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ABSTRACT
This article presents an empirical analysis of the impact of infra-
structure development on growth and productivity, utilizing a 
heterogeneous dynamic panel comprising 18 countries from Latin 
America and the Asian Tigers for the period spanning 1980 to 
2017. The study primarily focuses on estimating the elasticities of 
output and productivity concerning infrastructure stock derived 
from Principal Component Analysis (pca). The results confirm 
that the comparatively lower level of infrastructure stock in Latin 
American countries, in contrast to the Asian Tigers, is associated 
with reduced productivity and lower economic growth rates within 
the former group of nations.
Keywords: Infrastructure, economic growth, productivity.
jel Classifications: E20, H54, O40.
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INFRAESTRUCTURA, CRECIMIENTO Y PRODUCTIVIDAD: 
UN ANÁLISIS EN PANELES DINÁMICOS HETEROGÉNEOS

RESUMEN
Este artículo presenta un análisis empírico del impacto del desarrollo 
de infraestructura en el crecimiento económico y la productividad 
utilizando un panel dinámico heterogéneo para 18 países de América 
Latina y de Asia para el periodo 1980-2017. Se centra en estimar las 
elasticidades del producto y la productividad en relación con el stock 
de infraestructura tomado del Análisis de Componentes Principales 
(acp). Los resultados confirman que la menor cantidad de infraes-
tructura de los países latinoamericanos respecto a los llamados Tigres 
Asiáticos está asociado con una menor productividad y menores 
tasas de crecimiento económico para el primer grupo de países.
Palabras clave: infraestructura, crecimiento económico, produc-
tividad.
Clasificaciones jel: E20, H54, O40.

1. INTRODUCTION

In the last three decades, Latin America has experienced a signifi-
cant decline in its infrastructure assets, both in terms of quality and 
quantity, relative to other developed and developing regions. Despite 

the diversity among Latin American countries, this phenomenon has 
affected nearly all infrastructure sectors in the region. For instance, 
Calderón and Servén (2002) estimated an increase in the infrastructure 
gap in Latin America compared to the Asian Tigers, ranging from 40% 
to 50% in road infrastructure, 50% to 60% in telecommunications, and 
90% to 100% in terms of electrical generation capacity.

The deterioration of infrastructure leads to its overuse and the emer-
gence of increasing bottlenecks in service provision. This situation 
adversely affects productivity, escalates costs, and diminishes profit 
expectations, thereby hindering private investment. Through these var-
ious channels, the ultimate consequence is reduced economic growth. 
Additionally, Calderón and Servén (2002) demonstrated that the disparity 
in Gross Domestic Product (gdp) per worker (adjusted by Purchasing 
Power Parity, ppp) between East Asia and Latin America expanded by 
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approximately 90% between 1980 and 1997. Pressures for fiscal consoli-
dation in Latin American countries typically resulted in reduced public 
spending on infrastructure, which was not offset by an increase in private 
sector participation (Carranza and Melguizo, 2014), ultimately leading 
to an insufficient provision of infrastructure services with adverse effects 
on productivity and growth1.

The aim of this article is to present an empirical analysis of the infra-
structure sector’s contribution to gdp growth and productivity within 
specific groups of countries. More specifically, we compiled a dataset 
of indicators measuring the extent of physical infrastructure, encom-
passing 18 countries in Latin America and the commonly referred to 
Asian Tigers, for the period 1980-2017. The study primarily focuses on 
estimating the impact of infrastructure stock, derived through Princi-
pal Component Analysis (pca), on both gdp and the productivity of 
private factors. Essentially, we seek to assess the long-term influence of 
infrastructure capital on gdp and total factor productivity (tfp). Sev-
eral critical questions will be explored: Is there a long-term relationship 
between this infrastructure stock and gdp within this set of countries? 
If such a relationship exists, which group of countries demonstrates the 
highest gdp growth concerning infrastructure? Does infrastructure stock 
significantly affect the productivity of private production factors? If so, 
what is the magnitude of this impact for these two groups of economies? 
Finally, the causality between the infrastructure stock and gdp is investi-
gated; and also between infrastructure stock and productivity. Changes in  
the infrastructure stock precede changes in gdp (or productivity) or the 
other way around? Was the recession that occurred at different times in 
these economies due to the fall in investments or did the recession itself 
generate a fall in investments? What is the direction of causality? This 
is an important issue since, to analyze income elasticity, it is assumed 
that the dependent variable is gdp and the independent variable is the 
infrastructure stock.

We have some contributions to the literature, in our view. First, we 
add one more element in the discussion of the different paths of Lat-

1 On these topics, see Blanchard and Giavazzi (2003) for the case of the European Union; 
and Easterly and Servén (2003) for Latin America, developing and developed countries.
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in American countries and the Asian Tigers in terms of catching-up. 
Second, we update the impact of infrastructure in these regions based 
on a more recent period (between 1980 and 2017). Third, we use other 
methods to build the aggregate indexes of infrastructure and to estimate 
its effects on gdp and productivity. For instance, we use some estimators 
that consider heterogeneous coefficients and cross-section dependence 
between the panel units. To our knowledge, this methodology has not 
been used by other studies on this present topic. The results support the 
view in other studies about the importance of infrastructure on gdp 
and productivity, as we will see in the following sections. And, in fact, 
it could be one of the reasons of the different gdp trajectories of Latin 
American countries and the Asian Tigers.

This article is organized as follows. Section 2 provides a concise review 
of the relationship between infrastructure and economic growth, along 
with empirical findings from prior studies focusing on the primary topic 
of this work. In section 3, we present the methodology of econometric 
analysis and the database used. The empirical results are in section 4. In 
section 5, we have the final considerations of the article. 

2. PHYSICAL INFRASTRUCTURE, ECONOMIC GROWTH, AND THEIR IMPACTS: 
A BRIEF REVIEW

The presence of adequate infrastructure stock is crucial for fostering 
sustainable growth. Notably, scholars such as Nurkse (1953), Scitovsky 
(1954), Rosenstein-Rodan (1943), and Hirschman (1958) have high-
lighted the relationship between infrastructure, externalities, and eco-
nomic growth. According to Lewis (1979), growth necessitates both 
infrastructure and trained human resources, even in nations primarily 
exporting primary products. Additionally, certain studies indicate that 
disparities in income levels and growth rates among countries stem 
from activities that generate externalities. Hence, nations that effectively 
provide the right incentives and foster activities generating externalities 
tend to experience rapid growth and achieve a higher standard of living 
compared to other countries.

Physical infrastructure serves as a significant example of externality, 
as it facilitates industries’ access to increasing returns. The construction 
of infrastructure often leads to substantial production growth, as many 
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industries expand upon gaining access to it, benefiting from cost re-
ductions and productivity enhancements2. An intriguing example is the 
American experience with railroads. Murphy, Shleifer and Vishny (1989) 
put forth a model wherein infrastructure is linked to a significant surge 
in industrialization. Many companies leveraging it for production and 
hiring create substantial external benefits for each other, as previously 
described. Furthermore, drawing on the notion of complementarity or 
congestion in infrastructure allocation, given its scarcity, one can argue 
that the private capital stock becomes more productive when ample 
infrastructure services are available. Conversely, inadequate allocation 
of infrastructure capital may lead to suboptimal relations between in-
frastructure and private capital in the country3.

In a seminal article, Aschauer (1989a) estimated that an increase of 
1% in public capital in infrastructure would imply an increase of between 
0.36 and 0.39% in the product for the American economy. Munnell 
(1990) finds similar estimates with regional American data. With another 
series of infrastructure (containing streets, highways, gas and electricity 
services, water and sewage systems and mass public transport), Aschauer 
(1989b) found an income elasticity of 0.24. Uchimura and Gao (1993) 
found gdp elasticities with respect to infrastructure capital of 0.19 for 
Korea and 0.24 for Taiwan. Additionally, Shah (1992) found a value of 
0.05 for Mexico. 

For the Brazilian case, the work of Ferreira and Malliagros (1998) is 
one of the precursors. The authors point out that for a 1% increase in 
infrastructure capital productivity increases vary from 0.482% to 0.49%. 
Thus, they concluded that the fall in factors’ productivity observed since 
the 1980s in Brazil is explained by the reduction in infrastructure invest-

2 Economies of scale resulting from technical indivisibilities and discontinuities are also 
inherent to infrastructure provision, often referred to as “indirect social capital.” For a 
theoretical discussion on the connections between physical infrastructures and economic 
growth, I recommend interested readers consult Ros (2013, chaps. 6-13).

3 From a theoretical model standpoint, Agénor and Canuto (2012) demonstrates, based 
on an endogenous growth model, that investment in infrastructure can be as significant 
as investment in education in enhancing educational quality. Martins Neto and Lima 
(2017), employing an open economy model inspired by Keynesian principles, suggest 
that the prospects of a viable and successful exchange rate policy are enhanced when 
accompanied by a complementary infrastructure policy.
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ments which occurred in the period. Mussolini and Teles (2010) try to 
capture a possible “congestion” effect in public services by verifying the 
relationship between the public capital/private capital (G) ratio and tfp. 
When confirming that these variables series are co-integrated, a Vector 
Autorregression (var) is made and it is verified that an increase of 1% 
in G causes, in the Granger sense, a rise between 1.6% to 2.5% in tfp in 
the long term —depending on the measure used to calculate tfp. The 
authors also conclude that the elasticity of tfp in relation to public capital 
would be between 0.32 and 0.5. That is, fiscal adjustments based on the 
contraction of such investments could compromise the longer-term fiscal 
framework through the economic growth channel (considering tfp as one 
of the fundamental variables for the long-term growth of an economy). 

Ingram (1994) estimated elasticities for several sectors (installed 
kilowatt, kilometres of paved roads and installed telephones, etc.) for 
100 developing countries. The results indicated that telecommunications, 
electricity, highways, irrigation, sewage systems, piped water systems and 
railways (in decreasing order) are the sectors that most influenced gdp. 

Regarding causality, for the American economy, Ferreira and Issler 
(1995) concluded that variations in public infrastructure spending precede 
variations in total factor productivity, and the inverse relationship is 
rejected. On the other hand, Easterly and Rebelo (1993) show that there 
is no evidence of substitutability between public investment in infra-
structure and private investment. Belloc and Vertova (2004) pointed out 
that the complementarity between public investment in infrastructure 
and private investment involves not only Total Factor Productivity, but 
also increased demand through a larger market and profit expectations.

Álvarez-Ayuso, Becerril-Torres and Moral-Barrera (2011) estimate 
the productivity of Mexican states (dividing in terms of technology 
and efficiency) and build a productivity indicator based on categories 
of transport (highways, ports and airports), telecommunications and 
availability of water and electricity. The authors find, using panel data, 
that the increase in infrastructure positively impacts the growth in private 
production factors —particularly on the technical component. Sahoo, 
Dash and Nataraj (2010), create an infrastructure index with six items 
(electricity consumption, oil consumption, telephone lines, density of 
railways, air transport, paved roads). They find infrastructure elasticities 
on gdp vary between 0.20 and 0.41. 



80 IE, 83(329), Verano 2024 • http://dx.doi.org/10.22201/fe.01851667p.2024.329.86825

Furthermore, Calderón and Servén (2012) observe the effects of in-
frastructure on productivity in Latin American countries in comparison 
to other groups of countries. These countries had their growth increased 
by only 0.32 percentage points (pp) between 1986-1990 compared to 
1976-1980 due to the development of infrastructure; much lower, for 
example, to East Asian countries, with an increase of 1.93 pp annually 
for the same period. The authors still estimate 2 pp more in the annual 
growth rate that would be increased if the infrastructure gaps were 
reduced. 

Finally, Liddle and Huntington (2018) estimate the income elastic-
ity of energy consumption with a heterogeneous dynamic panel for 37 
oecd (Organisation for Economic Cooperation and Development) and 
41 non-oecd countries. Most results suggest that the elasticity of gdp is 
less than the unit —that is, the energy intensity will fall with economic 
growth. A “large average” (average of many panel averages) suggests a 
gdp elasticity of around 0.7. Still, most of the evidence suggests that gdp 
elasticity is similar for oecd and non-oecd countries, and for non-oecd 
countries across different income brackets.

3. MODEL SPECIFICATION AND DATABASE

The empirical strategy involves estimating equations to obtain the income 
elasticity of the infrastructure stock and elasticity of the infrastructure stock 
in relation to the tfp. So, we adopt the following long-term relationship: 

( ), , , ,,

, , , , ,

ln ln

                 

e
i t i t i t i ti t

i t i t i t i t i t

GDP infrastructure stock GAP GDP Infla

RE R Educ Innov u

= + + +

+ + + + +

( ), , ,,

, , , , ,

ln

                 
i t i t i ti t

i t i t i t i t i t

TFP infrastructure stock GAP Infla

RE R Educ Innov u

= + +

+ + + + +

Where, for each country i, GDPi,t = Real gdp at constant 2011 national 
prices, built upon private investment flows from Penn World Table version 
9.1 database calculated according to purchasing power parity (interna-
tional prices), which corrects the effects of systematic differences in cost 
of living between economies. (infrastructure stock)i,t = pca sectors are: 

[1]

[2]
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i) length of the train line, length of the paved road in kilometers, taken 
from Canning (1999), irf (s.f.) and World Bank (2019); ii) fixed-line 
and Mobile cellular subscriptions, from Canning (1999) and World Bank 
(2019); iii) generation of Gigawatt electrical capacity (GW), obtained in 
Canning (1999) and World Bank (2019). 

The control variables are: GAPi,t = Output Gap (a proxy for the state 
of economic cycles), estimated through the Hodrick-Prescott filter (HP); 
the Real gdp at constant national prices (World Bank, 2019); GDPe = 
the expected gdp. In order to estimate the expected GDPe, which is not 
observed, we use the strategy of Erden and Holcombe (2005), a first 
order autoregressive model, AR (1), the real gdp logarithm is estimated. 

( ) 11 0,000e e
t texpectedGDP GDP GDP − ∆ = − − , where depreciation rates 

are chosen as 0 percent and GDPe are the predicted values obtained 
from the estimation of an autoregressive process of first order univariate 
(AR[1]) for real gdp, which represents expected real gdp. The data for 
real gdp are taken from the Penn World Table. lnInflai,t = Inflation rate 
(both World Bank, 2019); REi,t = Real exchange rate, Ri,t = Short-term 
real interest rate, Educi,t = School enrolment secondary (proxy for edu-
cation), Innovi,t = Patent applications of residents (proxy for innovation), 
both also obtained from the World Bank (2019), and an error variable 
ui,t = Random error.

tfp is usually measured based on Hick’s Neutrality. Under the Solow’s 
model production function, Y = AF(K, L), a Hicks-neutral change is one 
which only changes A. Therefore, to analyze the effect of the infrastruc-
ture stock on tfp, one should measure tfp excluding the infrastructure 
in capital stock K.

Following Canning (1999) and Calderón and Servén (2002), we 
adopt a Cobb-Douglas specification of the infrastructure-augmented 
production function:

( )1y k h z l= α + β + γ + − α −β − γ

Where y is the gdp, k is the physical capital stock without infrastructure, 
l denotes labor, h is human capital, and z is a measure of infrastructure 
capital. All variables are expressed in logs and constant returns to scale 
are assumed. Equation [3] assumes that infrastructure services are a 
fixed proportion of the infrastructure capital stock. 

[3]
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In principle, infrastructure capital appears twice in equation [3] —as 
part of k, and separately as z. Hence, the parameter γ captures to what 
extent the productivity of infrastructure exceeds (if > 0) or falls short 
(γ < 0) of the productivity of non-infrastructure capital (Calderón and 
Servén 2002).

The contribution of infrastructure capital to output can be found by 
noting that the measured capital stock is a weighted sum of infrastructure 
and other physical assets, with weights given by their respective relative 
prices. Thus, letting K  denotes non-infrastructure physical capital,  
we can write:

z

z z

p ZKk k z
K p Z K p Z

≈ +
+ +





 

Where uppercase letters denote the anti-logs of lowercase variables; 
and pz is the relative price of infrastructure capital in terms of non-in-
frastructure capital. Assuming that the latter is approximately equal to 
the price of overall capital, under the presumption that infrastructure 
assets are typically a small fraction of the total capital stock.

Combining [3] and [4], the elasticity of output with respect to infra-
structure can be expressed as:
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That is, the share of infrastructure in the overall physical capital 
stock. These expressions involve log-linear approximations around an 
arbitrary point (e.g., the sample mean). In practice, since infrastructure 
stocks typically account for relatively small portions of the overall capital 
stock, the difference between ηz and the ‘naice’ estimate γ should be fairly 
modest (Canning and Bennathan, 2000; Calderón and Servén, 2002).

For our purposes, since we are primarily interested in the performance 
of Latin American countries and the so-called Asian Tigers, we compute 

[4]

[5]

[6]



Fraga and Lara Ferreira-Filho • Infrastructure, growth and productivity 83

the capital stock shares using the cost data available for countries in this 
region and the average ratios of the relevant stocks over 1980-2017, 
using cost of infrastructure assets collected by Canning and Bennathan 
(2000). Given the uncertainty of the calculations and as our results were 
not far from those found by Calderón and Servén (2002), we chose to 
use the results found by the authors, however, the results have to be 
taken carefully, and not in a definite way. According to the authors, 
telecommunications infrastructure accounts for just over 1 percent of 
the overall capital stock, while power and roads and railroads represent 
14 and 16 percent, respectively, for instance4.

In possession of these values, in order to construct the tfp series, we 
subtract the total capital series from the infrastructure capital, according 
to their respective shares in the private capital stock. 

The total factor productivity (TFPi,t) which is defined by:

( )
t

t
t t

Y
TPF

K Lα β
=

Where Yt is the product —Real gdp at constant national prices obtained 
(World Bank, 2019); Kt is private capital obtained in imf (2017) and Lt 
is the work— constructed using the occupied population as a proxy5 
(World Bank, 2019). 

The coefficients α and β indicate the participation of capital and labor 
in the product, respectively. We will work with α and β of, respectively, 
0.4 and 0.6 (following international evidence, as Cooley and Prescott, 
1995) and assume constant returns to scale6.

The econometric exercise is carried out for the period 1980-2017 for 
18 countries and for two subgroups of countries, from Latin America 
and Asian Tigers. The countries are: Argentina, Brazil, Chile, Colombia, 
Ecuador, Guatemala, Mexico, Peru, Uruguay, China, Singapore, South 
Korea, Philippines, Hong Kong, Indonesia, Japan, Malaysia and Thailand.

4 In our calculations we used the sum of roads and railways.
5 For some countries, missing data were replaced by predicted values using information (non- 

missing) from other variables, thus generating more robust estimates of the missing data.
6 The estimated tfp of countries followed the trend of the tfp at constant national prices 

from the Penn World Table version 9.1 database.

[7]
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3.1. Methodology

Equations [1] and [2] can be estimated by applying three estimators: 
Mean-group (MG) by Pesaran and Smith (1995), pooled mean group 
(PMG) by Pesaran, Shin and Smith (1999) and dynamic common cor-
related effect estimator by Chudik et al. (2016).

Pesaran and Smith (1995) present the estimation of the Autoregressive 
Distributed-Lags Model (ardl) as a new cointegration test. The ardl 
approach allows for consistent and efficient estimates of the parameters 
in a long-term relationship between the integrated and stationary varia-
bles and to conduct inference on these parameters using standard tests 
(Pesaran, Shin and Smith, 1999). 

According Hsiao, Pesaran and Tahmiscioglu (1999) is an example 
of heterogeneous dynamic panels showing that the MG estimator is as-
ymptotically normal for large N and T, since 0N T →  when N → ∞ 
and T → ∞. This means that the MG estimator for dynamic panels is not 
a good estimator when N and T are small. Due to these conditions, we 
adopted the same strategy used by Samargandi, Fidrmuc and Ghosh 
(2015) and Rehman, Noman and Ding (2020)7.

For Ditzen (2019), long run relationships describe the steady state 
solution and how a change in the steady state affect the long run rela-
tionship between variables. Our long run estimates intend to estimate 
coefficients which capture this kind of relationship. The purpose of 
common correlated effects estimators is to add cross-sectional averages 
that approximate the cross-sectional dependence8.

Our estimates were developed using the XTPMG routine proposed 
by Blackburne and Frank (2007) and the version XTDCCE2 by Ditzen 
(2018; 2019)9.

7 In a way, our model is estimated so that T > N for all samples, moreover, the Hausman 
tests point to PMG as the most efficient estimator. 

8 The XTDCCE2 estimator was used for the robustness analysis of the PMG estimators. 
This estimator assumes an unobserved common factor and a consistent heterogeneous 
factor in the presence of cross-section dependence, with small N and large T. Therefore, 
it allows the calculation of the transversal dependence test, the endogenous regressors, 
the balanced and unbalanced panels, correcting the small sample bias for time series. 
For a visualization of the estimator, see Ditzen (2016; 2018; 2019).

9 The emphasis is on the need to obtain consistent and efficient estimates of parameters 
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To examine the direction of causality between infrastructure and 
gdp, and infrastructure and tfp, we used the Causality Test proposed 
by Holtz-Eakin, Newey and Rosen (1988). The system is known in the 
literature as Panel Vector Autorregression (pvar):

1 1 , 1 , 1
1 1
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Where, i represents countries and t represents the time period, while 
GDPit and TPFit are in logarithms. infrastructure stocki,t = pca and is 
normalized and in logarithm also. α1 and α2 are the intercepts common 
to the countries. τ1i and τ2i are fixed effects that capture the individual 
heterogeneity of states and are constant over time, and k denotes the lag 
that varies from 1 to k. The advantage of this methodology is that it is 
a reference model for a dynamic panel causality test. In addition to the 
fact that the empirical analysis of the impact of infrastructure on growth 
and productivity is already relevant in itself. A second contribution 
to the literature is the use of estimators that consider heterogeneous 
coefficients and cross-section dependence between the panel units. To 
our knowledge, this methodology has not been used by other studies 
in this regard. 

in a long-term relationship. These estimators provide consistent coefficients.
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With regard to Granger’s causality hypothesis, this is verified from 
the Wald test in the Holtz-Eakin, Newey and Rosen (1988). It is a test 
of restrictions applied to the parameters of the estimated model. In this 
way, there will be one-way Granger causality from the infrastructure 
stock to gdp if not all β1i’s are equal to zero in the first equation, but all 
γ2i’s equal to zero in the second equation. Conversely, there will be one-
way Granger causality from gdp to infrastructure stock if all β1i’s are 
equal to zero in the first equation, but not all γ2i’s are equal to zero in the 
second equation. There can be two-way Granger causality between gdp 
and infrastructure if not all β1i’s and not all γ2i’s are equal to zero. Finally, 
there may be situations in which there is no Granger causality between 
infrastructure and gdp, as long as the β1i’s and all γ2i’s are equal to zero10. 

The set of procedures performed is: Cross-section dependency test 
(CD) by Pesaran (2004); Stationarity tests (Maddala and Wu, 1999; 
Pesaran, 2007); Cross-section Augmented Dickey-Fuller (cadf) test 
proposed by Pesaran (2007) is also used; it deals with the case where 
cross-sectional dependence arises from the presence of a single com-
mon factor among the cross-sectional units, cointegration (Pedroni, 
1999 and Westerlund and Edgerton, 2008) and long-term estimators 
and causality tests.

4. EVIDENCE OF THE RELATIONSHIP BETWEEN INFRASTRUCTURE, 
GDP AND TFP

The infrastructure stock aggregate index is composed of the following 
items: number of fixed and mobile lines subscriptions; electricity gener-
ation in GW; and total roads and railways in kilometers11. The indicator 
has been normalized. It was found that the first principal components 

10 The same reasoning applies to infrastructure and tfp. 
11 The use of a single sector for empirical evaluations of the relationship between infrastructure 

and economic performance is mainly explained by the high correlation between infra-
structure measures (such as telecommunications, electricity capacity generation, roads, 
networks railways, sanitation and others). However, when a single infrastructure sector 
is adopted for empirical assessments, the multidimensionality of the infrastructure can 
prevent the identification of its impact on elasticities. To solve this problem, we followed 
the strategy of recent literature and built aggregate indices which summarize the stocks 
of different types of infrastructure assets. These indices are aggregated using pca.
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generated from this analysis has eigenvalues higher than one (λi > 1) 
[Kaiser, 1958] and is responsible for 65.57% of the total variance of the 
five infrastructure stock measures. Therefore, the first main components 
of the indexes effectively summarize the total sample variance and is 
presented in the equations below:

( ) 1 2

3

 0.3494 ln 0.6663ln

                                         0.6587 ln

it
it it

it

Z Zinfrastructure stock
A L

Z
L

   = +   

 +  

Where (infrastructure stock)i,t represent the first principal components of 
the infrastructure stocks; (Z1/A)it is the sum of the length of roads and 
railways in kilometers normalized by the country’s surface area (km per 
sq. km); (Z2/L)it is the electricity generation (in GW per 1,000 workers); 

 (Z3/L)it 
is the sum of the number of landline telephone subscriptions and 

mobile phones subscriptions (per 1,000 workers).
Graph 1, below, show the countries’ dispersion according to infra-

structure stock. The countries’ dispersion analysis is based on the scores 
(1980-2017). It is observed that the index can discriminate between 
infrastructure stocks in less developed countries and those in more 
developed ones, as it assigns higher values to infrastructure stocks in 
wealthier nations.

The results of the CD tests by Pesaran (2004) show that infrastruc-
ture, gdp and tfp are highly dependent on all eighteen countries —the 
hypothesis of no correlation is rejected at the usual levels of statistical 
significance (Annex, Table A1). Descriptive analysis aids in identifying 
the considerable heterogeneity within the sample data. A mean exceed-
ing the median suggests that values at the upper end of the distribution 
diverge significantly from the center, relative to values at the lower end. 
Productivity values exhibit relatively minor differences between the two 
groups of countries, albeit slightly higher in Latin American countries. 
Conversely, for other variables, such as infrastructure, values are sub-
stantially higher in the Asian Tigers countries. In summary, countries 
display significant variability in income and infrastructure (see Annex, 
Table A2).
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Graph 1. Infrastructure stock 
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Source: Authors’ elaboration.

The results of Maddala and Wu (1999) and Pesaran (2007) stationarity 
tests, considering 5% of significance, including or not a deterministic 
trend and with lags ranging from 0 to 2, suggest the non-stationarity  
of the series (Annex, Table A3 and A4). The result of unit root test in the 
presence of cross-section dependence, cadf test (Pesaran, 2007), also 
followed the previous results (Annex, Table A5). The results of the four 
tests that make up the procedure proposed by Westerlund and Edgerton 
(2008) suggest the rejection of the null hypothesis of non-cointegration. 
The results of Pedroni Cointegration test (1999) also indicate a cointe-
gration relationship (Annex, Table A6).

Table 1 presents the results of the estimates using the MG, PMG and 
XTDCCE2 estimators12, together with the Hausman test to measure the 
efficiency and consistency between them. The Hausman test validated the 
null hypothesis of long-term homogeneity restriction of the regressors, 
indicating PMG as a more efficient estimator than MG. As the homoge-
neity hypothesis of the slope was accepted empirically, only long-term 
results are discussed and presented. According to the PMG estimator 
result, the adjustment speed is –0.167. In the same raw, the CD Statistic 

12 Since the objective of this study is focused on estimating the elasticities of the product 
and the productivity in the infrastructure stock, the results for the control variables are 
not presented in the results tables.



Fraga and Lara Ferreira-Filho • Infrastructure, growth and productivity 89

results corrected the problem of cross-sectional dependence. According 
to the estimator results, all the estimated coefficients are statistically 
significant at least at 5%.

Table 1. Long-term estimates, 1980-2017

Variables
PMG MG

Coefficients p-value Coefficients p-value
18 countries

gdp
Long run coefficients
Infrastructure stocks 1 0.446 0.000 0.932 0.034
Adjustment speed/CD statistic –0.167 0.001 –0.123 0.000
Hausman test 0.440 0.508

tfp
Long run coefficients
Infrastructure stocks 1 0.203 0.000 0.069 0.006
Adjustment speed/CD statistic –0.113 0.000 –0.236 0.000
Hausman test 4.550 0.032

Variables
XTDCCE2 (PMG) XTDCCE2 (MG)

Coefficients p-value Coefficients p-value
18 countries

gdp
Long run coefficients
Infrastructure stocks 1 0.561 0.000 0.958 0.019
Adjustment speed/CD statistic –0.240 0.214 –2.020 0.508
Hausman test 0.180 0.672

tfp
Long run coefficients
Infrastructure stocks 1 0.086 0.347 0.059 0.041
Adjustment speed/CD statistic –2.890 0.003 –1.000 0.146
Hausman test 9.540 0.022

Note: The estimates were developed using the XTPMG routine proposed by Blackburne and 
Frank (2007) and the version by XTDCCE2 (Ditzen, 2018; 2019). 
Source: Authors’ elaboration.
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The impact of the infrastructure stock taken from the pca —com-
posed of physical infrastructure measures —on the long-term product 
has an average coefficient of 0.5035 for PMG and XTDCCE2 (PMG), 
respectively. This means that an increase of 1% in the infrastructure 
stock generates an increase of 0.50 pp in gdp in the long run, consider-
ing the 18 countries in our sample. The results indicate that investment 
in infrastructure has a major influence on gdp. The results obtained are 
similar to the work of Easterly and Rebelo (1993) for cross-section data 
from developing countries, where they found values for the transport 
and communication sector of 0.59 and 0.66 respectively13. 

The impact of infrastructure stock on long-term tfp showed an av-
erage coefficient of 0.064 for PMG and XTDCCE2 (PMG). Thus, a 10% 
increase in the infrastructure stock produces an increase of 0.64 pp in 
tfp in the long run. 

For comparison, Kim and Loayza (2017) constructed an index com-
bining the main components that would impact tfp, namely, indicators 
of innovation, education, market efficiency, physical infrastructure and 
institutional infrastructure for 65 countries in the period from 1985 to 
2011 The coefficient found in relation to productivity was 0.020. The 
authors found values   of 0.13 for the subgroup of countries in East Asia 
and the Pacific and 0.08 for the subgroup of Latin America and the 
Caribbean. These results are similar to those found for our subgroups 
for Latin American and the Asian Tigers. 

Table 2 shows the results for the Latin American and Asian Tigers 
subgroups. According to the results, all estimated coefficients are statis-
tically significant at least at 10%. The only exception is the XTDCCE2 
(PMG) estimator for the tfp regression.

The impact of physical infrastructure measures on the long-term 
product for Latin American countries was 0.533 for MG and XTDC-
CE2 (MG). For the Asian Tigers subgroup, it was 0.5795 for PMG and 
XTDCCE2 (PMG)14.

13 It is worth noting that the same procedure was performed with electricity consumption, 
a proxy for infrastructure, and that the pattern of results was the same, but with higher 
absolute values.

14 An average of the most efficient coefficients according to the Hausman test.
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Table 2. Long-term estimates, 1980-2017

Variables
PMG MG

Coefficients p-value Coefficients p-value

Latin American countries

gdp

Long run coefficients

Infrastructure stocks 1 0.616 0.000 0.502 0.000

Adjustment speed/CD statistic –0.095 0.001 –0.176 0.000

Hausman test 5.220 0.022

tfp

Long run coefficients

Infrastructure stocks 1 0.070 0.008 0.053 0.179

Adjustment speed/CD statistic –0.191 0.000 –0.338 0.000

Hausman test 0.370 0.540

Asian Tigers

gdp

Long run coefficients

Infrastructure stocks 1 0.672 0.000 1.363 0.122

Adjustment speed/CD statistic –0.077 0.003 –0.069 0.000

Hausman test 0.180 0.670

tfp

Long run coefficients

Infrastructure stocks 1 0.121 0.000 0.102 0.000

Adjustment speed/CD statistic –0.130 0.000 –0.174 0.000

Hausman test 1.090 0.296

In summary, the infrastructure index series cointegrate indicating 
the existence of a long-term relationship with gdp. The coefficients have  
the expected sign and the magnitude of the estimated coefficients implies 
a strong impact of infrastructure on long-term gdp, for the sample and 
the subsample of countries. 
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Table 2. Long-term estimates, 1980-2017 (concluded)

Variables
XTDCCE2 (PMG) XTDCCE2 (MG)

Coefficients p-value Coefficients p-value

Latin American countries

gdp

Long run coefficients

Infrastructure stocks 1 0.482 0.000 0.564 0.000

Adjustment speed/CD statistic –1.150 0.158 –1.130 0.141

Hausman test 347.86 0.000

tfp

Long run coefficients

Infrastructure stocks 1 0.072 0.101 0.052 0.383

Adjustment speed/CD statistic –1.480 0.123 –1.580 0.133

Hausman test 3.230 0.357

Asian Tigers

gdp

Long run coefficients

Infrastructure stocks 1 0.487 0.055 0.568 0.000

Adjustment speed/CD statistic –1.600 0.123 –1.580 0.113

Hausman test 0.000 1.000

tfp

Long run coefficients

Infrastructure stocks 1 0.635 0.244 0.086 0.003

Adjustment speed/CD statistic –1.560 0.137 –1.660 0.147

Hausman test 7.240 0.064

Note: The estimates were developed using the XTPMG routine proposed by Blackburne and 
Frank (2007) and the version by XTDCCE2 (Ditzen, 2018; 2019).
Source: Authors’ elaboration.

For a simple comparison between the two subgroups of countries, 
we take the series of: Electricity generation, length of railways and total 
roads in kilometres, total fixed and mobile phone subscription. We nor-
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malized for 1 million people and extracted simple averages for the two 
subgroups of countries. The average of Asian Tigers is 4.96 times higher 
in electricity generation, 7.65 times in the length of roads and railways, 
and 3.72 times in fixed and mobile phone subscriptions. As we note that 
there are no significant differences in income elasticities between these 
two groups of countries, we conclude that the greater growth of the 
Asian Tigers in relation to the Latin American countries in our sample is 
largely explained by the greater infrastructure stock of the first group. 

The impact of infrastructure stocks on long-term tfp for Latin Amer-
ican countries was 0.071 for PMG and XTDCCE2 (PMG). For the Asian 
Tigers subgroup, it was 0.1035 for PMG and XTDCCE2 (PMG)15. 

The results suggest that the impact on productivity is 0.71 and 1.035, 
respectively, for the Latin American and Asian Tigers subgroups for a 
10% increase in the infrastructure stock. This means that a fall in in-
vestments in infrastructure will have a negative impact on the factors’ 
productivity in the long run, as observed, in general, in the last three 
decades in Latin American countries. Thus, this presents itself as another 
reason for the lower growth of this region and the fall in productivity 
of most of these countries. 

It is worth noting that our infrastructure index series presented a 
correlation coefficient with respect to the public capital stock (imf, 2015) 
of 79.1% and 73.04% respectively, for the Latin American countries and 
Asian Tigers, in the period 1980-2016. Thus, our infrastructure stock, 
in a way, acts as a proxy for public capital stock.

Therefore, enhanced infrastructure, encompassing improved roads, 
railways, energy, and communication systems, not only amplifies overall 
output but also augments factor productivity, resulting in cost reduc-
tions and instilling greater confidence among business leaders, thereby 
stimulating investments. Consequently, these results highlight the piv-
otal role played by infrastructure in driving the growth of private sector 
productivity. Finally, the causal relationship between the infrastructure 
stock and gdp is analyzed; and, also, between the infrastructure stock 
and the tfp (Table 3). 

15 Results similar to Kim and Loayza (2017). 
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Table 3. Holtz-Eakin causality test - Infrastructure, gdp and tfp
18 countries (1980-2017)

Infrastructure statistic → gdp gdp → Infrastructure statistic
Wald Statistic 14.446*** Wald Statistic 23.809***
Infrastructure statistic → tfp tfp → Infrastructure statistic
Wald Statistic 9.194*** Wald Statistic 17.850***

Latin American countries (1980-2017)
Infrastructure statistic → gdp gdp → Infrastructure statistic
Wald Statistic 3.361* Wald Statistic 3.385*
infrastructure statistic → tfp tfp → Infrastructure statistic
Wald Statistic 7.240*** Wald Statistic 1.898

Asian Tigers (1980-2017)
Infrastructure statistic → gdp gdp → Infrastructure statistic
Wald Statistic 2.608* Wald Statistic 7.091***
Infrastructure statistic → tfp tfp → Infrastructure statistic
Wald Statistic 4.678** Wald Statistic 21.757***

Notes: *** significant at 1%; ** significant at 5% and * significant at 10%. Chose the number 
of lags based on Aic/Bic/Hqic and using the Genghurion University Anat Techtchik code. 
After fitting a panel var model with pvar, the complementary matrix modules based on 
the estimated parameters were calculated. 
Source: Authors’ elaboration.

We can draw the following conclusions: The infrastructure stock 
Granger-causes gdp and vice versa, in the three cases —for the whole 
group of countries, for the subgroup of Latin America and the Asian 
Tigers. The infrastructure stock causes the productivity of private factors 
for all countries and for the two subgroups of countries. However, the 
opposite is not the case only in the subgroup of Latin American countries. 

Given that the first principal component generated by the index ac-
counted for 66% of the total variation in infrastructure stock measures, a 
second infrastructure index was constructed to assess the robustness of the 
results. This second index incorporates electricity generation in gigawatts 
(GW) and the number of fixed and mobile telephone subscriptions. The 
first Principal Component derived from this second index explained 92% 
of the total variation in infrastructure stock measures, respectively. The 
results for all countries and subgroups are presented in Table 4.
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Table 4. Long-term estimates, 1980-2017

Variables
PMG MG

Coefficients p-value Coefficients p-value
18 countries

gdp
Long run coefficients
Infrastructure stocks 2 0.439 0.000 0.584 0.000
Adjustment speed/CD statistic –0.147 0.001 –0.236 0.000
Hausman test 9.130ª/ 0.107

tfp
Long run coefficients
Infrastructure stocks 2 0.089 0.000 0.068 0.006
Adjustment speed/CD statistic –0.070 0.000 –0.238 0.000
Hausman test 2.45ª/ 0.117

Latin American countries
gdp

Long run coefficients
Infrastructure stocks 2 0.502 0.000 0.493 0.000
Adjustment speed/CD statistic –0.105 0.002 –0.165 0.000
Hausman test 0.050 0.819

tfp
Long run coefficients
Infrastructure stocks 2 0.083 0.000 0.094 0.314
Adjustment speed/CD statistic –0.162 0.000 –0.258 0.000
Hausman test 0.020 0.899

Asian Tigers
gdp

Long run coefficients
Infrastructure stocks2 0.502 0.000 0.494 0.000
Adjustment speed/CD statistic –0.105 0.002 –0.164 0.000
Hausman test 0.826 0.050

tfp
Long run coefficients
Infrastructure stocks2 0.112 0.000 0.109 0.000
Adjustment speed/CD statistic –0.131 0.000 –0.180 0.000
Hausman test 0.410 0.523
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Table 4. Long-term estimates, 1980-2017 (concluded)

Variables
XTDCCE2 (PMG) XTDCCE2 (MG)

Coefficients p-value Coefficients p-value
18 countries

gdp
Long run coefficients
Infrastructure stocks 2 0.555 0.000 0.492 0.000
Adjustment speed/CD statistic –0.370 0.227 –2.000 0.045
Hausman test 2.630ª/ 0.452

tfp
Long run coefficients
Infrastructure stocks 2 0.061 0.049 0.063 0.052
Adjustment speed/CD statistic 1.140 0.110 –1.120 0.264
Hausman test 2.53ª/ 0.469

Latin American countries
gdp

Long run coefficients
Infrastructure stocks 2 0.476 0.000 0.417 0.000
Adjustment speed/CD statistic –0.190 0.840 –0.180 0.823
Hausman test 2.530 0.469

tfp
Long run coefficients
Infrastructure stocks 2 0.092 0.121 0.055 0.405
Adjustment speed/CD statistic –1.630 0.140 –1.640 0.143
Hausman test 0.000 1.000

Asian Tigers
gdp

Long run coefficients
Infrastructure stocks 2 0.471 0.084 0.835 0.000
Adjustment speed/CD statistic –0.172 0.780 –0.190 0,84
Hausman test 2.420 0.475

tfp
Long run coefficients
Infrastructure stocks 2 0.096 0.008 0.078 0.041
Adjustment speed/CD statistic –1.570 0.133 –1.640 0.143
Hausman test 0.610 0.893

Note: a/ Indicates which estimator is more efficient in relation to the Hausman test.
Source: Authors’ elaboration.
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The findings (Table 4) demonstrate a remarkable degree of similarity 
and consistency with those reported in the main models (Tables 1 and 
2), albeit with a minor average increase in the estimated elasticities.

5. CONCLUDING REMARKS

Conducting an empirical analysis of infrastructure’s influence on growth 
and productivity is inherently valuable. Furthermore, comparing Latin 
American countries with highly successful Asian nations adds an addi-
tional layer of compelling interest. Additionally, this article contributes 
to the existing literature on infrastructure, growth, and productivity by 
introducing estimators that account for heterogeneous coefficients and 
cross-section dependence among the panel units. To the best of our 
knowledge, this methodology has not been utilized in prior studies on 
this subject.

The results obtained confirm the existence of a strong relationship 
between infrastructure and gdp in the long term within the sample 
economies. Furthermore, the long-term estimates of tfp elasticities 
concerning infrastructure stock are notable. Specifically, the impact of 
physical infrastructure measures on long-term gdp averaged 0.511 for 
Latin American countries and 0.533 for the Asian Tigers. Regarding 
productivity, the long-term impacts were 0.088 and 0.104, respectively, 
for Latin American countries and the Asian Tigers. These findings align 
with certain observations made in the relevant literature.

Thus, for both groups of countries, a fall in investments in infrastruc-
ture would imply a negative shock in the product and in the productivity 
of private factors in the long run. In general, this was the case in the coun-
tries of Latin America, where there were discontinuities in investments  
in infrastructure, which produced deterioration in the infrastructure 
stock in the last 30 years, as a result of the liberalizing reforms of the 
1990s that removed this responsibility from the State. These options, 
given the results presented here, had a negative impact on long-term 
product and productivity. Therefore, better roads, railways, energy and 
communication not only increase the product, but also the productivity 
of factors, reducing costs, increasing the expectations of entrepreneurs 
and, as a consequence, investments. This was the case for the Asian 
Tigers and part of the explanation of their success. 
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Finally, our results suggest that the lower stock of infrastructure in 
Latin American countries compared to Asian Tiger countries is associated 
with lower productivity of private factors and lower long-term economic 
growth rates for the first group of countries. It follows that these results 
have important economic policy implications, giving even greater rele-
vance to investments in infrastructure that, in turn, should be preserved 
in order to achieve a higher rate of growth and well-being. Indirectly, it is 
also important to the government’s long-term fiscal sustainability, as 
increasing the gdp contributes to a lower debt to gdp ratio. 
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ANNEX

Table A1. Pesaran test (2004)

Variable Test CD p-value corr abs(corr)

GDP 72.95 0.000 0.957 0.957

infrastructure stock 1 75.08 0.000 0.985 0.985

TFP 9.50 0.000 0.125 0.433

infrastructure stock 1 75.08 0.000 0.985 0.985

Variable Test CD p-value corr abs(corr)

Countries (GDP) 19.71 0.000 0.258 0.361

Countries (TFP) 17.78 0.000 0.233 0.321

Note: Ho: Cross-section independence. Results at 5% statistical significance. The results for 
infrastructure stock 2 are similar.
Source: Authors’ elaboration.

Table A2. Descriptive statistics, 1980-2017

Average Mean
Standard 
deviation

Observa-
tions

Latin American countries

gdp per capita 6,982.452 6,285.985 3,370.479 342

tfp 0.688 0.681 0.144 342

GW per 1,000 workers 20.193 8.65 27.632 342

Roads and railways per surface area 0.032 0.030 0.018 342

Telephone and mobile phones subscriptions 
(per 1,000 workers)

25,313.52 5,756.51 51,792.09 342

Asian Tigers

gdp per capita 13,822.24 6,284.638 14,118.96 342

tfp 0.611 0.589 0.188 342

GW per 1,000 workers 100.262 17.045 241.322 342

Roads and railways per surface area 1.093 0.268 1.416 342

Telephone and mobile phones subscriptions 
(per 1,000 workers)

94,232.87 12,201.23 251,290.1 342

Source: Authors’ elaboration.
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Table A3. Panel stationary test: Maddala and Wu test (1999)

Lags No trend With tendency No trend With tendency

gdp p-value gdp p-value tfp p-value tfp p-value

0 39.855 0.303 38.362 0.363 58.901 0.009 13.002 0.369

1 37.717 0.391 63.220 0.003 68.477 0.001 189.262 0.000

2 48.719 0.117 36.115 0.463 56.397 0.116 10.269 0.592

Lags
Infra-

structure 
stock 1

p-value
Infra-

structure 
stock 1

p-value
Infra-

structure 
stock 2

p-value
Infra-

structure 
stock 2

p-value

0 82.327 0.000 6.195 1.000 63.387 0.003 55.313 0.121

1 36.288 0.455 13.245 1.000 28.164 0.821 77.174 0.000

2 27.233 0.853 13.196 1.000 22.456 0.962 68.351 0.001

Note: Maddala and Wu (1999) present the Chi-square statistic associated with Fisher’s test and the 
p-value. Ho: The series are non-stationary. Deterministic elements and lags refer to Dickey Fuller 
regressions. Markus Eberhardt’s multipurt routine was used, which includes the xtfisher and pescadf 
routines written, respectively, by Scott Merryman and Piotr Lewandowski.
Source: Authors’ elaboration.

Table A4. Panel stationary test: Pesaran test (2007)

Lags No trend With tendency No trend With tendency

gdp p-value gdp p-value tfp p-value tfp p-value

0 –1.109 0.134 1.789 0.963 –0.631 0.264 –0.660 0.255

1 –2.028 0.021 0.654 0.744 –1.444 0.074 –1.458 0.072

2 –0.784 0.216 2.043 0.979 –0.067 0.473 –1.251 0.105

Lags
Infra-

structure 
stock 1

p-value
Infra-

structure 
stock 1

p-value
Infra-

structure 
stock 2

p-value
Infra-

structure 
stock 2

p-value

0 –0.403 0.343 2.048 0.980 0.088 0.535 1.616 0.947

1 –1.173 0.120 0.317 0.624 –2.112 0.117 –1.637 0.051

2 –1.736 0.041 0.344 0.635 –2.011 0.022 –1.827 0.134

Note: Pesaran (2007) presents the associated Zt-bar statistic and the corresponding p-value. Ho: the 
series are non-stationary. Deterministic elements and lags refer to Dickey Fuller regressions. Markus 
Eberhardt’s multipurt routine was used, which includes the xtfisher and pescadf routines written, 
respectively, by Scott Merryman and Piotr Lewandowski.
Source: Authors’ elaboration.
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Table A5. cadf test (Pesaran, 2007)

t-bar Z[t-bar] p-value

GDP –1.587 3.630 1.000

D.GDP –3.249 –4.384 0.000

TFP –1.930 1.977 0.976

D.TFP –3.318 –4.717 0.000

infrastructure stock 1 –2.072 1.291 0.902

D. infrastructure stock 1 –2.722 –1.841 0.033

infrastructure stock 2 –2.338 0.010 0.504

D. infrastructure stock 2 –2.934 –2.865 0.002

Note: Critical values of t-bar are CV1%: –2.850, CV5%: –2.710 and CV10%: –2.630. The Stata 
routine used pescadf.
 Source: Authors’ elaboration.

Table A6. Westerlund and Edgerton (2008) and Pedroni (1999)

Westerlund and Edgerton test (2008)
GDP and infrastructure stock 1

Statistic Value Z-value p-value p-value robust *
Gt –3.069 –3.768 0.000 0.096
Ga –22.707 –6.894 0.000 0.000
Pt –11.281 –2.698 0.004 0.278
Pa –19.455 –7.459 0.000 0.006

TFP and infrastructure stock 1
Statistic Value Z-value p-value p-value robust *
Gt –3.407 –5.552 0.000 0.020
Ga –15.886 –2.544 0.006 0.082
Pt –14.182 –6.078 0.000 0.018
Pa –15.820 –4.877 0.000 0.028

Pedroni test (1999)
GDP and infrastructure stock 1; TFP and infrastructure stock 1

Statistic Panel Group Panel Group
v –1.715 0.213
rho 1.196 2.688 –0.065 0.504
t –0.500 –0.429 –0.855 –0.850
adf –1.168 –1.047 –0.799 –1.785

Note: Ho: no cointegration in both tests. Robust p-value calculated with bootstrap.
Source: Authors’ elaboration.


