions

increasing the price of equipment goods.

This debate has important policy implications. A number of papers emphasize the role

of equipment as the “carrier” of new technology (DeLong and Summers (1991), DeLong

and Summers (1993), Jones (1994), Lee (1995), and Mazumdar (2001)). Equipment

is also highly traded, as Eaton and Kortum (2001) document that the majority of their

production is concentrated among a small group of R&D-intensive countries. This implies

that most of the world imports a significant portion of their equipment, and by doing
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so, captures some of the new and more efficient technology embodied in these goods.

Therefore, the relative price of capital, and equipment in particular, is an important

determinant of a developing country’s access to investment and world technology. If the

price of capital goods in developing countries is not higher than the price of capital goods

in developed countries, removing domestic policy distortions and trade barriers would not

change the relative price of capital goods. If, however, the price of capital goods is related

to domestic policy distortions and trade barriers, eliminating these frictions could bolster

growth in developing countries through capital deepening and increased productivity.

This paper has three main goals. First, it constructs a time series for the relative

price of equipment for thirteen Latin American countries from 1960 to 2000.1 To the best

of my knowledge, there is no other comparable relative equipment price series covering

this time period in Latin America. Second, the paper examines the extent to which

distortions drive cross-country differences in the relative price of capital and equipment

goods. Finally, the paper asks whether distortions have an independent and direct effect

on investment decisions or whether distortions impact investment only indirectly through

their effect on relative prices.

Some noteworthy trends emerge when examining the evolution of the relative price

of equipment. First, several countries experienced different trends over time in regards

to the relative price of equipment. Some, like Paraguay and Uruguay, experienced a

substantial decline in the price of equipment while others, such as Bolivia, Brazil, and

Ecuador, experienced a substantial rise. Second, the relative price of equipment fell for

a number of countries in the latter part of the sample, a finding in accordance with the

view that the trade reforms undertaken by the region in the late 1980s and early 1990s

helped lower the cost of equipment. In regards to the evolution of the relative price of

1These countries include Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Guatemala, Honduras,
Mexico, Paraguay, Peru, Uruguay, and Venezuela
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capital goods (equipment and structures), the addition of structural goods does not alter

the trend found in the relative price of equipment for some countries such as Colombia,

Ecuador, and Paraguay. For others, such as Brazil and Venezuela, in certain periods the

opposite trend in comparison to the relative price of equipment occurs.

It is important to look at the effect of distortions on the relative price of capital

and the relative price of equipment separately because the price of capital includes both

tradeable goods (equipment) and non-tradeable goods (buildings, roads, and residential

structures), thus potentially leading to different results. For example, trade barriers may

have a larger effect on the relative price of equipment as opposed to the relative price of

capital due to the high import content of equipment goods. Similarly, the effect of higher

country income on the relative prices may differ. More specifically, in higher income

countries the price of equipment is likely to be low (because equipment is the traded

and presumably cheaper good) and the price of structures is likely to be high (because

structures are the non-traded and presumably more expensive good). Therefore, the

relative price of equipment in higher income countries is likely to be low while the relative

price of capital goods is ambiguous.

I find that cross-country differences in the relative price of equipment goods reflect

differences in domestic policy distortions and trade barriers. Increased government

expenditures and increased tariff rates are associated with a higher relative price of

equipment, while trade reforms and increased transparency in elections are associated

with a lower relative price of equipment. Quantitatively, when all frictions are considered

jointly, a 10 percent increase in government expenditures increases the relative price of

equipment by 11.91 percent, while a 10 percent increase in the tariff rates increase the

relative price of equipment by 8.10 percent. Trade reforms lead to an 8.90 percent

decrease in equipment’s relative price. And for countries where executive changes are
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determined by either hereditary succession or in competitive elections, relative equipment

prices are 0.39 percent lower than in countries where executive changes occur through

forceful seizures of power. Finally, in terms of non-related policy, appreciations in the

terms of trade and increases in the development of domestic financial markets both lower

the relative price of equipment.

In contrast, I find that domestic distortions such as increased government expendi-

tures or the lack of transparency in elections do not effect the relative price of capital

(equipment and structures). Increases in the tariff rates, however, do increase capital’s

relative price. More specifically, a 10 percent increase in the tariff rates is associated

with a 4.77 percent increase in the relative price of capital. I also find that countries

with relatively higher incomes have cheaper equipment goods but more expensive overall

capital. A potential explanation for this result is the higher price of non-tradeable

structures included in the aggregate capital measure.

Having established a positive link between distortions and the relative prices, I

next estimate whether distortions have an independent and direct effect on investment

decisions or whether distortions impact investment only indirectly through their effect

on relative prices. After controlling for conventional investment determinants, I find that

a ten percent increase in the relative price of equipment is associated with a 5 percent

decrease in the share of equipment investment in GDP, while a ten percent increase in

the relative price of capital goods is associated with a 1.87 percent decrease in the share

of total investment in GDP.

When I jointly consider the determinants of investment and all the potential policy

distortions, I find that only government expenditures and the terms of trade have a

significant effect on equipment investment. This suggests that while the relative price

of equipment effectively captures all trade policy barriers, the domestic distortion of
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government spending has a separate and direct effect on equipment investment. The

opposite is true for total investment, with tariff rates, the black market premium, and

trade reforms all having a direct effect. Trade liberalization leads to a 10.40 percent

increase in the total investment share, and a 10 percent increase in tariff rates lowers

the total investment share by 4.68 percent. Contrary to expectations, a ten percent

increase in the black market premium leads to a 0.7 percent increase in the share of total

investment. A potential explanation is that the black market premium can be interpreted

as a measure of expectations about the depreciation of the domestic currency. As argued

by Fisher (1991), increased expectations of an impending depreciation may positively

impact investment because for those who can obtain foreign exchange at the official rate,

the price of imported capital goods become relatively inexpensive.

The rest of the paper is organized as follows. Section 3.2 outlines the construction

of the relative prices while section 3.3 presents the empirical specification along with a

description of the data and its sources. Section 3.4 highlights the results of distortions

on relative prices. Section 3.5 discusses the specification and estimation of distortions on

investment and Section 3.6 presents the estimation results. Finally, section 3.7 concludes.

3.2 Measuring Relative Prices

The current literature uses two approaches when calculating investment in equipment.

The first approach identifies investment in equipment with imports, essentially assuming

that the domestic production of equipment is zero. This identification relies on the

findings in Eaton and Kortum (2001), who document that the majority of production

of equipment is concentrated in a few R&D intensive countries. Because only a small

number of countries produce the majority of the world’s equipment goods, all other

71



countries are assumed to import all their equipment. The assumption of no domestic

production of equipment is strong for most countries, but it is particularly restrictive

for Latin America during the 1960s to late 1980s when the region engaged in heavy

import-substituting industrialization (ISI). 2 Figure 3.1 highlights this point, as we see

that the share of imported equipment is small at the beginning of the sample, especially

in Argentina, Brazil, and Mexico.

Figure 3.1: Share of Imports in Equipment Investment

2See Taylor (1998) for an extensive review of Latin America’s inward looking policies.
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The second approach assumes that a portion of equipment is imported and a portion

is domestically produced, with domestic equipment calculated as the difference between

the Penn World Table’s (PWT) investment series and imported equipment. The problem

with this approach is that the PWT investment series includes both equipment and

structures, resulting in a domestic equipment measure that captures both equipment

and non-equipment investment.

In order to address the limitations of both approaches, I use the observations from the

Annual Statistical Yearbooks of Latin America provided by the Economic Commission

of Latin America (ECLAC). This data set includes both components of investment -

equipment and structures - as well as their nominal and real values. For each country,

the equipment price index is formed by dividing the nominal equipment value by the

real equipment value. Because each country’s series on the real value of equipment has

numerous base years, I convert all the equipment price indexes to a 2005 base year

using the re-basing approach outlined by the U.S. Census Bureau.3 The relative price

of equipment is then calculated by dividing the equipment price index by the consumer

price index, which is provided by the International Monetary Fund (IMF). As noted by

Collins and Williamson (2001), the resulting series can tell us how the relative price has

changed over time within each country but cannot tell us about the differences across

countries. More specifically, we can tell that the price of equipment goods relative to

consumer goods fell in Paraguay and rose in Ecuador, but we cannot tell if the relative

price of equipment goods in Paraguay was higher or lower than the relative prices in

Ecuador. To make comparisons across countries, I need a purchasing power price level

for both equipment and consumption. Although the PWT provides a price series for

consumption and a price series for overall investment (which includes both equipment

3See http://www.census.gov/construction/cpi/faqs/newpriceindexqa.html.
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and structures), it does not provide a price series for equipment investment. Therefore,

for general comparisons, I have calculated the relative price of capital from the PWT by

dividing the price series for overall capital by the price series for consumption.

Some noteworthy trends emerge when examining the evolution of the relative price of

equipment in Latin America in Figure 3.2. First, several countries experienced different

trends in the relative price of equipment goods. Some, like Paraguay and Uruguay,

experienced a substantial decline in the relative equipment price, while others, such as

Bolivia, Brazil, and Ecuador, experienced a substantial increase. Second, the relative

price of equipment fell for a number of countries in the latter part of the sample, an

event in accordance with the view that the trade reforms undertaken by the region in

the late 1980s and early 1990s helped lower the cost of equipment.

For comparison, I also examine the evolution of the relative price of capital goods

(equipment and structures) in Figure 3.3. For some countries, such as Colombia, Ecuador,

and Paraguay, the addition of structural goods does not alter the trend found in the

relative price of equipment. For others, such as Brazil and Venezuela, in certain time

periods an opposite trend in comparison to the relative price of equipment occurs.
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Figure 3.2: Relative Price of Equipment in Latin America
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Figure 3.3: Relative Price of Capital in Latin America
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3.3 Empirical Specification and Estimation for the

Relative Prices

If all goods were tradable and all markets were perfectly integrated and frictionless, the

relative price of both equipment and capital goods should be the same across countries.

Additionally, every country’s relative price of equipment and capital goods should follow

the same time trend. As highlighted in Figures 3.2 and 3.3, this is clearly not the case in

Latin America. Therefore, I begin by asking the simple question of whether distortions

drive the cross-county differences in the relative prices. I estimate the following panel

regression:

ln(RelativePricesit) = γDistortionsit + βControlsit + ηi + νt + εit (3.1)

I use as the dependent variable both the relative price of equipment and the relative

price of capital, both in their natural logarithm. Distortionsit include trade barriers

and domestic policy constraints. In regards to the trade barriers, I use the black market

premium, tariff rates, and a trade liberalization indicator to account for the divergence

in relative prices due to a lack of arbitrage between local and world markets. The black

market premium from Reinhart and Rogoff (2004) measures the divergence between

official exchange rates and rates on the unofficial black market. The premium captures

the friction in the foreign market due to exchange rationing, capital and currency controls,

and other similar restrictions. For tariff rates, I use the measure of tariff revenue divided

by the value in imports from Collins and Williamson (2001) in order to approximate the

effective tax tariffs place on imported capital goods. To account for overall trade reform,

I include the trade liberalization indicator from Wacziarg and Horn Welch (2008) which

takes on a value of 0 if a country has not yet opened to trade and a 1 in the years
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including and following trade liberalization. I also add a terms of trade index and the

depreciation of the country’s currency relative to the U.S. dollar to the potential list

of trade distortions. The terms of trade index is from the ECLAC and is obtained by

dividing the annual unit value index of exports by the corresponding import index for

each country with the base year set to 2005, while the depreciation rate is the annual

rate of depreciation of domestic currency, per U.S. dollar, provided by the IMF. Although

neither measure is a purposeful policy distortion, because of the high import content of

equipment investment, both measures capture changes in the relative price of equipment

resulting from changes in the costs of imports.

A broad range of factors in the domestic environment, from fiscal policies to

transparency and political stability, could impact the relative prices. I use the share

of overall consumption devoted to government expenditures and an index of political

transparency as approximations of domestic policy distortions. The share of overall

consumption devoted to government expenditures comes from the Annual Statistical

Yearbooks of Latin America and measures the extent that governments invest with

political motives and crowd out private investment.

As noted in Dixit and Pindyck (1994), when investment is irreversible and can

be postponed, the effect of uncertainty is to create an opportunity cost of investing

now, rather than waiting for new information. Capturing uncertainty from the

political process, the Center for Peace calculates an index of political transparency to

measure the extent to which a country has institutionalized procedures for transferring

executive power. The index includes three categories used to differentiate the extent of

institutionalization: a 1 indicates that executive changes occur through forceful seizures of

power; a 2 designates that changes are determined by the political elite, without formal

competition; and a 3 indicates executive changes are determined by either hereditary
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successions or in competitive elections.

In all of the specifications, I control for variables that could be correlated with the

relative price in the absence of policy distortions. To control for the general level of

development, I include the GDP per capita from the Penn World Tables 6.3. As argued

by Eaton and Kortum (2001), because the production of machinery requires a relatively

higher skill set and technology is typically more advance in high-income countries, the

relative price of equipment should be lower in high income countries. The impact on the

relative price of capital goods is less clear. According to the Balassa-Samuelson effect,

the price of services and non-traded goods are higher in counties with higher incomes.

Because the price of capital goods includes both equipment (a traded and presumably

cheaper good) and structures (a non-traded and presumably more expensive good), the

relative price of capital goods in high income countries is ambiguous.

The level of financial development measured as private credit by deposit banks from

the World Development Indicators (WDI) is also included. Because imports make up

a higher percentage of equipment investment, more developed financial markets should

make it easier to finance these goods. Table 3.1 presents the descriptive statistics for the

main variables of interest and Data Appendix C.1 provides the definitions of the variables

and cites their sources.

The specification in equation (3.1) also controls for country fixed effects, ηi, that

capture the time invariant, country specific determinants of relative prices, as well as

year effects, νt, that capture common world shocks. Finally the estimation procedure uses

White’s correction for heteroskedasticity. Due to concerns related to omitted variables

or policy endogeneity, I estimate the specification in (3.1) using Instrumental Variables.

I use t-2 and t-3 lagged observations of real GDP per capita, the black market premium,

depreciation, and government consumption. Additionally, in all the specifications, the
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Table 3.1: Descriptive Statistics for the Relative Prices

St. Deviation Min Max Mean

Relative Price of Equipment 1.266 0.135 11.757 1.442

Relative Price of Capital 1.005 0.227 9.239 1.418

Financial Development 860.074 1.000 140.000 65.217

Tariff Rates 7.539 1.400 50.800 13.861

Trade Liberalization Index 0.487 0.000 1.000 0.387

Black Market Premium 125.662 -0.497 2490.020 32.087

Terms of Trade 41.666 13.7001 269.401 96.119

Depreciation 759.229 -0.586 139.319 113.867

Government Expenditures 3.893 5.434 26.830 13.530

Transparency Index 4.094 1.000 3.000 2.083

Equipment Investment Share 3.415 2.442 20.159 8.695

Total Investment Share 6.391 6.000 39.000 19.789

Growth Rate of GDP 4.364 -1.645 17.150 1.609

Notes: The following variables are presented as percentages of GDP: Financial development,
government expenditures, the equipment investment share, and the total investment share. Tariff
rates, the black market premium, depreciation, and the growth rate of GDP are in percentages.

null hypothesis of under-identification is strongly rejected by the robust reduced rank

test proposed by Kleibergen and Paap (2006).

3.4 The Effect of Distortions on the Relative Prices

Tables 3.2 and 3.3 present the main results regarding cross country differences in the

relative price of equipment (Table 3.2) and differences in the relative price of capital

goods (Table 3.3). Column 1 focuses on two questions. First, will countries with

relatively higher incomes have cheaper investment goods? Second, will countries with
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relatively higher levels of financial development have cheaper investment goods? In

Table 3.2, I find that a 10 percent increase in GDP per capita decreases the relative

price of equipment by 1.50 percent. However, Table 3.3 shows that a 10 percent increase

in GDP per capita increases the relative price of capital goods by 4.80 percent. This

result highlights the importance of investigating equipment and capital good prices

separately. Because the price of capital goods includes tradeable goods (equipment) and

non-tradeable goods (buildings, roads, and residential structures), the effect of income

differences is ambiguous. More specifically, in higher income countries the price of

equipment is likely to be low while the price of structures is likely to be high. The

result in Table 3.3 appears to be driven by the relatively higher price of structural goods.

As expected, the coefficient on financial development is negative in both tables but

is larger and statistically significant in regards to the relative price of equipment. As

mentioned previously, because imports make up a higher percentage of equipment goods,

a more developed financial market should make it easier for a country to finance these

goods. Quantitatively, a 10 percent increase in financial development leads to a 6.15

percent decrease in the relative price of equipment.

Column 2 in Table 3.2 and 3.3 presents the results on the role of trade barriers

in explaining differences in the relative prices. In both tables, higher tariff rates are

associated with higher relative prices, while overall trade reforms are associated with

lower relative prices. It is interesting to note that higher tariff rates distort the relative

prices in similar ways (i.e. a 10 percent increase in the tariff rates leads to a 4.68 percent

increase in the relative price of equipment and a 4.71 percent in the relative price of

capital). However, trade liberalization leads to an 8.70 percent decrease in the relative

price of equipment as opposed to the 4.90 percent decrease in the relative price of capital.
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Table 3.2: Distortions and the Relative Price of Equipment

(1) (2) (3) (4)

GDP -0.150* -0.082 -0.0284** -0.139
(0.083) (0.097) (0.084) (0.097)

Financial Development -0.615** -0.552* -0.594** -0.629**
(0.182) (0.306) (0.206) (0.298)

Tariff Rate 0.468** 0.810**
(0.206) (0.354)

Trade Liberalization Indicator -0.087** -0.089**
(0.031) (0.031)

Black Market Premium -0.138 -0.096
(0.132) (0.116)

Terms of Trade -0.079** -0.071**
(0.032) (0.032)

Depreciation 0.037 0.059
(0.075) (0.066)

Government Expenditures 1.944** 1.191**
(0.501) (0.593)

Transparency -0.003** -0.002**
(0.001) (0.001)

Number of obs. 480 434 480 434
Kleibergen-Paap Test of under-identification 0.001 0.006 0.001 0.006
Test of o.i.d restrictions 0.936 0.450 0.512 0.246

Notes:
The dependent variable is the natural logarithm of the relative price of equipment.
A set of year dummies and country effects are included in all specifications.
GDP, the black market premium, and depreciation are treated as endogenous. The instrument set used throughout are
lags 2 and 3 of GDP, the black market premium, and depreciation.
** and * denote significance at 5% and 10%.
The p values are reported for the Kleibergen-Paap test of under-identification, and the Sargan Hansen test of
over-identification restrictions.
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Table 3.3: Distortions and the Relative Price of Capital

(1) (2) (3) (4)

GDP 0.480* 0.444** 0.371** 0.448**
(0.110) (0.082) (0.120) (0.117)

Financial Development -0.291 -0.177 -0.311 -0.192
(0.278) (0.346) (0.281) (0.358)

Tariff Rate 0.471** 0.477**
(0.236) (0.265)

Trade Liberalization Indicator -0.049* -0.048
(0.030) (0.030)

Black Market Premium -0.181 -0.174
(0.137) (0.141)

Terms of Trade 0.130** 0.129**
(0.035) (0.035)

Depreciation 0.029 0.025
(0.069) (0.071)

Government Expenditures 1.645** -0.078
(0.774) (0.712)

Transparency 0.000 0.000
(0.002) (0.001)

Number of obs. 494 435 494 435
Kleibergen-Paap Test of under-identification 0.001 0.006 0.001 0.009
Test of o.i.d restrictions 0.896 0.180 0.566 0.284

Notes:
The dependent variable is the logarithm of the relative price of capital.
A set of year dummies and country effects are included in all specifications.
GDP, the black market premium, and depreciation are treated as endogenous. The instrument set used throughout are
lags 2 and 3 of GDP, the black market premium, and depreciation.
** and * denote significance at 5% and 10%.
The p values are reported for the Kleibergen-Paap test of under-identification, and the Sargan Hansen test of
over-identification restrictions.
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The terms of trade is significant in column 2 for both tables, however, an appreciation

in the terms of trade decreases the relative price of equipment but increases the relative

price of capital. I assume the decline in the relative price of equipment is due to a

combination of (i) lower prices of imported equipment and (ii) higher prices of domestic

consumption goods (presumably the exported good). If the price of imported equipment

goods is falling and the price of domestic consumptions goods is rising, the only

explanation for a rise in the relative price of capital when the terms of trade increases is

that the price of structures must also be rising. A potential explanation for this result is

that the increase in the value of exports has increased aggregate demand in the economy,

resulting in an overall increase in the price level of domestic goods.

The depreciation of a country’s currency relative to the US dollar increases the relative

price of both equipment and capital goods, although this effect is not significant at

conventional levels. Because the black market premium is an overall index of trade,

exchange rates, and price distortions, I expect the coefficient to be positive. However,

the estimate I obtain in Table 3.2 and 3.3 is negative, albeit insignificant.

I explore the impact of domestic distortions on the relative price of equipment and

capital goods in column 3. The positive coefficient on government expenditures suggests

that increased government spending crowds out private investment and effectively

increases both relative prices. Quantitatively, a ten percent increase in government

spending increases the relative price of equipment by 19.44 percent and increases the

relative price of capital goods by 16.45 percent. The high degree of uncertainty in

the political environment of Latin America also creates market distortions. I find that

countries with lower uncertainty in terms of increased transparency in executive power

have a 0.83 percent lower relative price of equipment.

Finally, in column 4 of Table 3.2 and 3.3, I include all the distortions that potentially
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could explain cross-country differences in the relative price of equipment and capital

goods. The results in Table 3.2 suggest an important role for trade barriers, domestic

policy distortions, and financial development. More specifically, higher government

expenditures and tariff rates increase the relative price of equipment, while trade reforms

and increased transparency in the transfer of executive power lower the relative price of

equipment. Quantitatively, when all frictions are considered jointly, a 10 percent increase

in government expenditures increases the relative price of equipment by 11.91 percent,

while a 10 percent increase in the tariff rates increase the relative price of equipment by

8.10 percent. Trade reforms lead to an 8.90 percent decrease in equipment’s relative price,

and for countries where executive changes are determined by either hereditary succession

or in competitive elections, relative equipment prices are 0.39 percent lower than in

countries where executive changes occur through forceful seizures of power. Additionally,

an appreciation in the terms of trade and more developed financial markets lower the

relative price of equipment. The negative coefficient on GDP per capita suggests that

countries with relatively higher incomes have cheaper equipment goods, although this

effect is not significant at conventional levels. In contrast, the estimates in column 4

from Table 3.3 suggest that countries with relatively higher incomes have more expensive

capital goods, potentially caused by the high price of non-tradeable structures included

in the aggregate capital measure. Domestic distortions do not appear to impact the

relative price of capital, while increases in the tariff rate as well as the terms of trade do

increase the relative price of capital.
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3.5 Empirical Specification and Estimation of the

Direct Effect of Distortions on Investment

Having established a positive link between distortions and the relative price of equipment

(and capital goods), I next ask whether distortions have an independent and direct effect

on investment decisions or whether distortions impact investment only indirectly through

their effect on relative prices. To answer this question, I estimate the following panel

regression:

ln(Iit) = αRelativePriceit+β1Ii,t−1 +β2Controlsit+γDistortionsit+ηi+νt+εit. (3.2)

In equation 3.2 I have two measures of the investment rate and two measures of the

relative prices, both in their natural logarithm. The first investment rate measure is

the gross fixed capital formation of equipment and inventory as a percentage of GDP

taken from the Annual Statistical Yearbooks of Latin America from ECLAC. With

this investment rate, I use the relative price of equipment goods as the price measure.

The second investment rate indicator is the total gross capital formation (equipment,

inventory, and structures) as a percentage of GDP taken from the Penn World Tables.

With this specification, I utilize the relative price of capital goods as the price measure.

It should be noted that both price measures are expected to exert a negative effect on

the investment rate. Due to the use of annual panel data, persistence of the investment

rate needs to be taken into account as noted in Serven (2003). I therefore include its

lagged value among the regressors.

To the controls, I add the lagged real GDP growth to capture the accelerator

effect which results from increases in aggregate demand driving increases in investment.

More developed financial markets should also promote investment by increasing the
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availability of domestic credit. In addition to controlling for the conventional investment

determinants, I add trade barriers and domestic distortions to examine whether they

impact investment directly or only indirectly through their effect on the relative price.

The specification in equation (3.2) also includes country fixed effects, ηi, that capture

the time-invariant, country-specific determinants of investment, as well as year effects,

νt, that capture any demand driven bias associate with global investment booms and

busts.

Given that the relative price of equipment and capital goods is not exogenously

determined and might be measured with error, I estimate the specification in (3.2) using

Instrumental Variables. I use t-2 and t-3 lagged observations of the relative price as

instruments. The validity of the instruments is not rejected by the Sargan-Hansen test

of over identifying restrictions. Additionally in all the specifications the null hypothesis

of under-identification is strongly rejected by the robust reduced rank test proposed by

Kleibergen and Paap (2006) .

3.6 The Total Effect of Distortions on Investment

Table 3.4 presents the results using the relative price of equipment and the share of

equipment investment in GDP, while Table 3.5 reports the results using the relative

price of capital and the share of total investment in GDP. The first column reports the

estimates for a basic investment specification. On the whole, the parameters are highly

significant. Both the relative price of equipment and the relative price of capital are

negative and statistically significant. More specifically, a ten percent increase in the

relative price of equipment is associated with a 5 percent decrease in the equipment

share, while a ten percent increase in the relative price of capital is associated with a
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Table 3.4: Effect of Distortions on the Equipment Investment Rate

(1) (2) (3) (4)

Relative Price of Equipment -0.500** -0.435** -0.470** -0.438*
(0.144) (0.156) (0.147) (0.151)

Lagged Equipment Share 0.607** 0.560** 0.615** 0.574*
(0.066) (0.067) (0.067) (0.067)

Financial Development 0.199 0.154 0.232 0.201
(0.154) (0.150) (0.150) (0.147)

Lagged Growth 1.743** 1.277** 1.678** 1.237**
(0.328) (0.346) (0.328) (0.346)

Tariff Rate -0.206 -0.125
(0.317) (0.305)

Trade Liberalization Indicator 0.056 0.059
(0.045) (0.046)

Black Market Premium -0.080 -0.082
(0.059) (0.058)

Terms of Trade 0.088* 0.083*
(0.046) (0.045)

Depreciation -0.034 -0.030
(0.029) (0.028)

Government Expenditures -1.021** -0.883*
(0.524) (0.500)

Transparency Index -0.000 0.000
(0.001) (0.001)

Number of obs. 490 445 490 445
Kleibergen-Paap Test of under-identification 0.001 0.001 0.001 0.001
Test of o.i.d restrictions 0.246 0.493 0.306 0.534

Notes:
The dependent variable is the logarithm of the equipment investment share.
The relative price of equipment is treated as endogenous. The instrument set used throughout are lags 2 and 3 of of the
log of the relative price of equipment.
** and * denote significance at 5% and 10%. The p values are reported for the Kleibergen-Paap test of
under-identification, and the Sargan Hansen test of over-identification restrictions.
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Table 3.5: Effect of Distortions on the Total Investment Rate

(1) (2) (3) (4)

Relative Price of Capital -0.187** -0.389** -0.188** -0.390**
(0.037) (0.086) (0.037) (0.086)

Lagged Investment Share 0.590** 0.543** 0.588** 0.537**
(0.058) (0.061) (0.058) (0.063)

Financial Development 0.128 0.266** 0.125 0.252**
(0.098) (0.116) (0.100) (0.120)

Lagged Growth 0.951** 0.760** 0.947** 0.764**
(0.244) (0.266) (0.248) (0.268)

Tariff Rate -0.448** -0.468**
(0.176) (0.183)

Trade Liberalization Indicator 0.105** 0.104**
(0.034) (0.034)

Black Market Premium 0.070** 0.070**
(0.036) (0.036)

Terms of Trade 0.047 0.048
(0.033) (0.033)

Depreciation -0.007 -0.008
(0.015) (0.014)

Government Expenditures 0.038 0.239
(0.335) (0.376)

Transparency Index 0.001 0.001
(0.001) (0.001)

Number of obs. 493 447 493 447
Kleibergen-Paap Test of under-identification 0.001 0.001 0.001 0.001
Test of o.i.d restrictions 0.496 0.404 0.487 0.418

Notes:
The dependent variable is the logarithm of the capital investment share.
The relative price of capital is treated as endogenous. The instrument set used throughout are lags 2 and 3 of of the log
of the relative price of capital.
** and * denote significance at 5% and 10%. The p values are reported for the Kleibergen-Paap test of
under-identification, and the Sargan Hansen test of over-identification restrictions.
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1.87 percent decrease in the total investment share.

The large coefficient on both the lagged shares of investment suggests a considerable

degree of persistence. Additionally, the positive and significant coefficient on lagged GDP

growth shows that an increase in the rate of economic growth will lead to an increase in

investment. Finally, as financial markets become more developed, the investment share

of both equipment and total capital increases, although this effect is not statistically

significant.

Columns 2 and 3 explore whether trade barriers and domestic policy distortions have

a direct and independent effect on the investment rates, or whether these distortions only

work indirectly through the relative price effect. In regards to equipment investment in

Table 3.4, all the trade barriers have their expected sign but only the terms of trade

is significant. Because the terms of trade is not a controllable policy variable, column

2 suggests that for equipment investment, all trade policy distortions work indirectly

through the relative price of equipment. In contrast, column 2 in Table 3.5 shows that

the tariff rates have a direct negative effect while trade reforms and increases in the

black market premium have a positive effect on the total investment rate. Although the

coefficient on the tariff rates and trade reforms have their expected sign, the positive and

significant coefficient on the black market premium is surprising. A potential explanation

is that the black market premium can be interpreted as a measure of expectations

about the depreciation of the domestic currency. As argued by Fisher (1991), increased

expectations of an impending depreciation may positively impact investment because for

those who can obtain foreign exchange at the official rate, the price of imported capital

goods become relatively inexpensive.

In regards to domestic distortions, column 3 shows that a ten percent increase in

government expenditures is associated with a 10.21 percent decline in the share of
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equipment investment. It is noteworthy that government expenditures have no direct

effect on the share of total investment. Moreover, increases in the transparency in

transferring executive power has no statistically significant effect for either the equipment

or total investment share.

When I jointly consider the determinants of investment and all the policy distortions, I

find that only government expenditures and the terms of trade have a significant effect on

equipment investment. This suggests that while the relative price of equipment effectively

captures all trade policy barriers, the domestic distortion of government spending has

a separate and direct effect on equipment investment. The opposite is true for total

investment, with tariff rates, the black market premium, and overall trade reforms all

having a direct effect. These findings are noteworthy given that a priori one would expect

trade barriers to have an independent and direct effect on investment in equipment given

the high import content of equipment, and domestic distortions to have an independent

and direct effect on overall investment given that structures (which are not tradeable)

make up a large portion of total investment. One potential for future research is to

calculate the relative price of structures and the investment share of structures in GDP

to more clearly understand what is driving the above result.

3.7 Conclusion

This paper constructs a time series for the relative price of equipment for thirteen

countries in Latin America from 1960 to 2000. Some noteworthy trends emerge when

examining the evolution of the relative price of equipment. First, several countries

experienced different trends in their relative equipment prices over time. Some, like

Paraguay and Uruguay, experienced a substantial decline in the price of equipment while

91



others, such as Bolivia, Brazil, and Ecuador, experienced a substantial rise. Second, the

relative price of equipment fell for a number of countries in the latter part of the sample,

a finding in accordance with the view that the trade reforms undertaken by the region in

the late 1980s and early 1990s helped lower the cost of equipment. For comparison, I also

examine the evolution of the relative price of capital goods (equipment and structures).

For some countries, such as Colombia, Ecuador, and Paraguay, the addition of structural

goods does not alter the trend found in the relative price of equipment. For others,

such as Brazil and Venezuela, in certain periods the opposite trend in comparison to the

relative price of equipment occurs.

The remainder of the paper examines two questions. First, do distortions drive

cross-country differences in the relative price of equipment and capital goods? I find

that differences in the relative prices across countries arise because of barriers to

trade, domestic policy distortions, and differences in income levels. More specifically,

government expenditures and tariff rates increase the relative price of equipment, while

trade reforms and increased transparency in the transfer of executive power lower the

relative price of equipment. Additionally, increases in the terms of trade and more

developed financial markets lower equipment’s relative price.

In contrast, I find that domestic distortions such as increases in government

expenditures and the lack of political transparency do not impact the relative price of

capital, while increases in the tariff rates and the terms of trade increase capital’s relative

price. It is also noteworthy that I find that countries with relatively higher incomes have

cheaper equipment goods but more expensive capital goods. A potential explanation for

this result is the high price of non-tradable structures included in the aggregate capital

measure.

The second question I investigate is whether distortions have an independent and
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direct effect on investment decisions or whether distortions impact investment only

indirectly through their effect on relative prices. Controlling for conventional investment

determinants, I find that a ten percent increase in the relative price of equipment is

associated with a 5 percent decrease in the share of equipment investment in GDP,

while a ten percent increase in the relative price of capital goods is associated with a

1.87 percent decrease in the share of total investment in GDP. After controlling for the

conventional investment determinants, I find that only government expenditures and

the terms of trade have a significant effect on share of equipment investment in GDP.

This suggests that while the relative price of equipment effectively captures all trade

policy barriers, the domestic distortions of government spending has a separate and

direct effect on equipment investment. The opposite is true for total investment. Tariff

rates, the black market premium, and trade reforms all have a direct effect on the total

investment share. This finding is noteworthy given that a priori one would expect trade

barriers to have an independent and direct effect on investment in equipment given the

high import content of equipment, and domestic distortions to have an independent and

direct effect on overall investment given that structures (which are not tradeable) make

up a large portion of total investment. One potential for future research is to calculate

the relative price of structures and the investment share of structures in GDP to more

clearly understand what is driving the above result.

By constructing a time series for the relative price of equipment, I am able to provide

a more focused analysis on the role of distortions and their effect on relative prices.

The results from this paper have implications for public policy in Latin America. More

specifically, by eliminating trade barriers and domestic policy distortions, growth can be

enhanced through increases in investment and increases in productivity from equipment

goods.
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Table A.1: Data Appendix A: Variable Definitions and Data Sources

Variable Definition Source

Level & growth rate of GDP Real GDP per worker Penn World Tables
Investment Investment expenditure as a share of GDP Penn World Table

Inflation rate Log difference of the Consumer Price Index World Development Indicators

Education Percentage of secondary school attained in the total Barro and Lee (2010)

population 15 years or older
Private credit Financial resources provided to the private sector, World Development Indicators

such as loans, purchases of non-equity securities, and
trade credits and other accounts receivable. For some
countries these claims include credit to public enterprises.

Terms of trade Ratio of the export value index to the import value index World Development Indicators

Exchange rate convertibility Indicator variable ranging from 0 to 10. A value of 10 Gwartney et al. (2011)

signifies a fully convertible exchange rate
(without a black market exchange rate)
while a value of 0 signifies that the black market premium
is equal to or greater than 50%

Government Indicator variable ranging from 0 to 10. A value of 10 Gwartney et al. (2011)

signifies that there are few State-Operated-Enterprises (SOEs)
and government investment was generally less than 15% of
total investment, while a value of 0 signifies that the country
is dominated by SOEs and government investment exceeded 50%
of total investment.

Creditor rights An index aggregating creditor rights, where the index ranges Djankov et al. (2007)

from 0 (weak creditor rights) to 4 (strong creditor rights)
Remoteness Output-weighted average distance to the rest of the world Nicita and Olarreaga (2007) -

Penn World Tables
Trade liberalization Dummy variable for whether a country has liberalized trade Wacziarg and Horn Welch (2008)

Landlock Dummy variable for whether a country is landlocked Nicita and Olarreaga (2007)

Legal Origin A set of dummy variables for British, French, German, Djankov et al. (2007)

and Scandinavian legal origin
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Table B.1: Data Appendix B: List of Countries

102
Country Name Region Income Bracket Country Name Region Income Bracket

Algeria N.Africa LMI Jordan N.Africa LMI
Argentina L.America UMI Kenya S.Saharan LI
Australia High OECD HI Malawi S.Saharan LI
Austria High OECD HI Malaysia E.Asia UMI
Bangladesh Other LI Mauritius S.Saharan UMI
Benin S.Saharan LI Mexico L.America UMI
Bolivia L.America LMI Morocco N.Africa LMI
Brazil L.America LMI Nepal Other LI
Cameroon S.Saharan LI New Zealand High OECD HI
Chile L.America UMI Norway High OECD HI
China Other LMI Pakistan Other LI
Colombia L.America LMI Panama L.America UMI
Costa Rica L.America UMI Peru L.America LMI
Cote D’Ivoire S.Saharan LI Philippines E.Asia LMI
Denmark High OECD HI Poland Other UMI
Ecuador L.America LMI Portugal High OECD HI
Egypt,Arab N.Africa LMI Senegal S.Saharan LI
El Salvador L.America LMI South Africa Other LMI
Finland High OECD HI Spain High OECD HI
Ghana S.Saharan LI Sri Lanka Other LMI
Greece High OECD HI Tanzania S.Saharan LI
Guatemala L.America LMI Thailand E.Asia LMI
Honduras L.America LMI Trinidad & Tobago L.America UMI
Hong Kong High OECD HI Tunisia N.Africa LMI
India Other LI Turkey Other LMI
Indonesia E.Asia LI Uganda S.Saharan LI
Ireland High OECD HI Uruguay L.America UMI

Notes: HI represents the High Income Bracket; LI represents the Low Income Bracket;

UMI represents the Upper Middle Income Brackets; and LMI represents the Lower Middle Income

Brackets.

High OECD is defined as the high income groups within the OECD.

The World Development Indicators were used to determine the grouping of the countries.
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Table C.1: Data Appendix C: Variable Definitions and Data Sources for Chapter 3

Variable Definition Source

Equipment Price Index Ratio of the nominal value of equipment to the real Economic Commission for Latin America
value of equipment, multiplied by 100. (Base year is 2005)

Consumer Price Index Consumer price index reflects changes in the cost to the International Monetary Fund

average consumer of acquiring a basket of goods and services that
may be fixed or changed at specified intervals.

Relative Price of Equipment Ratio of the equipment price index to the consumer price index Economic Commission for Latin America/

International Monetary Fund
Relative Price of Capital Ratio of the investment goods price series to the consumption

goods price series Penn World Tables
GDP Real GDP per worker Penn World Tables

Growth rate of GDP Log difference of real GDP per worker Penn World Tables

Private credit Financial resources provided to the private sector, World Development Indicators

such as loans, purchases of non-equity securities, and

trade credits and other accounts receivable. For some
countries these claims include credit to public enterprises.

Tariff Rates Ratio of the tariff revenue to the value of imports Collins and Williamson (2001)

Trade liberalization Dummy variable for whether a country has liberalized trade Wacziarg and Horn Welch (2008)

Black Market Premium 100*[(Parallel Nominal Rate-Official Rate)/ Official Rate] Reinhart and Rogoff (2004)

Terms of trade Ratio of the unit value index of exports Economic Commission for Latin America

to the import value index, (Base year 2005)
Depreciation Annual rate of depreciation of the domestic currency, per U.S. dollar International Monetary Fund

Government Expenditure Government expenditure as a share of overall consumption Economic Commission for Latin America

Transparency Index Indicator variable ranging from 1 to 3. A value of 1 indicates Center for Peace

that executive changes occur through forceful seizures of power, while
a value of 3 signifies that executive changes are determined by
either hereditary successions or in competitive elections

Equipment Share Equipment investment expenditures as a share of GDP Economic Commission for Latin America

Investment Share Investment expenditure as a share of GDP Penn World Table
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