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ABSTRACT

This dissertation provides a framework to guide the selection of domestic
transport infrastructure projects by providing a metric to assess their
general equilibrium effects. The framework is comprised of three
components: (i) a decision criterion that directs the selection of transport
infrastructure projects, (ii) a model that delivers the necessary information
for the application of the decision criterion, and (iii) a factor return analysis

that identifies distributional consequences.

The decision criterion according to which transport infrastructure projects
are to be assessed is defined as the increase in aggregate economic welfare,
measured as real income. The model is based on the structure of a small
open economy engaged in free trade with the rest of the world. Transport
costs are incurred when bringing output from the point of production to the
domestic gate of exportation. The reduction of such costs results in a
transport savings effect, through which the economy gains resources by
reducing output “waste”, and in an output effect characterized by changes in
the inter-sectoral allocation of output. The former is always positive, but the
latter may be positive, null or negative. The sum of these two effects,
evaluated at world market prices, determines whether the proposed
infrastructure project is welfare increasing, neutral or reducing. Finally, the

distributional analysis utilizes international trade models to examine the

iv



changes in factor returns that can result from changes in producer prices

caused by the introduction of transport infrastructure.

Once developed, the framework is applied to three selected transport
infrastructure construction/rehabilitation projects: two that have already
been completed, constituting ex post applications, and one that is still under
implementation, exemplifying an ex ante application of the framework. The
dissertation concludes with a discussion on limitations of the framework and

potential extensions.
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INTRODUCTION

American businesses cannot participate in the global economy if they cannot get
their products out the door. (...) There is broad and deep consensus among U.S.
exporters that deficiencies throughout America’s transportation system (...)
severely impact the ability of businesses to transport their goods to global markets.

(U.S. Trade Promotion Coordinating Committee 2011)
The dynamism of a country’s economy is closely linked to its ability to manage its
transport system. (...) The serious deficiencies in Brazil’s infrastructure, such as the
low density of its rail and road networks, lead to higher costs for local producers,
compared to those faced by producers in countries better endowed with
infrastructurel.

(Brazilian Federation of Chambers of Commerce 2015)
We need a global environment without trade barriers, and that facilitates
investment in infrastructure. In particular, greater investments are needed in roads,

railways and airports, to connect domestic markets to regional and global ones.
(Rwandan President Paul Kagame 2013)

Transport infrastructure is often regarded as a priority in developed,
emerging and developing economies alike, and has traditionally featured as
one of their governments’ largest investment spending categories. While the
transport sector as a whole accounts for around five percent of global Gross
Domestic Product (GDP) (Redding and Turner 2014), arguments favoring an
increase in infrastructure investment have been multiplying in recent years,
both in academic and in political circles. A recent report by the International
Monetary Fund (IMF) suggested that, following the economic and financial

crisis of 2008, an infrastructure push would be quite appropriate, as

borrowing costs are low and aggregate demand is weak in advanced

! Translated by the author from the original: “A movimentagcdo da economia de um pais é
extremamente ligada a sua capacidade de gerir seu sistema de transporte. (...) Os sérios
problemas do Brasil em relagdo a infraestrutura, como a baixa densidade das malhas
ferrovidria e rodovidria, acarretam em custos superiores aos gastos de indistrias em paises
com melhor infraestrutura”.



economies, and infrastructure bottlenecks abound in many emerging market
and developing countries? (International Monetary Fund 2014). In a
subsequent Financial Times article entitled “Why public investment really is
a free lunch”, former U.S. Treasury Secretary Lawrence Summers (2014)

added:

In its flagship publication, the IMF advocates substantially increased public
infrastructure investment, and not just in the U.S. but much of the world. (...) Most
notably, the IMF asserts that properly designed infrastructure investment will reduce
rather than increase government debt burdens. Public infrastructure investments
can pay for themselves. (...) in a time of economic shortfall and inadequate public
investment, there is for once a free lunch - a way for governments to strengthen
both the economy and their own financial positions. [Emphasis added]

Arguments such as these have been echoed around the globe, reinforcing the
idea that infrastructure is a sine qua non for stimulating growth and

increasing economic welfare, with the bonus that it can pay for itself.

It is the contention of this dissertation that, although it can be true, it is not
necessarily so. And as these discussions focus on infrastructure project
financing, they drown out any consideration of a more fundamental question,
i.e. of whether projects even yield a positive economic welfare impact3. Both
the IMF and Summers, for instance, acknowledge that infrastructure projects
“must be chosen in a reasonable way”, but neither discuss what a reasonable

selection criterion should entail, and how to apply it.

2The World Economic Forum (2012) estimates that the global infrastructure gap, i.e. the
difference between infrastructure needs and infrastructure spending, is of the order of USD
1 trillion, the equivalent of 1.25 percent of global GDP.

3 In this dissertation, economic welfare is measured as real income. For a more in depth
discussion, see chapter III.



Traditionally, it is assumed that infrastructure projects should provide some
value over and above the cost of financing them, i.e. a positive financial
return. This dissertation will nonetheless show that, in the case of
transportation, the positive financial return criterion is insufficient to ensure
that infrastructure generates aggregate economic welfare gains: which roads
connecting which sectors is an important part of the equation, and one that
needs to be evaluated before anything else, as even self-financing

infrastructure may lead to aggregate economic welfare losses.

But how does transport infrastructure affect a country’s economic welfare?
One channel widely discussed in the trade literature is the improvement of
export performance#, given infrastructure’s fundamental role in facilitating
the movement of goods within and between countries®>. Empirical studies
suggest that the development of transport infrastructure positively affects
trade primarily by reducing some costs associated with transportation.
Venables and Limdo (2001), for instance, have estimated that improving
destination infrastructure by one standard deviation lowers transport costs

by an amount equivalent to a reduction of 6,500 sea km or 1,000 km of

4 The literature on infrastructure also identifies other channels through which
transportation can affect welfare, such as facilitating access to education and health services.
However, these other channels are outside the scope of this dissertation.

5 The belief in the importance of infrastructure for trade performance is illustrated by the
establishment of the World Trade Organization’s Aid for Trade Initiative in 2005. Until
2011, the initiative channeled over USD 260 billion in trade-related assistance from bilateral
and multilateral donors to developing countries worldwide. Of this total, more than 55
percent was devoted to the construction or the rehabilitation of infrastructure, with strong
emphasis on transportation, which accounted for slightly over 30 percent of total
commitments, or approximately USD 84 billion (Organization for Economic Cooperation and
Development 2013). Unfortunately, in-depth analyses on the impact of such investments on
recipient countries’ trade performance or economic welfare are lacking.



overland travel®. Donaldson (2010) has shown that the development of
transport infrastructure reduces trade costs and interregional price gaps,
increases interregional and international trade, and raises real income levels.
Likewise, Moreira et al. (2013) have calculated that improvements in
transport infrastructure that cause a one percent reduction in transport costs
can lead to significant rises in exports: in Chile and in Peru, it could result in a
four to five percent increase in exports from the most remote regions, while
in Colombia, it could boost exports by five to seven percent. These results
have led the authors to conclude that “firms with the resources and skills to
produce goods in high demand by regional or world markets face high
domestic transport costs that destroy their competitive advantages literally

along the road” (Moreira et al. 2013, 2).

The findings of these empirical studies are not novel: for decades economists
have been employing a variety of models to show a positive association
between infrastructure, transport costs and trade. The policy applications of
these studies are nonetheless limited by two main factors: first, because of
data availability, most studies tend to focus on the costs of transporting
goods between countries, i.e. on international transportation’. However, a

large percentage of transport costs is incurred in transporting goods from

6 Based on the cost of shipping a standard 40-foot container from Baltimore, Maryland, to
about 50 destinations around the world in the late 1990s.
7 On the topic, see Hummels (2001).



the point of production within a country to its own gate of exportation8. Also,
a majority of interventions is carried out to address intra-national transport
costs. Second, most analyses rely on aggregate measures of infrastructure,
which, despite showing positive links between the level of infrastructure
spending, or the stock of infrastructure, and economic performance, rarely
examine the impact of specific investments. As a consequence, such studies
are unable to answer a simple yet fundamental policy question: where to

place domestic transport infrastructure?

The aim of this dissertation is to contribute to answering this question by
developing a framework to guide the selection of domestic transport
infrastructure projects®. Normally, such projects are appraised based on
cost-benefit analyses that aim to identify which ones offer the best value for
money. Three main limitations of this methodology, as routinely applied,
have nonetheless been identified: first, the measurement of costs and
benefits is often partial. For example, benefits are usually measured through
the willingness of direct users to pay for the infrastructure, while costs are
often restricted to the financing of the project, ignoring potential effects on
sectors indirectly impacted by the allocation of infrastructure due to factor
movements and output changes. In other words, analyses tend to be based

on partial, not general, equilibrium. Second, even if the methodology

8 See, for example, Rousslang and To (1993) and Volpe and Blyde (2013).

9 The terms transport costs and transport infrastructure are used in this dissertation in
reference to domestic transport costs and domestic transport infrastructure, unless
otherwise specified.



provides a good approximation of costs and benefits, it says little to nothing
about their distribution, which is frequently a matter of concern. Third,
while it can provide information relevant for making decisions, it neither
constitutes nor provides a decision rule (International Transport Forum
2011). As an alternative, more comprehensive infrastructure appraisal
techniques, notably through the use of computable general equilibrium
(CGE) models, have been employed to shed light on the wider economic
impacts of infrastructure, as well as on their distribution. The routine use of
such models is, however, also limited, as they tend to be extremely data and
time demanding, resulting in such high costs that can only be justified when
the scale of the project is large enough to cover them. Thus, the goal here is
to develop an easily applicable framework for assessing the relevant
economic welfare effects of infrastructure by (i) providing a decision
criterion to guide the selection of transport infrastructure projects, (ii)
developing a model that takes account of general equilibrium impacts, and

(iii) analyzing distributional issues.

The need for such a policy-supportive framework should be evident, as the
welfare effects of transport infrastructure are not homogeneous: there are
situations in which they can be substantial, others where they are barely

worth the cost of the investment!?, and some where they can be downright

10 Research in selected member countries of the Organization for Economic Cooperation and
Development (OECD), for instance, has shown that 21 percent of road projects and 20

6



damaging, even if the cost of the infrastructure project is negligible. This
variation is explained by a couple of factors: first, transport costs have many
components, only a few of which are impacted by infrastructure; thus, if
infrastructure-related factors are not among the main drivers of transport
costs, infrastructure interventions may not result in the desired cost
savings 11 . Second, transport costs do not affect producer prices
homogeneously across sectors, leading to relative price distortions and to
changes in the inter-sectoral allocation of output. Such distortions may be
reduced or, counter-intuitively, exacerbated by new infrastructure, even if

the infrastructure implies a reduction in transport costs!2.

This dissertation will thus show that when productive sectors’ potential is
hampered by transport costs that are at least partially caused by
infrastructure deficiencies, and when the reduction in transport costs moves
relative producer prices in the “right direction”, i.e. in a manner that reduces
the difference between these relative producer prices and relative world
market prices, then one is able to extract aggregate economic welfare gains
from transport infrastructure investments. However, the opposite outcome,

i.e. that infrastructure reduces welfare, is also possible. Taking these factors

percent of rail projects generated fewer benefits than the capital expenditure itself (Egert,
Kozluk and Sutherland 2009).

11 As will be discussed in chapter III, even small absolute cost changes may lead to
substantial welfare effects, depending on their relative impact on producer prices and on the
elasticity of output in the sectors under consideration.

12 [t should also be pointed out that not all barriers to trade are transport-related. However,
in order to focus on providing guidance for the allocation of transport infrastructure, it will
be assumed that the economy is free of distortions caused by factors other than
transportation.



into consideration is crucial in designing an infrastructure investment plan
that results in increased aggregate economic welfare, however projects are

financed and regardless of whether they pay for themselves.

1.1 Research Question: Where to Place Domestic Transport

Infrastructure?

To set the stage for the analysis, consider the following specific factors
model: a small open economy is comprised of two sectors, A and B. Sector A
produces output (y4) under constant returns to scale with a combination of
land (T) and labor (L4), and sector B’s output (y®) is produced with a
combination of labor (L?) and private capital (K), also under constant returns
to scale. The economy operates under constant factor endowment and full
employment of factors: land and capital are specific to their respective

sectors, and labor is mobile across sectors13.

13 Although this particular scenario portrays labor as the mobile factor of production, it is
neither assumed nor implied that labor is always mobile, and that land and capital are
always specific. In fact, any factor can be either mobile or specific, depending on the
existence of alternative employment outlets in the economy. For example, while land may
be considered specific when located in a remote region that comprises a single productive
sector, it may be considered mobile when located in a region where it can be put to use in
alternative productive activities.



Figure 1: 3 x 2 Specific Factor Model for a small open economy

T L K
A B
1 2
Production: y4 = f (T, L)
y? =f (K, L?)
y=y'+y"

Full employment: LA+ L8 =1

T=T

K=K

Now consider the following scenario: the economy has resources to build
transport infrastructure to reduce the cost of connecting either sector A or
sector B, but not both, to the country’s gate of exportation. Which criterion
should inform the selection of sectors to benefit from the planned
infrastructure? According to the criterion, which infrastructure should be

allocated? What are the distributional effects of the chosen investment?

The above-described scenario can be summarized in the previously

mentioned policy question often faced by decision-makers: where to place



domestic transport infrastructure? It also introduces a few concepts and

assumptions that must be clarified upfront:

(i) Sector: Although it is recognized that transport infrastructure is not
necessarily sector-specific, in the sense that it can be and often is utilized by
more than one sector, it would be an error to assume that all sectors are
uniformly impacted by its introduction, and that sectors not directly

impacted by its provision are not impacted at all.

On the one hand, sectors might have very different transport requirements
(e.g. one might rely on rail, and another on air transportation, or some might
require special vehicles with higher operating costs per distance or time
travelled, etc.) being, thus, impacted differently by the same transport
infrastructure project. On the other hand, sectors that, on a first pass, might
not seem to be directly impacted by the introduction of infrastructure (e.g.
the sector might require air transportation and the project entails the
construction of a road) may still sense its effects through factor movements
and output changes. For these reasons, this dissertation primarily analyzes
the impact of different infrastructure projects on the basis of individual
sectors, which are subsequently aggregated as appropriate (e.g. by region,
country, etc.). This approach still recognizes that infrastructure is potentially

multi-sectoral, but has the added advantage of not assuming a priori that all

10



co-located sectors are equally impacted by a given project, nor that sectors

located elsewhere are not impacted.

(ii) Transport costs: Transport costs are determined by the sum of costs
incurred in transporting a good from the point of production to the country’s
gate of exportation, which includes the various operating costs that a
producer must pay such as labor, fuel, maintenance, etc. They are, thus,
equivalent to domestic freight costs and exclude international shipping costs,

as well as indirect costs such as license fees, roadblocks, markups, etc.

As will be discussed in chapter IV, transport costs are assumed to be
dependent on the features of the transport infrastructure, as well as on some
characteristics of the transported goods. This assumption is empirically
supported by studies that have found wide dispersion in freight rates over
commodities'*. Surprisingly, it has not been extensively employed in the
theoretical treatment of transport costs, which has contributed to a gap

between theory and empirics in the study of the subject.

(iii) Transport infrastructure: In general, transport infrastructure is defined
as an open, commonly but not necessarily public way for the passage of
vehicles and people. Transport infrastructure can be built to serve a variety

of purposes, such as improving access to education and health services, and

14 On this topic, see Hummels (2001) and Moreira et al. (2013). Chapter IV provides a more
in-depth discussion of the drivers of transport costs.

11



often involves more than just physical components. In fact, when addressing
transport infrastructure gaps, it is common to discuss both the
characteristics pertaining to its physical components, referred to as the
infrastructure hardware, and the policies and rules that regulate its use and
operation, the so-called infrastructure software. While it is undeniable that
the impact of the infrastructure hardware is intimately related to the
functioning of the infrastructure software?>, this dissertation is exclusively
concerned with the role of physical infrastructure in facilitating the
movement of goods to foreign markets by means of a reduction in domestic
transport costs'e. Therefore, the focus here is on the physical component of
the transport system that facilitates the movement of goods from the point of

production within the country to the country’s own gate of exportation.

In summary, the impact of transport infrastructure on transport costs can
vary considerably depending on the sectors that it connects, as well as on the
sectors it does not connect. This means that location matters and aggregate
measures of infrastructure do not provide a complete and accurate picture of

its impact. In fact, a smaller amount of well-placed infrastructure might

15 For example, if a rural producer traveling from his farm to the town market saves on
transport costs because of the allocation of a road that considerably reduces the farm-to-
market physical distance and/or the time incurred in traversing such distance, but the same
producer needs to stop several times because of newly-imposed controls, the impact of the
infrastructure hardware will be lower than expected, if any.

16 A large number of papers has been devoted to studying the potential impact of soft
infrastructure interventions, especially in the context of Trade Facilitation negotiations
under the auspices of the World Trade Organization (WTO). See, for instance, Hoekman and
Nicita (2011), Inter-American Development Bank (2011), and World Economic Forum
(2013).
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potentially have a larger positive impact on aggregate economic welfare than
larger amounts of infrastructure elsewhere. Developing a framework that
guides the introduction of such welfare-increasing infrastructure is precisely

the goal of this dissertation.

1.2 Framework: Criterion, Model, Factor Returns and Applications

According to Schaffner (2014), an appropriate framework to guide policy
decisions must be conceptually disciplined by theory and informed by
empirical research. Analytically, it must clearly identify the policy objective
according to which alternative policies are to be assessed, as well as develop
a structured methodology to conduct such an assessment. In line with these
requirements, the proposed framework is underpinned by the concepts and
models of neoclassical trade theory, but complements existing empirical
research in this tradition by being primarily concerned with the domestic
component of transportation, in light of extensive efforts to reduce them and

allow countries to fully harness the benefits of international exchanges.

With regards to its analytical structure, the framework includes three
components: (i) criterion, (ii) model, and (iii) factor return analysis. First, an
objective criterion based on the increase in aggregate economic welfare is
defined. Second, in order to identify which transport infrastructure projects

fulfill the pre-defined criterion, a model is developed to assess economic
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welfare effects in general equilibrium. The proposed model applies an
analytical approach analogous to that used in the theory of tariffs to study
the welfare effects of border measures, which, as will be shown, can also be
usefully applied to the study of behind-the-border trade costs, such as
transportation!’. Yet, while changes in border restrictions, such as tariff
reductions, have a direct and measurable impact on prices, the introduction
of transport infrastructure does so indirectly. Thus, estimating the impact of
transport infrastructure on economic welfare is a more complex task, and

requires measuring the following:

(i) The impact of a change in transport infrastructure on transport costs;
(i)  The impact of a change in transport costs on producer prices;

(iii) The impact of a change in producer prices on sectoral output; and

(iv) The impact of a change in sectoral output on aggregate economic

welfare.

Although questions (iii) and (iv) have been explored in trade theory and
welfare analysis, its models have not yet been applied to the study of
transport costs. Question (ii) has been given some preliminary answers,
while question (i) has hardly been addressed in the theoretical literature.
Hence, the major expected contribution of this dissertation is to propose

answers to this set of questions, and to put them together in a well

17 For derivation and further applications of this analytical approach to tariffs and customs
unions, see Jones (1969), Ohyama (1972), Grinols and Wong (1991), and Kowalczyk (2000).
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articulated and theoretically sound model to derive clear propositions for the

selection of transport infrastructure projects.

Third, and importantly, although the increase in aggregate economic welfare
is defined as the criterion for infrastructure project allocation, the
framework will also include a factor return analysis to identify potential

distributional issues that may arise as a result.

Once the framework - criterion, model and distributional analysis - is
developed, it is applied to three selected cases, where transport
infrastructure projects are reviewed based on the defined aggregate

economic welfare criterion and the relevant variables identified in the model.

1.3  Organization of the Dissertation

The dissertation is organized as follows: chapter II provides a review of the
existing literature, with emphasis on studies that analyze the interactions
between trade performance, transport costs and infrastructure to clarify how
other scholars have modeled such interactions, and the limitations of such
approaches to the purpose at hand. A framework for project selection is
developed in chapters III, IV, and V: chapter Il defines the criterion for
selecting infrastructure projects, and develops a two-sector model that

establishes the relationship between changes in producer prices, sectoral
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output and aggregate economic welfare; chapter IV analyses how changes in
transport costs affect producer prices, as well as the role of infrastructure in
lowering the costs of transportation; and chapter V addresses distributional
issues. Chapter VI applies the framework to three transport infrastructure
projects: one in Nicaragua, one in Georgia and one in Brazil. Finally, chapter
VII concludes with a discussion on limitations and potential extensions, and
by drawing together final considerations for transport infrastructure

allocation strategies.
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CHAPTER I
LITERATURE REVIEW:
TRADE, TRANSPORT AND INFRASTRUCTURE

The concept of infrastructure has largely, and surprisingly, been absent from the
history of economic analysis. Infrastructure, particularly transport infrastructure,
plays a key role in Adam Smith’s vision of economic development. No roads, no
transport, no trade, no specialization, no economies of scale, no productivity
progress, and no development. Yet, during the 19t century, and much of the 20t
century, infrastructure virtually disappears from economics.
(Prud'’homme 2004, 8)
The quote above illustrates a well-known gap in the trade literature, grown
out of the representation of countries in traditional trade models as points
within and between which goods are instantly and costlessly moved. This
means that a large part of the trade literature assumes away the costs of
transporting goods from producers to consumers, as well as between
producers, an increasingly important phenomenon due to the growing
fragmentation of production processes. By so doing, the literature provides
little insight into how these intra-national costs can impact trade and welfare

and into how to bring them down through policies such as infrastructure

investment.

This chapter offers a review of the literature on trade costs, transportation
and infrastructure. Section 2.1 provides an overview of the treatment of
trade costs to show that, while theory and empirics have developed in
tandem in the analysis of border measures, this has not been the case in the

analysis of other trade costs, such as transportation. Section 2.2 focuses on
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the approaches proposed to incorporate transport costs into traditional
trade models, and evaluates their usefulness and shortcomings as a basis for
policy-oriented empirical research and for decision making. Lastly, section
2.3 discusses the recent developments in the infrastructure literature, and
highlights the potential applications of this literature to the study of

international trade.

2.1 Trade Costs in the Theoretical and Empirical Literature

Trade costs are broadly defined in the literature as “all costs incurred in
getting a good to a final user other than the marginal cost of producing the
good itself” (Anderson and van Wincoop 2004, 691). They are due to a
variety of obstacles, being commonly subdivided into two categories: (i)
“border” costs, which include tariffs, and import/export restrictions and
prohibitions, and (ii) “behind-the-border” costs, such as transport,

communication and search costs, among others18.

18 Other terms are also used to refer to these two cost categories. For example, costs
incurred at the border are sometimes referred to as policy-imposed costs, while behind-the-
border costs are often called environment or geography-imposed costs. It should be
recognized that no term is perfect in describing the set of measures included in a specific
category, e.g. policy measures may impose costs both at and behind the border, while the
environment or geography may lead to costs that are also incurred beyond the border, such
as international transportation. In any case, this dissertation will utilize the term border
cost to refer to policies such as tariffs and import/export restrictions, and the term behind-
the-border cost in reference to trade costs that arise from domestic economic or
geographical conditions.
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The importance of trade costs - including both at and behind the border - is
recognized in the international economics literature, so much so that
Obstfeld and Rogoff (2000) have argued that the key to explaining the six
major puzzles in modern international macroeconomics lies in a significant
but plausible level of international trade costs in goods markets!®. Despite
this recognition, the study of trade costs has been moving at two distinct
speeds: the analysis of those costs imposed at the border, notably tariffs, has
been advancing quite consistently for over half a century, but progress in
measuring and analyzing the costs incurred behind the border has been

much slower.

The study of border costs has a long tradition in the international trade
literature, both theoretical and empirical. Starting with the work of Meade
(1955) and the subsequent analysis by Jones (1969), the theory of tariffs and
their reform, with its focus on terms of trade and volume of trade effects to
measure changes in economic welfare, has been recognized as a useful
analytical approach and extensively applied to the study of border

measures??. Trade negotiations nonetheless led to a considerable fall in tariff

19 The six puzzles are: the home bias in trade puzzle, the saving-investment puzzle, the home
equity bias puzzle, the consumption correlations puzzle, the purchasing power parity puzzle,
and the exchange rate disconnect puzzle.

20 The approach based on the analysis of terms of trade and volume of trade effects applies
to questions involving multilateral, preferential and unilateral changes in trade-restricting
measures. It has been recognized as a more appropriate methodology to study the welfare
effects of changes in such policies than the approach based on Viner’s concepts of trade
diversion and trade creation, which has been shown to be fundamentally limited as a basis
for empirical research. For a criticism of Viner’s approach and exposition of the theory of
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rates, with worldwide average import tariffs dropping from an estimated 8.6
to approximately 3.2 percent between 1960 and 1995 (Hummels 2007). In a
context of lower tariffs, behind-the-border costs became more relevant in
explaining the poor export performance of many countries. In fact, Anderson
and van Wincoop (2004) estimated that non-border measures amounted to
an ad valorem tax equivalent of 170 percent for industrialized countries,
while border restrictions amounted to an average of less than five percent.
Although a similar estimate of behind-the-border costs is not available for
developing countries, it most likely amounts to more than the estimated 170
percent ad valorem equivalent for industrialized countries, while tariffs have

continuously fallen to an average between 10 and 20 percent.

The study of behind-the-border trade costs, however, lacks a theoretical
underpinning similar to that utilized to analyze the welfare effects of border
measures. This is surprising, given that reductions in behind-the-border
costs can be regarded as a particular case of trade reform, whose study
should be conducted with similar tools and methods as tariff reform,

allowing for a shared analytical language and comparable results.

In addition to lacking a supportive theoretical formulation, the study of
behind-the-border costs is challenged by the unavailability of data, compared

to data on border costs. To partially circumvent this limitation, scholars

tariffs methodology for evaluating welfare effects of border measures, see Kowalczyk
(2000).
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conducting empirical work have turned to the gravity equation to infer the
magnitude of trade costs from existing data on trade flows or prices for
countries, industries and time periods for which directly observable data are
unavailable. This approach estimates the magnitude of trade costs by
differentiating the levels of trade that would be expected in a hypothetical
“frictionless” world from what is actually observed in the trade data. The
attractiveness of this approach lies in the fact that it is not very data
intensive, and that it has been met with a good measure of empirical
applicability. However, despite its simplicity and widespread use, the gravity
equation has a recognized drawback: it relates trade flows or prices to trade
costs at a highly aggregate level, i.e. without disaggregating costs into its
various components and assessing their magnitude and relative impact,
which limits its ability to generate clear policy guidance. In other words, by
not specifying which cost factors contribute the most to the overall cost of
trading, gravity equations are unable to provide clear guidance on how to

select policies aimed at removing such factors (Moise and Le Bris 2013).

In an attempt to disentangle the sources of behind-the-border costs,
researchers have included variables to proxy for obstacles in exporting and
importing countries, in addition to the terms conventionally included in the
gravity model. The advantage of including such proxy terms is that the
impact of each resistance factor on trade can be estimated and its relative

importance can be identified. However, the selection of which variables to
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include is subject to data availability, often leading to omitted variable bias.
Moreover, various trade cost components are partially or totally
unobservable and, if data exist, they are often incomplete in country, year,
industry, or product coverage, potentially introducing a sample selection bias
in the statistical analysis and preventing the generalization of results.
Finally, as variables for which data are available tend to be highly correlated,
their inclusion as separate regressors runs the risk of multicollinearity and

decreases the precision of the estimators (Moise and Le Bris 2013).

While acknowledging and attempting to limit the negative impacts of these
data and methodological shortcomings, empirical studies have provided
evidence of a significant correlation between trade costs and trade, and the
potential impact of reducing the former on the materialization of benefits of
the latter. Hoekman and Nicita (2011), for instance, indicate that there is
strong correlation between trade costs and trade flows, and that behind-the-
border costs are at least as important as traditional border policies in
obstructing trade. They further suggest that the impact of reducing the costs
associated with measures that impose behind-the-border obstacles to trade
could have a greater payoff than further reducing border barriers, or seeking
additional trade preferences. Unfortunately, while the trade literature has
produced crucial insights on how to go about removing tariff barriers, it

provides little guidance on how to most effectively address behind-the-
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border trade costs. This is particularly true in the case of transport costs,

which are investigated next.

2.2  Transport Costs in International Trade Models

Economic historians have long linked reductions in transport costs to
increases in international trade. Williamson (2006) credits the transport
revolution - realized through a decline in overseas freight rates, the
construction of major canals such as Suez and Panama, and the penetration
of railroads into formerly isolated interior areas - for the rise in international
trade across the nineteenth century. Likewise, Estevadeordal et al. (2002)
link shipping cost declines to the birth of the so-called first era of
globalization between 1870 and 1913, and a reversal in such tendencies for
its decline between 1914 and 1939. The period following World War II has
witnessed equally dramatic technological revolutions that included the
invention of jet aircraft engines and the use of containerization in ocean
shipping. Each resulted in even larger reductions in transport costs and a

consequent expansion of world trade, despite spikes in input prices.

These technological developments notwithstanding, transportation still
poses a barrier to trade at least as large as, and often larger than, tariffs.

According to Hummels (2007, 136),

Transport expenditures on the median good were half as much as tariff duties for
U.S. imports in 1958 and equal to tariff duties in 1965. By 2004, aggregate
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expenditures on shipping for total imports were three times higher than aggregate
tariff duties paid. For the median individual shipment in U.S. imports in 2004,
exporters paid $9 in transportation costs for every $1 they paid in tariff duties.
Moreover, the U.S. is actually a notable outlier in that it pays much less for
transportation than other countries.
While empirical estimates of the magnitude of transport costs are abundant
and suggest that freight costs have a statistically and economically significant
impact on trade, the figures have not always coincided. Venables and Limao
(2001), for example, find the elasticity of trade with respect to freight costs
to be in the range of -2 to -3.5. Utilizing a similar methodology, Clark et al.
(2004) estimate an elasticity of about -1.3. This discrepancy is partially due
to variations in the geography and infrastructure endowments of sampled
countries that generate differences in shipping costs for a given composition
of goods, as well as to dissimilar export composition, as sectors are impacted
differently by transport costs depending on their transport intensity and
specific goods’ characteristics. This disparity in findings is also explained by
the fact that empirical analyses lack an agreed-upon definition of what
constitutes transport costs to guide the collection of representative data. In
fact, the status of theoretical developments on trade and transport, as

described by Casas (1983, 89) over thirty years ago, has not substantially

changed since:

The empirical literature on the impact of transportation on international trade has
suffered from the absence of a clear and simple theoretical framework within which
transport related problems can be analyzed. A survey of the leading recent texts in
international trade theory reveals the topic of transportation to be either largely
ignored or treated in such a manner as to provide relatively few insights into the
allocative, distributive and welfare implications of transport costs.
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Worse even, evidence emanating from empirical studies has been raising
questions on the very applicability and usefulness of existing theoretical
representations of transport costs. Traditionally, transport costs have been
treated as an iceberg cost that introduces frictions in a manner equivalent to
an ad valorem tax on foreign trade that produces no revenue. Alternatively,
they have been represented as a produced service with either distinct or the
same factor requirement as the good shipped. The main characteristics of
each approach and their limitations for the purpose at hand are discussed in

turn.

The iceberg approach used in traditional trade theory is based on
Samuelson’s (1954) idea of a floating iceberg that melts away as goods move
from origin to destination. By taking this particular form, transport costs
introduce a wedge between domestic and foreign prices, so that the domestic
price (p) of a sectoral good (S) equals its world price (q) diminished by the

iceberg melt factor (), as follows:

pS=q°(1—-m)

This representation has proven quite useful from a modeling perspective,
and has been widely utilized. Criticism has nonetheless been leveraged

against some formulations that equal the melt factor to an exogenous and
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fixed proportion of the value of the goods shipped, as observation has shown
that transport costs are endogenous to both the transported goods’ value as

well as other factors. As argued by Hummels and Skiba (2004, 5):

The iceberg assumption is neither correct nor innocuous: transport costs and tariffs
do alter relative prices in ways that significantly affect relative demand. This
suggests the need to revisit theoretical and empirical findings that turn on the
iceberg assumption.

As an alternative to the iceberg representation, Falvey (1976) modeled
transportation as a service that needs to be consumed in order for
international, but not domestic, trade to take place. Adopting a two-country,
two-factor, three-commodity model, with constant returns to scale, and
assuming that technologies are internationally identical, and that the
transport sector is capital intensive relative to both traded goods, this
specification confines the production of transport services to one country,

namely the capital-rich country?1.

Cassing (1978) also models transportation as a sector that competes for
domestic resources and assumes, similarly to Falvey, that the production of
transport services is restricted to one of the trading countries. In both
models, the specialization in transport services, albeit incomplete, rends
them inadequate to guide the allocation of transport infrastructure within

countries.

21 Although Falvey examines the case where complete specialization occurs in the transport
industry, with the capital-rich country producing transport services, a more general model
can also be developed, where both countries produce all commodities, including
transportation, with incomplete specialization.

26



Similarly, Laussel and Riezman (2008) propose a model in which transport
costs are fixed, i.e. transporting goods from the home to the foreign country
requires investing a fraction of all domestic resources available for
production. The authors show that, if the wedge between domestic and
international prices is not superior to a critical value that covers the fixed
cost of transportation, the country will prefer not to engage in international
trade and will remain in autarky. However, since it is assumed average cost
pricing in transport activities, the paper overlooks the fact that different
sectors are subject to distinct levels of transport costs, and, therefore, are

impacted differently by investments that aim to reduce them.

With regards to the empirical literature, as with the study of trade costs in
general, and with the exception of some pioneering data-intensive work?2, it
tends to rely on applications of the gravity equation to determine the
magnitude of transport costs. Specifically, studies regress bilateral trade
flows or prices on various measures or proxies for transport costs, such as

FOB and CIF measures?3 or great circle distance?4. This method, however,

22 See Moreira et al. (2008 and 2013).

23 FOB (Free on Board) price generally refers to the cost of the good at the port of
exportation, i.e. FOB = cost of production + transportation from point of production to port
of exportation. CIF (Cost, Insurance and Freight) price includes, in addition to the FOB price,
the costs incurred in transporting the good from the port of exportation to the port of
importation, i.e. CIF = cost of production + transportation from point of production to port of
exportation + transportation from port of exportation to port of importation. Neither price
includes the costs incurred in getting the good off the transport vessel at the port of
importation and transporting it to the point of final delivery, i.e. offloading and transport
costs in the destination country. A general problem encountered in utilizing FOB and CIF
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presents some limitations, such as the various potential biases and high level

of aggregation discussed in the previous section.

To avoid omitted variable bias, scholars have included a number of control
variables in regressions. Such variables should only be included if they are
thought to affect trade through channels other than the transport cost
channel, but effects are hard to disentangle. For example, if both distance
and transport costs are included as independent variables in a regression,
the coefficient on distance should reflect the impact of this variable on the
dependent variable through channels other than the transport cost channel.
In practice, however, identification is seldom so neat in econometrics, so it is
likely that some of the effects of transport costs would be picked up by the

distance variable, resulting in biased estimators (Behar and Venables 2010).

Moreover, by not disaggregating the sources of variation in transport costs,
proxies do not allow for an examination of the impact of individual transport
cost drivers, such as infrastructure, limiting the inferences that one can draw
regarding the effectiveness of cost-reducing policies. Indeed, Combes and
Lafourcade (2005) have shown that, while proxy measures do relatively well

in a cross-section setting, they capture variation in transport costs

measures is that they are used largely for purposes of custom valuation and charges, which
generates incentives for misreporting.

24 Great circle distance is the shortest distance between two points measured along the
surface of a sphere.
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imperfectly in a time-series perspective, a particularly preoccupying feature

when it comes to policy analysis.

These methodological shortcomings, and the consequent limited scope of
policy implications they generate, make it even more necessary to utilize a
disaggregated measure capable of identifying the drivers of transport costs,
thus guiding data collection and analysis, improving the precision and
efficiency of estimators, and broadening the range of policy applications of

research.

2.3 Infrastructure as a Driver of Transport Costs

In the trade literature, transport infrastructure is commonly seen as
impacting trade through reductions in transport costs. Moise and Le Bris
(2013) estimate that transport infrastructure is, in general, the most costly to
address, but also the most substantial component of transport costs?>.
Venables and Limao (2001) find that domestic infrastructure explains about
40 percent of transport costs for coastal countries, while domestic and

transit country infrastructure together account for an estimated 60 percent

25 On the one hand, infrastructure investment, i.e. investment in the infrastructure hardware,
requires substantial financial commitment, while reforms aimed at reducing transport costs
by addressing policy and regulatory bottlenecks, i.e. the infrastructure software, though not
without cost, tend not to have significant fiscal impact. On the other hand, infrastructure
investments are expected to result in higher returns, although rates vary across projects.
This is so because hardware investments can activate three different channels - a reduction
in transport costs, greater consumption and employment, and higher productivity as a result
of more efficient allocation of factors of production (Inter-American Development Bank
2011).
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of transport costs for landlocked countries. They further estimate that a
deterioration of infrastructure from the median to the 75th percentile raises
transport costs by 12 percent and reduces traded volumes by 28 percent.
Francois and Manchin (2013) show that infrastructure and institutional
quality are significant determinants not only of export levels, but also of the
likelihood that exports take place. Finally, Wilson and Portugal-Perez (2012)
suggest that physical transport infrastructure improvements, proxied in a
single indicator by the quality of ports, airports, roads and railroads, bring
the greatest benefits in terms of export performance, as compared to other
indicators of soft and hard infrastructure, including border crossings and

business and regulatory environment.

The validity of these relations, albeit not the magnitude of impacts, has been
shown to withstand variability in the geographical region under analysis.
Focusing on Europe, Bougheas et al. (1999) provide evidence linking
infrastructure to transport costs and hence trade. Freund and Rocha (2010)
find that transit delays due to poor road quality and insecurity have the most
economically and statistically significant effect on African exports, with a
one-day reduction in inland travel leading to a seven percent increase in
exports. Looking at the impact of transport infrastructure on export
performance in selected Latin American countries, Moreira et al. (2013)
estimate that improvements in infrastructure that result in a one percent

decline in transport costs can boost exports anywhere from four to eight
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percent depending on the country and productive sector. Finally, Shepherd
and Wilson (2006) show that improved road network quality is robustly
associated with higher intraregional trade in Eastern Europe and Central

Asia.

In addition, some of these studies have provided evidence that the marginal
effect of infrastructure improvement on exports remains positive and
significant at all levels of development, and that variations in basic
transportation are more important in explaining differences in trade
performance at lower than at higher income levels (Francois and Manchin
2013). These findings support the argument that building transport
infrastructure should be particularly relevant for countries in which the

existing stock is low. But how much infrastructure is enough infrastructure?

As pointed out in Gramlich (1994), a number of methods in different
disciplines has been proposed to estimate the optimal stock of infrastructure,
including engineering assessments of needs, political measures based on
voting behavior, measures of rate of return, and econometric estimates, but
none has provided definitive answers or methodology. In economics, growth
theory has provided the main foundation upon which to study the effects of
infrastructure on income and steady state consumption. Most commonly,
infrastructure is treated in production function-type models as a form of

public capital that impacts output like any other input, such as private capital
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and labor, i.e. infrastructure is an additional factor of production.
Alternatively, several scholars have included infrastructure as part of the
Total Factor Productivity (TFP) parameter, as it is believed to influence

productivity.

Production function-based analyses on the contribution of infrastructure to
output have abounded, starting with the pioneering work of Aschauer
(1989), who found unrealistically high rates of return for public
infrastructure, in the range of 60 to 100 percent per annum, and sparked a
heated debate on the technical issues surrounding the use of such methods?°.
Critics nevertheless acknowledged that their questioning of the methodology
and of the magnitude of rates of return did not necessarily mean that they
believed infrastructure not to be productive. There was need, however, to
raise a few caveats: first, Holtz-Eakin and Schwartz (1994) suggested that,
because there likely are circumstances in which the effects of infrastructure
are positive, future research should be devoted to making more precise the
linkage between the provision of infrastructure and the nature of the
production process. Along the same line, Agénor (2010) argued that
production function analyses were black boxes, with some measure of
infrastructure treated as the independent variable, and some measure of

output as the dependent variable. Therefore, unless the “lid of this black box

26 For an in-depth review of this debate, see Gramlich (1994).
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is opened”, the analyst is unable to investigate the mechanism that connects

infrastructure to output.

With regards to the trade literature, the collection of more representative
and disaggregated data, and econometric approaches such as instrumental
variables, have been allowing scholars to reduce the over-estimation issues
that plagued early assessments of infrastructure impact. Yet, most studies
still make use of highly aggregate data, which limits their policy relevance in

two particular aspects. First, as argued by Gramlich (1994, 1187),
Simply saying that some capital has been productive in the past, which is all a
production study can hope to say, does not mean that future investments will also
be productive. It could be very beneficial to build up a network of highways and not
very beneficial to expand this network. There could be many such examples for

infrastructure investment, and there is a sense in which looking at past patterns
might tell very little about future beneficial effects of public investment.

Second, what arguably matters for trade and growth is infrastructure usage,

but what these methodologies observe is infrastructure supply or stock. As

argued by Vickerman (2007, 7):

The problem with such an approach is that it takes no account of the way in which
infrastructure is used by the activities within the economy in question. A given
volume of infrastructure can be either adequate or inadequate for the needs of the
economy depending on, for example, the sectoral structure of the economy or the
physical configuration of the infrastructure.

In the same vein, Prud’homme (2004, 5) argued that “a sewer in A can in no
way render services in B. Adding sewers in a country can be misleading if

sewers have not been located optimally”.
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In a context where resources are scarce and choices have to be made, it is
hence necessary to decompose these averages in order to identify from
where to extract the largest possible impact from infrastructure. The idea
that infrastructure capital can be highly beneficial in some areas and less so -
or not at all - in others implies that the literature must, in addition to the
issue of “how much infrastructure”, strive to answer the question on “where

to place infrastructure”, to which we now turn.
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CHAPTER III
ANALYZING PRICES AND WELFARE IN A TWO-SECTOR MODEL

As stated in the introduction, the goal of this dissertation is to develop a
framework to guide the selection of domestic transport infrastructure
projects. The framework is comprised of three components: (i) a decision
criterion that directs the assessment of transport infrastructure projects, (ii)
a model that delivers the necessary information for the application of the
decision criterion, and (iii) a factor return analysis that identifies

distributional issues.

In this chapter, the focus will be on the first and second components. Section
3.1 defines and discusses the decision criterion; and section 3.2 analyses, in a
two-sector model, the relationship between changes in producer prices and

changes in aggregate economic welfare, a key element in the general model.

Table 1: Notations

Sector S
Infrastructure i
Income Y
Quantity Produced y
Quantity Consumed x
World price q
Producer price p
Transport cost t
Ad valorem T
Per unit f
Ad valorem equivalent Ty
Minimum expenditure function e(q,u)
Aggregate economic welfare n
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Factor of production %
Labor L
Skilled Ly
Unskilled L,
Capital K
Land T
Sectoral factor requirement a’s
Wage w
Rental on capital Tk
Rental on land Tr
Distance d
Speed h

3.1 Criterion: Increase in Aggregate Economic Welfare

The criterion according to which transport infrastructure projects are to be
assessed and selected is the increase in aggregate economic welfare,
measured as real income. Specifically, let subscript i (i = 1, 2, 3, .., I)
represent alternative transport infrastructure projects, and n; = e(q, u;) and
n =e(q,u) represent aggregate economic welfare post- and pre-
infrastructure intervention, respectively, measured at world market prices q.
Then, defining An as the change in aggregate economic welfare caused by the
introduction of infrastructure i, An = n; —n, a project is said to fulfill the

selection criterion if the following holds?7:

A >0 (3.1)

27 The model measures the change in aggregate economic welfare, An. The cost of
infrastructure construction and maintenance is arbitrarily normalized at zero, as the focus of
this work is on showing that the introduction of infrastructure can reduce aggregate
economic welfare, even is the cost of the project is negligible. This would be akin to
assuming that the government is receiving an infrastructure grant. Therefore, although the
financing of infrastructure investments is an important issue in the infrastructure literature
and policymaking, it will not be directly addressed in this dissertation.
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Further, if two or more transport infrastructure projects fulfill the above-
defined criterion, but the economy under consideration is only able to
implement one of them, the preferred project should generate a greater
increase in the country’s real income than the alternative project(s), as

follows:

Max [An] (3.2)

These criteria are justified by the fact that, ultimately, the goal of investing in
infrastructure is to exert positive change in national economic wellbeing.
Yet, it may raise concerns on the basis of its perceived disregard of potential
distributional issues. While this can indeed be a concern, as an intervention
that increases aggregate economic welfare may leave some sector or factor
worse off?8, it should be noted that, if aggregate real income increases, then
compensation is possible, resulting in a Pareto improvement. Additionally, in
order to identify potential distributional asymmetries and allow for the
design of policy instruments to address them, if deemed appropriate,
changes in factor returns resulting from transport infrastructure

interventions will be analyzed in chapter V2°.

28t is also important to note that distributional asymmetries may actually favor those
regarded as worse-off pre-infrastructure intervention, i.e. changes in welfare caused by the
introduction of transport infrastructure can result in poorer regions of the country or poorer
factors of production benefiting more than wealthier ones.

29 The actual design of policy instruments to address distributional imbalances falls outside
the scope of this dissertation.
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3.2 Model: Welfare and Prices

3.2.1 A General Rule for Welfare Comparison3’

The model is based on the structure of a small open economy engaged in free
trade with the rest of the world. It is assumed that there are no taxes or
subsidies on consumption and production, and that output is produced under
constant returns to scale, and with full employment of factors of production.
Transport costs are incurred when bringing output from the point of
production to the domestic gate of exportation3!. The model does not
explicitly include a transport sector; therefore, the value of transportation
does not translate into income for the economy. Instead, transport costs
correspond to wasted output. Finally, a competitive equilibrium exists32
such that, under prevailing prices: (i) each producer maximizes his/her
profits over his/her production set; (ii) each consumer maximizes his/her

satisfaction over his/her budget set; and (iii) all markets are cleared.

30 The relationship between price changes and welfare has been extensively examined in the
literature. The following discussion draws from Ohyama (1972) and Grinols and Wong
(1991), adapting the equations to highlight changes that can be caused by reductions in
transport costs, instead of the usual formulation based on tariff reform. For a complete
derivation of the general welfare equations, see either of these papers.

31 Modeling inbound transportation by imposing transport costs on imports is a fairly
straightforward extension of the model, and is not considered here. It should nonetheless be
noted that, despite the focus on the impact of transport infrastructure on exports, imports
are also impacted, due to the assumption of balanced trade.

32 For a discussion on the existence of trade equilibrium in the presence of trade costs, see
Allen et al. (2015).
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Drawing from Dixit and Norman (1980), the main expression to calculate the
change in aggregate economic welfare caused by a reduction in transport

costs in this economy is:

An =e(q,u;) —e(q,u) (3.3)

An is calculated as the difference between the minimum expenditure e(q, u),
evaluated at world market prices g, to reach utility level u;, i.e. utility post-
infrastructure i intervention, and to reach utility level u, i.e. utility pre-
infrastructure i intervention. Put simply, An measures the change in
aggregate economic welfare for a small open economy given infrastructure

intervention i.

Welfare changes are evaluated at world market prices. With no distortions
on external trade and consumption, consumers face world market prices,
while producers bear the burden of transporting output by observing a
reduction in producer prices33. Given the assumption of a small open
economy, price changes brought about by reductions in transport costs will
have no effect on world market prices, but will increase the price domestic

producers receive for their transported goods3+.

33 As argued by Amjadi and Yeats (1995), this is a reasonable assumption for a small open
economy, where exporters tend to bear the major part of a freight bill with the received
price falling below the “zero transport cost” or world market price, roughly by the full extent
of shipping costs.

34 Although the model assumes no distortions on external trade and consumption, it is
possible to include the effects of these restrictions on aggregate economic welfare. To do so,
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3.2.2 A Very Simple Scenario with Not-So-Simple Implications

Let us assume that the economy described in the previous sub-section
consists of two sectors, A and B, each producing a single good: sector A
produces output with a combination of land (T) and labor (L#), and sector B’s
output (y?) is produced with a combination of labor (L?) and private capital
(K). Full employment and constant factor endowments are assumed, with
land and capital being specific to each productive sector and labor being

mobile across sectors3.

Figure 2: A two-region, two-sector economy

Equilibrium in the model is characterized by the following equations:

the following should be taken into consideration: (i) aggregate economic welfare should be
evaluated at domestic consumer prices, which would differ from world market prices by the
magnitude of the tariff, and/or consumption tax or subsidy, and (ii) at a given tariff, tax or
subsidy level, the calculation of the change in aggregate economic welfare should also
include the effect of changes in the tariff/tax revenue and/or the cost of the subsidy, due to
changes in foreign trade and consumption volumes.

35 The possibility of immobile labor will not be investigated in detail, as in this particular
two-sector scenario the lack of labor mobility would not yield any interesting results.
Footnotes will nonetheless indicate the adjustments that would have to be made for such a
case.
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Production: y4 = f (T, L)

y*=f ¥ L")
y=y*+y°
TA A_

Full employment: a'“y

KB B__

a*Py

LAyA 4 glByB = [
Cost minimization: a"4w + a™r; = p4
B

al®w + akBry =p
Price wedge: pS=q5—t°
yS represents quantity produced in sector S (S = A4,B), a’ represents
variable factor requirements in sector S, w is labor wage, and r; and ry are,
respectively, land and capital rental rates. p° is the price faced by domestic
producers in sector S, g5 is the world market price of the good produced by

sector S faced by consumers, and t5 is the transport cost incurred by

producers in sector S in bringing their output to the gate of exportation.

Recalling that the effect of allocating transport infrastructure i (i = 1, 2) is to
reduce the cost t5 of transporting output from sector S to the gate of
exportation, thus bringing producer price p° closer to the prevailing world
price g5. Assuming, in this particular example, that the allocation of

infrastructure to one sector does not affect producer price in the other
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sector3®, will the introduction of transport infrastructure 1, connecting sector

A to the gate of exportation, increase welfare37?

The answer is: it depends on how infrastructure 1 will affect relative
producer prices and, consequently, aggregate output. Let us show why this is

so in the three following steps:

(i) Calculate the impact of transport infrastructure project i on income in
sector A;

(ii)  Calculate the impact of transport infrastructure project i on income in
sector B; and

(iii)  Calculate the impact of transport infrastructure project i on aggregate

economic welfare, measured as real income.

Defining income Y as the value of production (g°.y°) minus the cost of
transportation [(g5 — p®).y°], if infrastructure project 1 is to be built, the

change in income (AY® = Y;* — Y*) in sector A is calculated as follows:

36 In the model, sectoral producer prices are determined solely by the world market price
and the cost of transportation, as stated in the equation for the price wedge. As the model
depicts a small open economy, it has no influence on world market prices. Also, in the
absence of the infrastructure intervention, transport costs are assumed not to vary.
Although in this particular example producer prices in sector B are assumed not to vary due
to the introduction of infrastructure, the framework is applicable to cases in which sectors
are either homogeneously or heterogeneously impacted by infrastructure. In the former
case, the ratio of producer prices remains constant; in the latter case, which is the novel
argument of this dissertation, relative producer prices change, leading to inter-sectoral
allocation issues. Finally, it is acknowledged that producer price changes coupled with
factor mobility may lead to corner solutions, in which the economy fully specializes in one
sector. This possibility does not refute the analytical findings presented in this dissertation.
37 The same question can be asked of the alternative infrastructure project, connecting
sector B to the gate of exportation, and similar reasoning should be applied to answer it.
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YA =q%yf — (@* —p{).y{
=q%yf — g%y +piyf

= pf.yf

Y4 =q%y4— (g% —p]).y* — (pf —p*).y*
=qty* —qty* +pf.yt — (pf —p*.y*

=pi.y4 — (pf —p*).y*

Hence:

AYA = pyf —pf.yt + (pf —p*). ¥4

=pf. Of =y + y4 (pf — p?) (3.4)

From equation (3.4), it is observed that the sources of change in income in

sector A are to be found in what we will name a transport savings effect, equal
to y4. (p#f — p4), and an output effect equal to pf. (y# — y4)38. These two

effects are represented in partial equilibrium in Figure 3 below3°:

38 The output effect is in many ways similar to the production effect in Ohyama (1972) and
Grinols and Wong (1991). However, the referred papers evaluate the change in aggregate
welfare at domestic prices, and we evaluate it at world market prices, given the previously
discussed assumption that producers bear the burden of transportation. While this may
seem like a minor difference, it is actually at the core of the distinct results obtained in the
present model and those of the cited papers, particularly that the output effect can lead to
negative welfare effects, while the production effect is always non-negative.

39 If there were no labor mobility, and under the assumption of full employment, only a
transport savings effect would be observed.
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Figure 3: Change in income in sector A

Price Supply?  Supplyi

Transport Savings Effect

Lt

|

Demand*

=3 Output Effect

Output

A similar calculation would apply to sector B. Given that, in this particular
example, it has not been affected by the introduction of transport
infrastructure, its producer price remains the same, i.e. p? = p?, resulting in
a transport savings effect equal to zero, i.e. yB.(p? — p®) = 0. But although
the producer price in sector B remains constant, the increase in producer
price in sector A will encourage mobile labor to migrate from B to A,
resulting in a negative output effect, i.e. p5. (yf — y®) < 04, which equals the

change in income in sector B:

AY? = p®.(y7 = y®) (3.5)

40 Again, if labor were not mobile, no output effect would be observed, and sector B would
not be affected by the allocation of infrastructure project 1 to sector A in this particular
example, in which sector B is not directly affected by the introduction of infrastructure.
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Figure 4: Change in income in sector B

Price Supply? Supply®
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€&— Output Effect

Output

The change in national income equals the sum of the changes in incomes in

the country’s two sectors, as given by:

AY = y4. (pf — pD+ i v —yM) + pB.(yf — yB) (3.6)

The first term represents the transport savings effect in the sector selected to
receive the proposed infrastructure project, and the second and third terms
represent the output effects in each of the sectors. More generally, the

equation can be re-written as:

AY = YslyS. (0F = p*)+pi. (i —y*)] (3.7)
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These effects are evaluated at general equilibrium in Figure 5 below*!.
Letting p’ represent domestic relative producer prices (p’ = p“/p?), the
transport savings effect is equivalent to the shift in production from y to y;
and measures the increase in output in sector A as the economy wastes less
resources on transportation. The output effect, represented by the shift from
y; to y;, measures the net effect of an increase in output in the sector that has
experienced a producer price increase, and a simultaneous reduction in

output in the sector whose producer price has remained constant.

Figure 5: Transport savings and output effects in general equilibrium
B

41 The inefficiency implied by the location of y inside the production possibility frontier is
due to the existence of transport costs, modeled as wasted output.

46



In order to calculate the change in aggregate economic welfare, it is
necessary to bring in world market prices, as these are the prices faced by

consumers, which implies the following:

An =e(q,u;) —e(q,u)

e(qu) =q.x, =q.y

e(qu)=q.x =q.y

An =q.0L—Y) (3.8)

Given the assumption of a small country in free trade, post-infrastructure
consumer prices remain constant and equal to world market prices. Thus,
consumers base their expenditure decisions on relative world market prices,
with the value of the welfare maximizing consumption bundle at world
market prices equal to the value of production at producer prices, which, in
turn, is equivalent to the value of production at world market prices minus
the cost of transportation. Therefore, the effect of a reduction in transport
cost on consumers is equivalent to an income effect, represented by shifts in
the budget line crossing the new production point. This is where novel and,

in some cases, surprising results emerge.
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Suppose, initially, that the relative world market price line, labeled g’
(¢’ = q4/q®) in Figure 6, is steeper than the relative producer price line,
indicating that the country’s comparative advantage lies in sector A. In this
case, the aggregate welfare effect of a reduction in transport cost caused by
the introduction of infrastructure project 1 is positive, i.e. consumers’ utility
increases, as shown by the two rightward shifts in the budget line, resulting
from a positive transport savings effect, represented by the move from q' (1)
to ¢’ (2), and a non-negative output effect, represented by the move from q’
(2) toq’' (3). This welfare gain is reflective of the country realizing its

comparative advantage through the introduction of transport infrastructure.

Figure 6: Welfare-increasing reduction in transport cost

B

q' (1) q2) 4q(3)
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However, this increase in aggregate economic welfare is not a guaranteed
result. In fact, while the transport savings effect is always positive, as the
economy is recouping resources wasted on transportation, the output effect
can be positive, negative or equal to zero. Suppose, instead, that the relative
world market price line is flatter than the price line reflecting relative
producer prices, which is an indication that the country’s comparative
advantage actually lies in sector B, as illustrated in Figure 7. In this case,
transport infrastructure resulting in a reduction in transport cost in sector A
may lower aggregate economic welfare, even if the cost of building and

maintaining the infrastructure is negligible.

Figure 7: Welfare-reducing reduction in transport cost
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This welfare-reducing scenario results when a positive transport savings
effect, represented by a move from q’ (1) to q’ (2) is more than offset by a
negative output effect. The latter arises when the reduction in the value of
B’s output, evaluated at B’s price in the world market, is greater than the
simultaneous increase in the value of A’s output, also evaluated at A’s world
market price, as represented by the move from q' (2) to ¢’ (3). It is worth
emphasizing that this welfare loss is not the result of a “white-elephant”42
infrastructure project. In fact, the potentially negative welfare effect of
infrastructure shown in this dissertation is due to the opposite phenomenon,
i.e. that producers’ use of the infrastructure distorts domestic production
away from the country’s comparative advantage. In other words, profit-
maximizing producers follow price incentives and increase the production of
a good that appears more valuable to them due to the higher relative
producer price resulting from the reduction of transport costs, but that is not

as highly valued in the world marketplace.

The analytical results obtained can be summarized as follows: a reduction in
transport cost both increases the amount of resources available to the
economy, and causes a relocation of resources across productive sectors.

The former results in a transport savings effect, through which the economy

42 The Merriam-Webster dictionary defines “white-elephant” as a “property requiring much
care and expense and yielding little profit”. In common parlance, the term is often utilized in
reference to infrastructure projects that are not only large and expensive to build, but are
also considered so iconic or politically attractive that their visibility or political payoff
dominate over function and socio-economic need and benefit. Here, the term refers to a
piece of infrastructure that turns out to be of little to no use to intended beneficiaries,
becoming largely idle.
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gains resources by reducing output “waste”; the latter leads to an output
effect that may be either positive, null or negative, depending on whether the
change in transport cost brings relative producer prices closer to prevailing
relative world market prices*3. The sum of these two effects, evaluated at
world market prices, partially 4 determines whether the proposed
infrastructure project is welfare increasing, neutral or reducing#>. This
calculation lies at the core of the decision criterion upon which transport

infrastructure projects are to be assessed.

43 It is relevant to note that the results obtained in this simple model are partially dependent
on the model’s assumptions, particularly on the representation of transport costs as a tax on
production whose reduction can either reduce or exacerbate an existing relative price
distortion. However, similar results could be obtained, including the possibility of a loss in
aggregate economic welfare from a reduction in transport cost, by allowing transport costs
to affect the input side of production, for instance by resulting in increased factor efficiency
and hence output growth in the sectors utilizing the affected factor. In all of these cases,
welfare losses can result if the growth caused by a reduction in transport costs occurs in an
economy that operates under some sort of distortion, as the initial improvement in welfare
can be outweighted by the accentuation of the loss from the existing distortion. For example,
in the case of a small economy that imposes a tariff on foreign trade, which is necessarily
distortionary in the absence of monopoly power in trade, increased factor efficiency causes
growth that may accentuate the loss from the tariff. This case would be analogous to the
analysis by Johnson (1967) on technical progress in the protected import-competing
industry of a small country, and would also apply to the export sector operating under
subsidies.

44 In case the application of the framework shows that the proposed infrastructure increases
welfare, the present value of the stream of real income gains arising from the project should
be compared to the present value of building and maintaining the infrastructure to ensure
that benefits outweigh costs. In case the infrastructure is shown to decrease welfare, it
would be unnecessary to include its construction and maintenance costs, as these would
either maintain the loss in welfare - in case the project pays for itself - or exacerbate it. As
noted on footnote 27, in building the model, construction and maintenance costs have been
normalized to zero in order to focus on the welfare implications of changing relative
producer prices.

45 These findings are in line with those of Kowalczyk (1993), where it was shown that
sources of welfare change are distinct when removing revenue-generating impediments to
trade, such as tariffs, versus eliminating barriers that do not generate revenue, such as
transport costs. In the first case, welfare gains originate from an increase in trade flows
between partners, i.e. a volume of trade effect, whereas in the latter case, it is the initial level
of trade and the extent to which the reform can bring domestic prices closer to prices ruling
outside the nation’s borders that largely determine the magnitude of the welfare
improvement.
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This chapter thus shows that infrastructure allocation is not a panacea. Even
in the absence of much-discussed issues such as lack of financing, cost
overruns, negative environmental and social impacts, among others, the
introduction of transport infrastructure might result in aggregate welfare

losses.
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SUPPLEMENT TO CHAPTER III:
SOME INSIGHTS FROM THE LITERATURE ON TARIFF REFORM
ON PROJECT SELECTION IN HIGHER DIMENSIONALITY

The model developed in chapter III defined the aggregate economic welfare
impact of transport infrastructure as the sum of transport savings and output
effects, evaluated at world market prices, in the sectors affected by the
proposed project. It further showed that the transport savings effect is
always positive; therefore, if this were the only effect of concern, any
transport infrastructure project would increase aggregate economic welfare
by reducing output “waste”. However, lowering transport costs and, hence,
increasing producer prices*®, also causes factors to relocate across sectors,
leading to changes in output composition, i.e. the output effect, and
potentially generating aggregate welfare losses. As a result, the model
argued that a welfare-increasing transport infrastructure is one that brings
relative producer prices closer to prevailing relative world market prices,
reducing output distortions and supporting the realization of comparative

advantages.

46 If prices were subject to taxes and/or subsidies, policy interventions could result in either
an increase or decrease in producer prices, depending on whether the tax/subsidy rate is
increased or decreased. In the case of transport infrastructure, it is assumed that it is not
possible to further increase the cost of transportation to which a sector is subjected through
the introduction of infrastructure. Although it would be possible to conceive of a policy of
infrastructure removal to increase transport costs, it would be unlikely to be implemented.
Therefore, in this dissertation, producer prices are assumed to only move up as a result of
infrastructure interventions.
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While a complete and immediate elimination of all transport costs - recalling
the assumption that this is the only price distortion affecting the economy -
would be a welfare-maximizing outcome, it is not feasible. The decision
maker is thus left with the task of designing an infrastructure plan that
reduces inter-sectoral output allocation issues by gradually bringing relative
producer prices closer to relative world market prices. This raises two issues
that are particularly relevant in an economy composed of multiple sectors:
first, reducing transport costs may cause changes in relative producer prices
that, although in the “right” direction, may end up overshooting relative
world market prices. Second, reducing the difference between one set of
relative producer prices and relative world market prices may lead to
another set being pushed apart. This supplement explores potential answers

to these issues based on insights from the literature on tariff reform.

$3.1 Welfare-Increasing Methods for Reducing Transport Costs

Given that transport savings effects are always positive, aggregate economic
welfare will increase as a result of infrastructure allocation if the net output
effect is either zero or positive*’. On the one hand, a net output effect equal to
zero can result if (i) there is no factor mobility across sectors, or (ii) relative
producer prices remain unaltered despite the possibility of factor mobility.

On the other hand, a positive net output effect results if (iii) relative producer

47 Aggregate economic welfare may also increase in the presence of a negative net output
effect, as long as it is of smaller magnitude than the transport savings effects.
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prices move closer to relative world market prices and there is factor
mobility. These findings hold true regardless of how many sectors exist in
the economy, but identifying which infrastructure projects lead to these
results becomes more complicated as the number of sectors increases. Let us
examine each of the three conditions and discuss how they would apply to an

economy of multiple sectors.

First, if there is no factor mobility across sectors, no output effect will take
place. In this case, selecting the welfare-maximizing infrastructure project
becomes a matter of comparing the magnitude of the transport savings effects
of different infrastructure projects, which requires multiplying the initial
level of production by the absolute reduction in the price wedge between
producer and world market prices, and summing them up over all relevant

sectors.

Second, if factor mobility is possible, but relative producer prices remain
constant, there will also be no output effect. In order for this result to occur,
transport costs affecting all sectors of the economy across which factors are
able to move must be proportionately reduced. To borrow from the
literature on tariff reform, let us call this investment plan a radial method of
transport cost reduction8. This method would cause welfare to increase by

means of a positive transport savings effect for all sectors, albeit of different

48 The radial method applied to tariff reductions was originally demonstrated by Bruno
(1972) and Fukushima (1979).
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magnitudes across them. For the purpose of infrastructure development, a
radial method would be most relevant for countries that do not require
extensive infrastructure interventions, either because they are
geographically small, or because its sectors are already served by adequate
infrastructure. For a majority of countries, however, it would be of little
relevance, as it would require investments proportionately impacting all

sectors, which tends not to be feasible, practically or financially.

Lastly, if there is factor mobility across sectors, a net positive output effect
will result if relative producer prices move closer to relative world market
prices, so that existing output distortions are reduced. To see how this would
occur, let us examine the ideal case in which relative world market prices and

post-infrastructure relative producer prices coincide, as follows:

"

ot p? pf
SR SR

qB p; qB qA

Recalling that ¢5 = p® + t5, the following results:

Interestingly, attaining a positive net output effect does not necessarily entail

the complete elimination of transport costs. Instead, it suffices that ad
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valorem costs are brought to the same level across sectors. Therefore, in a
multi-sector economy, assuming that pre-infrastructure ad valorem transport
costs are such that 74 > 78 > --- > 75, and that the good produced by sector
A is a substitute for every other good, bringing the level of ad valorem
transport costs in sector A closer to or to the same level as those occurring in
sector B will raise welfare. Borrowing once again from the literature on tariff
reform, this investment plan would be akin to the concertina formula of tariff
reduction??, which proposes the reduction of the most extreme tariff rate to
the level of the second most extreme rate at every step of the reform

process>0.

It should be noted that the magnitude of the aggregate economic welfare gain
resulting from the concertina method would be the sum of both the transport
savings effect and the output effect, which may raise an issue: if bringing the
most extreme level of ad valorem transport cost closer to or to the same level
of the second most extreme does not result in a substantive positive output
effect, nor in a large transport savings effects, one could argue that a reduction
of greater absolute magnitude elsewhere might generate a larger transport
savings effect that can compensate a potentially negative output effect. The

immediate answer to such a conundrum would be to argue that this is

49 The concertina formula was initially formulated by Bertrand and Vanek (1971), and later
applied to various aspects of tariff reform by Hatta (1977) and Ghosh (1979).

50 A welfare-enhancing outcome in these models depends on the following assumptions: (i)
all sectors are subject to constant returns to scale, (ii) no inferior goods exist, and (iii) goods
produced are gross substitutes.
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ultimately an empirical matter, and that the framework as developed allows
for such calculation utilizing only a few available or easily obtainable
variables. A finer response, however, would be to appreciate that, if the end
goal of an investment plan is to eventually arise at the welfare-maximizing
level of transport cost across the economy, all transport savings effects should
eventually be reaped, making the concertina method an appropriate guide
for a consistently welfare-increasing infrastructure introduction plan. As this
transport cost reduction method is potentially implementable in a variety of
settings, let us take a closer look at its implications, and compare it to other
rationales that, although commonly used to guide infrastructure investment

decisions, may result in aggregate welfare losses.

$3.1.1 A Less Simple Scenario with More Complicated Implications

As graphically depicting multiple sectors would be too cumbersome to be of
assistance, let us examine a series of numerical examples that show that the
concertina method of transport cost reduction consistently raises aggregate
economic welfare by reducing the difference between relative producer
prices and relative world market prices, contrary to alternative rationales for

infrastructure allocation.

With ¢ and p° representing world market and producer prices, respectively,

in sector S (S = A4,B,C,D), and q' and p’ representing relative world market
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and producer prices, respectively, let us subject each sector to a different and
arbitrarily defined level of ad valorem transport cost 551, The bottom line of
Table 2 below shows the difference between relative world market prices

and relative producer prices (|q' — p’|) pre-infrastructure intervention.

Table 2: Difference between relative world prices and relative producer
prices pre-infrastructure

q4 = 1,000 q® =500 q¢ = 200 q° = 100
gt =2 qP€ =25 qcP =

qic =5 q®° =5

q4P =10

4 =12% 8 =20% ¢ = 25% 7P = 15%
p” = 880 p® = 400 p© = 150 PP = 85
p4E =22 pBC =26 p“P? =18

p*C =59 pPP = 4.7

pAP =10.3

Zlq’ —9'|=02409+03+01+03+02=2

Applying the concertina method to this stylized economy requires reducing
the 25 percent ad valorem transport cost in sector C, as it is the most

extreme, to the 20 percent level to which sector B is subjected, as follows:

Table 3: Difference between relative world prices and relative producer
prices with one round of concertina reduction

T4 =12% 8 =20% ¢ =20% P = 15%
p# = 880 p? =400 p¢ = 160 p? =85
p4E =22 p8C¢ =25 p¢P =19

p4¢ =55 pBP =47

51 A more in-depth discussion of how transport costs are modeled is conducted in the
following chapter. For now suffice to say that sectors are subject to different levels of ad
valorem transport costs.
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p*? =103
Zlq’ —p|=02+05+03+0+03+0.1=1.4

Table 3 shows that the difference between relative prices has diminished, i.e.
they were brought closer together, with just one round of the concertina
method of transport cost reduction. This is the result of the relative price
difference between sectors B and C being completely eliminated, and the
other two relative price differences, between A and C, and C and D, being

reduced.

Reducing the level of transport cost in sector C beyond that of sector B could
nonetheless lead relative producer prices to overshoot relative world market
prices, potentially exacerbating existing output distortions and leading to
welfare losses. This situation is illustrated in Table 4 below, in which sector
C becomes completely free of transport costs, and shows that completely
eliminating transport costs in one sector, while leaving all other levels of ad

valorem transport costs unaltered, may lead to welfare losses.

Table 4: Difference between relative world prices and relative producer
prices by eliminating transport cost in sector C

T4 = 12% w8 =20% ¢ = 0% P = 15%
p4 = 880 p% =400 p¢ =200 p? =85
p4E =22 pBC =2 peP =24

p4C = 4.4 pBP =47

pAP = 10.3

Z|q' —p|=02+06+03+05+03+04=23
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Two other seemingly sensible and commonly applied rationales for
allocating infrastructure with the goal of reducing transport costs, namely (i)
reducing transport costs in a sector other than the one subjected to the
highest ad valorem level, and (ii) reducing transport costs in the sector

producing the lowest-priced good, may turn out equally damaging.

Starting with the first method, suppose that a government attempts to reduce
transport costs in a sector other than the one subjected to the extreme ad
valorem level for financial, political or contractual reasons>2. In the
numerical example, let us depict such situation by reducing the ad valorem

level of transport cost from 20 to 10 percent in sector B.

Table 5: Difference between relative world prices and relative producer
prices by reducing a non-extreme level of transport cost

T4 = 12% 8 =10% ¢ = 25% Pl = 15%
p4 = 880 pB =450 p¢ =150 p? =85
p4% =19 p8C =3 p“P =18
p4¢ =59 pBP =53
pAP =103

lg—p'|=014+09+03+05+03+0.2=23

52 Reasons for such a decision range broadly. Think, for example, of a government receiving
financial assistance from an international development agency to build a specific road, or
attempting to benefit a politically powerful region that hosts a specific sector, or fulfilling a
commitment made with a large firm to provide transport infrastructure in order to secure
the building of a plant.
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As argued by the theory of tariff reform, reducing non-extreme levels of
transport costs has no defined welfare result, i.e. welfare could be increased,
reduced or kept constant, depending on the net effect of some relative prices
being brought closer together and others being pushed apart, and on the
resulting output distortions these price movements may generate. In the
numerical example in Table 5, a potential welfare loss is observed, as the
difference between relative world market prices and relative producer prices
increased. However, even if a welfare gain were initially obtained, the result
would most likely not be consistent along the reform path, thus providing
some production substitution incentives that would be later reverted as

transport costs continued to fall.

Lastly, regarding the reduction of the level of transport cost affecting the
sector producing the lowest-priced good, a parallel could be traced with
equity-based arguments that support low-priced commodity producing
regions. While there is no a priori reason to argue that sectors that produce
low-priced goods should not be awarded infrastructure investments - the
opposite would actually be the case if such sectors were subjected to the
most extreme level of ad valorem transport costs - the outcome of such

intervention might, again, be a decrease in welfare.
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Table 6: Difference between relative world prices and relative producer
prices by eliminating transport cost in lowest-priced sector

T4 = 12% P =20% ¢ = 25% Pl = 0%
4 = 880 B = 400 € = 150 D = 100
p4E =22 pBC =26 p&P =15

p4¢ =59 pBP =4

p4P =8.8

Zlq' | =02409+12+01+1.0+05=39

It is observed in Table 6 that eliminating transport costs in the sector
producing the lowest-priced good can result in an increase in relative price
differences. Obviously, the magnitude of such result depends on the values of
g%, p°, and 5, which have been arbitrarily assigned above, but it exemplifies

that aiming at equity does not necessarily deliver welfare.

The examples above preliminarily confirm the applicability of the concertina
method of tariff reduction to the issue of transport cost, and show that
commonly utilized justifications for choosing sectors to be awarded
transport infrastructure, such as political alignment, availability of
earmarked funds, or equity considerations, are not necessarily welfare
enhancing. As such, the following can be stated: in an economy of multiple
sectors, a transport infrastructure allocation plan will increase aggregate
economic welfare if projects are ordered so as to bring the most extreme
level of ad valorem transport cost closer to the second most extreme level of
ad valorem transport cost at each and every stage of the plan. Furthermore,

these examples bring attention to the issues of prioritization of transport
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infrastructure projects, as the allocation of one project has effects on relative
producer prices and output across the economy, which may subsequently

impact the calculation of aggregate welfare effects of other projects.
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CHAPTER IV
DISAGGREGATING TRANSPORT COSTS

As pointed out in chapter II, while the theoretical trade literature has largely
assumed away transport costs, the empirical literature is voluminous, but
limited in its ability to guide the selection of transport infrastructure projects
to reduce such costs as contributions not always display clear theoretical
foundations and often employ aggregate cost measures. In order to
overcome this limitation, transport costs must be first brought into the trade
model, as done in chapter III. Beyond that, the transport cost function must
be specified, as different representations of transport costs may lead to
distinct implications for transport savings and output effects. Finally, the role
of infrastructure in reducing transport costs must be clarified. This requires
decomposing such costs into measurable components in order to calculate

the potential welfare effects of reducing the barriers they generate.

To this end, this chapter will continue to develop the framework by
proposing a disaggregated measure of transport costs: section 4.1 explores
the main drivers of intra-national transport costs, including product and
route characteristics, to show that, while some of the drivers can impact
producer prices more or less proportionately across sectors, others are
better represented as per unit charges, thus generating distinct impacts at
the sector level. Next, section 4.2 investigates which of these transport cost
drivers are actually impacted by infrastructure.
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4.1 The Impacts of Transport Costs on Producer Prices

A 1969 study by the United Nations Economic Commission for Latin America
(ECLA) identified two types of transport cost drivers, termed the structure
and the level of transport costs. By structure, the study referred to those
factors that generate cost variations for different products on the same route,
and by level, to those that account for cost variations for the same product on
different routes. Subsequent empirical studies®3, although not utilizing the
same nomenclature, have provided evidence that indeed two sets of factors
drive a large percentage of transport cost variation, namely those that are
related to product characteristics, corresponding to ECLA’s structure, and
those that are generated by route characteristics, or ECLA’s level of transport

cost.

The structure of transport costs is mainly explained by the transported
goods’ prices>*. Transport costs tend to increase with the price of the good,
as more expensive products normally require higher quality and more costly

handling and transportation services, and are subject to larger insurance

53 In addition to ECLA (1969), see, for example, Prewo (1978), Teravaninthorn and
Raballand (2009), Moreira et al. (2013) and Osborne et al. (2014).

54 A host of product characteristics could be expected to influence the cost of transportation,
but empirical studies have provided strong evidence that price is by far the most significant.
For empirical studies that measure the impact of goods’ prices on the value of
transportation, see Moneta (1959), Prewo (1978), and Hummels and Skiba (2004).
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premia. In turn, the level of transport costs is traditionally associated with

distance and time-related factors>>.

The importance awarded to particular drivers of transport costs determines,
to a large extent, how they are specified in various applications. Whether
transport costs are represented as ad valorem or per unit charges>¢ depends
on which determinant - product or route-related - is perceived or calculated
to exert the greatest impact on the cost of shipping goods from origin to
destination. Different specifications of the transport cost function, however,
lead to distinct implications for transport infrastructure allocation strategies,

which we will examine in turn.

Ad valorem transport costs: The most common specification of transport
costs as an ad valorem charge is Samuelson’s iceberg. By making transport
costs proportional to the transported goods’ prices, this representation
becomes essentially aspatial, as there is no explicitly geographical aspect to

the “melt” factor, as follows:

tS=m.q5 (4.1)

55 As with product characteristics, a host of other route characteristics could be expected to
influence the cost of transportation, but empirical studies have been showing that these two
variables, distance and time, are the most significant ones. On this discussion, see Combes
and Lafourcade (2005), Blyde (2012) and Moreira et al. (2013). It should also be noted that,
as per the definition of transport cost provided in the introduction, rules and regulations, as
well as other potential sources of heightened route-related costs such as illegal road charges,
unscheduled delays, among others, are excluded.

56 Ad valorem cost is defined as a percentage of the good’s price, while per unit cost is
defined as an absolute monetary cost.
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Where t5 represents transport cost in sector S, 7 is the iceberg melt factor,
and q° is the world market price. With p° representing producer price in

sector S, the following is implied:

pS =q5 —t5
pS=q5—m.qS
pS=q°(1—-m) (4.2)

This particular representation, with an exogenously defined melt factor,
assumes that all sectors are subject to the same ad valorem cost of
transportation. This means that relative producer prices coincide with
relative world prices, and that the production of output, although occurring
at a lower level, is not distorted by the occurrence of transport costs, as

implied by the following:

p® p°

@ 4

A-m=>0-m

mT=T (4.3)
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Unfortunately, this implication is not in line with evidence that shows that
different sectors are subject to distinct levels of transport costs>’, and that
infrastructure allocation does reduce the cost of transportation in some

sectors but not in others, potentially leading to output distortions.

Per unit transport costs: As opposed to the specification discussed above, per
unit charges are almost entirely correlated to observable geographical
characteristics such as distance, being largely independent of the transported

goods’ prices, as follows:

tS = fS (4.4)

Where f° represents per unit cost incurred in sector S. Therefore:

pS=q5—t

pP=q°—f° (4.5)

If transport costs were purely per unit, they would distort relative producer
prices by impacting sectors differently depending on the characteristics of
the route connecting their point of production to the gate of exportation,
which is a reasonable finding. However, the implication of such specification

for transport cost reduction plans would be somewhat surprising: in order to

57 See, for instance, Martinez-Zarzoso et al. (2008).
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bring relative producer prices in line with relative world market prices,
higher-priced goods would have to be subjected to equivalently higher per

unit transport costs, as shown below:

pS p°
¢ q°
S G
A
q q
5 fe
@ q°

(4.6)

The above discussion leads to an important conclusion: purely ad valorem or
purely per unit specifications are not accurate representations of transport
cost functions. First, applying a common melt factor across sectors
emphasizes the influence of product-related factors and overshadows the
effects of geography on the cost of shipping. Second, although there are
obvious effects of geography on transport costs, the fact that most empirical
analyses tend to use distance as a proxy for such costs means that they can

only explain part of the variation, and ignore the role of other determinants.

Recognizing the importance of a more accurate specification of transport

costs for policy applications, recent theoretical work and empirical
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evidence®8 have shown that these, in fact, contain both ad valorem and per

unit elements, and that both vary across sectors, as follows:

tS=n5.q5+fS (4.7)
Thus,
pS=q5—t5
p®=4q°—(m°.q° + %)
p’=q°Q—-n%)-f° (4.8)
Leading to:
s G

s +% =n% + 2—6

nf = n)g (4.9)

n]f denotes the ad valorem equivalent level of transport costs that allows for

the simultaneous presence of ad valorem and per unit elements. This
specification allows the melt factor to vary across sectors depending on both
the value of the goods transported, and the characteristics of the route

utilized to transport them. This specification is also consistent with the

58 See for instance Hummels and Skiba (2004), Wood (2012), and Irarrazabal et al. (2013).
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model developed in chapter Il and its supplement. It is, therefore, the
preferred specification of the transport cost function to be utilized in the

proposed framework.

4.2 The Limited Impact of Infrastructure on Transport Costs

The previous discussion suggests that not all transport cost drivers are
impacted by infrastructure: while product characteristics (i.e. world market
price) are assumed not to be directly impacted by the availability of a
particular transport infrastructure, route-related determinants (i.e. distance
and time) clearly are. The impact of specific infrastructure projects on
transport costs is thus assumed to be transmitted mainly through a reduction

in the per unit component of the transport cost function.

Combes and Lafourcade (2005) developed a methodology to explicitly
estimate the route-related costs of shipping goods within a country by
combining real - and generally available - freight cost information and
Geographic Information System (GIS) analysis®®. Such calculation is based on
the definition of a number of arcs (i.e. routes connecting origin and
destination) of different types (e.g. highways, primary roads, secondary

roads, etc.), along which shippers incur distance and time-related costs. The

59 In addition to the original application to the French transportation system by Combes and
Lafourcade (2005), applications of the methodology include Blyde (2012) to the case of
Colombia, Volpe Martinicus and Blyde (2013) to Peru, and Moreira et al. (2013) to selected
Latin American countries.
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first set of costs essentially corresponds to expenses such as fuel and vehicle
maintenance that are calculated on a per kilometer or per mile basis and
assumed to be directly proportional to the real distance between origin and
destination. The second set of costs is calculated on a per hour basis, and
comprises costs such as labor, depreciation, and other operating expenses
(e.g. refrigeration, security, etc.). Similarly to distance-related costs, these
are assumed to be directly proportional to the real time elapsed when

transporting goods between origin and destination.

Letting d represent the physical distance between origin and destination, and
h the average speed at a particular type of arc, total route-related costs
incurred in connecting the point of production to the gate of exportation are

given by:

S = Y.(per km or per mile expenses).d® + Y.(per hour expenses).dS/hS

(4.10)

It is reasonable to assume that distance and time-related expenses are
relatively constant for a specific type of arc or route, in the absence of any
intervention. Therefore, once it is known which particular route a shipper
utilizes to access the gate of exportation, which can be assumed to be the
least-cost route for profit maximizing firms, it is possible to calculate the

changes in per unit transport costs (AfS) caused by the allocation of
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transport infrastructure. As infrastructure projects are expected to reduce
the real distance between origin and destination, and/or the time it takes to
traverse such distance by allowing for greater vehicle speeds through
improved road quality®?, this calculation can be done by observing the
change in the physical distance AdS = d; — d®, and speed Ah® = hy — hS,

between origin and destination.

Applying the above-discussed to the model, the following can be argued:
given the fact that infrastructure-generated transport costs are calculated
based on distance and time factors, sectors located farther away from the
gate of exportation, or served by lower-quality infrastructure, face higher
transport costs, all else being equal. This means that the transport savings
effect, which is partially dependent on the absolute size of the producer price
shift, is potentially greater for such sectors. Yet, precisely because they are
caused by geographical characteristics, infrastructure-generated transport
costs can only be reduced up to a certain point, bounding the transport
savings effect that originates from this source. Moreover, the significance of

infrastructure-generated transport costs lies in the fact that, as per unit

60 Road quality is usually evaluated using the International Roughness Index (IRI). This
index represents the ratio of the accumulated suspension motion of a standard vehicle (in
millimeters, meters or inches) and the distance traveled by the vehicle (in meters,
kilometers or miles). It thus measures the “bumpiness” of the road, with low values
indicating good riding quality (and, consequently, higher speeds and lower transport
expenses), and higher values indicating a rougher riding road (and lower speeds and higher
transport expenses). For comparison purposes, airport runways and superhighways have
an average IRI below 2 m/km; rough, unpaved roads have an average IRI above 11 m/km;
new pavements usually have IRIs between 2 and 3.5 m/km (Sayers, Gillespie and Paterson
1986).
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charges, they alter relative producer prices, and even though they might be
small (large) in absolute terms, they may amount to a large (small) ad
valorem equivalent. Thus, as has been argued, it is not the absolute
magnitude of the transport cost reduction alone, i.e. the transport savings
effect, that determines the sign and magnitude of the welfare effect of
transport infrastructure projects. Understanding the impact of transport
cost reductions on both absolute and relative producer prices is key in
determining whether a project under consideration generates welfare gains.
A point of contention might nonetheless arise from the distribution of such
gains, which leads us to the final component of the framework, the factor

return analysis.
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CHAPTERYV
ASSESSING DISTRIBUTIONAL ISSUES

Even though the model developed to guide the allocation of transport
infrastructure is built upon the assumption that the increase in aggregate
economic welfare, measured as real income, should constitute the criterion
for transport infrastructure selection, it is important to understand how the

costs and benefits of projects would be distributed.

As observed in the previous chapters, costs and benefits will be
asymmetrically distributed among productive sectors. They will also be
asymmetrically distributed among the factors employed in them. Analyzing
these latter imbalances requires additional instruments, as it is not the case
that all factors in the sectors that benefit from the introduction of transport
infrastructure will also gain, nor that factors in the sectors bearing the cost of

adjustment will all lose.

The importance of identifying these distributional issues lies in the fact that
they are bound to lead to political economy dynamics, some that can
generate opposition to welfare-increasing infrastructure projects, and others
that can breed support for projects that, according to the defined criterion,
should not be implemented, given their negative aggregate welfare impacts.
While suggesting policies to mitigate localized losses or to demonstrate
diffused benefits falls outside the scope of this dissertation, identifying
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winners and losers is a first step toward anticipating and addressing

potential opposition and harnessing potential support.

This chapter will make use of existing international trade models to examine
the changes in factor returns that can result from changes in producer prices.
Specifically, this last component of the framework will identify which factors
win and which ones lose with the allocation of transport infrastructure that
reduces transport costs. Section 5.1 addresses these distributional issues
through the lenses of even models, i.e. models in which the number of factors
and sectors coincides: it will start with the implications of the simplest even
model, the two-sector, two-factor Heckscher-Ohlin Model, and subsequently
examine whether its predictions carry over to higher dimensional even
settings. Section 5.2 extends the analysis to uneven models, i.e. those in
which the number of factors and sectors is not equal: the two-sector, three-
factor Specific Factors Model will be the first one analyzed, and its main
implications will be later extended to uneven models of higher dimension.
Section 5.3 concludes with a review of distributional asymmetries that may

arise as a result of infrastructure introduction.
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5.1 Distributional Issues Through the Lenses of Even Trade Models®!

5.1.1 The 2 x 2 Heckscher-Ohlin Model

The 2 x 2 Heckscher-Ohlin Model has served as the standard setting in the
pure theory of international trade that allows one to anticipate changes in
factor returns given changes in producer prices. The simple structure of the
model encompasses two productive sectors S (S = A, B), each producing a
homogeneous good by employing two fully mobile factors of production, say
labor (L) and capital (K)%2. A constant returns to scale competitive setting

with fixed factor endowment and full factor employment is assumed, such

that:
at4y4 + atByB =L (5.1)
ak4y4 + gkByB = K (5.2)

a"’ corresponds to the amount of factor V required to produce one unit of

output in sector S, and y° represents output in sector S.

Due to free entry and exit, unit cost equals producer price (p°), as follows:

61 The derivations for the Heckscher-Ohlin and the Specific Factors Model draw from
chapters 5 and 6, as well as corresponding appendices, of Caves, Frankel and Jones (2007).

62 Labor and capital are chosen for notation purposes only. The model is applicable to any
two factors of production.
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alw + af4ry = p4 (5.3)

alBw + akBry = pb (5.4)

w and 1k correspond, respectively, to the wage rate and the capital rental

rate, i.e. the returns to labor and capital in both sectors.

Further, techniques of production are chosen so as to minimize the cost of

production. Therefore:

wAal + rgAa¥4 = 0 (5.5)

wAa® + ryAakB =0 (5.6)

Resting upon the above-stated set of assumptions, the Heckscher-Ohlin
Model arrives at a number of propositions, of which the Stolper-Samuelson
theorem is of particular relevance to the discussion of distributional issues.
This theorem states that an increase in the price of some good must
unambiguously raise the return to some factor of production. To see how
this implication would relate to price changes caused by reductions in
transport costs, let us consider the allocation of infrastructure 1 to sector A,

resulting in an increase in its producer price®3, as depicted below:

63 Note that it is not being assumed that infrastructure 1 is welfare increasing.
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Denoting relative changes by °, for example @S = Aa"S/a", and factor
distributive shares by 85, i.e. 85 = walS/pS and 855 = r,a®S/pS, the

following is obtained:

pLAGLA 4 gKAGKA = (5.7)

OLEGLE 4 gKBGKE = (5.8)

Differentiating (5.3) and (5.4), and substituting yields:

wAar + al4Aw + reAaf4 + af4Ar, = Ap?

a4 Aw + af4Ar, = Ap?

atAww + a¥4r iy = Ap?

OLAW + KAR, = pA (5.9)

Similarly, for sector B:
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OLEW + OKBF, = pbB (5.10)

(5.9) and (5.10) show that the relative changes in producer prices, p# and pZ,
equal the relative changes in factor prices, W and 7, weighted by the

respective factors’ distributive shares in each sector 4.

Subtracting (5.10) from (5.9) yields:

WO — 01) + 7 (04 — 0KP) = pA — pB (5.11)

Recalling that the distributive shares must add to 1 in each sector, i.e.

¥4 =1 — 04 and %8 = 1 — LB, and replacing in (5.11) obtains:

W(QLA _ QLB) + fl\{(QLB _ QLA) — ﬁA _ ﬁB

0t — 08| (W — 7)) = p* — p° (5-12)

Assuming that the new infrastructure has a greater impact on producer
prices in sector A than in sector B, i.e. p4 > pZ65, and that sector A is labor
intensive, meaning that it produces output with a lower capital-labor ratio

than sector B, i.e. 84 > B or |94 — 6LB| > 0, results in the following

64 As long as both sectors have positive output, and techniques of production differ across
sectors.

65 Note that it is not necessary to assume that sector B is not impacted by the infrastructure
project, only that the increase in its producer price is proportionately smaller than the
increase in the producer price in sector A.
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ordering of relative changes in factor returns and producer prices:

W>ph>pE >y (5.13)

(5.13) restates the Stolper-Samuelson theorem and implies that, in a two-
sector, two-factor model, a given relative change in goods’ prices gives rise to
a greater proportional change in factor prices, such that one factor price
unambiguously rises and the other falls relative to both goods’ prices, with
the factor observing higher returns being the one used intensively in
producing the good whose producer price has observed the greatest

proportional increase.

5.1.2 Higher Dimensional n x n Models

Given the clear implications derived from the Heckscher-Ohlin Model, as well
as its widespread use, scholars have long attempted to understand whether
and to what extent its propositions carry over to higher dimensional
structures. Many have claimed that its low dimensionality involved
aggregation that seemed too severe for applied purposes (Jones 1975), and
that at least some of its standard propositions would not hold for economies
with more than two goods and/or factors. In order to evaluate the validity of
these criticisms, we will look at the assumptions upon which the Stolper-

Samuelson theorem is based to evaluate whether they hold in settings that
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exhibit a greater than two, although still equal, number of factors and sectors,

i.e. in higher dimensional even models.

As stated by Jones and Scheinkman (1977), the Stolper-Samuelson theorem
is based on the assumption that each good be produced by combining the
two factors in proportions that differ between sectors, and that there be no
joint production. These two properties can be carried over to models

incorporating many sectors and goods, as argued by Ethier (1984, 144):

The presence of additional produced goods does not disturb the 2 x 2
Stolper-Samuelson logic. Any change in the relative price of produced
goods necessarily raises one factor reward in terms of all produced goods
and lowers the other factor reward in terms of all produced goods, and the
identification of the respective factor can be deduced from the relative
factor intensities of any pair of produced goods whose relative price
changes.

To illustrate the applicability of the Stolper-Samuelson theorem in a higher
dimensional n x n structure, let us consider the even neighborhood
production structure, as developed by Jones and Kierzkowski (1986). The
models based on the neighborhood production structure grant a central role
to geographic proximity, as each productive sector employs only factors
located in its immediate “neighborhood”, i.e. geography both facilitates and
limits factor mobility. Therefore, no factor is specific to any single activity,
but has its employment alternatives limited to neighboring sectors, as

structured below:
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As with the simpler Heckscher-Ohlin Model, commodity price changes in the
n x n neighborhood production structure serve to raise the return to one of
its factors, and to lower the return to the other, exhibiting standard Stolper-
Samuelson characteristics. This result holds because the even number of

factors plus sectors leads to a “ripple effect” throughout the economy that is

consistent only with sequential rises and falls in factor returns.

To understand this ripple effect, let us again suppose that sector A is
allocated infrastructure that, through a reduction in transport cost, results in
higher producer price, i.e. p4 > 0. Retaining all discussed assumptions of the
original 2 x 2 model, and bearing in mind that relative changes in producer
prices are a weighted average of relative changes in factor returns, with the
weights being the factor distributive shares in each sector, if unskilled labor

is to observe an increase in its wage rate due to an increase in producer price
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in A, the return to land must fall, and the ripple effect would make the wage
rate for skilled labor go up, and the return to capital go down. Similarly, if
land return is to increase, both wage rates would fall, and capital return
would rise. Determining which of the factors employed in the sector
experiencing a relative price increase will gain and which one will lose
depends, as in the Heckscher-Ohlin Model, on factor intensity, i.e. if sector A
is relatively intensive in unskilled labor, then unskilled labor benefits, and if

it is relatively intensive in land, landowners emerge as winners.

The simple intuition behind the ripple effect serves to show that the main
implication of the Heckscher-Ohlin Model with regards to factor returns, as
stated in the Stolper-Samuelson theorem, carries over to higher dimensional
settings. Moreover, it implies that some factors employed in sectors other
than the one directly benefiting from an increase in producer price due to the
introduction of infrastructure can indirectly benefit by observing a rise in its

returns.

5.2 Distributional Issues Through the Lenses of Uneven Trade

Models

5.2.1 The 3 x 2 Specific Factors Model

Although the Heckscher-Ohlin two-sector, two-factor model proved popular,
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the assumption of full factor mobility across sectors was considered unsuited
for some applications, particularly to those concerned with more immediate
distributional impacts. In exploring solutions to this perceived shortcoming,
economists arrived at the structure of the two-sector, three-factor Specific
Factors Model that does not assume full factor mobility, whose algebraic

exposition was conceived by Jones (1971) and Samuelson (1971).

In the Specific Factors Model, each sector produces output under conditions
of constant returns to scale utilizing two factors of production, one mobile
and one specific. For the purpose of this explanation, let us assume that
labor (L) is the mobile factor, and land (T) and capital (K) are specific to

sectors A and B, respectively.

Fixed factor endowment and full factor employment are retained as

assumptions, thus competitive profit conditions can be summarized as

follows:

aTy4 = (5.15)

akByB = K (5.16)
aly4 + qlByB =L, (5.17)

Free entry and exit imply that unit cost equals producer price in all sectors,

such that:
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alw + aTr; = p4 (5.18)

alBw + akBry = pb (5.19)

Cost minimization implies that:

wAalt + rpAa™ =0 (5.20)

wAa® + ryAakB =0 (5.21)

Given its structure and set of assumptions, the Specific Factors Model leads
to the following result: relative producer price changes will raise the reward
of the mobile factor in terms of one good and lower it in terms of the other.
This takes place as the mobile factor will move away from the sector whose
producer price remains constant (or observes a relatively lower increase)
and towards the sector experiencing a price increase (or a relatively higher
price increase), which will raise the value of its marginal product in terms of
the former and lower the value of its marginal product in terms of the latter.
As a consequence, the specific factor employed in the sector experiencing a
producer price increase will observe a relative rise in return that is higher
than the relative increase in producer price in its sector of employment, and
the specific factor employed in the other sector will observe a relative fall in

return.
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To observe these changes in relative factor returns, let us again consider the
allocation of infrastructure 1 to sector A, resulting in an increase in its

producer price®®.

Putting (5.20) and (5.21) in relative terms, and replacing the definition of

factor distributive shares yield:

pLAGLA 4+ gTAQTA = (5.22)

OLEGLE 4 gKBGKE = (5.23)

Differentiating (5.18) and (5.19), and putting in relative terms result in:

OLAW + OTAR = pA (5.24)

OLEW + OKBF, = pB (5.25)

Differentiating (5.15), and recalling that factor endowments are fixed, lead

to:

66 Once again, nothing is being assumed regarding the aggregate welfare effect of
infrastructure 1.
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= —gT4 (5.26)

= —gkB (5.27)

Differentiating (5.17) obtains:

yAAart + al4Ay4 + yBAal® + alBAyB =0

alAyA (@ + 94) + atPyB (@8 + %) = 0 (5.28)

Substituting from (5.26) and (5.27), and representing the fraction of the

labor force employed in each sector by 1”5, i.e. AVS = aVSyS/V resultin:

ALA(@LA — aT4) + 21B (G — GkP) = 0 (5.29)

Recalling that the quantity of labor used per unit of land or capital, i.e.

(at4/a™) and (a'B/aX®), depends inversely on the wage rate w/p5, such

that:

at4/a™ = w/p4 (5.30)
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Differentiating (5.30) and putting in relative terms, one can define the

elasticity of labor’s marginal product, y5, as:
yHA = (@44 — aTAY /(W — p4)

Similarly for sector B:

VLB — (aLB _ aKB)/(W _ pB)

Substituting the elasticities into (5.29) yields:
ALA)/LA(W _ p‘A) + ALB}/LB(W _ p"B) =0

Solving explicitly for w:

LAy LAA JLB, LB 5B
w="1""P /ALA)/LA 4 ALByLB T v /ALA)/LA 4 LB (5.31)

y ]/LB

Defining the economy-wide weighted average of elasticities as y, i.e.

y = ALAyL4 4 ALByLB and replacing in (5.31) yields:

ALA LAAA ALB LB AB
VR LV, (5.32)

w =
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Finally, letting B° represent the power of each sector’s producer price to
influence the wage rate, at constant factor endowment, and defining it as

ALSyLS [y, the following is obtained:

w = p4pt + pop® (5-33)

The expression in (5.33) shows that indeed the relative change in the wage
rate, i.e. the return to the mobile factor, is trapped between the weighted
average of relative changes in producer prices. With a producer price
increase in sector A due to the introduction of transport infrastructure,

(5.33), together with (5.24) and (5.25), shows that:

fr >pA>w>pE >R (5.34)

As a result, in an economy whose structure resembles the Specific Factors
Model setting, winners and losers emerge from policies that cause changes in
producer prices, such as the introduction of transport infrastructure. These
will be determined by the fate of the sectors in which factors are specifically

employed, as well on which factors are mobile across sectors.
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5.2.2 Higher Dimensional (n+1) x n Models

Higher dimensional extensions of the Specific Factors Model comprise n
productive sectors and n+1 factors of production®’. As with the original
model, the edge factors are specific to a single productive activity, while the
middle factors can be employed in alternative occupations, as depicted

below:

The rationale of the Specific Factors Model provides the first step in
predicting the fate of the different factors given a rise in producer price in an
edge sector such as A. If the amount of capital employed in B and C were
frozen, the increase in producer price in sector A would result in the same
changes in factor returns as examined in sub-section 5.2.1. However, as
capital is not specific to sector B, the lowering of its return would encourage

a movement of capital from B to C, which would serve to mitigate the fall in

67 For other extensions of the Specific Factors Model see Jones and Marjit (2003). A number
of applications of both even and uneven higher dimensional models has been illustrated in
Jones (2000).
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capital return. Through the “ripple effect”, the flow of capital into sector C
would increase the wage rate of skilled labor, although no price change has
been observed in sector C, as it has not been awarded any infrastructure.
Concomitantly, as the fall in capital return is moderated by its move to sector
C, the wage rate for unskilled labor would not rise by as much, while the
increase in land return would be even more substantial than what would

have been observed in a Specific Factors setting.

Now let us investigate whether symmetry of results hold by examining what
would happen if the other edge sector, sector C, were allocated
infrastructure. In this case, applying the same rationale would result in the
return to skilled labor rising by more than if sector A were cut off from the
rest of the economy and unskilled labor were fixed. Capital also benefits, but
as more capital is attracted from sector B, the rise in capital return is
moderated. As opposed to what was observed with an increase in producer
price in sector A, the unskilled wage rate would fall, while the return to land,

through the “ripple effect”, would rise.

Finally, if the price increase is experienced by the middle sector, sector B,
both unskilled labor and capital would be attracted to it, resulting in
increased returns for both of them, and depressing the returns to both land
and skilled labor. Whether mobile unskilled labor gains more or less than

mobile capital depends on two conditions: first, a comparison of the
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elasticities of demand for capital and unskilled labor in sectors C and A,
respectively, which reflect these factors’ supply elasticities to sector B.
Second, and as already mentioned, results depend on the distributive shares

of capital and unskilled labor in sector B.

In sum, depending on which sector is allocated infrastructure, and on the
structure of the economy, the set of winners and losers will change. The
interesting point to note in all cases is that potential winners and losers are

also to be found in sectors not directly linked to the proposed infrastructure.

5.3 Distributional Asymmetries due to Infrastructure Introduction

Theoretical and empirical studies have long indicated that the introduction of
infrastructure has the potential to either decrease or increase disparities
between locations, activities and peoples within countries®®. The framework
developed in chapters III to V confirms this argument, and, by making explicit
the general equilibrium effects of different infrastructure allocation
decisions, shows that one size does not fit all when it comes to assessing an

economy’s transport investment needs.

Putting together the findings of these chapters allows us to take the first step

68 Work in the tradition of new economic geography is particularly concerned with these
distributional issues. See, for instance, Biehl (1986), Krugman (1991), McCann (2005),
Agénor (2010) and Behrens and Picard (2011).
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towards an analysis of potential political economy issues that may arise as
transport infrastructure projects are being considered: the identification of
winners and losers due to the asymmetrical distribution of the benefits and
costs of infrastructure projects, which may create rifts between sectors, their
factors of production, and the regions hosting them. Let us examine each one

of these distributional asymmetries in turn:

Distributional issues across sectors: Chapter III showed that, given the
scarcity of resources and the need to pick and chose between alternative
projects, only some sectors might benefit from infrastructure. On the one
hand, winning sectors are those observing a proportionately greater rise in
producer prices. These benefits materialize through both a positive
transport savings and an output effect. On the other hand, losing sectors are
those that observe a reduction in production through a negative output effect
as factors migrate away from it. The extension of the model to higher
dimensional settings showed that output effects, whether positive or
negative, could be magnified as factors have more employment outlets. For
example, in an economy whose structure resembles that of the (n+1) x n
model described in sub-section 5.2.2, as producer price increases in sector A
due to the allocation of infrastructure, labor will be attracted to it from sector
B. At the same time, capital will move away from sector B toward sector C,
making the negative output effect suffered by sector B even larger as

compared to a situation in which A and B were the only productive sectors.
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In should be clear, therefore, that potentially welfare-reducing effects of
poorly selected infrastructure could be even more pernicious as the economy

becomes more interconnected and complex.

Distributional issues across regions:  Calculating regional effects of
infrastructure allocation requires aggregating its effects on the sectors
hosted by said region, and understanding how they are linked to each other
and to the rest of the economy. Specifically, if a region is composed of a
single sector that is not connected through factor flows to the rest of the
economy, allocating infrastructure to said sector/region would result in a
positive transport savings effect and nothing else. However, if such region
remains disconnected from the rest of the economy, but hosts two or more
sectors that share productive factors, transport savings and output effects
would be observed. In analyzing welfare changes based on world market
prices, regional welfare losses could result in a manner similar to the
aggregate welfare-reducing case analyzed in chapter IIl. Lastly, if the region
hosting the sector(s) to which infrastructure is allocated is fully connected to
other regions, ripple effects will reverberate throughout the economy,
generating welfare effects elsewhere, which, in the aggregate, can be either

positive or negative, as already established.

Distributional issues across factors: Finally, as presented in this chapter, new

transport infrastructure also impacts the returns to factors of production. As
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shown, winning factors are not all employed in winning sectors, and losing
factors are not necessarily located in losing sectors. In order to identify who
wins and who loses from such policies, it is necessary to understand the way
in which the economy is structured, as well as which factors are employed in

which sectors, and their alternative employment outlets, if any.

A relevant implication regarding factor returns is worth noting: depending
on the economy’s set up, a pair of factors may benefit or lose jointly, or
observe their returns move in opposite directions. For instance, in one of the
cases analyzed in sub-section 5.2.2, the wage of unskilled labor increased,
while that of skilled labor fell, and the wage gap narrowed. In another case,
the opposite situation was observed, with a widening of the wage gap.
Finally, a third scenario was analyzed in which both types of labor
experienced higher wages. In this last case, whether the wage gap would
widen or narrow would depend on whose wage rate increased the most, that
of skilled or of unskilled labor. This, in turn, would depend on capital’s
distributive shares in sectors B and C: if capital’s distributive share in sector
C were greater than in B, skilled labor would observe a larger proportional
increase in wage than unskilled labor, whereas the opposite would be true if
capital’s distributive share were lower in sector C. Therefore, even though
unskilled labor would be one of the factors directly “blessed” with a producer
price increase, as the sector in which it is employed benefitted from

infrastructure, if sector C were capital intensive, skilled labor would still
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observe an increase in return higher than that of unskilled labor. This is not
to say that unskilled labor would not benefit from infrastructure allocated to
its sector of employment in this particular example, quite the opposite, but if
income inequality is an issue to be addressed, targeting infrastructure to
directly benefit a factor regarded as disadvantaged might have unintended

consequences.

In sum, the introduction of infrastructure, as any policy reform, will cause
some sectors, regions and factors to win and others to lose, regardless of the
project’s aggregate economic welfare effects. Identifying which sectors,
regions and factors of production will win and which ones will lose is,
however, only a first step in mapping potential support and opposition to a
particular infrastructure intervention®. While the analysis conducted in this
chapter provides decision makers with an instrument to sort out the
positions of different stakeholders, it does not examine whether these
positions will actually translate into support or opposition, the degree of
such support or opposition, or how much influence stakeholders actually
have on policy outcomes. Thus, designing strategies to ensure that welfare-
enhancing infrastructure projects are implemented and that welfare-
reducing ones are not requires more information on the economic, political,

and institutional context in which investment decisions are made, an analysis

69 The identification of winners and losers allows for the conduction of a force-field analysis,
which identifies whether specific stakeholders are for or against particular interventions,
thus increasing the policy makers’ comprehension of the decision and implementation
context in which they operate (Crosby 1992).
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that is outside the scope of this dissertation’?. It is nonetheless recognized
that the choice of infrastructure investment is a political process and, as such,

may result in suboptimal outcomes, even if the optimal one is known.

70 Although the discussion of such variables falls outside the scope of this dissertation, the
literature on the political economy of infrastructure investment is extensive and suggests
that these decisions are influenced by myriad factors, including geographic (e.g. geographical
structure of countries, urbanization), economic (e.g. level of development, productive
agglomeration), fiscal (e.g. size of local governments’ budgets and debt level), political (e.g.
location of government power base, partisan alignment), institutional (e.g. electoral timing,
system of government), and ideological (e.g. government’s stance on poverty and inequality)
determinants, among others. For discussions on these political economy issues applicable to
infrastructure investment, see Fernandez and Rodrik (1991), Aghion and Schankerman
(2004), Cadot et al. (2006), and Ghosh and Meagher (2011) and references therein
contained. An interesting extension of the work presented here would be to explicitly model
a political process, and use the findings of the framework to look at which projects would
actually be selected given additional selection criteria imposed by said political context (e.g.
which project would increase aggregate economic welfare and be supported by a majority of
voters or by a politically powerful region).
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CHAPTER VI
APPLYING THE FRAMEWORK

When it comes to making these particular applications of policy, it is necessary to
assess the quantitative importance of very many different factors. The quantitative
relationships are so many in number, and so complicated, and so unlikely to remain
constant for any considerable length of time or to be the same in different countries.
The conclusion would seem to be a rather discouraging one. The best course would
seem to be to undertake general taxonomic analysis as an exercise in looking for
important factors and important relationships, and then to turn to the study of
particular problems, making what use one can of such quantitative and other factual
information as can be gleaned from the present development of econometric
studies, from case studies, and from the feel of the market.
(Meade 1955)
Over the last decades, economists and practitioners have become
increasingly concerned with estimating the impact of specific projects on
outcomes of interest. This was prompted by the need to provide evidence on
the effectiveness of project design, selection and implementation, and hence
to justify the funds invested in them. A growing number of project
evaluations in various fields has improved our understanding of which
interventions are likely to impact outcomes, as well as our estimates of the
magnitude of these impacts. Yet, unless underpinned by a robust theoretical
framework that clearly indicates which variables to observe and that
explains the mechanism through which outcomes materialize - the
“important factors and important relationships” emphasized by Meade in the

quote above - such estimates run the risk of painting only a partial - and

sometimes misleading - picture (White 2009).
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This chapter applies the framework developed in the previous chapters to
discuss the impact of changes in transport costs due to the introduction of
infrastructure on the outcome of interest, i.e. aggregate economic welfare.
Three applications will be undertaken: two of transport infrastructure
projects that have already been concluded, constituting ex post applications
of the framework, and one of a project that is still under implementation,
exemplifying an ex ante application’!. The empirical strategies for estimating
the aggregate economic welfare effects of these projects will be adjusted to
their specific contexts (e.g. large highway, small road project, etc.) and data
availability (e.g. baseline, end line, control, etc.), but all will be underpinned

by the framework and its outlined causal mechanism.

Section 6.1 sets the stage for the applications by discussing their general set
up and reviewing data requirements. Section 6.2 applies the framework to
the improvement of Nicaragua’s Villanueva-El Guasaule road, a project
implemented by the Millennium Challenge Corporation (MCC). Section 6.3
explores the construction and rehabilitation of a road network in Georgia’s
Samtskhe-Javakheti region, also a MCC-funded project. Section 6.4 uses the
framework to estimate the economic welfare impact of a proposed road

project in the state of Minas Gerais, Brazil. These applications will show that

71 As widely recognized, data on the outcomes of large transport infrastructure projects are
hardly available, as collection is time-consuming and very costly. The selection of the three
cases was thus based on data availability, i.e. data were either available from project
implementers or could be collected by the author within a reasonable timeframe. It should
be noted that the application of the framework to analyze welfare effects was only conducted
after the selection of the cases and data collection and, hence, did not influence their
selection.
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project impact estimates based on the framework offer relevant information
on the economic welfare effects of transport infrastructure - information
that is not always conveyed by current transport infrastructure evaluation

practices’? - thus providing appropriate guidance for project selection.

6.1 Data Requirements for Framework Application

According to the framework, in selecting transport infrastructure projects,
one is looking to answer a very basic question: does the proposed project
increase aggregate economic welfare? The framework’s decision criterion, as
defined in expressions (3.1) and (3.8), clearly indicate which data need to be

collected and analyzed in order to answer this question:

An =0

An=q.(yi—y)

Thus, in order to apply the decision criterion, one must calculate the change
in aggregate economic welfare (An), which requires data on world market
prices (q), as well as on initial and final output (y and y;, respectively) for all
sectors potentially impacted by the proposed infrastructure project. Table 7
summarizes the data requirements for applying the framework to a two-

sector economy.

72 For a survey of impact evaluations of infrastructure projects, see Estache (2010).
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Table 7: Application of the framework

Sector A

Sector B

World price (g4)

World price (g%)

Initial output (y*)

Initial output (y?)

Final output (y{)

Final output (v#)

An=q(y; —y)

An

If>=0

Yes

If<0

No

As discussed in chapter III, a key finding of the framework is the possibility of

aggregate welfare reduction as a result of new infrastructure. This would

happen if some sectors suffer a fall in the value of output that is higher than

the increase in the value of output in other sectors, all evaluated at world

market prices. Therefore, in order to properly estimate the impact of an

infrastructure project on aggregate economic welfare, it is necessary to

observe the change in the value of output (in world market price) in all

sectors potentially impacted by the proposed project.
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6.2  Application 1: Nicaragua’s Villanueva-El Guasaule Road

Project Information and Rationale

In July 2005, the MCC signed a compact’3 with the Government of Nicaragua,
which included three components: (1) a Property Regularization Project, (2)
a Rural Business Development Project, and (3) a Transport Program
consisting of 15 road construction/rehabilitation projects. The goals of the
compact were to secure property rights (component 1), and reduce
transaction and transport costs (components 2 and 3, respectively) to
improve rural producers’ access to national and international markets, thus
increasing income from productive activities in the regions selected to

receive the projects.

One of the infrastructure projects included in the Transport Program was the
rehabilitation of a portion of the Villanueva-El Guasaule road in the northern
Nicaraguan Department of Chinandega. The rehabilitation project, costing
approximately USD 18 million, was undertaken between the years of 2008
and 2010, and included the improvement of 18 kilometers (11.2 miles) of
road between the city of Villanueva, in the municipality of Villanueva, and the
Nicaragua-Honduras border at El Guasaule, in the municipality of Somotillo.

The importance of the Villanueva-El Guasaule road for trade is illustrated by

73 A compact is a large, five-year grant for countries that pass MCC'’s eligibility criteria.
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its inclusion in the Pacific Corridor of the International

Mesoamerican Highways (RICAM)74.

Figure 8: Map of Nicaragua and project location
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74 The RICAM is the main transport infrastructure program of the Mesoamerican Integration

and Development Project.

The project, previously known as Plan Puebla-Panama, was

launched in 2001 to promote trade in all Mesoamerican countries: Belize, Colombia, Costa
Rica, El Salvador, Guatemala, Honduras, Mexico, Nicaragua, and Panama. These goals were to
be accomplished through: (i) improved physical integration, (ii) shorter travel distances on
north-south and coast-to-coast routes, and (iii) increased efficiency of border crossings.
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Given its location, it was expected that the road project would reduce the cost
- essentially through reduced time in transit, as the road already existed, but
was in poor condition - of accessing local as well as international markets for
agricultural producers in the above cited municipalities of the Department of

Chinandega.

According to the latest population census, the Department of Chinandega
covers an area of 4,822 square kilometers and hosts a population of over
378,970 people, equivalent to 7.4 percent of Nicaragua’s population
(Instituto Nacional de Informacion de Desarollo 2005). The project’s area of
influence’> defined by the MCC included some comarcas in the municipalities
of Villanueva and Somotillo’6. The main productive sector in these comarcas
is agriculture, including export-related activities such as the harvesting of
beans and the production of milk, and subsistence cropping (Instituto
Nacional de Informacién de Desarollo y Ministerio Agropecuario y Forestal
2013). The productive structure of this region?’’ can, therefore, be

graphically depicted as follows:

75 The area of influence of a transport project is defined as the areas adjacent to the new or
improved infrastructure (the exact distance varies depending on the scale of the project, as
well as on geographical and socio-economic features such as topography, productive
integration, etc.), and that, therefore, suffer impacts from the proposed investment.

76 The area of influence included all the urban barrios in the city of Villanueva and eight
comarcas in the municipality of Villanueva, all the urban barrios in the city of Somotillo, the
comarca Aduana El Guasaule and 17 other comarcas in the municipality of Somotillo.

77 The term “region” is not utilized here in reference to administrative or political divisions,
but as a tool to aggregate relevant sectors, i.e. a “productive region”.
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Figure 9: Productive structure of project region
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In this productive structure, labor (L), is mobile across all productive

activities, i.e. milk (M), beans (B), and subsistence agriculture (A). Land (7) is

mobile between bean production and subsistence agriculture, and capital (K)

is specific to the production of milk.

Empirical Strategy
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Ex post estimations of project impact entail a comparison between what
happens to the outcomes of interest in the presence of the project and what
would have happened in its absence. In practice, however, only one of these
situations is directly observed, as the project is either implemented - in
which case one is unable to directly observe what would have happened to
outcomes in its absence - or it is not - in which case it is the project’s

outcomes that cannot be directly observed.

Given the impossibility of directly measuring outcomes both in the presence
and in the absence of the project, estimations of project impact rely on the
construction of a counterfactual. In the case of transport infrastructure
projects, the counterfactual is often constructed by comparing the change in
the outcomes of interest in the region affected by the allocation of
infrastructure (i.e. the treatment region) to the change in the same outcomes
of interest in a similar region that is unaffected by the project (i.e. the control

region) through a method referred to as difference-in-difference, as follows:

Bairr-airr = (Vafeer — Yoofore) = (Vafier . — Voefore.

The basic expression used for this particular difference-in-difference

estimation is as follows:

Y& = Bo + B16g + B26r + P3(8r.67) + €
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yR is output (or other outcome of interest) in region R (treatment or control)
at year T; By, B1, B2, and S5 are parameters to be estimated; § is a dummy
equal to one if data refer to the treatment region; §; is a dummy equal to one
if data were collected in 2010, i.e. post project completion; € is a random
error term. The impact of rehabilitating the road infrastructure on the
outcomes of interest is measured by the coefficient on the interaction term
between region and year, ;. Specifically, this coefficient measures how
output (or another outcome of interest) differs in the treatment and control
regions before and after the allocation of infrastructure to the treatment

region.

Data Description

To determine the impact of all projects under its compact with the
Government of Nicaragua, the MCC commissioned the collection of pre- and
post-intervention data on all municipalities that had been pre-selected to
receive projects’8. Due to reasons unrelated to the projects themselves, none
of the activities planned under the Property Regularization Project
(component 1) were undertaken, and the project was dropped. The Rural

Business Development Project (component 2) was carried out as planned.

78 Most of these datasets have been made public by the MCC through the website
www.mcc.gov. Non-public datasets were kindly provided to the author, and their use in this
dissertation was authorized by the MCC Department of Policy and Evaluation. For the
original independent evaluations conducted by the MCC for components 2 and 3 of the
compact, which do not utilize the framework developed here, see Carter, Toledo and
Tjernstrom (2012) and Alevy (2014), respectively.
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Finally, of the 15 road construction/rehabilitation projects included in the
Transport Program (component 3), only three were implemented, including

the one under investigation”.

Regardless of whether the projects were implemented, data were collected
for all initially selected municipalities. This allowed for the construction of a
“control region” to hold constant variables that might have influenced the
selection of specific municipalities®’, and that might have affected aggregate
economic welfare through changes in output irrespective of the
implementation of the analyzed road project®l. The construction of the
control region was based on an analysis of the 12 road projects planned but
not executed and their areas of influence, and the selection of the one that
most closely matched the characteristics of the Villanueva-El Guasaule road’s
area of influence, which included: location, climatic and geographical
conditions (e.g. rainfall, soil quality, proximity to international markets, etc.),

population characteristics and occupation, and productive structure.

79 The MCC terminated part of its compact with the Government of Nicaragua due to
conditions leading up to, during, and following municipal elections in November 2008 being
inconsistent with MCC’s eligibility criteria. Some of the actions that determined the
termination of the compact included barring opposition parties from municipal elections,
failing to accredit election observers, intimidation of opposition supporters, etc. The
implementation of new projects under the compact was suspended at compact termination
(Millennium Challenge Corporation 2009a).

80 According to the MCC, all regions selected to receive projects were identified, based on
official data, as displaying some of the most extreme poverty rates in the country
(Millennium Challenge Corporation 2005).

81 As will be seen below, adverse climatic conditions affected agricultural production in most
of Nicaragua in 2010, the year in which end line data was collected.
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Pre-Infrastructure

Table 8: Description of Productive Units in Control and Treatment Regions

Location Western Region Western Region
Farmer’s age (years) 48.8 51.7
Farmer’s gender (% male) 51.4 55
Farmer’s education (years) 4.8 4.5
Cultivated area (manzanas) 5 3.9
Formal land tenure (%) 100 100
Number of animals 25.4 30.1

Note: The table above shows the actual description of sampled farmers pre-infrastructure
intervention. Tests conducted could not reject the hypothesis that actual differences between
control and treatment region are equal to zero.

The dataset originally collected to investigate the impact of the Transport
Program was based on surveys of retail establishments that identified
changes in sale prices and availability of goods®2. Information on quantity
produced and on factor returns was unavailable from these surveys.
However, as part of the evaluation of the Rural Business Development
Project, data were collected directly from producing units on sale prices,
quantity produced, wage of hired labor, and utilization of land and capital,
providing the necessary information for the application of the framework.
The area of influence of the Rural Business Development Project comprised
that of the Transport Program, i.e. all municipalities initially selected to
receive infrastructure under the Transport Program were also eligible for the
Rural Business Development Project. In other words, this dataset

encompasses the original area of influence of the Transport Project, including

the region that did receive infrastructure, i.e. the treatment region, and the

82 Availability of goods was measured as whether specific merchandise was available for
purchase at surveyed establishments.
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one that was supposed to, but did not receive infrastructure, i.e. the control

region.

Analysis of Aggregate Economic Welfare Changes

In terms of immediate results, the analyzed project reached its target of
substantially improving the quality of the Villanueva-El Guasaule road, as its
IRI, an already discussed measure of road roughness, decreased from 12
m/km to 1.76 m/km as a result of the intervention. But how does this result
translate into impact, i.e. change in aggregate economic welfare? Let us
proceed by examining what happens to producer prices and output in the

relevant sectors.

Table 9: Regression results for producer price and output

By  4.100 55.457  436.013  3.157 3.525
(41.99)%  (14.44)** (26.60)** (14.33)*  (11.46)**
B, -0.171 -1.763 6325  -0.599 -0.520
(0.74) (0.23) (0.19) (1.66) (1.43)
B,  2.088 -16.196  562.890  -0.261 -1.259
(11.33)*  (3.55)**  (12.66)**  (0.80) (3.92)**
Bs  0.464 12.726 12.423  -0.054 0.443
(1.28) (1.22) (0.19) (0.10) (1.11)
N 407 648 224 357 1,038
_ PercentageChange inTreatmentRegion®
14% 23% 5% -4% 9%

Notes:
(1) * p<0.05; ** p<0.01
(2) Producer price is measured in Nicaraguan Cérdobas

83 The percentage change is calculated as the percent equivalent of the difference between
the changes in output and price in the treatment region and the changes in output and price
in the control region.

112



(3) Milk output per producer is measured in liters
(4) Bean and subsistence output per producer is measured in quintales (1 quintal=100 kg)

Milk: Given the high perishability of milk, a decline in transport cost through
reduced time in transit should positively impact its producer price, which, in
turn, should lead to an increase in output in the dairy sector. Both
predictions are confirmed in Table 9 above, which shows that the producer
price of milk increased in both the control and the treatment region: while
the former observed a producer price increase equivalent to 51 percent, the
latter observed a greater increase of 65 percent, which translated into an

actual increase of 14 percent for the treatment region.

Moreover, this increase in producer price led to greater output of milk in the
treatment region, compared to the control region. Actually, data show that
milk production contracted in 2010 in all regions®4, but while the control
region observed a contraction in production from 55.5 to 39.3 liters per
producing unit between 2008 and 2010, equivalent to a fall of 29 percent,
output declined in the treatment region from an average of 53.7 to 50.2 liters
per producing unit between the same years, corresponding to a fall of only 6

percent. If, therefore, the treatment region had observed the same reduction

84 Due to adverse climatic conditions caused by the El Nifio phenomenon in 2010 (i.e.
drought in the early months of the year and heavy rainfall in the first and the beginning of
the second harvest), output was negatively affected in most of Nicaragua, including in the
treatment and control regions, which is reflected in the collected end line figures. In the case
of milk production, drought in the beginning of the year reduced the amount of pasture
available for cattle, resulting in lower output in all regions (Ministerio Agropecuario y
Forestal 2011).
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as the one experienced in the control region, its production should have
averaged 38 liters per producing unit in 2010. In this sense, it could be
argued that production actually increased 12.2 liters per producing unit in
the treatment region, equivalent to a rise of 23 percent. It should be noted,
however, that the coefficient f; that measures the impact on producer price
and output of rehabilitating the road is not statistically significant, a point to

which we shall return in the discussion of results.

Beans: The production of beans is widespread in the regions under analysis,
and the crop is particularly important for Nicaragua’s export performance,
constituting 93 percent of all leguminous vegetables exported by the country
in 2010 (Ministerio Agropecuario y Forestal 2011). Given that the
transportation of beans is less time-sensitive than that of milk, it is possible
that a reduction of time in transit had a smaller effect on the producer price
of beans, as compared to what was observed in the case of milk, causing the
producer price of beans relative to the producer price of milk to fall. This,
according to the framework, should result in a reduction in the output of

beans.

Table 9 shows that, similarly to what was observed with milk production, the

producer price of beans increased in all regions between 2008 and 20108%>.

85 As previously noted, atypical climatic conditions led to below-average agricultural output
in Nicaragua in 2010. In the case of beans, this fall is partially explained by above-average
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The control region experienced an increase of 129 percent, while producers
in the treatment region experienced an increase of 134 percent, which
translates into an actual increase of only 5 percent in the producer price of
beans in the treatment region. Given the small producer price increase in
this sector, especially when compared to a larger increase in the producer
price of milk, it is unsurprising that bean output has fallen. In fact, the
control region observed the smallest reduction, from an average of 3.157 to
2.896 quintales per producer, equivalent to a fall of 8 percent. The treatment
region observed a reduction of 12 percent, from 2.558 to 2.243 quintales per
producer. Had the treatment region observed the same output movement as
the one observed in the control region, production would have reached
approximately 2.347 quintales per producer, which translates into a fall in
the production of beans of 0.104 quintales per producer in the treatment
region, equivalent to a 4 percent reduction. Again, the coefficient 5 that
measures the impact of the road rehabilitation project on producer price and

output is not statistically significant.

Subsistence: Finally, an increase in the production of subsistence crops,
mostly maize, was observed. As observed in Table 8, production of
subsistence crops fell in all analyzed regions: by 36 percent in the control
region (from 3.525 to 2.266 quintales per producer) and by 27 percent in the

treatment region (from 3.005 to 2.189 quintales per producer). Thus,

precipitation (Ministerio Agropecuario y Forestal 2011) and partially explains the
generalized increase in the price of beans in the country.
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production in the treatment region can be considered to have increased
0.257 quintales per producer, equivalent to a 9 percent increase. As
subsistence crops are not traditionally sold in markets, but consumed in situ
by producers, data on “producer prices” are not available. However, two
related mechanisms may account for the observed increase in subsistence
farming output. First, if subsistence agriculture is considered a non-tradable
sector, producer price increases elsewhere in the economy may exert
upward pressure on the return to the mobile factor (i.e. labor), forcing prices
in the non-tradable sector to go up as well. Second, if the increase in prices in
the non-tradable sector is higher than that in the bean sector, factors utilized
in the latter might be attracted to the former, leading to the observed output
increase in the subsistence sector. Unfortunately, as price data for
subsistence agriculture are not available, it is not possible to empirically
confirm this possibility. It is nonetheless theoretically robust and consistent

with the framework and the observed output movements.

Putting together the results obtained above, it is possible to calculate the
change in aggregate economic welfare caused by the rehabilitation of the
Villanueva-El Guasaule road, according to the framework. It should be noted
that data collected show output per producing unit. In order to obtain the
change in total output, one would have to possess information on the number
of producing units in the comarcas comprising the treatment region.

Unfortunately, this specific datum is not available at the comarca level, but is
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available at the municipality level from Nicaragua’s Agricultural Census
(Instituto Nacional de Informacién de Desarollo y Ministerio Agropecuario y
Forestal 2013). Knowing that the comarcas included in the treatment region
comprise approximately 45 percent of the population of the municipalities of
Somotillo and Villanueva, it will be assumed that the same percentage applies
to number of producing units, thus assuming that producing units are
homogeneous and homogeneously distributed, both across land, and across
labor and capital®. Therefore, given that the total number of producing units
in the municipalities of Somotillo and Villanueva is 3,771, the treatment

region is calculated to possess 1,697 producing units.

Change in Aggregate Economic Welfare

Milk Beans
World price (¢g™) $ 0.382 per liter World price (¢%) $0.916 per kg
yM M 20,703 yE — P 17,649
"o =y 7,909 a° (¢ —y®) - 16,166
An= (7,909 - 16,166) -8,257

Subsistence

World price (g4) 0.288 per kg
yA = yA 43,613
‘ol —yh 12,561
An= (-8,257 + 12,561) 4,304

Source for world price data: Food and Agriculture Organization (FAO) Statistical Division
(FAOSTAT)

Initially, not taking into account the impact of subsistence agriculture on

wellbeing, it is observed that the rehabilitation of the Villanueva-El Guasaule

86 This assumption is supported by the fact that 45.5 percent of randomly sampled milk
producers and 43.8 percent of randomly sampled bean producers in these two
municipalities were located in the treatment region.
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road, according to the framework, led to output changes that resulted in
aggregate welfare reduction. Specifically, the fall in the value of output in the
bean-producing sector outweighed the increase in the value of output in the
milk sector, evaluated at world market prices. Once subsistence cropping is
included in the assessment, the aggregate welfare change turns positive,
although small. Moreover, if the cost of the project were taken into
consideration, it would most probably outweigh the project’s benefits. Even if
one admits that benefits will continue accruing for a number of years, it is
unlikely that a calculated change of USD 4,304 in the first year would
increase so much in subsequent years to yield a net present value of benefits

higher than the USD 18 million invested in the project.

Analysis of Factor Returns

The model depicted in Figure 9 above constitutes a Specific Factors Model, as
analyzed in section 5.2.1 of chapter V. There, it was seen that a relative
producer price change would raise the reward of the mobile factor (labor, in
this particular application) in terms of one good (the one experiencing a
relatively lower or no price increase) and lower it in terms of the other (the
one experiencing a relatively greater price increase). As a consequence, the
specific factor employed in the winning sector (capital, in this application)
would observe a relative rise in return that is higher than the relative
increase in producer price in its sector of employment, and the specific factor

employed in the other sector (land, in this application) would observe a
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relative fall in return. Let us see if the available data bears this out.

Table 10: Utilization of milking machines (capital)

Increase in Treatment Region

Table 11: Regression results for returns to labor and land

Bo 1,386.375 10,741.858
(23.76)** (13.67)**
B -112.897 496.418
(1.53) (0.48)
Bo 203.625 559.291
(1.90) (0.40)
Bs -74.603 1,167.506
(0.50) (0.58)
N 171 197
_ Percentage Change in TreatmentRegion
-5% 10.2%

Notes:

(1) * p<0.05; ** p<0.01

(2) Labor wage is measured in Nicaraguan Cérdobas per month

(3) Land price is measured in Nicaraguan Cérdobas per manzana (1 manzana = 1.72 acres)
Capital: Although data on capital remuneration were not available, among
the variables collected, the one that provides some indication of what
happens to capital returns is utilization of milking machines, as seen in Table
10 above. Although not statistically significant, the coefficient on utilization

of milking machines displayed an increase of 3.27 percent in the treatment

region, which suggests increased returns to capital.
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Labor: With regards to labor, given that most production in the analyzed
region is conducted on family farms, data on wages are not easily available.
However, production involves some level of hired labor, for which wage data
are available and shown in Table 11 above. Again, the coefficient is not
statistically significant. In fact, it is not even economically significant, as the
calculated increase in pay for hired labor was of the order of 10 percent in
the treatment region, compared to approximately 15 percent in the control
region, amounting to an actual decline of less then 5 percent in wages for
hired labor. Given its statistical insignificance, wages for hired labor might
not have moved in the treatment region as a result of infrastructure
allocation. Moreover, as noted, labor employed in these productive activities

is mostly family labor, for which wage data are not available.

Land: Finally, with regards to land, producers were asked to report the price
they could obtain if they were to immediately sell their land. Although
farmers may not be able to exactly pinpoint the value of their land, data show
a small and statistically insignificant increase in land return in the treatment
region. Specifically, while the price of land observed an increase of 5 percent
in the control region between the years of 2008 and 2010, the increase in the
treatment region was of 15 percent, which would correspond to an actual

increase of nearly 10 percent, but not statistically different from zero.
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Discussion of Results

As seen above, the impact of rehabilitating the Villanueva-El Guasaule road
was generally in line with what was expected from the theoretical discussion
of the model: a generalized fall in the production of milk and beans was
observed in Nicaragua between the years of 2008 (i.e. pre-infrastructure)
and 2010 (i.e. post-infrastructure) due to atypical climatic conditions. In the
case of milk, the reduction in output observed in the treatment region was
smaller than that observed in the control region, which can be regarded as an
increase in production and may indicate that producers benefitted from
improved transportation to local and international markets by observing an
increase in the producer price of milk. In the case of beans, the control
region observed a smaller reduction in output than the treatment region,
which translates into an actual fall in bean output for the treatment region, as
a result of a relatively smaller increase in producer prices in the sector.
Evaluating these changes in output at world market prices, a small increase
in aggregate economic welfare was observed, but only when subsistence
farming is taken into account, and without subtracting the cost of the project

itself, which amount to USD 18 million.

On factor returns, changes were statistically insignificant: capital, the factor
specifically used in the production of milk, most likely observed a rise in
returns as indicated by increased utilization of machinery, and land, the

factor used in the production of beans and subsistence farming observed a
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small increase in its sale price, as its sectors of employment most likely
observed producer price increases — data on bean prices bear this out, but
price changes in the subsistence sector were not observable. Because labor
is mostly family labor, data on wages were not available; however, the wage
paid to hired labor observed a very small and statistically insignificant fall in

the treatment region, as compared to the control region.

These small changes are mostly consistent with the small increases in
producer prices observed in the treatment region, as compared to the control
region. The impacts were nonetheless of no statistical significance. Two
factors may help account for this: (i) data were collected shortly after project
completion, and (ii) the infrastructure software presents persistent
problems. Regarding the first factor, end line data were -collected
immediately following construction completion in 2010, which provides for
an exposure period of less than one year. Given that producers may take
time to adapt to improved road conditions and lower transport costs®’, the
relatively modest results observed might reflect incomplete adaptations to
the opportunities associated with the rehabilitated roads. With regards to
the second factor, a large percentage of products marketed in the treatment
region is destined to Honduras, and have to clear customs at the El Guasaule

border post. Persistent or even increased delays with border crossing

87 The literature on infrastructure project evaluation suggests that complete adjustment to
projects of this type happens more slowly and, therefore, a more realistic picture of the
impacts are likely to emerge over two to five years from project completion (van de Walle
2009).
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procedures due to increased traffic and congestion in this particular border
post could, therefore, reduce the benefit of rehabilitating the road, as time
gained in transit is lost with bureaucracy. In fact, the Inter-American
Development Bank is currently preparing a trade facilitation program for this
border crossing with the goal of increasing the speed at which goods are
cleared (Inter-American Development Bank 2014). It is worth noting that
given the small real income increase calculated in the first year, it is unlikely
that the project will yield benefits that are high enough to justify the cost of
the investment, even if such benefits continue increasing as farmers adapt to

new price incentives, and are accrued through a number of years.

6.3  Application 2: Roads in Georgia’s Samtskhe-Javakheti Region

Project Information and Rationale

In 2005, the MCC and the Government of Georgia signed a USD 295.3
million® compact to address two main barriers to economic growth in the
country: (i) lack of reliable infrastructure and (ii) slow development of
businesses, particularly agribusiness, outside the capital city of Tbilisi. In
order to promote growth, two programs were undertaken: (i) Regional
Infrastructure Rehabilitation Program, and (ii) Enterprise Development

Program (Millennium Challenge Corporation 2011a).

88 The value of the compact was increased by USD 100 million in November 2008, bringing it
to a total of USD 395.3 million.
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The Regional Infrastructure Program comprised three main activities,
including the USD 203 million construction/rehabilitation of 220 kilometers
(137 miles) of a road network traversing the Samtskhe-Javakheti region in
southwest Georgia. The main purpose of the project was to connect the
largely isolated Samtskhe-Javakheti region to the capital Tbilisi, as well as to
border crossings with Armenia and Turkey. Construction began in the spring

of 2008, and was completed by December 2010.

The selection of the Samtskhe-Javakheti region was based on its expected
large potential for agriculture production and tourism, and the fact that this
potential was regarded as fundamentally impeded by the very poor state of
its transport infrastructure: prior to the construction/rehabilitation of the
regional road network, travel time along the project’s 220 kilometers was
measured at 8 hours and 13 minutes, with the roads presenting an average
IRI of 16.6 m/km. Moreover, landslides would often cut off some of the main
roads between the region and the capital, while others were only accessible
during the summer months, as snow would make them impassable during
the winter. As for roads connecting communities in the region, these were

mostly unpaved tracks often blocked by snow during the cold months.

The state of transport infrastructure in the Samtskhe-Javakheti region had
virtually cut its producers off from the rest of the country, and the lack of

trans-national infrastructure prevented them from engaging in exchanges
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with neighboring countries, creating obstacles to agricultural productivity
and trade. Thus, the project’s main impacts were expected to materialize
through “savings to vehicle operating costs (and also) agricultural output”

(Millennium Challenge Corporation 2009b).

Figure 10: Map of Georgia and project location
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The Samtskhe-]Javakheti region is one of the poorest regions of Georgia, with
a per capita income significantly below the national average - more than 40
percent of the population had a daily income of USD 2 or less in 2009 - and a
high dependency on subsistence agriculture, consisting primarily of potatoes,
but also some cabbages, carrots and grains (Wheatley 2004). Industrial
production in the region had virtually ceased to function in the post-
communist era, and the business sector was considerably underdeveloped,
with only 2.2 percent of Georgian businesses being registered in the

Samtskhe-Javakheti region in 2010 (NORC at the University of Chicago 2013).

The underdeveloped productive potential of the Samtskhe-Javakheti region
had political and ethnic-social origins (Wheatley 2004), but was also largely
due to the high costs of transporting produce out of the region, which left
regional farmers unable to compete with farmers from other areas of the
country. Moreover, the poor state of road infrastructure created significant
obstacles to importing agricultural inputs. As a result, local households
frequently functioned in a noncash barter economy (NORC at the University

of Chicago 2013), as depicted below:

Figure 11: Productive structure of project region
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Production: y4=f(LT)

The very simple pre-infrastructure productive structure of the project region

shows subsistence agriculture (A) being produced with a combination of land

(7T) and labor (L).

The project’s area of influence was defined as the four districts through
which the roads pass in the Samtskhe-Javakheti region, i.e. Tetriskaro,
Tsalka, Ninotsminda, and Akhalkalaki, which totals about 4,845 square

kilometers and includes nearly 54 thousand people.

Empirical Strategy

As opposed to the previously analyzed case of Nicaragua, where a number of
road improvement projects were pre-selected but subsequently dropped due
to reasons exogenous to the projects, allowing for the construction of a
counterfactual based on a control region, in Georgia, the construction and
rehabilitation of the Samtskhe-Javakheti road was the only road project
envisioned and implemented. Therefore, the construction of a counterfactual
relied on the propensity score matching methodology to select comparison

communities along similar roads®°. This methodology aimed to ensure that

89 The propensity score matching methodology matches treated and untreated observations
based on the estimated probability of being treated (the propensity score), i.e. instead of
creating a match for each treated participant based on the value of the variables used for
selection into treatment, one can instead match on the probability of participation in the
treatment. For more information on how the methodology was applied to the analyzed case,
refer to the Georgia Compact Monitoring and Evaluation Plan (Millenium Challenge
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treatment and control regions were as similar as possible in all observable
respects (e.g. population, elevation, distance to nearest city, distance to the
nearest road, major sources of employment, presence of industrial facilities,
and incidence of natural disasters.). Once the treatment and control regions
were identified, three rounds of surveys were conducted in each of them?°

(Linkow, Felkner and Lee 2014).

Based on survey responses in the treatment and control regions, the average
impact of the road construction/rehabilitation project can be calculated
using a differences-in-differences approach, already discussed in the

previous case, and based on the following equation:

Y& = Bo + B16g + B26r + P3(8r.67) + €

As before, y¥ is output (or another outcome of interest) in region R
(treatment or control) at year T; Sy, 51, f2, and 3 are parameters to be
estimated; 8y is a dummy equal to one if data refer to the treatment region;
67 is a dummy equal to one if data were collected in the 2011/2012 round®};

€is a random error term. As with the case of Nicaragua, the impact of

Corporation 2009b), as well as to the independent evaluator’s report (NORC at the
University of Chicago 2013), neither of which utilize the framework developed in this
dissertation in assessing the benefits of the proposed road project.

90 The treatment region was defined as all communities within 30 minutes travel time of one
of the improved roads, while the control region was defined as all communities within 30
minutes travel time of a control road.

91 For this particular application, we will only utilize the baseline data collected in 2008, and
the end line data collected in 2011/2012.
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rehabilitating the road infrastructure on the outcome of interest is measured
by the coefficient on the interaction term between region and year, ;. Again,
this coefficient measures how output (or another outcome of interest) differs
in the treatment and control regions before and after the allocation of

infrastructure to the treatment region.

Data Description

As part of its monitoring plan, the MCC contracted an independent evaluator
to identify a sample of households®?, which were submitted to three rounds
of surveys - baseline was conducted in 2008 and end line a little over a year
after project completion, in 2011/2012. In addition, a traffic survey was also
commissioned?3. These surveys combined collected information on a broad
range of outcomes, including traffic counts, vehicle speeds, travel times,
prices of basic commodities, investment, land use, cropping patterns,

employment, among others.

Analysis of Aggregate Economic Welfare Changes

Similarly to the Nicaragua project, the construction/rehabilitation of the
Samtskhe-Javakheti roads in Georgia was considered a success in terms of

immediate results: at project completion, travel time was reduced to 2 hours

921t should be noted that, in the 1990s, Georgia became a country of small private land
holdings with plots averaging less than one hectare, primarily supporting subsistence
growing and smallholder farming. Therefore, households can be considered the main source
of agricultural output.

93 These datasets are publicly available through the MCC’s Independent Evaluation webpage
at www.mcc.gov.
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and 42 minutes, and the road’s IRI was lowered to 1.5 m/km (Millennium
Challenge Corporation 2011b). This, again, begs the question: how do
improvements in transport infrastructure translate into aggregate economic

welfare changes?

Contrary to what was observed in the previous case, productive activities in
the treatment region were largely composed of subsistence farming, as
extremely high transport costs prevented the marketing of excess output.
For this reason, while vehicle operating costs would be immediately lowered
due to reductions in distance and time in transit, output changes would
potentially take longer to materialize. In fact, if in the Nicaraguan case, in
which roads already existed and trade already took place, the observed
output changes were small a year after completion of roadwork, in the case
of Georgia, these impacts, measured a little over a year after project
conclusion, can be expected to be even smaller. Moreover, given that most
households were engaged in subsistence farming, once trade routes were
opened, it would be unlikely that output of products associated with
subsistence farming would increase; instead, what should be observed is
households switching to more profitable, i.e. more marketable and transport
intensive, products. This could translate into the productive structure of the
region itself changing from a one sector - subsistence agriculture - economy,
to a two or more sector economy, depending on the incentives provided by

lower transport costs to the development of other productive sectors. In fact,
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the literature on infrastructure recognizes that, in cases like this, an
important channel by which road improvements lead to economic impacts is
through increased investment, i.e. reduced transport costs should spur
productive investment as investors take advantage of lower transactions
costs, particularly by switching factor use towards new activities (Linkow,

Felkner and Lee 2014).

These dynamics are indeed observed in the collected data. First, data on
traffic counts reported by the MCC’s independent evaluators show a
substantive increase in vehicle traffic and average speeds in the newly
constructed/rehabilitated roads, as compared to the increase in volume in
the control region® (NORC at the University of Chicago 2013), as shown in

Table 12 below:

Table 12: Traffic counts and vehicle speeds

346,861 97,555

312,712 87,145 47.5
261,960 92,751 45.1
309,350 135,601 50.1
454,187 164,639 53.0
347,348 153,185 82.3
236,815 110,217 61.3

94 Data on vehicle speeds were not collected in the control region; however, given that no
roadwork was conducted in these areas, it is unlikely that vehicle speeds would have
increased there. In fact, if any changes were to be observed, they would more likely amount
to a reduction in vehicle speeds, as road quality might have deteriorated in the absence of
roadwork. In this case, if biased, results might actually be biased downwards in the
treatment region.
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299,368 144,659 82.0
381,565 180,512 77.7
304,802 145,100 78.6
220,995 88,629 62.5
341,574 170,902 75.5

Source: NORC at the University of Chicago 2013

According to the data collected and reported by the independent evaluators,
following construction, the average number of vehicles increased by 44.2
vehicles per day, corresponding to 4.1 percent, and the average speed
increased by 13.6 km/h in the treatment region, equivalent to 24.4 percent.
Both results are statistically significant at 1 percent, and translate into
substantial reductions in vehicle operating costs, calculated by the MCC to
amount to more than USD 13 million per year starting in 2011, as both
distance and time in transit were considerably reduced (Millennium

Challenge Corporation 2009b).

Second, no increase in subsistence farming output is observed. In fact, the
number of households planting wheat and potato, two of the most common
food staples in the region, fell in the treatment region, as compared to the
control region, although the coefficient is not statistically significant.
Compared to the control region, a fall of 15 percent was observed in the
number of households reporting to have planted wheat and potato in the last
season in the treatment region. In the case of wheat, the number of

producing households fell in both the control and the treatment regions, but
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by more in the treatment region, while in the case of potatoes, the number

increased in the control region, and fell slightly in the treatment region.

Table 13: Regression results for number of wheat and potato-producing

households
_ Wheat  Potato
Bo 108.215 207.825
(7.01)** (16.55)**
B 16.780 -2.810
(0.55) (0.09)
B -33.561 21.471
(1.78) (0.73)
B3 -23.567 -31.002
(0.69) (0.69)
N 645 1,470
_ Percentage change in treatmentregion
-15% -15%

Note:

(1) * p<0.05; ** p<0.01

Third, there are indeed indications that new productive activities are
emerging, notably in the form of agriculture-processing facilities. Although
most of these facilities were not yet operational and were not providing data
on output at the time the end line survey was conducted, data collected in
control and treatment communities show the number of industries such as
canneries and agriculture-processing facilities increasing by nearly 40
percent in the treatment region, albeit starting from a very low baseline, as

shown below:
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Table 14: Regression results for number of processing facilities

Bo 1.265
(5.94)**

B -0.603
(1.99)*

Bo 0.451

(1.45)

Bs 0.044

(0.10)

N 1,683

_ Percentage change in treatment region _

39.2%

Note:

(1) * p<0.05; ** p<0.01

Therefore, while the data available do not allow one to calculate the change
in  aggregate  economic  welfare that resulted from  the
construction/rehabilitation of the Samtskhe-Javakheti roads, as output
changes are not observed due to the reasons discussed above, it is likely that
(i) the substantial reduction in vehicle operating costs, i.e. a considerable
transport savings effects, and (ii) the investments in agriculture-processing
facilities that should change the output composition of the region toward
higher valued products, i.e. a positive output effect, will result in positive
welfare effects in the region. Bearing in mind the framework, two questions
must nonetheless be raised: (i) could there have been other regions in the
country where an investment of over USD 200 million - or even less - would
have resulted in even greater aggregate economic welfare gains?; (ii) could
there have been incentives for changes in output composition in other

regions of the country that resulted in negative output effects, given the
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magnitude of the project and the likelihood that it led to changes in producer
prices elsewhere, notably in the more developed areas closer to the capital,
which also became better connected to international markets through this

project?

Unfortunately, the available data do not allow us to answer these questions,
as the surveys focused solely on the areas immediately adjacent to the
transport infrastructure project, and no follow-up survey was conducted
post-end line. This issue, however, is not unique to this particular road
project; in fact, most evaluations of transport infrastructure, whether ex ante
or ex post, tend to focus on costs and benefits solely in the regions and/or
sectors directly connected to the proposed project, which, as clearly shown
in the framework, may lead to incorrect calculations of the actual welfare

effects of such large investments®>.

Analysis of Factor Returns

As discussed above, the productive structure of the Samtskhe-Javakheti
region is likely to have changed as a result of lower transport costs. Available
data point to a more complex structure, with some agriculture processing (P)

being added to smallholder subsistence farming (A), as follows:

95 The following application will show how the framework can assist in the identification of
these farther-reaching effects.
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Figure 12: Post-infrastructure productive structure of project region
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Again, this structure is that of a Specific Factors Model, in which the factor
specifically utilized in the “winning” sector (once again capital utilized in the
agriculture processing sector) should observe higher returns, while the
factor employed specifically in the “losing” sector (in this example, land
employed in agriculture) should observe a fall in returns. Changes in the
returns to the mobile factor (labor, in this case), should be somewhere in
between. Although data on capital, land and labor remuneration are not
available, some other variables collected do provide some support for these

predictions.
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Capital: With a reduction in transport costs, agriculture-processing emerged
as an activity in the treatment region, as shown by the already noted increase
in the number of facilities, and this activity uses specific capital that was

previously not utilized in subsistence farming.

Labor: As agriculture processing becomes more profitable, labor should
move toward this new sector of employment. The data collected do not
include wages, as most interviewed households engaged in subsistence
farming. However, the survey included questions on how common it was for
households in the control and treatment regions to engage in certain types of
employment. While agriculture remains the most common sector of
employment, 86 percent of respondents in the control region reported “no
cases of employment in processing industry”, both pre- and post-
infrastructure intervention, while in the treatment region, 94 percent of
respondents provided the same answer in the baseline survey, a figure that
decreased to 84.7 percent in the end line, which indicates that employment
in the processing industry increased by nearly 10 percent in the treatment

region.

Land: Finally, land utilized in subsistence cropping should have observed a
fall in returns, which was indeed indicated by the lower number of
households planting wheat and potato, as seen in the previous section.

Moreover, data on the most common uses of land in the treatment and
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control regions show that subsistence cropping remained a widespread
activity, but that the number of households reporting that this was the most
common use of land fell by 10 percent in the treatment region, compared to a
7.9 percent fall in the control region. Although consistent with the
framework’s predictions, these observed changes are not statistically

significant.

Discussion of Results

Given the fact that nearly the totality of households in the region where
infrastructure was introduced engaged in subsistence farming, instead of an
increase in output due to lower transport costs, what was observed was a
change in the region’s productive structure, with the emergence of an
agriculture-processing sector. Labor previously employed in subsistence
farming seems to have been moving to the newly established sector, which
also utilizes specific capital. At the same time, land is still largely employed
in subsistence farming, but its use in this type of production is falling in the
treatment region, and the number of households reporting being engaged in
such activity post-infrastructure intervention fell by relatively more in the

treatment than in the control region, which indicates lowered returns.

Once again, most of the observed impacts were not statistically significant.
As with the Nicaragua case, the short timeframe between project completion

and collection of end line data may not have allowed sufficient time for
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producers to fully adapt to the new opportunities provided by the extensive
roadwork conducted in the region. Thus, the presented results may not
capture the full impact of the project. In addition, the border crossing with
Turkey was not open during the evaluation period; had it been, it might have
provided further incentives for output diversification in the Samtskhe-

Javakheti region.

Yet, as previously questioned, it is possible that the same or a lesser amount
of resources invested elsewhere in the country would have generated greater
gains than what was and possibly will be observed in the Samtskhe-Javakheti
region in the future. Unfortunately, the data available did not allow us to
investigate this possibility. Also, as the construction/rehabilitation of the
Samtskhe-Javakheti roads turned it into an important export route for
producers in other regions of Georgia, it is possible that output effects -
whether negative or positive - may have emerged elsewhere. Again, the
collected data did not allow for the investigation of this possibility, but the
fact that most infrastructure evaluations tend to ignore effects in regions not
directly impacted by the roadwork reinforces the need for a general
framework that allows one to better understand and more accurately

measure the welfare effects of these types of investment.
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6.4  Application 3: Highway BR-262 in Brazil’s Minas Gerais State

Project Information and Rationale

Given its large territory and the fact that it is one the world’s main
commodity-producing countries, Brazil’s export performance is intimately
related to the efficiency of its transport system. Yet, inadequate planning and
insufficient investment have resulted in a national transport network
identified as one the main culprits of the so-called “custo Brasil” (Brazil cost),
a term that describes several factors that make Brazil a relatively expensive
place to do business®. Moreover, despite the fact that 61 percent of Brazil's
cargo is transported via road haulage, the National Transport Association
estimated that 57.3 percent of the country’s road network failed to meet
acceptable traffic standards in 2014, increasing shippers’ operational costs
by an average of 25.8 percent®’ (Confederacdo Nacional dos Transportes

2015).

Given the negative impacts of high transport costs on Brazil's

competitiveness, plans to improve the quality of the country’s transport

9% A report by the McKinsey Global Institute (2006) identified infrastructure as one of the
five main barriers to increased productivity and growth in Brazil, along with a large informal
sector, macroeconomic factors hampering investment, an onerous regulatory regime, and
weaknesses in public service provision. As an illustration of the resulting high cost of these
factors, Brazil placed 116 out of 189 countries in the 2016 Ease of Doing Business Rank
(World Bank 2015).

97 In comparison to what operational costs would have been if the quality of roads were at an
acceptable level.
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system have been proposed, including the ambitious Programas de
Aceleracdo do Crescimento (PACs - Growth Acceleration Programs). The
PACs are four-year comprehensive plans that envisage investments in three
infrastructure “pillars”, namely (i) social and urban, (ii) logistics, and (iii)
energy. Although grouped into pillars, projects included in the PACs have
neither been selected based on a clearly defined criterion nor articulated
based on their potential complementarities. Instead, the PACs brought
together under the same umbrella several hundred projects already
proposed in other federal or state-level plans, such as the Planos
Nacional/Estadual de Logistica de Transporte (PNLT/PELT - National /State

Transport Logistics Plans).

The project under investigation, i.e. the duplication?® of part of the highway
BR-262 in the state of Minas Gerais, was one of the projects proposed in the
State Transport Logistics Program (PELT-MG), released in 2006, and later
folded into the PAC. The project consisted of the duplication of the existing
road link between the cities of Betim and Nova Serrana, and the construction
of a third lane between the cities of Nova Serrana and Araxa, covering a total
of 334 km (approximately 208 miles), and costing BRL 554.2 millions (about

USD 255 million in 2006 dollars).

98 According to the National Confederation of Transport, 86.5 percent of Brazil’s roads are
two-lane roads, i.e. single roads with one lane for each direction, which increases travel time
and reduces road traffic safety due to the lack of separation between traffic moving in
opposing directions. In this context, the duplication of high traffic highways is usually
considered a priority to improve travel conditions and reduce travel costs (Confederacdo
Nacional dos Transportes 2015).
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Figure 13: Map of Brazil and project location
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The BR-262 has a total length of 2,286.5 kilometers (approximately 1,421
miles), and constitutes one of the country’s main east-west corridors,
connecting the agriculture-producing areas in the center-western part of
Brazil to the more dynamic economic regions and export gates in its
southeastern coast. Despite the highway’s national relevance, the main goal
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of the project’s proponents at the state level was to increase welfare in the
state of Minas Gerais by improving the national and international
competitiveness of its productive regions. It was expected that, by
duplicating part of the highway’s length in the state?’, producers in Minas
Gerais would enjoy lower transport costs. Indeed, exporters located along
the highway’s 549.6 km between the port and the city of Betim, where the
duplication work was set to begin, were not expected to benefit from reduced
transport costs, as they did not utilize the improved stretch of the highway in
bringing their products to the coast. Exporters located along the 334 km of
duplicated road between the cities of Betim and Araxd were expected to
directly benefit from improved road conditions. Yet, exporters located
beyond the city of Arax3, including those in the state of Mato Grosso do Sul,
could also be impacted by the project, either positively - if the highway
resulted in lower transport costs for their products - or negatively - if the
reduction in transport costs elsewhere caused a fall in output in the sectors
located in the state. Thus, in order to evaluate the potential aggregate
economic welfare impact of this proposed project, all of these effects must be

taken into account.

The state of Minas Gerais is one of four states in the wealthier southeastern
region of Brazil, accounting for 9.2 percent of the Brazilian GDP in 2013,

ranking third in the country after its neighboring states of Sdo Paulo and Rio

99 Some parts of the highway had been duplicated in previous years, although many parts
still operate as two-lane roads.
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de Janeiro (Instituto Brasileiro de Geografia e Estatistica 2015). The state
possesses a diversified economic structure, but exports are concentrated in
two main sectors: extractive industry, particularly iron, and coffee, which
corresponded to over half of the value of all exports from the state in 2006
(Ministério do Desenvolvimento, Industria e Comércio 2015). In addition,
the state of Mato Grosso do Sul, whose exporters could be potentially
impacted by the road project, is characterized by the production for exports
of oil seeds, notably soy, and meat, particularly poultry, which also accounted
for over half of the value of the state’s exports in 2006 (Ministério do
Desenvolvimento, Industria e Comércio 2015)19. The productive structure
of the region potentially impacted by the project can, thus, be depicted as

follows:

100 Two sectors in the state of Minas Gerais and two in the state of Mato Grosso do Sul,
corresponding to four codes in the Harmonized System two-digit classification (HS-2),
account for a majority of exports. The balance is distributed across the other 96 HS-2
categories.
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Figure 14: Productive structure of project region
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All sectors - poultry meat (M), soy (S), coffee (C) and iron (I) - produce goods

with a combination of capital (K) and labor (L)1°1. Some forms of capital are

101 [t should be noted that, although land is a crucial input to production in all sectors, it is
abundant in Brazil; in fact, the center-western region of the country that now produces meat
and soy is considered the new agriculture frontier, and production has been expanding to
previously idle land. In this sense, land does not restrict production and its utilization can be
increased, as long as labor and capital are available.
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specific to meat (K;) and iron (K3) production, and mobile between soy and
coffee production (K,), while labor is mobile between meat and soy

production (L), and between the coffee and the iron sectors (L,).102

Empirical Strategy

Although some roadwork is being conducted on highway BR-262, the project
is not yet concluded. Moreover, no post-completion monitoring and
evaluation study for measuring the economic welfare impact of the project,
such as the ones designed for the two previously analyzed cases, was
undertaken for this project. Therefore, actual end line data are not available.
In this context, this particular analysis will be conducted as an ex ante
assessment of the expected aggregate economic welfare impact of the

project, illustrating a particularly valuable application of the framework.

The analysis of aggregate economic welfare changes will proceed in

accordance with the steps enumerated in chapter I, as follows:

(v) Calculate the impact of a change in transport infrastructure on
transport cost;

(vi)  Calculate the impact of a change in transport cost on producer prices;

102 We will assume that labor does not move across states, as described in Figure 14. This is
consistent with studies that find that the wage gap across Brazilian states and municipalities
remains considerable, which suggests that labor movement across the large distances of
Brazil is costly, and that this cost of migration is larger than the wage differential (Morten
and Oliveira 2014).
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(vii) Calculate the impact of a change in producer prices on sectoral output;
and
(viii) Calculate the impact of a change in sectoral output on aggregate

economic welfare.

Data Description

In order to proceed with the analysis according to the steps enumerated
above, data on transport costs, producer and world market prices, and
sectoral output were collected for the year 2006193 from the sources cited in

the table below:

Table 15: Data sources

PELT Minas Gerais

(Governo do Estado de Minas Gerais 2006)
PELT Minas Gerais, calculated using the World
Bank’s Highway Development and Management
Model (HDM-4)104

(Governo do Estado de Minas Gerais 2006)
PELT Minas Gerais, calculated using the World
Bank’s Highway Development and Management
Model (HDM-4)

(Governo do Estado de Minas Gerais 2006)
Departamento Nacional de Infraestrutura de
Transporte 2015

Aliceweb (Ministério do Desenvolvimento,
Industria e Comércio 2015)
Instituto de Economia Agraria 2015a

Aliceweb (Ministério do Desenvolvimento,

103 The analysis will be conducted utilizing as a base the year 2006, the one in which the
project was first proposed, as data on all required variables are available.

104 The World Bank’s Highway Development and Management (HDM-4) model is the
standard model utilized by transport planners and scholars engaged in transport studies.
Calculated costs are consistent with less detailed data reported by private sector operators,
including the Minas Gerais Association of Freight Forwarders.
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Industria e Comércio 2015)
B-MARIA model (Faria and Haddad 2011)05
Instituto de Economia Agraria 2015b

Analysis of Aggregate Economic Welfare Changes

Change in Transport Cost: Equation 4.10 in chapter IV defined infrastructure-

related (i.e. per unit) transport cost (f°) as follows:

S = Y (per km or per mile expenses).d® + Y. (per hour expenses).dS/hS

Where dSequals distance, and hS is time from the point of production to the

gate of exportation in sector S.

The sources listed in the previous section provide data that, although not
disaggregated into distance and time-related variables, allow for the
calculation of the post-infrastructure per unit cost of transportation, as

shown in the table below:

Table 16: Pre- and post-infrastructure per unit cost of transportation

2 axles 3 axles 5 axles
4.5 10.8 21.7
1.75 2.50 3.43

1.75/4.5=0.39 | 2.50/10.8=0.23 | 3.43/21.7=0.16

28% 35% 37%

105 The CGE model known as B-MARIA was developed by a team of scholars from the
University of Sdo Paulo, led by Professor Eduardo Haddad (Haddad and Hewings 1997), and
utilized and further refined in Haddad (2003), Almeida (2003), Perobelli (2004), among
others.
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0.39 (0.28) + 0.23 (0.35) + 0.16 (0.37) = 0.248

-7.92%

0.248 (1-0.0792) = 0.228

* Figures calculated for the the PELT-MG using the HDM-4 model

Table 16 shows that pre-infrastructure transport cost on the highway BR-
262 was BRL 0.248 per ton per km. According to data from the PELT-MG, the
duplication of the highway between Araxa and Betim should result in a
reduction of 7.92 percent in the cost of transporting goods in the
rehabilitated part of the road (Governo do Estado de Minas Gerais 2006).
Thus, post-infrastructure transport cost along the project’s duplicated 334

kilometers should be reduced from BRL 0.248 to BRL 0.228 per ton per km.

[t will be assumed, due to unavailability of exact locational data on scattered
producers, that the point of origin for the exportation of soy and poultry
meat is the city of Campo Grande, the capital of the state of Mato Grosso do
Sul. Additionally, it will be assumed that exporters of coffee begin their
journey to the port in the city of Uberaba, a major city in the center-west part
of the state of Minas Gerais, as coffee production is spread throughout the
western, central and northern parts of the state, but processing is usually
located in major centers. Finally, the iron industry is mostly located around
the state capital city of Belo Horizonte, which is on the highway BR-262, but

before the stretch that is being rehabilitated. Thus, exporters in the iron
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sector should not be impacted by the proposed infrastructure project
through the transport cost-reduction channel 1.,  These locational

assumptions are summarized as follows:

Figure 15: Sector locations along BR-262

1,832 km 1,008 km 890 km 556 km 524 km

>
Campo Grande Uberaba Araxa Betim Belo Horizonte Port
Poultry Meat Coffee Iron
and Soy

Table 17: Change in infrastructure-related transport costs

Initial 454.3 66
Final 1,498 334 371.5+76.2=447.7 '
Initial 1,832 0 454.3

Final 1,498 334 371.5+76.2=447.7 6.6
Initial 1,008 0 250 6
Final 674 334 167.2 +76.2 = 243.4 '
Initial 524 0 130

Final 524 0 130 0

Change in Producer Price: Table 18 below shows producer prices (p°) and
world market prices (q°) as of 2006, post-infrastructure producer price (p;),
as well as post-infrastructure total (t7) and ad valorem (m}) transport costs

for all analyzed sectors.

106 They might, nonetheless, still be impacted through changes in output due to factor
mobility. Additionally, although not explicitly considered in the framework, they might also
be affected by congestion costs due to increased utilization by other sectors of the road to
the gate of exportation.
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Table 18: Producer and world prices (in BRL/ton)

pS t5=q5—pS 5

2,729 4,002 59.46%

497 483 14 2.82%
4,783 4,458 325 6.8%

16.04%

T

3,995.4 59.36% 0.10%
14 2.82% 0%
318.4 6.66% 0.14%
222 16.04% 0%

Table 18 provides some relevant information. First, as expected, world
market prices are higher than producer prices, providing support to the
assumption that g5 = pS +t5. Moreover, the difference between world
market and producer prices is not necessarily equal to the per unit
infrastructure-related cost of transportation (f°), which, again, provides
support to the discussion carried out in chapter IV that total transport costs
(t5) are due to both infrastructure and good-related characteristics. Finally,
it is observed that, for the soy sector, the difference between producer price
and world market price is not large enough to cover the per unit cost of
transportation. Given that exportation does take place, as indicated by the
collected data, this finding suggests that there is at least one less costly route

for this particular sector than the analyzed highway'??. As a result, in

107 According to the Agriculture and Livestock Federation of Mato Grosso do Sul, soy
producers from the state do not currently utilize the BR-262 to reach Brazil’'s export gates.
Most exports are taken to the Brazilian port of Santos through BR-364. The high
infrastructure-related transport cost calculated here help explain why that is the case.
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addition to the already discussed iron sector, the soy sector will not be
directly impacted by the highway project, given that neither will utilize the
duplicated stretch of the highway. For this reason, their producer prices

remain the same pre and post-infrastructure intervention.

Change in sectoral output: In order to calculate changes in sectoral output,
price and substitution elasticities are required. The already mentioned B-
MARIA model estimated cost and production substitution elasticities for the
Brazilian economy1%8. According to these estimates, a reduction of one
percent in the cost of transportation in the meat sector generates an increase
in production of 1.702 percent, while the same reduction in the coffee sector
causes an increase in production of 0.87 percent. The model also estimated
substitution elasticities for broad sectors, i.e. agriculture, mining, industry,
services, etc. In the agriculture sector, an increase of one percent in quantity
produced in a factor-competing sector generates a fall in production of 1.57
percent in another sector, while the negative impact on the mining sector is
of the order of 0.001 percent. This is consistent with the implications of the
framework, specifically that, given the assumption of full factor employment,

a rise in output in one sector should lead to a fall in output in a connected

Moreover, although these producers currently utilize other routes to reach ports on Brazil's
Atlantic coast, some studies have been conducted on the feasibility of utilizing ports on the
Pacific coast, particularly Arica and Iquique in Chile, passing through Bolivian territory.
Although no current routes exist to reach these ports, the cost of reaching the Atlantic coast
is so high compared to the cost of production that producers believe opening new roads to
the Pacific might be a more cost-effective alternative. Hopefully the insights of this
framework can assist in assessing such an alternative.

108 For complete methodology and elasticity estimations, see Torres (2009) and Faria and
Haddad (2011).
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sector. Therefore, using these elasticities and the change in producer prices

calculated above, it is possible to estimate post-infrastructure output for all

sectors, as shown below:

Mato Grosso do Sul State

Meat Soy
World price (g™) 6,731 World price (¢°) 497
Initial output (y™) 92,584 Initial output (y*) 1,182,096
Final output (yM) 92,742 Final output (y;) 1,179.386
M — M) 1,060,657 ToF =y ~1,346,671

Minas Gerais State

Coffee Iron
World price (g©) 4,783 World price (q') 1,384
Initial output (y©) 1,030,945 Initial output (y!) 6,240,342
Final output (yf) 1,032,201 Final output (/) 6,240,333
‘i =y 6,005,970 a' i —y" - 12,609
An=qly;—y) 5,707,347

The table above shows that the proposed highway duplication would

generate an increase in real income of nearly BRL 6 million annually. The

bulk of the positive effect comes from the coffee sector and, to a lesser extent,

from the poultry meat sector, with soy and iron production experiencing a

fall in output.

Analysis of Factor Returns

The calculation conducted above shows that relative producer price changes

are ordered as follows:

pM > pf >p =p!
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The change in relative producer price is equal to 0.24 percent in the poultry
meat sector, 0.15 percent in the coffee sector, and zero in the soy and the iron
sectors. The small magnitude of producer price changes imply that changes
in factor returns should also be fairly small. Still, given the ordering of
relative producer price variations, the following changes on factor returns
and factor mobility can be expected: first, the producer price increase in the
meat sector should raise the return to specific capital (K;) by a magnified
amount, as well as increase the wage rate for labor employed in the sector
(L1)- If capital were not mobile between states, i.e. the amount of capital in
soy production and in coffee production were fixed, the increase in producer
price in the meat sector would lower the return to capital used in soy
production (K, ). This type of capital, however, has an alternative
employment outlet in coffee production, which also experiences a price
increase. Therefore, as capital (K;) moves from soy to coffee, its fall in return
can be attenuated, as labor (L,) is attracted from iron production by
increased wages in the coffee sector. Finally, this movement of labor from
iron to coffee pushes down the return to specific capital in the iron sector
(K3). It is worth noting, therefore, that changes in transport cost resulting
from this proposed highway project should benefit labor in both states, while

some forms of capital win and others lose.
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Discussion of Results

The analysis of the proposed duplication of a stretch of the highway BR-262
in the state of Minas Gerais, Brazil, exemplified an ex ante application of the
framework developed in the previous chapters, and emphasized the need to
observe potential effects in an enlarged area of influence, especially for large

projects such as the present one.

In this analysis, the calculation of aggregate economic welfare impacts
showed that, in terms of output, the project should generate a rise in real
income of approximately BRL 6 million annually due to increased exports.
The discussion conducted in the supplement to chapter III, on the extension
of the framework to multiple sectors based on insights from the literature on
tariff reform, suggested that projects impacting multiple sectors would
increase aggregate economic welfare if they reduced the sum of differences
between relative world market and producer prices. Given the calculated
increase in aggregate economic welfare for this particular project, let us

observe if indeed relative price have been brought closer together.

Table 19: Pre-infrastructure relative price distortion

g™ = 6,731 g5 = 497 q¢ = 4,783 q' = 1,384
qMS = 13.543 q5€ = 0.104 g1 = 3.456

qMC = 1.407 g5 = 0.359

g™ = 4.863

pM = 2,729 pS = 483 p = 4,458 p!l = 1,162
™ = 59.46% 5 = 2.82% 7€ = 6.79% ! = 16.04%
pMS = 5.650 pS€ =0.108 p®l = 3.836

pMC€ = 0.612 pS! = 0.416
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iM" = 2.349

Table 20: Post-infrastructure relative price distortion

M =59.36% = 2.82% nf = 6.66% n! = 16.04%
pM =2,735.6 p; = 483 pf = 4,464.6 p! = 1,162
pi" = 5.664 p¢ =0.108 p!t =3.842

pi"¢ = 0.613 p =0.416

pM! = 2354

Tables 19 and 20 show that, albeit by very little, the difference between

relative producer prices and relative world market prices has indeed been

reduced. As the meat sector was the one subjected to the highest level of ad

valorem transport costs, the increase in its producer price brought two sets

of relative producer prices (i.e. meat/soy and meat/iron) closer to

corresponding relative world market prices.

However, as transport costs

were also reduced in the coffee sector, a sector that was subjected to the

lowest ad valorem level of transport costs, three sets of relative producer

prices (i.e. meat/coffee, soy/coffee, and iron/coffee) were actually driven

further apart from the corresponding relative world market prices.
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CHAPTER VII
CONCLUSIONS, LIMITATIONS AND EXTENSIONS

Politically-driven infrastructure may - and often does - consist of white elephants
as well as of highly useful roads (Prud’homme 2004).

7.1 Conclusion: Where to Build if to Build at All

An article featured in the July 2014 edition of The Economist magazine
discussed the benefits of investing in infrastructure, motivated by two
announcements by the Chinese government: first, the New Development
Bank199, to be headquartered in China, would focus on infrastructure lending
to low-income countries; and, second, the country would also push to
establish yet another multilateral lending institution with the same purpose,

the Asian Infrastructure Investment Bank (Bridges to Somewhere 2014).

Given the infrastructure-focused policies followed by China over the past two
decades, and the high growth rates achieved by the country during the same
period, it is no surprise that China would be exporting this particular feature
of its development model to other developing countries, and that these
countries would enthusiastically welcome additional sources of
infrastructure funding. In fact, as pointed out in the above-mentioned article

(and in the introduction to this dissertation), “the wisdom of investing in

109 The New Development Bank, formerly referred to as the BRICS Development Bank, is a
multilateral development bank founded by the five BRICS countries, i.e. Brazil, Russia, India,
China and South Africa. The agreement establishing the new entity was signed on July 2014.
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infrastructure seems self-evident”. The literature review conducted in
chapter II showed that theoretical and empirical research has found strong
positive correlation between infrastructure investment and growth rates,
especially in low-income countries. Calder6n and Servén (2004, 27), for
instance, upon finding that growth is positively affected by the quantity and
quality of infrastructure, stated that “infrastructure development may be a
key win-win ingredient for poverty reduction. In addition to raising society’s
overall level of income, it would help raise the income of the poor more than
proportionately”. In the trade literature, infrastructure provision has often
been described as a key element in the behind-the-border agenda required
for trade liberalization to achieve efficient resource reallocation and export
growth. In this context, it has been widely accepted that underinvestment in
infrastructure has adversely affected country’s export potential and growth
rates, a situation that could only be remedied through greatly increased

public and private sector participation in infrastructure provision.

Although this dissertation does not dispute the view that infrastructure
investment can be highly beneficial for trade, growth and welfare, it shows
that, in the case of transportation, it is not always so. Other scholars have
also defended the idea that not all transport infrastructure investment is
necessarily a good investment. Agénor and Moreno-Dodson (2006, 38), for
instance, have argued that “a realization that there is no road to go from

point A to B should not be an argument strong enough to recommend
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building a new one, unless there is solid evidence to predict that it will be
used”. While the framework developed in this dissertation does provide
support to the first half of this argument, it shows that the “whether-it-will-
be-used criterion” is flawed. Indeed, it is demonstrated that the greater the
utilization of the “wrong” infrastructure, the worse the country is off. This is
so because the potential welfare benefits of a particular transport
infrastructure are not only defined by whether or not it will be utilized, but
also depends on the relative valuation of output, i.e. on comparative
advantage. In this sense, the findings of the framework focus less on the
dangers of underinvestment, and more on the perils of investing in poorly

allocated infrastructure19,

Whether transport infrastructure will yield positive aggregate economic
welfare effects depends crucially on where it is located, i.e. on which sectors
will benefit - and how much - and on whether some sectors will lose - and
how much - from lowered transport costs. In fact, chapter III shows that
transport infrastructure is strongly location-dependent, and that the spatial
structure of its provision plays a fundamental role in determining its effects
on the economic system (Haddad et al. 2011). This means that the impact of
introducing transport infrastructure is uneven across sectors, and that the

negative impact on some may outweigh the positive impact on others,

110 These two issues are nonetheless closely related. In a context of scarce resources,
overinvestment in poorly selected infrastructure often translates into underinvestment in
highly necessary and beneficial ones.
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potentially generating aggregate welfare losses. In addition to the
applications of the framework carried out in chapter VI, other empirical
analyses have provided partial support to this finding. Investigating the
impact of China’s National Trunk Highway System, Faber (2013) found that
GDP growth was reduced by about 18 percent over time in smaller Chinese
counties that were connected to the highway system relative to ones that
were not, mainly due to reduced industrial output!!l. This finding has also
been at the core of studies in the new economic geography tradition (Fujita
et al. 1999), but while these models are based on the existence of increasing
returns to scale in certain sectors, the model developed in this dissertation
shows that potentially unintended general equilibrium consequences of
infrastructure allocation can also take place under the neoclassical
assumption of constant returns to scale. In this latter case, the allocation of
infrastructure can generate losses as it may weaken the realization of
comparative advantages by distorting relative producer prices in relation to
prevailing relative world market prices, thus leading to undesired changes in

output.

In conclusion, to assist in the selection and allocation of aggregate economic
welfare-increasing transport infrastructure, this dissertation provides a
model based on rigorous theoretical underpinnings, and brings the analysis

of infrastructure and infrastructure-related transport costs into the

111 Although observing output reduction at the regional level, Faber does not discuss the
possibility of welfare losses at the aggregate level, as done in this dissertation.
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mainstream of international trade by utilizing an approach analogous to that
of tariff theory, emphasizing distortions. As a result, the framework
produces a metric for general equilibrium assessment of the effects of
transport infrastructure projects that generates clear and easily
interpretable results, with relevant implications, as demonstrated by its
application to the three selected case studies. In addition, it provides an
instrument to identify the distributional consequences of infrastructure
projects by means of a factor return analysis. It is nonetheless important to
recognize the limitations imposed by some of the model’s assumptions and
simplifications, as well as highlight potential extensions that can be

undertaken in future research.

7.2 Limitations of the Model and Potential Extensions

As with any modeling of economic interactions, the results about the
relationship between transport infrastructure and economic welfare
obtained in this framework are partially dependent on the model’s
assumptions. However, while acknowledging that the results presented are
not independent of the choices made regarding theory, methodology and
specification, we believe that these choices have been unequivocally
explained and justified at each and every step of the framework, and that
they are reasonable. Moreover and most importantly, we expect that any

disagreement over the choices made does not obscure the essential
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implication raised in this study: that the potential welfare impacts of
transport infrastructure must be analyzed in a general equilibrium
framework. Bearing these considerations in mind, let us turn to a review of
some limitations brought about by the framework’s assumptions, which can

be addressed in future extensions of the model.

Decision criterion: In addition to issues of equity and potential redistribution
already discussed elsewhere in this dissertation, it should be recognized that
infrastructure investments are driven by myriad objectives (e.g. rural roads
constructed with the goal of facilitating access to educational and health
services, etc.), which are not directly addressed in the present dissertation.
But while such objectives are not specifically discussed, the model developed
here should provide insights on whether infrastructure allocation is the most
efficient policy measure to achieve the intended results, given that, at their

core, they are also about increased welfarel12.

112 Drawing a parallel with the discussion on exports, if the goal of a specific transport
infrastructure project is to reduce the cost of travelling to school to increase school
attendance rates (in lieu of reducing the cost of transportation to increase exports), the
intervention will only make sense if the cost of transportation is among the main constraints
to school attendance (in lieu of the main constraints to trade), and if the reduction in the cost
of transportation will be large enough to generate increased school-bounded travel along the
road (in lieu of increased export-oriented output). In the former case, if the main reason
why students do not attend school is to provide for their families, then building a road will
arguably be of little impact on attendance rates. Similarly, in the latter case, building a
smooth all-weather paved road will have a very minor impact on transport costs in areas
where the most common means of transportation are animal-powered, or where people
travel by foot. Thus, the rationale of the framework raises important considerations that
must be taken into account when evaluating the allocation of infrastructure, whatever the
goal of doing so may be.
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Similarly, the present framework focuses on the costs inflicted by declining
aggregate economic welfare, not capturing other relevant costs of
infrastructure projects such as environment costs, pollution costs, population
relocation costs, etc. In addition, the cost of specific projects is not explicitly
included in the model. As previously stated, the cost of building and
operating the infrastructure is normalized at zero. Yet, once expected
aggregate welfare effects are calculated over the lifetime of the project, it is
possible - and necessary - to compare their magnitude to the cost of
building, maintaining and operating the infrastructure to ensure that the

project is not only welfare increasing, but also cost effective.

Infrastructure: As stated early on, the dissertation focuses on the physical
characteristics of domestic transport systems. Yet, investing in
infrastructure entails not only pouring concrete, but also requires a
supportive institutional framework for the utilization of said infrastructure.
Thus, while investments in physical infrastructure are proposed on the basis
that transport costs would be reduced, other variables impacting
infrastructure utilization may determine the extent to which these cost
reductions are passed on to producers, thus generating transport savings and

output effects.

Among these variables ranks prominently the market structure of the

transport industry. An extensive survey carried out in Africa showed that,
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while transport costs were not necessarily higher in the region, transport
prices, i.e. the prices actually charged by transport providers, were the
highest in the world (Beuran, Gachassin and Raballand 2013), due in
particular to profit markups and cartelization. The same seems true of
transport costs in Latin America, where the low degree of competition among
shipping companies was identified as a contributing factor to higher costs of
transportation (Inter-American Development Bank 2010). Thus, the policies
regulating the transport industry and the capacity of the state to enforce such
policies do affect the performance of the sector and, consequently, the actual
cost of transportation faced by producers in bringing their goods to domestic

gates of exportation.

Also regarding the transport industry, the utilization of the iceberg
specification for transport costs avoided the need to include a sector offering
transportation services. Yet, including such a sector to investigate the impact
of improved infrastructure should be a fairly straightforward extension of
the model, and could be done to analyze, inter alia, how much of the
transport savings effect would actually materialize through reduced wasted
resources and how much would be transferred from transport service

providers to producers.

Transport costs: In addition to physical infrastructure and the policies

regulating its utilization, the cost of transporting goods from the point of
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production to the gate of exportation is affected by myriad trade-related
regulations and institutions. By increasing the total level of trade costs to
which sectors are subjected, such regulations and institutions may constrain
the impact of physical infrastructure interventions, as the transport costs

savings generated by the latter become a smaller fraction of total costs.

One of the most relevant trade-related issues constraining the impact of
infrastructure is the operational efficiency, including cost and timeliness, of
border crossings, whether by land, air or sea (i.e. land crossing, airports and
ports). If, for instance, exporters save on transport costs due to improved
road conditions, but lose time due to delays with excessive customs
documentation and red tape, airport and port congestion, among other
barriers, then the impact of building or improving physical infrastructure

will be lower than expected.

In this sense, investments in physical infrastructure should be closely
coordinated with investments to reduce the cost of trade-related processes
and procedures, i.e. investments in the wider trade facilitation agenda. This
is even more relevant as empirical research has provided evidence that trade
gains are likely to be higher when infrastructure investments and trade
policy reforms are implemented as a package, given the complementarities
that exist among them. In other words, investments in transportation

combined with increased efficiency in export procedures may yield gains that
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surpass the sum of the two interventions implemented separately (Inter-

American Development Bank 2011).

Producer prices: Finally, the model is based on the structure of a small open
economy engaged in free trade with the rest of the world, assuming there are
no taxes or subsidies on consumption and production, and that output is
produced under constant returns to scale, and with full employment of
factors of production. If these assumptions do not hold - or are not valid for
some sectors - then lower transport costs in sectors displaying increasing
returns to scale, for example, may generate changes in prices and cost
advantages that are not observed in constant returns to scale sectors, and the
former may be able to capitalize on the transport improvements more
effectively. Likewise, if the assumption of a small trading economy is relaxed,
changes in producer prices may generate changes in world prices, thus
altering the calculation of aggregate welfare effects. Finally, while the model
assumes away other distortions to domestic producer prices, such as trade
taxes, subsidies, or currency distortions, extending the framework to include
them can be done by calculating aggregate economic welfare changes based
on the prices actually faced by consumers, which would then differ from

world market prices due to these distortionary policies.

In conclusion, it is believed that the type of analysis proposed in this

dissertation provides important insights into the potential economic welfare
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impacts of domestic transport infrastructure, as well as on the distribution of
these impacts across regions, sectors and factors of production. Further
research building upon this basis should be promising to the extent that it

will be able to address other relevant issues absent in the present discussion.
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