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Abstract 
 
This thesis shows that the relationship between economic growth and expansions of telephone 
main lines and electricity generating capacity is two-way, when looking at the period of 1955 - 
1995 and half of the world's countries. In other words, expansions of these two kinds of 
infrastructure seem to both initiate and be induced by economic growth, highlighting the 
problem of much previous research that does not account for a bi-directional relationship. 
Furthermore, this research suggests that the effect that these two kinds of infrastructure have on 
economic growth was during this period great enough to be of policy interest, and it is likely that 
it can explain part of the vast differences seen between countries in GDP per capita today. While 
the impact that these two kinds of infrastructure had during this specific time will surely not be 
the same in the future, the results still point to a potentially important role for infrastructure 
expansions in determining economic growth, even though the kinds of infrastructure that have 
most impact will vary with time and technological progress. 
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1 Introduction

There are vast differences between the living standards of countries. Moreover, the liv-
ing standards have been diverging in our economic modern history, and not just a little
(Pritchett 1997, Easterly, Levine 2001). It has been estimated that before the Industrial
Revolution, the difference in GDP per capita between the richest and the poorest countries
was probably only 2 to 1 (Bairoch 1993 pp. 102-106). In 2012 the ratio between the ten
richest and ten poorest countries in terms of GDP per capita was roughly 9 to 1. Between
the Democratic Republic of Congo, lowest on the list, and Luxembourg, second on the list
after the oil-rich country Qatar, was a ratio of approximately 200 to 1 (World Bank 2014).
While the exactness of these figures can be much debated, their message cannot.

Part of the differences is well explained by differences in countries’ “physical and human
capital”; if a country has a population with higher education and more machinery and
equipment, it will produce more and thus have a higher GDP. But even if this is taken
into account, the greater bulk of today’s differences in GDP still remains, meaning that
variations in physical and human capital is not the whole explanation. This has led to
the conclusion that there are vast differences in productivity1 between countries (Easterly,
Levine 2001). But even though this productivity has been subject to interest for quite
some time now, there is still no consensus on what determines a country’s productivity,
and within the field of economics, this is seen as a much needed target for research (Easterly,
Levine 2001). The interest not only stems from academic curiosity, but also from the felt
need of adequately advising countries with staggeringly low living standards on how to
initiate economic growth and improve upon those standards. In order to be able to do this,
the mysterious productivity differences have to be better understood.

This thesis investigates whether expansions of infrastructure has played any important
role in determining economic growth in the later half of the 20th century, by influencing
countries’ productivity. The services infrastructure provides are generally hoped to raise
efficiency: new and better roads to make transportation faster, better electricity supply to
make production smoother and cheaper, and so on, why it seems natural to presume that it
does influence the productivity of a country. The extent to which it matters, however, is a
much more difficult question.2 Paying interest into the relationship between infrastructure
and the economy is not new, but the research approach of this thesis will be slightly different
from most of its predecessors on the subject, in several regards. Instead of looking at the

1The concept of productivity here is rather vague, because it is not estimated directly. It is rather the
name of the differences of GDP between countries that remain after differences in physical and human
capital have been removed. Therefore, it is often also called the “residual” or, as first put by Abramovitz
(1956), “a measure of our ignorance”.

2Much likely, there are many factors whose interaction determine the productivity of a country, and the
narrow scope of this thesis of looking only into infrastructure is not to suggest a lack of importance of other
aspects as well, such as good institutions, a non-corrupt state, well functioning financial services and so on.
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monetary measure investment, it will look at physical expansions of the infrastructure
stock.3 Furthermore, infrastructure can take on many different shapes, but this thesis
will narrow the scope down to looking into two specific examples of infrastructure, since
reliable data on the whole aggregate infrastructure stock is hard to assemble, especially for
any larger number of countries. The two kinds of infrastructure whose relationship with
economic growth will be given interest in this thesis are telephone main lines and electricity
generating capacity.

The structure of the thesis is as follows. First, the research question will be related to
current theory on economic growth in section 2. The same section will also paint a picture
of the current state of knowledge on the relationship between both the construction sector
in general, and infrastructure in particular, and economic growth. Section 3 then clarifies
once more the purpose, so as to have it freshly spelled out when turning to the actual work
of this thesis. Section 4 explains the chosen research approach more in detail, with both
its strengths and possible shortcomings. Section 5 then makes the reader familiar with
the data set used and section 6 sorts out the features of the data important for choosing
the specific statistical model. After this, the estimations are presented in section 7 and
discussed in section 8. Lastly, some concluding remarks are made in section 9, which
summarizes the work of this thesis.

2 A review of current theory and the empirics so far

The most prominent theories today on long-term economic growth all share the same
characteristic of emphasizing that unless the productivity of a country grows, there will be
no economic growth in the long run (Blanchard 2008 p. 269). But given this central role of
productivity growth, there is surprisingly little agreement on what it constitutes. It is often
referred to as technological progress (Blanchard 2008 p. 270), but other suggestions are
changes in sector composition of production, adaption of lower-cost production methods or
the role of externalities (Easterly, Levine 2001). None of these suggestions will be discussed
further here, but what to make of these differing claims, is that the lack of consensus makes
natural room for further investigation.

The investigation that this thesis wishes to make is not new however; for as many as
four decades, researchers have posed the question of how the infrastructure sector and the
construction sector as a whole affect economic growth (see for example Giang, Sui Pheng
2011 for an overview). The interest is perhaps not surprising taking into consideration the

3Investments in infrastructure and expansions of infrastructure of course overlap; if there is an expan-
sion, there must have been investment. However, there could be investment in infrastructure without any
expansion, which is the case of maintenance. The reason for looking into expansions rather than investments
will be outlined in section 4.2.2.
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large role of the construction sector around the globe (Drewer 1980, Wells 1985, Ofori 2007,
Winch 2010). In advanced economies the construction sector typically stands for roughly
ten percent of the wealth generated every year, and this amounts to up to twenty percent
for newly industrialized countries (Winch 2010 p. 31).

The reason that the subject remains worth looking into is due to the much varying results
of earlier empirical studies (Sturm et al. 1998) and the critique that a great part of
those have been plagued by various methodological problems (many problems of which are
thoroughly described by Romp and de Haan (2007)). As an example, Aschauer (1989)
gave new energy to the research area when finding very high returns on investments in
infrastructure in the US at the end of the 80’s, which has been followed by other similarly
positive results (for example Miller, Tsoukis 2001 and Esfahani, Ramı́rez 2003), but also
by rather moderate and inconclusive results (see Holtz-Eakin 1994, Crowder, Himarios
1997 and Mittnik, Neumann 2001) as well as some reports of negative effects (such as
Devarajan, Swaroop & Zou 1996) (even though these are notably fewer than the rest). A
robust finding, though, is a strong positive correlation between infrastructure investments
and economic growth (see for example Giang, Sui Pheng 2011 for an overview) but a strong
correlation can come about for several reasons that are not true causation. The perhaps
most notable possible confusion here is distinguishing between what is the hen and what
is the egg. As formulated by Holtz-Eakin (1994 p. 13): “[b]ecause more prosperous states
are likely to spend more on public capital, there will be a positive correlation between the
state-specific effects and public sector capital. This should not be confused, however, with
the notion that greater public capital leads a state to be more productive”. The same
reasoning applies to comparisons across countries and expansions of infrastructure.

Thus it must be distinguished between the terms growth-initiating and growth-induced; the
former referring to when infrastructure expansions cause economic growth and the latter to
when economic growth causes more to be spent on infrastructure projects, because there is
more money available. There are several studies that indeed have tried, as this study will
do, to disentangle the different directions from each other but the evidence from these have
also been mixed and these studies have mainly focused at one country at a time or on fairly
homogenous groups, such as for example the OECD countries or highly in-debted countries
(for overviews, see Romp, De Haan 2007 or Giang, Sui Pheng 2011). In conclusion, the
question of direction(s) of causality between expansions of infrastructure and economic
growth, remains an open one.

However, regarding telephone main lines and electricity generating capacity, earlier report-
ings of a correlation is not the only reason for believing that there might be a significant
impact from these on economic growth. The World Bank wrote in (1994) that telecom-
munications and electricity are used in the production process of nearly every sector and
as such, “infrastructure represents, if not the engine, then the ‘wheels’ of economic activ-
ity”. Expanding the telecommunications and electricity generating capacity of a country
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may therefore be important for enhancing efficiency and thus also for improving produc-
tivity.

3 Purpose, research questions and limits of scope

The purpose of this thesis is therefore to investigate the relationship between economic
growth and expansions of telephone main lines and electricity generating capacity. The
scope of investigation will be between 1955 and 1995, with a data set that speaks for roughly
half of the world’s countries. More concretely, the research questions are as follows:

1. Which generally comes first in the case of these two kinds of infrastructure: does
expanding the infrastructure initiate economic growth and/or does economic growth
induce more spending on infrastructure?

2. If both these relationships apply, which is the dominant one?

3. And if expansions of infrastructure seem to initiate economic growth, is the relation-
ship substantial enough to be of any real policy significance?

Furthermore, the thesis will look into whether this relationship looks differently for the
half of the sample countries with lower initial GDP per capita. The reasons for specifically
looking into these countries are primarily three: (1) that prior research suggests that
the construction sector, to which infrastructure counts, may play slightly different roles
depending on the level of development of countries (Bon 1992), why narrowing the scope
in this way can allow for a richer analysis (2) that developing countries have historically
been less under the magnifying glass of researchers, mostly because of lack of adequate
data (Ofori 2007), making them a more needed target of research now that more data has
been published and (3) because attaining better knowledge of the role of infrastructure
projects on economic growth will intuitively be of greater value for developing countries
than for developed countries.

The limits of scope is, as mentioned, that only 110 countries are part of the data set, which
means that the conclusions are not necessarily representative of the whole world. Also,
this statistical approach will mask differences in the relationship between countries, and
will only be able to answer the question of the “average effect” in the data set. As such,
any richer analysis would have to be an extension to this work. Furthermore, it should be
noted that the electricity generating capacity of a country is not the same as the electricity
that can be used by a country since electricity can also be bought from the outside, an
aspect which is not captured in the data. Luckily, however, this is not of great concern
since the country who expanded its electricity generating capacity will get payed when
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selling it, which will result in increased GDP.4 Also, we know that the role of telephone
main lines shift during the very period that is investigated, with the entrance of cellular
phones, something that will effect the results of the estimations but without any explicit
results on when and how much it changes. In other words, one must keep in mind that
a statistical approach is by its very nature a somewhat rough research approach and any
questions that it may spur of a more nuanced nature should be approached accordingly.
With this, it should also be clear that this thesis does not attempt to present the effect that
expanding telephone main lines or the electricity generating capacity will have on economic
growth in the future. What it tries to understand is rather if differences in infrastructure
expansions during preceding decades can help explain the some of the dramatically different
standards of living that are seen between countries today, through its impact on countries’
productivity.

4 The chosen research approach

The ideal set up for scientifically addressing the question of whether expanding an infras-
tructure stock truly causes economic growth would be to have two identical countries with
respect to everything, except their infrastructure expansion decisions. Since this ideal ex-
periment is simply not provided by the real world, one must turn to other, feasible but
somewhat less robust, methods. The choice often goes to statistical regressions, which
are designed to mimic the above scenario the best they can, given the data at hand. But
statistical methods can run into various problems, even though the researcher has tried to
be utterly careful.

It has already been noted that earlier research on the subject of economic growth and in-
vestments in infrastructure has been criticized on the basis of several shortcomings. Highest
on the list is the problem of reverse causality and as a good second comes non-stationarity
of the data (Romp, De Haan 2007). Reverse causality creates an upward bias in the esti-
mates of the role of infrastructure on economic growth if higher economic growth induces
more infrastructure projects, which will make infrastructure seem more important than it
is. Non-stationary of the data, on the other hand, an issue to which this thesis will return
to later on, creates spurious correlations, meaning that relationships that in fact do not
exist will nonetheless get statistically significant estimates (Granger, Newbold 1974), and
falsely lead the researcher to believe something that in fact is not there. Low quality of
data, especially in the earlier studies, has also been raised as a problem (Drewer 1980) as

4Possibly, though, it will produce a slight downward bias (which is way better than a positive bias).
Why a downward bias? Imagine a country that expands its electricity generating capacity and sells it to
another country. The revenue from this will go into GDP and therefore be captured by the data. However,
if the other country has made a wise affair, this revenue should be equal or, even better, less than its value
to the other country, which creates a downward bias.
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well as the problematic assumption that the cost of infrastructure projects is a good mea-
sure of infrastructure expansions (Pritchett 1996). The research method in this thesis will
address all of these problems. The chosen method is a statistical regression technique called
a vector error correction model (VECM), which will look for Granger causality. Granger
causality means that information about one variable is useful in forecasting another, and
even if it is not necessarily true causality, it is a good indication of such a relationship
(Granger 1969). This VECM will now be introduced properly and apart from the model
itself, the choice of how to define and measure the variables will also be discussed in this
section, as well as the definition of developing countries to be used in this thesis.

4.1 Introducing the statistical model

The nitty gritty details about the VECM will be elaborated upon in section 6.3, but an
introduction is in order here while presenting the research method. The VECM belong to
a family of models called vector autoregressive models, which in turn belong to the greater
family of autoregressive models. Autoregressive models in general are useful when working
with time series forecasting when the dependent variable is highly autocorrelated, which
means that the correlation between one period in time and the next is high (Newbold,
Carlson & Thorne 2010 p. 746). GDP is a perfect example: if you know this year’s GDP,
you have a pretty decent guess of next year’s GDP as well, because there is typically a
high correlation between them. However, the potential problem of feedback between the
dependent variable and one or several of the independent variables, which in that case
creates a bias, led Sims (1980) to develop the vector autoregressive model, at the time a
radical idea (Enders 2010 p. 295). This concern is highly relevant for the research question
in this thesis because of the potential two-way relationship between economic growth and
expansions of infrastructure. To use a vector autoregressive model was thus decided by
the author of this thesis, since it tackles this important problem with much of the earlier
research. Given the choice of the family of vector autoregressive models, however, it is the
properties of the data that determine which specific one to use, and thus the vector error
correction model, was chosen based upon statistical investigation of the data set. This will
be the whole topic of section 6.

Essentially, the VECM, together with the larger autoregressive family, is a type of forecast-
ing model. When using it, the question posed to the data is: is information of how much
the infrastructure stock, of telephone main lines and electricity generating capacity respec-
tively, has expanded the last couple of years, useful information in the task of forecasting
economic growth? And the reversed question is posed at the same time: is information
on the last couple of years’ economic growth useful in forecasting the expansions of these
infrastructure stocks? This working of the VECM, in contrast to “regular” regressions, has
an important implication. One yet unmentioned critique raised to earlier research using
regular OLS regressions with control variables is that the ceretis paribus interpretation of
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the estimates, namely the effect changing that variable holding all other variables fixed, in
not very relevant for policy makers (Canning & Pedroni 1999). In essence, it is like saying
to a policy maker that it is beneficial for the country to expand some of its infrastructure
stock while at the same time not cutting down expenditure on any other areas. But in-
frastructure projects cost money – usually great amounts – and it is necessarily the case
that that money has to come from somewhere. If the government carries out the project,
they either have to raise taxes (giving the people less money to spend) or reduce spending
somewhere else. Therefore, the policy relevant question is whether infrastructure expan-
sions are “unusually” productive and should be prioritized, even if other spending has to
be cut down. Consider now the forecasting technique of the VECM. If the cutting off on
money somewhere else generally has had a detrimental effect on GDP (in the data set used
for estimation), this will show up in the GDP data stream in subsequent years and will
generate negative estimates on infrastructure expansions. If instead positive estimates are
generated, this means that, on average, diverting money from something else and spending
it on expanding the infrastructure stock has had a positive effect for these countries during
this time span.

4.2 Defining the variables

4.2.1 How to measure economic growth

What economic growth is, is not straightforward. We tend to think of economic growth
as growth in GDP, but really, GDP growth should be thought of as a proxy for economic
growth rather than what constitutes it.5 However, the widespread use of GDP, the ease with
which one finds data on it as well as a somewhat weak competition of other measures on
economic growth, makes it the winning candidate as dependent variable. It will therefore
be used in the statistical analysis in this thesis, but in order to get a fair comparison,
the GDP of all countries is converted to the same currency (dollar prices) and measured
with the same year as the base year (1985). But the opening of this thesis suggested
that infrastructure potentially influences economic growth by playing a role in determining

5See for example Coyle (2014) for understanding the difficulty of GDP both to be measured through
time and to capture all relevant aspects of the economy. Two things may suffice as illustrations here. First,
the measure of GDP is built on how many goods are produced in a country, times their value, and the
value is measured by the cost at which they are sold, because it is a convenient measure. Now think of
the progress of computers, whose price has fallen dramatically the last decades. Given the same amount of
computers sold, the falling prices due to progress in technology translates into lower GDP, in other words,
negative economic growth, although this is the result of fantastic innovation and increasing productivity.
Also take a moment to think of everything that is free on the Internet, from educational material to all
sorts of entertainment. Since it is free, that welfare does not show up in the GDP measure, yet it is not
straightforward why a visit at the cinema should contribute to GDP but watching the same film at home
should not.
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countries’ productivity. Therefore, it seems reasonable to counter suggest that productivity
growth should be the dependent variable rather than economic growth. This is indeed a
plausible solution. However, it runs the risk of underestimating the effect of infrastructure
expansions on economic growth. The reason for this is the following: if an expansion of the
infrastructure of a country has an enhancing effect on that country’s productivity, then it
is likely that, as a consequence, more investment follows in human and physical capital as
well, since the return on is now higher than before. For example, if the electricity supply of
a town is expanded and problems with electricity shortages cease, more people may decide
to buy electric machinery that help them in their production, which further increases
productivity. Part of the effect from this electricity supply expansion will be contributed
to productivity growth, but part will be also be contributed to growth in physical capital,
due to the buying of more machinery. Having productivity as the dependent variable
would thus capture this first effect but not the second, even though both are really the
consequence of the expansion in electricity generating capacity.

4.2.2 How to measure the infrastructure

Next is the choice how to measure the infrastructure. It may seem straightforward to simply
use the amount of money invested (accounted for exchange rates and price levels). This is
one possibility, and it has indeed been used frequently in studies on the subject. But this
thesis will instead use physical measures; numbers of telephone main lines and kilowatts of
electricity generating capacity. The primary reason is not to fall victim of a distortion that
is entailed in using monetary measures, especially on data on developing countries, which
was pointed out by Pritchett (1996). The distortion stems from the fact that the owner
of infrastructure projects is frequently the government rather than private actors. This is
important because governments have an amplified tendency not to act profit-maximizing
actors, meaning that efficiency might be low and the cost much higher than “it needs
to be”. Having compiled information from various World Bank infrastructure projects in
different countries in the world, the cost for constructing one kilometre of similar (!) roads
was compared, measured in 1985$. The differences are huge. The average cost was 287’350
1985$, with the highest cost of 771’068 1985$ in Honduras and the lowest of 65’277 1985$
in Sri Lanka. Again, the figures are for similar roads. For sure, an important part of the
differences could be due to different technical challenges depending on the situation of the
road, not taken sufficiently into account even if the comparison looked for “similar” roads.
But it also seems that a substantial part stems from different government effectiveness
(Pritchett 1996). Based on these figures, if Honduras and Sri Lanka both invested in the
same number of kilometres of road, a researcher using monetary measures would be lead to
believe that Honduras built 771′085/65′277 ≈ 11, 8 more kilometres of road than Sri Lanka.
If previous investments in roads are used as a measure of the infrastructure stock in each
country (which is the case in this thesis), this becomes problematic. Pritchett further
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reports that, typically, developing country creates less than 50 cents worth of capital for
every dollar invested in these kinds of projects. Since this thesis also looks specifically into
the difference in the effect of infrastructure expansions for developing countries, avoiding
monetary measures is especially important.

Furthermore, this thesis will use data on two specific kinds of infrastructure, which means
that the estimations never try to take a measure on the complete infrastructure stock in
a country. Therefore the results do not necessarily speak for the phenomenon of infras-
tructure as a whole (the questions of how much can be generalised from these results will
be discussed later). But at the same time, the very same drawback is also part of this
approach’s strength. Again, Pritchett (1996) has an illustrative scenario: compare two dif-
ferent infrastructure investments, one erecting pyramids and one digging canals. Of course,
the pyramids in this scenario need not refer to actual pyramids (it has indeed been quite
a while since any were built), but rather they work as metaphors for highly unproductive
investments. In reality, as Pritchett points out, any country will have both pyramids and
canals, and many pyramids may in fact disguise themselves as being canals. For example,
roads linking important markets can have a large impact on productivity (canals) while
other roads may lead practically nowhere or simply end up at the country leaders summer
palace (pyramids). The interesting question for a policy maker is not whether pyramids
are productive – to that we already have the answer – but whether canal-like investments
have a significant impact on countries’ productivity, and thus we want to get rid of the
pyramids in the data set. One way of doing this is precisely to choose specific kinds of
infrastructure to investigate.

4.3 The countries under investigation

The estimations in this thesis will be carried out twice, each time for two different sets of
countries. The first round will use all the countries in the data set, which covers roughly
half of the countries in the world, and has much variation in initial GDP per capita, size,
initial stocks of infrastructure as well as geographical location. The second round will
narrow the scope down to developing countries. However, despite the frequent use of this
term, there is really no agreed upon definition of what developing countries are.6 This
thesis chooses to define all countries who appear in the lower half of GDP per capita in
1960 as developing countries. This is not to suggest that these countries are necessarily
especially similar to each other in any other respect. But the distinction of this group
will hopefully reveal whether the relationship between economic growth and expansions

6According to the World Bank, the countries that are classified by the bank as low income and mid-
dle income countries are “generally referred to” as developing countries. This excludes the group of
high income countries from the group of developing countries, which in the latest classification 2012
made the developing countries constitute about 65 % of all the countries. For more information, see
http://data.worldbank.org/about/country-classifications.

11



of infrastructure varies with the initial level of GDP, something that earlier research has
suggested to be the case.

5 Getting familiar with the data

It is now time to more thoroughly present the data used for the estimations. The data set
includes 110 countries and spans four decades, ranging from 1955 to 1995. As such, the data
set is fairly large both in terms of countries and in terms of years covered. The strength
of this is that it allows for results that are far more general compared to the studies that
normally employ the VECM technique, since most of these are confined to either single
countries or small and fairly homogenous groups of countries (Romp, De Haan 2007).

5.1 Presenting the data set

The infrastructure data have been compiled by Canning (1998), who have cross-checked
several sources in order to confirm that the data are reliable, and this has showed that both
the data on telephone main lines and electricity generating capacity are consistent between
sources. Since the inferences drawn from working with data will inescapably inherit the
quality of the data itself, this is important for the analysis to be trustworthy. Indeed, earlier
research have been criticized several times for its us of low quality data (Drewer 1980).7

The data on economic growth, proxied by growth in GDP per capita in constant prices,
is taken from the often used Penn World Tables, a database with various macroeconomic
measures on 189 countries, starting in 1950 and reporting up until recent years (Heston
and Summers 2012).

5.2 The power of the natural logarithm

Before any of the variables are used in the analysis, they are transformed twice. First,
number of telephone main lines is divided by the size of each country and electricity gen-
erating capacity is divided by the population in each country. Second, all variables are

7While a stance of only working with higher quality data does indeed forego much data that is out there,
it still does not miss out on much scientific value, since, simply put: “garbage in, garbage out”. This is
why, even though the data set compiled by Canning (1998) originally included six different measures on
infrastructure: kilometres of road, kilometres of paved road, kilometres of railway line; number of telephones
and of telephone main lines; and kilowatts of electricity generating capacity, only two are used. The author
reports himself that the data on roads and railroads seem highly unreliable, why these variables were not
included in this study. Neither was number of telephones included, since it is not primarily decided as
infrastructure expansions, but as consumer choices. For this reason this variable does not fit into this
analysis, but might nonetheless be of great interest elsewhere.
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transformed into logarithmic form. The reason is that this is deemed to best mimic the
real relationship between the GDP and infrastructure variables since it creates a constant
elasticity relationship (Wooldridge 2008). If the variables are kept in level form, this would
mean that no matter the level of GDP per capita, the return of another kilowatt of elec-
tricity generating capacity always has the same effect on GDP in absolute dollars. Vice
versa, it would also mean that no matter the level of capacity already achieved, another
kilowatt would always have the same return. Since it seems more reasonable to believe
that the levels of both GDP and infrastructure already in place does matter for the effect
of another kilowatt of capacity, the variables will be used in the logarithmic form.

Now that the reader is acquainted with all the variables and knows their content, they will
often be referred to asGDP , mainlines and electricity, for space saving reasons. Whenever
these words are in italic, the reader will therefore know that it is the variables that are
referred to (per square kilometre or per capita, and in logarithmic form), in contrast to the
wider sense of the phenomena that they represent.

5.3 A few stylized facts

It is interesting to note a few stylized facts in the data. Based on the historical finding
of high correlation between GDP per capital and the investments in infrastructure, one
expects to find a high correlation in this data set as well. This is indeed the case. The
correlation between GDP and mainlines is 78.1 % and the correlation between GDP and
electricity is 90.5 %. This means that, in this data set, a higher value on GDP per capita
is generally accompanied by a higher value of both the infrastructure variables, to a very
high extent.

Another way to see this is to divide the countries into quarters. Tables 1, 2 and 3 show a
division into quarters made on data in 19608 and what is notable is to which extent countries
end up in the same quarters in terms of GDP per capita as they do in infrastructure stock,
at least for the highest quarter. Compare table 1 with table 2 and table 3. Those countries
that do not appear in the same quarter in the table on telephone main lines (table 2) and
electricity generating capacity (table 3) as in GDP (table 1), is distinguished by italic.
Interestingly, the uppermost quarter has very few countries in italic. 13 our of the 17
countries in the uppermost quarter when it comes to mainlines are also included in the
highest quarter in terms of GDP per capita. In the highest quarter based on electricity
capacity per capita, only one country – Zimbabwe – does not belong to the highest quarter
in terms of GDP per capita. Clearly, a higher infrastructure stock and a higher GDP per
capita tend to go hand in hand.

8Since these tables only include those countries which have data in the year of 1960, not all countries in
the data set are represented.
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Table 1: Countries in sample categorized according to GDP per capita in 1960

Lowest quarter 2nd lowest quarter 2nd highest quarter Highest quarter

Benin Bolivia Algeria Argentina
Burkina Faso Cameroon Angola Australia
Cape Verde Islands Central African Rep. Barbados Austria
China Chad Brazil Belgium
Democratic Rep. of Congo Dominican Republic Chile Canada
Ethiopia Ecuador Colombia Denmark
Gambia Egypt Costa Rica Finland
Ghana Guatemala Cyprus France
Guinea-Bissau Guyana El Salvador Iceland
India Honduras Fiji Ireland
Indonesia Ivory Coast Gabon Israel
Kenya Jordan Greece Italy
Lesotho Madagascar Guinea Japan
Malawi Malaysia Hong Kong Luxembourg
Mali Morocco Iran Netherlands
Mauritania Mozambique Jamaica New Zealand
Nepal Niger Mauritius Norway
Nigeria Panama Mexico South Africa
Pakistan Philippines Namibia Spain
Republic of Congo Senegal Nicaragua Sweden
Romania Singapore Paraguay Switzerland
Tanzania South Korea Peru UK
Thailand Sri Lanka Portugal USA
Togo Syria Seychelles Uruguay
Uganda Taiwan Trinidad & Tobago Venezuela
Zambia Zimbabwe Turkey
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Table 2: Countries in sample categorized according to number of telephones mainlines per
square kilometer in 1960

Lowest quarter 2nd lowest quarter 2nd highest quarter Highest quarter

Angola Australia Argentina Austria
Benin Chile Canada Barbados
Cameroon Egypt Colombia Belgium
Cape Verde Islands Guatemala Cyprus Denmark
Ethiopia India Fiji France
Guinea Iran Finland Hong Kong
Guinea-Bissau Jordan Greece Israel
Guyana Malaysia Iceland Italy
Indonesia Mexico Ireland Japan
Ivory Coast Morocco Jamaica Luxembourg
Mali Pakistan New Zealand Mauritius
Mozambique Rwanda Norway Netherlands
Niger Senegal Portugal Singapore
Nigeria Syria South Africa Sweden
Paraguay Thailand Spain Switzerland
Tanzania Tunisia Sri Lanka UK
Togo Turkey Taiwan USA
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Table 3: Countries in sample categorized according to electricity generating capacity per
capita in 1960

Lowest quarter 2nd lowest quarter 2nd highest quarter Highest quarter

Benin Algeria Argentina Australia
Burkina Faso Angola Barbados Austria
Cape Verde Islands Bolivia Brazil Belgium
Central African Rep. Cameroon Chile Canada
Chad Democratic Rep. of Congo Colombia Denmark
Ethiopia Dominican Republic Costa Rica Finland
Gambia Ecuador Cyprus France
Ghana Egypt Greece Iceland
Guinea-Bissau El Salvador Guyana Ireland
India Fiji Honduras Israel
Indonesia Gabon Jamaica Italy
Ivory Coast Guatemala Mauritius Japan
Kenya Honduras Mexico Luxembourg
Lesotho Malaysia Namibia Netherlands
Madagascar Morocco Panama New Zealand
Malawi Nicaragua Peru Norway
Mozambique Paraguay Portugal Spain
Nepal Philippines Romania Sweden
Niger Senegal Singapore Switzerland
Nigeria South Korea Taiwan UK
Sri Lanka Syria Trinidad & Tobago USA
Tanzania Turkey Uruguay Venezuela
Thailand Uganda Zambia Zimbabwe
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Table 4: The task of correctly specifying the model

(1) Are the variables stationary?
If yes, then use:
Vector autoregression (VAR) model
If no, then check:

(2) Are the first-difference versions stationary?
If so, then check:

(3) Does there exist a cointegrating relationship?
If yes, then use a vector error correction model (VECM)
If no, then use a vector autoregression (VAR) in first differences

6 Working through the technicalities

The reader has already been revealed to the exact model that is used for this thesis estima-
tions, but as briefly mentioned before, this was not a choice that could be done without first
investigating some properties of the data. It was also mentioned that some of the problems
with previous research is possible non-stationarity of the variables. This creates spurious
(and statistically significant!) estimates (Granger, Newbold 1974). This is an important
problem that will be addressed here. It is usually solved by using first differenced variables
(“∆ variables”), but if there exists a long-run equilibrium between the variables that is
not taken into account, this will still miss out on some of the information contained in
the data (Engle, Granger 1987). Before digging into the real estimations, these technical-
ities therefore have to be sorted out. Given the already made choice of using a statistical
technique in the vector autoregression family – that allows both economic growth and the
infrastructure variables to be endogenous – the process of correctly choosing the model is
deciding which of the family members to use. Table 4 summarizes the possible alternatives
and the questions to be asked in order to lead us to the right one.9

6.1 Checking for stationarity

Checking for stationarity is a technical term for trying to decide whether the variables have
a mean, variance and autocovariance that do not change with time (Enders 2010 p. 54).
But in the case of the three variables at hand here, it is evident that they all have some
sort of trend upwards, which means that the mean changes with time. Because of this,
the checking is not for regular stationarity, but for so-called trend-stationarity, which is a
deterministic trend where there deviations are stationary (Enders 2010 p. 183).

To do this, a panel unit root test called the Im-Pesaran-Shim (IPS) test is carried out

9The procedure largely follows the famous Engle and Granger methodology (Engle, Granger 1987).
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Table 5: Test of stationarity: Im-Pesaran-Shim test statistics

Statistic GDP mainlines electricity

Value p-value Statistic p-value Statistic p-value
Wt 2.727 0.9968 4.647 1.000 2.524 0.994

Statistic ∆GDP ∆mainlines ∆electricity

Value p-value Statistic p-value Statistic p-value
Wt -38.541 0.000 -13.742 0.000 -29.710 0.000

The H0 for the level variables: non-stationarity against alternative of trend stationarity

The H0 for the ∆ variables: non-stationarity against alternative of “regular” stationarity

separately for all three variables. There are in fact several panel unit root tests to choose
among, but the IPS test has some characteristics that are advantageous in this case. Firstly,
it allows for heterogeneity among the countries since all panels have their own individual
unit root test, which are subsequently averaged across the whole data set. This means
that the countries are allowed to have different time trends, different intercepts and differ-
ent autoregressive coefficients. Furthermore, the residuals are also allowed to be serially
correlated and heterogeneous (Im, Pesaran & Shin 2003). The results from the IPS test
for each separate variable can be seen in table 5. In each case, the null hypothesis of all
countries having a unit root is very (!) far from rejection. Thus, while a non-rejection
of a null hypothesis is generally not a very strong evidence for the null hypothesis, the
distance from rejection still suggest that we can be fairly confident that the three variables
are non-stationary. As such, they should not be used for regressions in this form, since this
runs the risk of generating spurious correlations. Given this result, the variables are first-
differenced, which means that new variables are created which are defined as the difference
between all adjacent periods. For example, by definition, the growth (or decline) in GDP
per capita is the first-difference version of GDP per capita since it expresses the differ-
ence between one period’s observation and the next. Using the same procedure as above,
these variables are now tested for stationarity. The only difference is that the alternative
hypothesis now is “regular” stationarity, since any time trend would be removed when
differencing. The result is also included in table 5. The test statistics and the p-values
strongly suggest a rejection of the null hypothesis, and so it seems that the “∆ variables”
are stationary.

6.2 Checking for the existence of cointegrating relationships

Given the answer of stationarity of the first-differenced variables, the next question is
whether there exists a long-run equilibrium relationship between GDP and mainlines and
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Table 6: Test of cointegration: Westerlund test statistics

Statistic GDP and mainlines GDP and electricity

Value p-value Value p-value
Gt -2.740 0.000 -2.372 0.432
Ga -13.376 0.024 -15.132 0.000
Pt -17.485 0.934 -21.163 0.001
Pa -9.752 0.117 -15.284 0.000

The H0: no cointegrating relationship

GDP and electricity respectively. This is what is, in statistical terms, called a cointegrating
relationship. There are several different panel cointegrating tests that can be used, each
with its own set of assumptions, strengths and weaknesses (Breitung, Pesaran 2005). This
thesis will use the test developed by Westerlund (2007), which allows for heterogeneous
trends, slopes and short run dynamics, as well as cross-sectional dependence. In other
words, there is no need to assume that all the countries in the panel have the same long-
run equilibrium (which presumably would be violated) for the test to work. Neither is
it necessary to pretend that the countries do not experience some dependence on each
other. Since countries bordering each other might have an effect on each other through
spill over effects, collaborations or demonstration effects, this is an important feature of
the test.

The test is constituted of four different subtests, all of them testing the null hypothesis of no
cointegration between GDP and the respective infrastructure variable (Persyn, Westerlund
2008). The results can be seen in table 6. For mainlines, the evidence is a bit mixed and
it is difficult to know what to make of it. For electricity, however, all the results suggest
a rejection of the null hypothesis in favor of the alternative hypothesis of a cointegrating
relationship except for one, making a pretty strong case for using a VECM.

6.3 Specifying the model to be used

As the reader already knew, the properties of the data – the non-stationarity of the original
variables, the stationarity of the first-differenced variables and the presence of a cointe-
grating relationship – suggest that a VECM is the way to go, in order to capture all the
relevant information contained in the data. Now this has also been showed to be the case.
For mainlines, the evidence suggesting to use a VECM was not conclusive, but running
the estimations both with and without the error correction term suggests that a VECM
captures something that the other models do not, why it was decided to use it.

The intuition behind the VECM is in fact pretty simple. It says that there is a long-
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run equilibrium, also called a cointegrating relationship, between the two variables in the
regression. This long-run equilibrium can be due to a direct feedback between these two
variables, or to some more complex system which the variables are part of. The point is
that when there is a deviation from the long-run equilibrium, there will be a response to it
by either one or both of the variables. This is called the “long-run dynamics”. However,
while this may be interesting, it will not be given the focus in this thesis. The focus will
instead be on the so-called “short-run dynamics”, which refer to the effect of the lagged
variables (see equation 3) (Enders 2010 pp. 366-367). But the term short-run dynamics is
a bit misleading in this case since the lagged variables are allowed to reach rather far back
in time. The reason for this is that, as Drewer has pointed out (Drewer 1980), construction
products are essentially investment goods and they are normally expected to supply services
for a long time.

A VECM may be fairly straightforward in regular time series data, but a few complications
are snuck into the statistical analysis with the use of panel data. The primary issue is
whether the countries can be thought of as homogenous with regard to the relationship
between the two variables. The mere size of this data set, which includes half of the
countries in the world, makes this assumption rather unreasonable. It is therefore important
to use a panel VECM that allows for heterogeneity. This has also been advocated by other
researchers, even with the use of smaller and more homogenous data sets (Romp, De Haan
2007, Canning, Pedroni 2008). The specific panel model that will be used here has been
developed by Holtz-Eakin, Newey and Rosen (1988), and it is seen in equation 1.

∆yit = αy,0t +
m∑
j=1

αy,jt∆yit−1 +
m∑
j=1

δjt∆xit−j + ψy,tfy,i + uy,it

∆xit = αx,0t +
m∑
j=1

αx,jt∆yit−1 +
m∑
j=1

δjt∆xit−j + ψx,tfx,i + ux,it

(1)

where fi is an unobserved fixed effect and the coefficients α0t, α1t, ..., αmt, δ1t, ..., δmt, ψt are
the coefficients of the linear projections10 of yit and xit on a constant, their own past values
and the individual effect fi, and where:

10The specification as a projection implies that E(yisuit) = E(xisuit) = E(fiuit) = 0 for s < t, which
implies that lagged values of y and x qualify as instrumental variables for equation 1. This is what is later
used for the estimations.

20



yit is log(GDP per capita) for country i in year t

and

xit is one of the following: log(number of mainlines per km2) for country i in year t
log(kilowatts of electricity capacity per capita) for country i in year t

Thanks to the specific set-up of this model, the countries are allowed to be heteroge-
neous in two ways. The first is that they will each be allowed to have their own intercept,
thanks to the unobserved fixed effect ψtfi term, which in practice means that their mean
of the variables is allowed to differ. Differing means is very important, since it is clear
that this is the case in reality. For example, we know that, say, South Korea – one of
the high performing Asian economies – and, say, Nigeria have quite different averages of
GDP growth over the years that the data spans. Using a model that restricts them to
have the same intercept would thus not be able to estimate the true behavior of the data.
The second way that the countries can differ is by having different variance in the error
term, which in practice means different variance in the dependent variable. This is not
seen explicitly in the equation, but it is used in the estimation by the model. But before
any estimation can take place, the ψtfi term must be removed from the equation since it
is by construction unknown. With the lags included, this becomes a bit complicated, but
it is solved by quasi-differencing, which yields equation 2.

∆yit = ay,t +
m∑
j=1

αj∆yit−j +
m∑
j=1

δj∆xit−j + vy,it

∆xit = ax,t +
m∑
j=1

αj∆yit−j +
m∑
j=1

δj∆xit−j + vx,it

(2)

where

rt = ψt/ψt−1

at = α0t − rtα0t−1

c1t = rt + α1t

clt = αlt − rtαl−1,t−1

cm+1,t = −rtαm,t−1

d1t = δ1t

dlt = δlt − rtδl−1,t−1

dm+1,t = −rtδm,t−1

vit = uit − rtui,t−1.
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However, since a VECM is to be used, this equation has been further augmented by an
error correction term, which represents the deviation from the long-run equilibrium, to
take on the form in equation 3, which is used in the regressions.

∆yit = ay,t +

long-run dynamics︷ ︸︸ ︷
φet−1 +

short-run dynamics︷ ︸︸ ︷
m+1∑
j=1

αj∆yit−j +
m∑
j=1

δj∆xit−j +vy,it

∆xit = ax,t + φet−1︸ ︷︷ ︸
long-run dynamics

+

m∑
j=1

αj∆yit−j +

m+1∑
j=1

δj∆xit−j︸ ︷︷ ︸
short-run dynamics

+vx,it

(3)

The deviation from the long-run equilibrium, et−1, is approximated by the lagged residuals
from the simple regression of economic growth on the infrastructure variable and a constant.
If there truly is a cointegrating relationship, these two regressions (GDP on mainlines,
and GDP on electricity) should yield superconsistent estimates, which indeed is what
happens. Also, the residuals should be checked for stationarity, just as the other variables.
The p-values from such a test are reported in table 7, which, as is necessary, suggest that
they are stationary. The appropriate number of lags, m in the equation, is critical. If too
small, the model is misspecified; but too many and degrees of freedom are wasted (Enders
2010 p. 316). The number of lags is chosen here with the criteria that the last included
lag of the infrastructure variable is statistically significant in explaining GDP growth. The
initial value of lags is chosen to be eleven, the maximum that the estimation can take for
technical reasons, and trimmed down if necessary according to this rule. For mainlines,
the model is reduced to four lags and for electricity, the model is kept at eleven lags. In
principle, it is possible for allow different number of lags for GDP and the infrastructure
variable. As we will see later, the last lag of GDP included is generally not statistically
significant and could be removed. However, OLS is only consistent and asymptotically
efficient as long as the equations have identical regressors in each equation (Enders 2010
p. 315), why the lagged variables are equally many for both GDP and the infrastructure
variable. After the estimations are run, the adequacy of the model is checked by testing
that the residuals do not contain any valuable information that the model misses, namely
that they act as white noise, which is assumed in the model. Running such a test yields the
reassuring result that the residuals indeed behave as white noise for nearly every country,
suggesting that enough lags are included.11

11The exact results are not reported here since they are in graph format and thus takes up quite some
space.
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Table 7: Test of stationarity on the error correction terms: Im-Pesaran-Shim test statistics

Statistic main lines equation electricity equation

Value p-value Statistic p-value
Wt -31.0329 0.000 -28.6164 0.000

The H0 is non-stationarity against alternative of ”regular” stationarity

7 The findings

We now turn to trying to answer the research questions posed earlier in section 3. Let us
treat them one by one.

7.1 Growth-induced or growth-initiating?

The first research question asked whether telephone main lines and electricity generating
capacity are induced by economic growth and/or whether they initiate it. In other words,
in what direction(s) does the causality run? The estimations of the VECM now let us
answer this question by looking at tables 8 and 10, which are results when the whole data
set is used. The columns that are particularly interesting for this question are columns
1 and 4. Column 1 reveals the usefulness of ∆infrastructure in forecasting ∆GDP and
column 4 shows the other direction. Here we look for statistical significance, indicated by
stars, and leave the question of relevance of magnitude for later. The statistical significance
indicated by the stars in the table is found using a regular t-test on each of the lags. Using
all the countries in the data set, we see that the relationships between growth in GDP and
expansions of telephones main lines and electricity generating capacity are both two-way,
namely that telephones main lines and electricity generating capacity seem both to induce
and be initiated by economic growth. This result means that expansions of these two
kinds of infrastructure Granger cause economic growth, and also that economic growth
Granger causes expansions of these two kinds of infrastructure. This is seen by the fact
that there are stars appearing in both columns 1 and 4, both for telephone main lines
and electricity generating capacity. If it for example had been the case that the stars
consistently appeared only in the first but not in the last column, this had instead been an
indication of that GDP tends to respond to changes in the infrastructure stock, but not vice
versa. Given the results of an indication of a mutual dependence, treating them both as
endogenous, as is done in this VECM approach, indeed seems important for understanding
the relationships between them and therefore questions earlier work that does not use a
research method that copes with this endogeniety. Now, what happens when the same
estimations are run using only the developing countries? Something interesting occurs,

23



Table 8: Results from estimation of telephone main lines and economic growth, using whole
data set

∆GDPt ∆mainlinest ∆GDPt ∆mainlinest

∆mainlinest−1 0.069* 0.200*** ∆GDPt−1 0.059* 0.059**
(0.037) (0.069) (0.031) (0.029)

∆mainlinest−2 0.092*** 0.138*** ∆GDPt−2 0.041 - 0.032
(0.025) (0.039) (0.030) (0.030)

∆mainlinest−3 0.043** 0.010 ∆GDPt−3 0.016 - 0.014
(0.020) (0.030) (0.027) (0.033)

∆mainlinest−4 0.047** - 0.037 ∆GDPt−4 0.054 - 0.003
(0.022) (0.027) (0.035) (0.026)

The stars indicate level of statistical significance.

* = 90 %, ** = 95 %, *** = 99 %.

NOTE: All the variables are first quasi-differenced

namely that the growth-induced relationship – that causality runs from economic growth
to expansions of infrastructure – looses all statistical significance for both telephones main
lines and electricity capacity when the individual lags are subjected to a t-test. This is
seen in tables 9 and 11, where the stars totally disappear from the last columns, but stay in
the first. However, t-tests only test each variable separately, but since we are interested in
GDP s total effect on the infrastructure variables, summed over all the relevant lags, a joint
test of all the lags of GDP should be performed. A simple F-test reveals that GDP still
Granger causes expansions of telephone main lines even though each lag is not statistically
significant. In the case of electricity generating capacity, however, an F-test gives the result
that economic growth does not Granger cause expansions of electricity generating capacity
when this subsample of countries is used. Thus the experience of developing countries,
as defined in this thesis, is indeed different than the experience of the whole sample of
countries.

7.2 Which direction dominates and are the results relevant?

However, it is not primarily statistical significance that is of interest. The term statistical
significance may in fact be somewhat deceiving in that it is easily confused with significance.
But really, statistical significance only means that we can be fairly confident that the
figures are not just fluke, but that there is something there. As a prominent statistician
has advocated, it should more accurately be called measurable rather than statistically
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Table 9: Results from estimation of telephone main lines and economic growth, developing
countries

∆GDPt ∆mainlinest ∆GDPt ∆mainlinest

∆mainlinest−1 0.064 0.310*** ∆GDPt−1 -0.006 0.046
(0.042) (0.083) (0.036) (0.038)

∆mainlinest−2 0.106*** 0.127*** ∆GDPt−2 - 0.050 -0.020
(0.030) (0.046) (0.041) (0.034)

∆mainlinest−3 0.067** 0.031 ∆GDPt−3 - 0.022 -0.005
(0.029) (0.038) (0.043) (0.036)

The stars indicate level of statistical significance.

* = 90 %, ** = 95 %, *** = 99 %.

NOTE: All the variables are first quasi-differenced

significant, so as to better remind us of what the term really means (Leamer, 2010).12 The
point is that if it were the case that the magnitudes of the effect of infrastructure expansion
on GDP per capita are tiny, it is in fact not very significant in terms of relevance, even
though it may be statistically significant. Trying to determine the “real” significance
of those variables that are measurable, is thus the task of research questions two and
three: Which direction dominates and is the effect of infrastructure expansions on economic
growth of any real relevance? Let us now turn to that.

When trying to get a sense of the magnitudes of the estimates, we must remember that all
the variables in the regressions are quasi-differenced, which, in a somewhat simplified sense,
means that the fixed-effect has been removed. Table 12 summarizes some key characteristics
of all three variables both before and after the quasi-differencing (where qd means quasi-
differenced) when using the whole data set. Table 13 does the same thing for the sample of
developing countries. It can be seen that, for the whole data set, when having removed the
fixed-effect from ∆GDP , the average value goes down from 1.84 % to 0.54 %. This suggests
that the larger part, roughly two thirds, of what determines economic growth, as measured
by growth in GDP per capita, comes from fixed effects.13 Since infrastructure expansions
are not part of fixed effects, the VECM investigates their power in forecasting the part of
∆GDP that is left when the fixed effects are removed, which must be kept in mind.

12In the podcast Econtalk on the 10th of May 2010, Edward Leamer, the author of the famous paper
“Lets take the con out of econometrics”, talks about his preference for using the term “measurable”. The
conversation can be found at: http://www.econtalk.org/archives/2010/05/leamer on the s.html.

13Which can be anything that does not vary much with time, such as institutions, regulations, culture,
and so on.
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Table 10: Results from estimation of electricity generating capacity and economic growth,
using whole data set

∆GDPt ∆electricityt ∆GDPt ∆electricityt

∆elect−1 0.028** 0.034 ∆GDPt−1 0.085*** 0.070*
(0.012) (0.040) (0.031) (0.036)

∆elect−2 0.010 0.048* ∆GDPt−2 - 0.061** - 0.088*
(0.011) (0.025) (0.030) (0.053)

∆elect−3 0.026** 0.040** ∆GDPt−3 0.013 0.019
(0.011) (0.018) (0.033) (0.038)

∆elect−4 0.024*** 0.018 ∆GDPt−4 - 0.031 0.106***
(0.009) (0.016) (0.027) (0.038)

∆elect−5 0.024*** 0.018 ∆GDPt−5 - 0.092** - 0.015
(0.009) (0.016) (0.027) (0.039)

∆elect−6 - 0.000 0.018 ∆GDPt−6 0.046* 0.130***
(0.010) (0.013) (0.025) (0.037)

∆elect−7 0.020** 0.024* ∆GDPt−7 0.014 - 0.037
(0.008) (0.014) (0.025) (0.036)

∆elect−8 - 0.001 0.033* ∆GDPt−8 - 0.023 0.066
(0.008) (0.018) (0.025) (0.042)

∆elect−9 0.010 0.019 ∆GDPt−9 0.008 0.062
(0.008) (0.018) (0.023) (0.042)

∆elect−10 - 0.001 0.020 ∆GDPt−10 0.002 0.060*
(0.010) (0.014) (0.024) (0.036)

∆elect−11 0.026** - 0.006 ∆GDPt−11 - 0.002 0.022
(0.011) (0.017) (0.026) (0.036)

The stars indicate level of statistical significance.

* = 90 %, ** = 95 %, *** = 99 %.

NOTE: All the variables are first quasi-differenced
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Table 11: Results from estimation of electricity generating capacity and economic growth,
developing countries

∆GDPt ∆electricityt ∆GDPt ∆electricityt

∆elect−1 0.032** - 0.080 ∆GDPt−1 0.019 0.069
(0.014) (0.128) (0.036) (0.045)

∆elect−2 - 0.009 0.036 ∆GDPt−2 - 0.064* - 0.086
(0.012) (0.028) (0.038) (0.066)

∆elect−3 0.029** 0.068*** ∆GDPt−3 - 0.015 0.068
(0.012) (0.019) (0.041) (0.062)

∆elect−4 0.027*** 0.064** ∆GDPt−4 0.004 0.091
(0.010) (0.031) (0.035) (0.056)

∆elect−5 0.024** 0.034 ∆GDPt−5 - 0.087*** - 0.015
(0.011) (0.022) (0.031) (0.048)

∆elect−6 0.001 0.038** ∆GDPt−6 0.028 0.040
(0.011) (0.016) (0.029) (0.045)

∆elect−7 0.027*** 0.030** ∆GDPt−7 0.028 - 0.027
(0.008) (0.015) (0.029) (0.042)

The stars indicate level of statistical significance.

* = 90 %, ** = 95 %, *** = 99 %.

NOTE: All the variables are first quasi-differenced
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Table 12: Summary statistics when the whole data set is used

No. of Standard
Variable observations Mean deviation Minimum Maximum

∆GDP 4202 0.0184 = 1.84 % 0.0635 - 0.5430 0.4924
∆mainlines 3357 0.0785 = 7.59 % 0.0743 - 0.5776 0.6531
∆electricity 3989 0.0472 = 4.72 % 0.1399 - 2.4414 2.3063
∆GDP qd 4092 0.0054 = 0.54 % 0.0615 - 0.5706 0.5204
∆mainlinesqd 3247 0.0163 = 1.63 % 0.0696 - 0.6786 0.5555
∆electricityqd 3880 0.0224 = 2.24 % 0.1382 - 2.3869 2.3621

Table 13: Summary statistics for all variables when looking at developing countries

No. of Standard
Variable observations Mean deviation Minimum Maximum

∆GDP 2206 0.0148 = 1.48 % 0.0727 - 0.5430 0.4924
∆mainlines 1679 0.0863 = 8.63 % 0.0855 - 0.5776 0.6531
∆electricity 2057 0.0471 = 4.71 % 0.1638 - 2.4414 2.3063
∆GDP qd 2147 0.0055 = 0.55 % 0.0704 - 0.5706 0.5204
∆mainlinesqd 1620 - 0.008 = - 0.1 % 0.0809 - 0.6786 0.5555
∆electricityqd 1999 0.0249 = 2.49 % 0.1622 - 2.3869 2.3621

Given the logarithmic form of the variables, the interpretation of the variables becomes
fairly easy, since for positive values of GDP and small differences between adjacent time
periods, the following relationship holds (Wooldridge 2008 p. 705):

log(GDPt) − log(GDPt−1) ≈
GDPt −GDPt−1

GDPt−1

The same relationship naturally also applies to the other variables. This means that a unit
change (a change of 1) in GDP or any of the infrastructure variables is rather unlikely,
since it means a doubling from last year. Therefore, the estimated coefficients should not
be interpreted straight off the table, but should first be multiplied by some change in the
variable that is plausible in the real world. In table 12, some ideas of what is a reasonable
change can be found and, as was just pointed out, the variables used in the regressions
are the quasi-differenced variables why it is “real world” values of these that should be
used.

Consider first the relationship between GDP per capita and number of telephone main
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Table 14: The forecasted value of ∆GDPt using the expansions of telephone main lines for
an “average” country during an “average” year

Average value of
Year ∆mainlinest−year Effect on ∆GDPt

1 1.6 % 0.016 × 0.069 ≈ 0.11 %
2 1.6 % 0.016 × 0.092 ≈ 0.15 %
3 1.6 % 0.016 × 0.043 ≈ 0.07 %
4 1.6 % 0.016 × 0.047 ≈ 0.08 %

Prediction on ∆GDP given average values of ∆mainlines: 0.41 %

NOTE: The variables here are quasi-differenced.

lines. The average value of the quasi differenced ∆mainlines, shown in table 12, is 1.06 %.
Consider now the forecasting explanatory power in knowing the last five years of quasi-
differenced ∆mainlines, if these are just “normal years”, meaning that they all had a
value of roughly 1.06 %. Table 14 gives the result of this, namely 0.41 %. Is this a high or
low magnitude? We can compare 0.41 % to the average economic growth in the sample,
which is 0.54 %! This means that given average years for average countries, there is great
explanatory power in having information on the expansions of the telephone main lines
(perhaps it is so great so that it should render us suspicious of the possibility of some kind
of bias in the result, which will be discussed below). If the same exercise is done for the
case of electricity generating capacity, this variable Granger causes economic growth to a
large, if somewhat smaller, extent as well, predicting 0.32 % economic growth – again to
be compareded to the average of 0.54 %. This is shown in table 15.

But in order to know which direction dominates – the growth-initiating or growth-induced
– we must also pay interest to the opposite direction. Table 16 shows these calculations.
This direction is also significant, although a bit weaker. During average years for an
average country, the quasi-differenced ∆GDP forecasts 1.39 % out of the average 2.24 %
for quasi-differenced ∆electricity; and for quasi-differenced ∆mainlines, 0.30 % out of
average 1.63 %. Although the proportions are a bit smaller here in the growth-induced
direction than in the growth-initiating one, both directions are clearly significant – not
only in statistical terms, but also in relevance.

In summary, there are clear indications of a two-way relationship when looking at the whole
sample, although with the effect going from expansions of infrastructure to economic growth
being a bit stronger. In other words, given the estimations at hand, both economic growth
and infrastructure expansions Granger cause each other. And not only do both directions
exist, but they are both of a magnitude great enough to be of “real” significance. As
such, part of the differences in standards of living between countries today when measured
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Table 15: The forecasted value of ∆GDPt using the expansions of electricity generating
capacity for an “average” country during an “average” year

Average value of Effect on
Year ∆electricityt−year ∆GDPt

1 2.2 % 0.022 × 0.028 ≈ 0.06%
2 2.2 % -
3 2.2 % 0.022 × 0.026 ≈ 0.06%
4 2.2 % 0.022 × 0.024 ≈ 0.05%
5 2.2 % 0.022 × 0.024 ≈ 0.05%
6 2.2 % -
7 2.2 % 0.022 × 0.020 ≈ 0.04%
8 2.2 % -
9 2.2 % -
10 2.2 % -
11 2.2 % 0.022 × 0.026 ≈ 0.06%

Prediction on ∆GDP given average values of ∆electricity: 0.32 %

NOTE: The variables here are quasi-differenced.

Table 16: The forecasted value of ∆mainlinest and ∆electricityt using economic growth
for an “average” country during an “average” year

Average value of Effect on Effect on
Year ∆GDPt−year ∆mainlinest ∆electricityt

1 0.5 % 0.005 × 0.059 ≈ 0.30% 0.005 × 0.070 ≈ 0.35%
2 0.5 % - 0.005 × (−0.088) ≈ −0.44%
3 0.5 % - -
4 0.5 % - 0.005 × 0.106 ≈ 0.53%
5 0.5 % - -
6 0.5 % 0.005 × 0.130 ≈ 0.65%
7 0.5 % -
8 0.5 % -
9 0.5 % -
10 0.5 % 0.005 × 0.060 ≈ 0.30%
11 0.5 % -

Prediction on ∆mainlines given average values of ∆GDP : 0.30 %

Prediction on ∆electricity given average values of ∆GDP : 1.39 %

NOTE: The variables here are quasi-differenced.
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Table 17: The differences in average expansions of infrastructure between countries, over
the whole time span

Variable Mean Minimum Maximum

Average
∆mainlines 7.96 % 2.13 % 15.90 %
Average
∆electricity 4.79 % - 0.01 % 11.68 %

Averages computed per country

by GDP per capita, may actually be explained by differences between countries in how
much they have expanded their stocks of telephone main lines and electricity generating
capacity during this period. But this would of course only make sense if the countries
differ in how much emphasis they put on expanding their stocks of telephone main lines
and electricity generating capacity during these years. This indeed turns out to be the
case, as seen in table 17. The average country expanded its stock of telephone main lines
with 7.96 % per year, but the country that put the most emphasis on expanding had an
average annual growth of 15.90 % while the least expanding country had an annual growth
of 2.13 %. Likewise, the differences in annual expansion between countries in terms of
electricity generating capacity was also substantial according to the table. This allows
for differences in GDP per capita today to derive partly from differences in expansions of
infrastructure stocks.

Lastly, let us pay attention to the developing countries. When the initially richer countries
are removed from the sample, the growth-induced relationship not only weakens substan-
tially (as was seen above), but the growth-initiating relationships also shift in magnitude,
as seen in tables 9 and 11. But it is hard to judge straight off the tables exactly how big
this shift in magnitude is, since different lags react in different ways. In order to get a grip
of the extent of the net difference, we can use the same calculation method as above. In
order to be fully able to compare, we also keep the average values for expansions of tele-
phone main lines and electricity generating capacity (even though the averages actually
have shifted now that half the sample in gone). The prediction during an average year
using expansions of telephone main lines now yields 0.28 % instead of 0.41 %, a decrease
in magnitude of roughly a third. When using expansions of electricity generating capacity,
the result is now 0.31 % compared to the previous 0.32 %, hardly any difference at all.
This means that the effect of expanding the number of telephone main lines is less for this
sample of countries, whereas the effect of expanding the electricity generating capacity is
largely unchanged. This result are in fact contradictory to some of the earlier studies,
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which have found the effect to be greater in developing countries.14

8 Discussing the results

The results described above are highly indicative of the importance of expansions of tele-
phone main lines and electricity generating capacity for a country’s economic growth during
the years of 1955 - 1995. But while the results from the estimations can teach us patterns,
it is important to note that the VECM approach – or any statistical approach, really –
does not necessarily unveil casual relationships.15 True causality is elusive to prove, simply
because it is impossible to know for sure if everything relevant is accounted for. There may
for example always be some third factor that is correlated with both economic growth and
infrastructure expansions, who is the true underlying causal variable. The results are thus
only indicative of a casual relationship; never evidence of it. Having said that, what should
we make of the findings above?

What can be concluded with certainty is the tendency of growth in GDP to rise following
expansions of infrastructure, and that higher economic growth also tends to be followed
by expansions in infrastructure. This is on average, though, and equally important to
remember is that the estimations necessarily mask underlying, possibly large, variations.
It might also be the case, as just mentioned, that there is a third variable that consistently
covaries with expansions of infrastructure and that also affect economic growth, thereby
creating an upward bias in the estimates. Given the very large magnitude of the results, we
should perhaps be suspicious of this possibility. It could be demographic factors that are
connected to expansions of infrastructure, or urbanization rates, which themselves affect
economic growth in a positive way. It might also be that expansions of telephone main lines
and electricity generating capacity covary with overall expansions of infrastructure stocks,
making these variables almost into proxies of expansions of the whole infrastructure stock.
Given the large amount of money that infrastructure projects demand, however, this might
not be really plausible, at least not to a great extent.

Another interesting question is whether these average effects from the data set can be
thought of the average effect in the world of expanding infrastructure, given that they
would actually be correct. The answer is probably no. First, these estimations were run
using two specific examples of infrastructure and it would be careless to claim, without any
further investigation, that other types of infrastructure follow the same pattern. Second,

14Of course, this is partly a question of how the researcher defines developing countries, why one must
be careful in jumping to conclusions before addressing that issue.

15For instance, the fifth lag of ∆GDP tends to be negative and statistically significant in explaining
GDP today. This does not mean that a high growth in GDP five years ago causes a lower growth in GDP
today but probably rather that there is, on average, a regression to the mean going on. Good years are
often, sooner or later, followed by bad – or simply not as good – years.
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when using the whole dataset, the figures in the tables show what happens for the average
country during an average infrastructure expansion in that particular dataset. Statistical
findings can by their nature be generalized to the population from which the observations
were randomly drawn, and it is not evident that this data set can be thought of as ran-
domly drawn from the population of all countries. Though the countries included in the
dataset are highly heterogeneous in many respects, there may still be a systematic differ-
ence between those that are included and those that are not. Even some countries that
are included in the data set have many years of missing data and thus their story will not
come through as much in the estimations. If quality of statistical reporting and quality
in constructing infrastructure is correlated because both depend on capable governments,
this may create an upward selection bias. However, since the sample contains roughly half
of the countries of the world, the estimates should nonetheless be informative.

Lastly, it must be remembered that the estimations of the effect of telephone main lines
and electricity generating capacity on economic growth are based on historical values, and
history does not always translate into future. Therefore, what the results in this thesis tell
us is that expansions of these two kinds of infrastructure have been important during the
later half of the 20th century in determining economic growth. However, we are constrained
in determining their impact will be in the future. Structural changes occur that alter the
relationship between the infrastructure variables and their effect on economic growth. We
already know, for example, that the role of telephone main lines has changed and that
telecommunications itself may even become superfluous if the Internet becomes the future
way of connecting people. The lesson learnt for the future is rather that given the seemingly
important role for these two kinds of infrastructure in the past, these and/or other kinds
of infrastructure will probably continue being important into the future.

9 Concluding remarks

This thesis has shown that when looking at 110 countries during 1955 and 1995, having
information on the expansions of telephone main lines and electricity generating capacity,
greatly enhances the forecasting of economic growth in terms of GDP per capita. However,
also the reverse was shown to be true, and thus these two examples of infrastructure seem to
have been both growth-initiating and growth-induced during this period. This means that,
in the case of these two examples of infrastructure, expansions of infrastructure Granger
cause economic growth, and economic growth Granger causes expansions of infrastructure.
While this is far from conclusive evidence causal relationships, it is highly indicative of it.
Since only two examples of infrastructure, which can take on many different forms, have
been studied, nothing can yet be said for sure about the effect of infrastructure overall
on economic growth, though. It would be reasonable to expect that different kinds of
infrastructure indeed have different effects, which was also the case between the two kinds
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investigated in this thesis. To extend the study further, other kinds of infrastructure could
thus also be investigated, such as roads, Internet capacity, irrigation systems and so on.
Moreover, this study has only taken into account the quantity of infrastructure, but also
quality should matter highly for the effect that infrastructure has on economic growth.
As such, the estimates here must be seen as fairly crude. In conclusion, the jury is still
out on the question of exactly how much of the productivity differences between countries
that can be explained by differences in infrastructure, but at least this thesis has shown
that differences in infrastructure expansions seems to be an important variable to account
for.
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