THE ROLE OF PUBLIC CAPITAL
ON EcoNoMIC DEVELOPMENT



© 2009 Y. Y. Getachew
All rights reserved.

Cover artwork by Y.Y. Getachew
Prepared with SWP

Published by Universitaire Pers Maastricht
ISBN 978 90 5278 872 2
Printed in the Netherlands by Datawyse Maastric




The Role of Public Capital
on Economic Development

PROEFSCHRIFT

ter verkrijging van de graad van doctor aan de Universiteit Maastricht,
op gezag van de Rector Magnificus, Prof. Mr. G.P.M.F. Mols,
volgens het besluit van het College van Decanen,
in het openbaar te verdedigen op
donderdag 15 oktober 2009 om 14.00 uur

door

Yoseph Yilma Getachew

2Py
=M
S



Promotor:
Prof. Dr. L.L.G. Soete

Co-promotor:
Dr. T.H.W. Ziesemer

Beoordelingscommissie:
Prof. Dr. B. Verspagen, voorzitter
Prof. Dr. C. de Neubourg, Maastricht G
Prof. Dr. AK. Fosu, UNU-WIDER
Dr. A. van Zon



Acknowledgement

First and foremost I offer my sincerest gratitude to my supervisor, Thomas Ziese-
mer, who has supported me throughout my thesis with his patience and knowledge
while allowing me the space and time to work in my own way. Thomas sees prob-
lems as opportunities to learn new things. I learn to learn from him. I could not
wish for a better or more supportive, kind and friendly supervisor.

Secondly, I am grateful to UNU-MERIT and to its director and my promoter
Luc Soete for providing me the opportunities to carry out the research. Luc has
helped me to solve some of the problems that have risen during my study.

I want to thank UNU-WIDER for providing me the internship that helps me
to finalize my research. I am grateful to its deputy director Augustin Fosu for
his valuable advises, comments, and ideas. I am also grateful to Bruck Tadesse
and Adam Swallow for administrative and editing assistance respectively. I thank
Alemu Gonsamo for assisting getting me a house in Helsinki. I thank Hugo Hol-
landers for giving me the opportunity to involve in WKR project. I wish to thank
Rose Kiggundu for providing me a working facilities while I have been working in
Addis.

I am grateful to Abbi Kedir, Adriaan Von Zon, and Mulu Gebreeyesus for their
willingness to read and to comment on my works. I thank Bart Verspagen for
commenting on the proposal and chairing the reading committee at the beginning
and end of my research respectively. 1 also thank Francisco Toro for editing and
commenting, T am grateful to the PhD secretory Eveline de Break for her excellent
assistance that makes my life quite easy in UNU-MERIT. T also thank Evelin (and
Rifka Weehuizin) for the dutch translation of the summary of the dissertation. I
am also grateful to the Librarian Ad Notten and the Webmaster Herman Pijpers
for their consistent supports.

PhLD is a long journey. It is impossible to exaggerate the importance of good
friends and families whose existence helps in different dimensions of life to reach
the end of this journey. There are a number of people whom I owe in this respect.
I would like to express my gratitude to Mary Rose Sarausad for taking care of our
son. She is great as a mother, and great as a person. I have enjoyed the friendship
of Abraham Garcia. We had good time whether we laughed at the silliest things
on earth or frowned upon the hardest problem in the models. I am grateful for the
love, care, and patience of my girlfriend Eleni Abraham. Semih Akcomak always
has had important information and advises. Fernando Santiago-Rodriguez and
Nantawan Noi Kwanjai have been great office mates. I am also grateful to other
many UNU-MERIT students and researchers for various reasons: Ekin Keskin,
Marion Motari, Kirsten Halaand, Victoria Kravtsova, Bulat Sanditove, Asel Do-
ranova, Ivan Kulis, Alexis Habiyaremye, Donatus Kosi Ayitey, Ionara Da Costa,
and Theo Dunnewijk. Qutside UNU-MERIT, I thank Martien Schrooten, Roberto
Anonietti, Susana Ravassa, Jose Galaico, Abiot Mindaye, Biniam Bedasso, Helen
AXlila, Ayalu Reda, Tesfaye Tewabe, Kassahun Begashaw (and his families). I
have also blessed with the lifetime friendship of many people outside Maastricht.
I am grateful to Letay Sebhatu, Minwuyelet Nigatu, Yusuf Kedir, Girma Mo-
ges, Tewodros Mesfin, Daniel Shibru, Befikadu Alemayehu, Menelik Solomon and
Yohannes Regassa.



I gratefully acknowledge the supports I have received from my families: my
grandparents (Wordofa Geletu and Felekech Zamanel), my sisters and their fam-
ilies (Bizunesh Wordofa, Mohammed Jemal, Rebka Yilma, Ephrem Mehari, Lewi
Ephrem, Beza Mohamod, Bersi Ephrem and Yonatan Mohammed), my brothers
(Samuel Seifu and Nahom Wordofa), my father Yilma Getachew, and my uncle
Solomon Getachew and his families. And finally, the special ones, my son Alek
Yoseph and my mother Tirunesh Wordofa. I dedicate the thesis to them!



To Alek and Tirunesh



Contents

Contents

List of Tables

List of Figures

1

Introduction

1.1 Overview . . . . o 0 e e e e e e e e e
1.2 ThesisOutline . . . ... . .. . ... . . i i
Background

2.1 Public Capital and Growth . . . ... ... ... . ... ......
2.2 Public Capital, Income Inequality, and Growth . .. ... ... ..
2.3 Public Capital in Multiple-Equilibria Models . . .. ... ... ..
24 Bummary ... .o o s e e e e e e e

Public Capital, Income Distribution, and Growth
3.1 Imtroduction. . . . . . . . . . i i e e e e e

3.2 TheModel . ... ... . . . . e e
3.3 Income Distribution and Public Capital . ... ... ... .. ...
3.4 Growth, Inequality and Public Factors . . . . . . ... .......
3.5 Conclusion . ... . . ... .. e e

Appendix 3

3A Aggregation . . . . ...
3B TheGrowth Rate . . . . . .. ... ... ... ... .. ...

Distribution, Public Capital, & Elasticity of Substitution
4.1 Imtroduction . . . . . . . . o . i i e e e e e e e

42 TheModel . ... .. . . . e e
4.3 Public Capital and Income Distribution . . .. .. .. .. .. ...
4.4 Aggregate Capital, Growth, and Inequality . . ...........
4.5 Conclusion . ... ... ... ... ... e

iii

iv

[y

16
19
22

23
23
26
30
32
39

41
41
42



i Contents

Appendix 4 57
4.A Production Function . . . .. ... .. ... .. 57
4B Aggregation . . . .. ... ... . e 57
4.C Capital Dynamics. . . . . . . . .. .. e 59

5 Public Capital and Economic Growth: Empirics 61
51 Imtroduction. .. ... . .. .. .. . .. e 61
5.2 Literature Review . ... ... .. ... . ... ... ... 63
5.3 Theoretical Description . . . . . . . ..« . o i 66
54 Empirics . . . . . . e e e e e 7
55 Conclusion ... ... .. ... .. e 82

Appendix 5 85
5A GrowthRate . .. ... ... .. . ... .. . e 85
5B Other Regressions and Tables . . . . ... ... .. .. ....... 86

6 Poverty Trap and Public Capital 89
6.1 Imtroduction. ... ... ... ... ... ... ... ... 89
6.2 TheModel . ... .. .. . . . ... 93
6.3 Dynamics, Multiple Equilibria, and Poverty Traps .. .. ... .. 98
6.4 Public Investment and Threshold Externality . . . ... ... ... 100
6.5 Conclusion . ... .. ... i e e 102

Appendix 6 105
6.A Individual Human Capital Dynamics . . . . .. .. .. .. ..... 105
6.B Aggregate Human Capital Dynamics . . . .. ... .. .. ... .. 105

7 Conclusions 107

Bibliography 111

Samenvatting 125

Curriculum Vitae 127



List of Tables

5.1
5.2
5.3

5.4

9.5
5.6

Summary statistics for SSA countries over the period 1960-2004 . .. 72
Growth and public spending GMM estimators, estimates of (18”") . .. 76
Growth and public spending GMM estimators, sensitivity analysis, es-

timatesof (18”) . . . . . . . .. . . ... 78
Growth and public spending, nonlinear SUR, WNLS and NLS with FE,

estimatesof (21) . . . ... .. .. .. ... 81
Growth and public spending, FE and OLS, 5 years average .. . .. . 86

Countries used inthestudy . . ... ... ... .. ... ........ 87



List of Figures

21
2.2

3.1

3.2

5.1
5.2

6.1
6.2
6.3

6.4

Electricity consumption per capita . . ... ... L. L L 10
GDPopercapita. .................... ... .. .. .. 10
Phase diagram for a case § > Eor < —0—;—§ < 1. Together with the
eigenvalues the steady state is globally stable. . . . ... ... .. . . 37
Phase diagram for a case § < £ or vo_;_g_ < 0. The result is the same

with that of Fig. 3.1 except here the phase line for equation (3.34) is

downward slopping. .. .......... .. ... .. . .. .. . 38
Average public investment (years 1965-2003) .. .......... .. 83
Public investment (year 2000) . . .. ... .. . ... .. . 84
Negative externalities during an economy’s takeoff . . ..., . .. . 95
Multiple equilibria and poverty trap . ... ... ... .. . . . .. .. 100
A shock that may abolish a poverty trap and hence result in a growlh

miracle . ... T 101

A policy shock that does not necessarily gencrate a growth miracle . . | 02



CHAPTER 1

Introduction

1.1 Overview

The end of the Second World War marked the beginning of the rise of economic
development as a major discipline. After the end of the colonial system, in the
late 1940s and 1950s, different strands of economic development thought started to
emerge that concerned the social and economic development of the Third World.
Economic growth and modernization were placed at the top of economic agendas of
the newly independent developing states (Thorbecke 2007).} Neoclassical growth
theory was a main strand of such thought. Since then, it has become the standard
economic growth theory due to its analytical rigor, particularly in relation to
long-run growth dynamics. However, it has important shortfalls when it comes to
development economics studies.

In traditional neoclassical growth models (e.g., the Solow model), exogenous
technical progress is the source of long-run growth. This leaves no room for public
policy decisions to have long-term effects on the economy. A policy shock will have
a transitory effect, influencing only the level of (long-run) output. An cconomy’s
institutions and infrastructure development, and initial income distribution, will
have no lasting effect on its growth. Neither initial distribution nor redistribu-
tion of income determine the long-run dynamics of per-capita output and capital.
Neoclassical growth models and theories on government expenditure and income
redistribution mainly focused on the cost of taxation (see, e.g., Atkinson and
Stiglitz 1980). Because they neglected the intrinsic characteristics of economies
that result in growth over long periods, these models and theories chiefly viewed
important economic variables from a one-sided perspective.

LThis was at a time when advancing cconomic growth was viewed as the equivalent of ad-
vancing economic development. There was consensus among scholars that through cconomic
growth and modernization, development problems such as income and social incqualities could
be taken care of (Thorbecke 2007).
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The poor performance of neoclassical theor_y, pa.rticularly in tulrﬂilvlzi::ﬁ.n:::(
source of long-run growth and the role of public policy, led to g(-.n(. ;\ y )‘. );&:“
faction with it and hence the emergence of the. "new" growth th(.‘-Ol‘y-v 80 Tc‘m '
as endogenous growth theory, this brings to light the source of long-run .M l”“” \'l
in terms of innovation and technology. It alk?ws for the study of (‘,(‘.Ollfnllf(- { tve l
opment by analyzing the roles of public pohcy, technology, .huma.n c.fm‘pll.,;h N fuu
infrastructure development in long-run economic growth and .u%(:orfm distri ).u l,.u‘m.
It also acknowledges the important relationship between initial income (.hst.rl‘bi
ution and long-run economic growth while retaining the analytical rigor of its
predecessor — traditional neoclassical theory. N e '

In endogenous growth theories and models, policies may ha:ve a lasting impact
on growth rates and income distribution dynamics. Productive gc)vnrz'lmum. X~
penditure on infrastructure and human capital development plays an {xul.mrhmt
role in promoting long-run growth and improving income inequality, while income
distribution determines the long-run dynamics of aggregate variables. Absent the
representative agent assumption, the dynamics of macroeconomic variables arc
determined jointly with those of income distribution (Benabou 2002).

This thesis analyzes the role of public capital on economic development using
endogenous growth models. It investigates important problems and questions
surrounding economic development that are rarely addressed in endogenous growih
literature. These relate to public capital, income inequality, economic growth, aned
poverty trap: Does public capital affect economic growth and incomeo inequality
simultaneously? Can the public good - non-excludable by definitionn - goenerate
disproportionate growth that benefits the poor? What level of public: investment
maximizes growth in poor developing countries? What role does public capital
play in poverty trap? Does public capital lead poor societies to evade povorty
trap, particularly if they are already in one?

The thesis consists of both a theoretical and an empirical part. The theoretical
section develops a number of endogenous growth models that analyze the role of
public capital in income inequality, economic growth, and paverty trap. Although
these models are usually built in complex dynamic heterogenous-agent; economy or
non-ergodic/multiple-equilibria dynamic environments, they remain analytically
tractable. The empirical section, on the other hand, comprises an analysis of
a panel data from a large set of Sub-Saharan African countries to identify the
nonlinear relationship between public capital and economic growth, ancd determine
the level of public investment that maximizes growth in those countries.

A major contribution of this thesis is its analysis of the relationship between
public investment and income inequality.? It presents models and theories that
analyze the link between public investment and income/wealth distribution, in the
context of capital markets imperfection. Other contributions include its analysis of
the possible role of public policy in an economy with poverty trap, and empirical
determination of the level of public capital that maximizes long-run cconomic
growth in developing countries.

The thesis extends the theories of imperfect capital markets in inequality and
growth to inequality, public capital and growth. Inequality is bad to growth when

2The terms ‘income distribution’

and ‘wealth distribution’ are inferchan reably umed in the
text referring to the distribution of (b aschol s

uman) capital among the individual houscholds.
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imperfection in capital markets prevents the poor from undertaking the efficient
amount of investment (Loury 1981; Benabou 1996). The new theories suggest that
certain public investment may relax some of their resource constraints through fac-
tor substitution and thus improve the distribution of income and hence economic
growth (through an indirect channel).

A common feature in the literature of growth and public capital is the (implicit)
assumption that infrastructure benefits the individual households proportionally.
The use and efficiency of public capital, however, may vary among different house-
holds. Depending on the type of the public good, infrastructure may benefit the
poor (the rich) more than proportionally due to their lack of (greater) access to
its private substitutes (complements). For instance, a construction of a new dam
may benefit more those who have access to fertilizer and high-yielding variety of
seeds (Songco 2002 and Estache 2002). Whereas, a provision of certain public
services (such as public education, clean water, sanitation, and public transport)
may benefit those who lack these basic inputs (World Bank 1994).

This disproportionate impact of public capital, — once it is explicitly acknowl-
edged, — could be important for income distribution dynamics, and, hence, the
evolution of macroeconomic aggregates, through its effect on relative factor shares.
When the credit market is imperfect and there are diminishing returns to private
factors, income inequality is negatively related to economic growth (see, e.g., Ben-
abou 1996). As we will see later on, income distribution dynamics is determined
by relative factor shares. Therefore, if provisions of public capital affect the rel-
ative income shares of inputs, they will also affect income distribution dynamics.
Furthermore, they affect long-run growth through an indirect effect on income
distribution.

Another important contribution of the thesis is built upon John Hicks’s (1932)
classical concept of the "elasticity of substitution" — the major factor that deter-
mines changes in relative factor shares — to depict the impact of public capital on
income distribution. Using the Newman and Read (1961) production function — a
generalized Cobb-Douglas variable elasticity of substitution production function —,
the thesis shows that the distributional effect of public investment depends on its
elasticity of substitution to private capital, in a model that gives a complete ana-
lytical solution. The elasticity of substitution between private and public capital
determines the relative private factor income shares, which, in turn, determines
income distribution dynamics. If the elasticity of substitution of a given type of
public input is greater (lesser) than unity, it will have a positive (negative) impact
on income distribution.

Studying how publicly provided inputs could affect income distribution dy-
namics in a formal and an analytically tractable manner appears to require the
use of a tractable production function that allows some flexibility in its parame-
ters. However, the popular production functions rarely posses both properties at
the same time. The analytical tractability of the standard Cobb-Douglas produc-
tion function, for instance, comes with the cost of stringent restrictions on factor
shares, which makes it unsuited for income distribution analysis. Fortunately,
applying the Newman-Read production function — a variable elasticity of substi-
tution production function — to Hicks’s notion of elasticity of substitution as the
determinant of factor shares overcomes the technical difficulties, and the complex
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dynamics remain analytically tractable.

This thesis also consists of a growth model of multiple equilibria that analyzes
the role of public investment in poverty trap. Most of the analytical literature
in growth and public investment studies public capital within traditional growth
models that generate a unique high-income equilibrium outcome. The thesis takes
a different track from this literature by studying public investment in an envi-
ronment with multiple equilibria/poverty trap. The sources of the poverty trap
are negative externalities, which prevail during an initial stage of economic devel-
opment {e.g. skilled "migration humps") along with a positive learning-by-doing
externality that of similar to Arrow’s (1962), Frankel’s (1962) and Romer’s (1986).
The study finds that a change in public policy towards the growth-maximizing
level of public investment is crucial but indeterminate with respect to poverty
trap. Depending on some initial conditions, however, such policy change could
create a threshold externality that could lead economies to evade poverty trap.

Policy and history matter much more in environments with poverty trap than
they do in those without, such as in traditional ergodic growth models (Azari-
adis 2006). In an economy with a poverty trap, even a temporary policy shock
may bring a permanent growth miracle (depending in particular on the economy’s
initial condition) and, if the shock is not too weak or followed by a negative off-
setting/counterbalancing one, push the economy above the critical value required
to escape the poverty trap. On the other hand, a temporary shock like war, dis-
ease, short-term capital flight, or bad policy may permanently change the course
of development of an economy by reducing it from slightly above to slightly below
the threshold value, and consequently leading it into a poverty trap.

The empirical side of the study addresses the important question raised by
Romp and de Haan (2005): not whether public capital is productive, but what
level of public capital maximizes economic growth. Few studies have attempted
to ascertain the growth-maximizing level of public capital and to compare it with
the existing public investment, particularly in developing countries. This study
estimates the growth maximizing level of public investment for a set of developing
countries using more robust techniques than those used in previous studies. It
also determines empirically the nonlinear relationship between public capital and
growth.

Fconomists have long believed a positive relationship exists between public
capital and economic growth; however, many argue the relationship is far from
linear (see, e.g., Barro 1990). Public capital could have a negative as well as a
positive effect on the economy. Though an adequate and efficient supply of public
capital promotes output and growth, the distortions resulting from such financing
may also have an adverse effect, such as crowding out private capital. For instance,
an enhanced fransportation system (e.g., roads and highways) improves the effi-
ciency of trucks. But if the public capital is financed by overly burdensome taxes
on private return, the accumulation of these trucks will be negatively affected. If
no large private factors take advantage of the infrastructure development, there
would be no change in output, as roads do not produce by themselves (Aschauer
1998).

Therefore, the relationship between public investment and long-run growth is
nonlinear, forming an inverted U-shape, whereas the growth-maximizing level of
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public investment becomes equal to the output elasticity of public capital in the
production function (Barro 1990).

1.2 Thesis Qutline

This thesis is organized as follows. Chapter 2, in providing the background for
the rest of the thesis, reviews the theoretical and empirical literature on various
issues of public capital and growth, income inequality, and poverty trap. Chapter
3 presents a joint theory of income inequality, public capital, and economic growth,
in the context of capital markets imperfection. The chapter develops a two-sector
overlapping generation model in which initial wealth differs among individuals,
access to credit is limited, and the government provides productive public goods
used in both final goods production and human capital accumulation. Based on the
theories of capital markets imperfection, where inequality is bad for growth because
it implies that more productive investment opportunities (which offer relatively
higher return due to the existence of diminishing returns to factors) are forgone
by the poor, the model shows that certain public investment could be important
for income distribution through factor substitution (or complementarity). If a
provision of public capital has a disproportionate impact on households, — if it
benefits the poor more than proportionally, for instance, due to their lack of access
to its private substitutes —, then it will have an effect on the relative factor shares of
private inputs that in turn affects the dynamics of income distribution. Therefore,
there could be an indirect channel through which public capital may affect growth
(in addition to standard productivity effects).

The study analytically captures the relationship between public capital and
income inequality (with explicit dynamics of the distribution) using a simple pro-
duction function such as Cobb-Douglas, but not, of course, without & constraint.
The analytical tractability of the Cobb-Douglas function comes with the cost of
a stringent restriction on relative factor shares and elasticity of substitution be-
tween factors, which makes the production function unsuitable for distribution
analysis. The next chapter, therefore, employs a more flexible production function
to characterize the effect of public capital on income inequality dynamics.

In Chapter 4, we thus use the Newman and Read (1961) production function
- & generalized Cobb-Douglas and variable elasticity of substitution production
function ~ to study the distributional effect of public investment in a model that
gives a complete analytical solution. The model shows a change in the supply of
public capital could affect income distribution dynamics, although (this time) no
additional specifications are imposed to vary the benefit that accrues from using
the public capital among different households.

The chapter finds that the distributional effect of public investment depends
on its elasticity of substitution to private capital. The clasticity of substitution
between private and public capital determines the relative private factor income
shares, which, in turn, determines income distribution dynamics. If the clasticity
of substitution of a given type of productive public good is greater than unity, then
a provision of the public good may have a disproportionately positive impact on
the income of the poor because it lowers the relative factor shares of the private
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inputs that ultimately benefit the poor, who hold less of these resources, more
than proportionally.

Chapter 5: How much does public capital matter to economic growth? How
big should it be? This chapter makes an empirical investigation to address these
policy-oriented problems, taking the case of Sub-Saharan African countries. A
model is presented as the basis for the empirical analysis. Economists have long be-~
Lieved there is a positive relationship between public capital and economic growth;
however, many argue the relationship is far from linear. The model and the empir-
ical analysis presented capture this nonlinear relationship between public capital
and economic growth. In addition, the level of public investment that maximizes
growth is determined and compared to the actually existing levels of public capital
in those countries.

Chapter 6 departs from conventional ergodic dynamic models to study the role
of public capital in poverty trap. It develops a model that shows analytically how
poverty trap could rise due to negative externalities that prevail during a country’s
economic take-off. The chapter then analyzes the role of growth-maximizing public
policy in the poverty trap model. Though policy may not necessarily enable a
country to evade a poverty trap, its role in non-ergodic economies has been found
to be important. In the model, the policy shock changes the threshold value of
the poverty trap. But whether the change enables the economy to evade the trap
depends on other exogenous factors such as the history and technology of the
country at stake.

Chapter 7 concludes the study.



CHAPTER 2

Background

Ahead of the African Union Summit of Heads of States and Government in Ad-
dis Ababa, Ethiopia (scheduled for February 1 to 3, 2009, with the theme of
"Infrastructure Development in Africa"), the World Bank announced that Africa
risks a lost decade of underdevelopment if it neglects infrastructure development.*
That was based on the World Bank’s (2004) own research, which estimated that
the lack of investment in Latin American infrastructure in the 1990s had reduced
growth in the region by 1 to 3 percentage points. The same study noted that if
Africa’s stock of telecommunication and power generation capabilities had been
equal to those in East Asia, the continent’s annual growth rate could have risen
by one percentage point over the last two decades.

The important role of public capital in economic growth is well acknowledged
among leaders, scholars, and practitioners. Public investment in infrastructure,
institutions, technology, and human capital development plays an important role
in promoting output and long-run growth. Public capital, and in particular in-
frastructure, could generate a sustained increase in economic growth by promoting
the accumulation and enhancing the total productivity of private inputs by reduc-
ing production and transaction costs (Aschauer 1997).

The World Bank (1994) once called infrastructure the "wheels" of an economy,
central to the economic activity of households and firms (Romp and de Haan
2005). An adequate supply of public capital belps generate a sustained increase in
economic growth. Public capital investment is particularly important in developing
countries, where the public capital stock is often insufficient and inadequate. Due
to the law of diminishing returns, where the initial public capital stock is low
and basic infrastructure services (e.g., electricity, telecommunications, education,
health, clean water, and sanitation) are lacking, an increase in stock should have
a larger effect than in countries starting from relatively higher levels of public
capital.

'Reuters (2009), www.alertnet.org/thenews/newsdesk/LS284128 htm, January 28.
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Public capital is important not only for economic growth but also for eco-
nomic development. The Organization for Economic Cooperation and Develop-
ment (OECD) (2006) reports that public capital, especially infrastructure, pro-
motes growth and reduces poverty at the same time. Its report sets out three
main functions of public capital with regard to economic development: (1) it en-
hances economic activity and thus economic growth, (2) it creates distributional
effects on growth and poverty reduction, and (3) it removes societal bottlenecks
that are detrimental to the poor by impeding asset accumulation and creating
market failures. These are also the areas on which this thesis focuses. The the-
sis can be broadly classified and related to the major roles of public capital in
promoting economic growth, improving income distribution and evading poverty
traps.

The present chapter lays the background for the rest of the thesis. It is divided
into three sections: public capital and growth; public capital, inequality, and
growth; and public capital and poverty trap. The first section deals with various
issues and clarifies the main concepts surrounding public capital and economic
growth. For instance, it discusses the particular relevance of public capital to
developing countries, lists different channels by which public capital may relate
to growth, and addresses other issues to do with public capital and growth (e.g.,
congestion costs, financing, distortion, linearity and nonlinearity, etc.). The second
section discusses income inequality, growth, and public capital. It surveys the
theoretical and empirical literature on the relationships between public capital and
income inequality, and income inequality and growth. Finally, the third section
presents a theoretical and empirical literature review of multiple-equilibria poverty-
trap models and their implications for public policy.

2.1 Public Capital and Growth

A Bit of History

Economists have long known that public capital is an important input in the
production function of firms and households (see, e.g., Arrow and Kury 1970).2
However, carlier studies mainly focused on the cost of taxation: whether taxation
encourages or discourages growth assuming the tax is redistributed back to house-
holds (e.g., Atkinson and Stiglitz 1980). Of course, during that time ~ the late
1970s and early 80s — orthodox economics (i-e., neoclassical growth theory) was
only capable of analyzing the effect of taxation policy on the level of per-capita
capital and income. Thus, many models developed at that time studied the short-
run impact of taxation on growth. At the end of 1980s, however, when endogenous
growth models were introduced, a number of models appeared that studied the
role of taxation on long-run growth (e.g., Jones and Manuelli 1990; Lucas 1990;
King and Rebelo 1990; Rebelo 1991). '

2Other than providing public capital, the government plays an indisputably important role
in nations’ processes of economic development. Some functions attributable to governments that
are important to economic growth include protecting property rights, enforcing contracts, and
redistribution,
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On the other hand, Barro (1990) developed an endogenous growth model with
public capital that captured not only the negative effect of distortionary taxation
but also the positive spillover stemming from public service in individual house-
hold productivity. In doing so, he incorporated the productive public expenditure
into the production function of individual firms and showed that government ex-
penditure on infrastructure plays an important role in promoting long-run growth,
and that taxation for public capital may have a positive net effect on economic
growth. A series of theoretical and empirical studies following on from Barro then
further clarified the role of public capital in economic growth.

In the empirical literature, Aschauer (1989) claimed in an influential work that
public capital has a large impact on output. Using annual data for the United
States, he estimated the public capital elasticity of output at 0.39. These findings
were met with disbelief (Glomm and Ravikumar 1997). Although economists
knew that public capital was an important input in production, they did not
expect its impact to be higher than that of private capital’s, which is about 0.3.
Subsequently, a series of studies following up on Aschauer’s proposed a wide range
of estimates. Xocherlakota and Yi (1996), for instance, estimated the marginal
product of public capital to be higher than private capital, while Munnell (1990)
and Holtz-Eakin (1994) respectively estimated it as approximately equal to and
below that of private capital.

Some researchers have argued that the wide range of estimates renders earlier
studies virtually useless from a policy perspective (Sturm et al. 1998, and Romp
and de Haan 2005; 2007). Moreover, these earlier studies faced criticisin on other
grounds. Aschauer’s (1989) methodology, for example, was criticized on its endo-
geneity of public capital and spurious correlation due to the nonstationarity of the
data.? However, a number of recent studies using modern econometric techniques
agree on the significance of the output and growth contribution of public capital,
especially infrastructure (e.g., Canning 1999; Calderon and Servén 2004; Kamps
2005).1

Public Capital and Developing Economies

Infrastructure development is believed to be insufficient and inadequate in most
of the developing world. Countries that have low GDP per capita have often also
low infrastructure (see, e.g., Figure 2.1 and 2.2). However, though the literature
on public capital’s impact on economic growth is voluminous, studies that address
developing countries, particularly in Sub-Saharan Africa, are few. Estache eta. al,
(2005) point out that only a handful of papers study public capital and economic
growth quantitatively with regard to SSA countries. Most merely mention it,
in passing, as an important variable. This is somewhat paradoxical, considering
that the role of public capital in poor nations’ economic growth is expected to be
decisive.

Public investment is particularly important in developing countries, where in-
frastructure is often under-invested. Agénor and Moreno-Dodson (2006) argue
that, due to the law of diminishing returns, it may have a particularly large effect

38ee Gramlich (1994) lor a detailed survey of earlier literature.
1See Romp and de Haan (2005; 2007) for a detailed survey of this literature.
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Figure 2.1: Electricity consumption per capita
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in countries where the initial infrastructure stock is low. An increase in public
capital stock should affect countries with low public capital stock more than those
starting from relatively higher level of public capital. Demetriades and Mamuneas
(2000), for instance, found that countries with small public capital stocks have the
highest marginal productivity return on public capital.

A different but important perspective on the relative importance of public
capital (notably infrastructure and institutions) in developing countries can be
seen in its intrinsic properties — such as less mobility, in particular ~ compared
to human capital (Fosu 2004). Given today’s high international human capital
mobility, human capital accumulation in developing countries faces at least two
serious challenges: the possibility of losing the upgraded capital through brain
drain, and the negative externality effect of brain drain. On the contrary, the
upgrading immobile of factors (e.g., physical and institutional infrastructure) is
unlikely to encounter similar problems. Developing countries should be aware of
this when investing in various types of capital (human capital versus physical and
institutional infrastructure).

Standard growth theories promote human capital as a source of long-run growth.
Their relationship is primarily established through either an intergenerational
spillover effect (Lucas 1988) or research and development, technical change and
new ideas (e.g., Romer 1986; 1990; Aghion and Howitt 1992). Physical capital, on
the other hand, is chiefly seen as having transitional growth effects (Solow 1956).5
However, when human capital is highly mobile (as witnessed in today’s exodus
of highly skilled labor from developing to developed countries),® and its drainage
consists of negative externality on the emigrants’ country (as documented in the
brain drain literature),” immobile factors such as physical capital and institutions
play major roles in the economic growth of developing countries.

The last premise rests upon the following observations: (1) unlike human capi-
tal, immobile capital — once it has been accumulated —~ can more easily be retained
and thus made available for final goods production in the home country; and (2)
more importantly, immobile factors (e.g., physical and institutional infrastructure)
can be used to reduce the mobile (human) capital’s flight through a complemen-
tarity effect of enhancing its productivity, which, in turn, mitigates the negative
externality that could arise from brain drain.

While the flight of highly skilled individuals from developing countries is usually
caused by their relatively lower wages for skilled labour, the lower productivity of

5Tndeed, in the AK model, physical and human capital often complement cach other to form
a nondiminighing aggregate production function that sustaing long-run growth,

6F.g., Collicr et al. (2004) noted that brain drain has rapidly increased in Africa over the
last decade.

"See, c.g., Bhagwati and Hamada (1974). The negative impact of brain drain on the source
country has also been emphasized in recent endogenous growth literature (Miyagiwa 1991; Haque
and Kim 1995; Galor and Tsiddon 1997; Wong and Yip 1999; Beine ¢t al. 2001).

8Recently, some studies have turned the issue of brain drain fo brain gain, by looking for
gome compensatory effect of brain drain., The main rationale is that when education is privatoly
and endogenously determined, the possibility of migrating to a higher wage counbry increases
the average rate of return in the home country, which, in turn, increases domestic individual
investment on human capital accumulation (Mountford 1997; Stark ct nl. 1998; Beine cf al.
2001). However, the fact that much of the educational investment in doveloping countries is
undertaken by the state (Fosu 2007) could undermine this compensatory effect.
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human capital in turn is caused mainly by the existence of l‘ower (ie., inadequate)
complementarity inputs, such as physical and institutional }nfrastructure. Fosu et
al. (2004), for instance, state that the low return in education could bfa caused by
the low levels of complementary physical capital. In his quest to examine the lack
of capital flight from rich to poor countries, Lucas (1990) stresses the important
role of complementarity among production factors.?

Flow Versus Stock?

Does the flow or the stock of public capital matter for economic growth? Studies
focusing on the relationship between public capital and economic growth treat
public capital as either a flow or a stock variable. The distinction between the
two is subtle but could be important. The public capital stock can be defined as
an accumulated public investment in the form of stock variables such as roads,
railways, airports, etc., whereas its flow is periodical, productive government ex-
penditure on public administration, policing, maintenance of law and order, and
also maintenance of the public capital stock. Both analytical and empirical studies
have been conducted using the flow and/or stock of public capital.

For instance, from the analytical side, Barro (1990), Turnovsky and Fisher
(1995), Turnovsky (2000), and Agénor (2008) model public capital as a flow of
public investment. In contrast, Futagami et al. (1993), Cassou and Lansing (1998),
Rioja (1999), Turnovsky (1997: 2004), and Ziesemer (1990;1995), among others,
treat public capital as a stock. Ghosh and Roy (2004), however, model public
capital as both a stock and a flow variable simultaneously. From the empirical
side, Aschauer (1989) studied the effect of public capital stock on output, while
Easterly and Rebelo (1993) examined the effect of public capital flow on growth.
Aschauer (20002) later considered both the stock and the flow of public capital
simultaneously. This thesis predominantly treats public capital as a flow variable.

The Channels: How Does Public Capital Affect Growth?

What are the functions of public capital? What makes public capital matter
for economic growth? The literature mentions various potential channels through
which public capital affects growth. The most important functions of public capital
are enhancing the productivity and complementing the accumulation of private
inputs. In increasing the productivity of private inputs, public capital affects both
the output level and the growth rate. In particular, it reduces private production
costs and transaction costs. Some recent country-specific studies also support the
finding that it reduces private input costs (e.g., Cohen and Paul 2004; Teruel and
Kuroda 2005). Further, public capital could boost economic growth by stimulating
private capital formation. For instance, the existence of developed infrastructure
(e.g., water and road systems, telecommunica.tions, and energy) may attract more

9Tucas (1990) argues the rate of return of financial and other capital in rich countrics is still
as high as that poor countries, though they have higher capital per worker (in the presence of
diminishing return) due to a higher complementary effect of other inputs - in this case, human
capital. His findings have greater supports from recent articles, Casclli and Feyrer (2007), for
instance, argue that the marginal product of capital is similar across countries.
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private and foreign investment. This in turn could enhance competition, technical
progress, and growth.

Public capital affects the economy through many channels. Agénor and Moreno-
Dodson (2006) list indirect channels through which public capital could affect eco-
nomic growth, such as reducing adjustment costs (those associated with increased
private capital formation), increasing private capital’s durability, and aiding ed-
ucation, nutrition, and health. Moreover, public capital could also function as a
substitutable factor. It provides opportunities and resources to individuals that
they could not otherwise afford. In fact, it is usually modeled in the economic
growth literature as a factor that enhances productivity and complements the ac-
cumulation of private inputs. There is no doubt, however, that public capital could
also function as a substitutable factor to relax households’ resource constraints,
particularly poor households, in the context of imperfect credit markets.!?

This is particularly important from the perspective of income inequality dy-
namics. As we will discuss in detail later on, the link between public capital
and income distribution can be made through elasticity of substitution between
factors. Income distribution evolves according to factor shares, in the context of
capital markets imperfection. Whereas, the elasticity of substitution of factors is
the major determinant of changes in relative factor income shares (Hicks 1932).
Therefore, whether public capital affects income distribution dynamics depends
on the magnitude of its elasticity of substitution to private capital.

Public Capital in Endogenous Growth Models

In the literature of public capital and growth, government spending on infrastruc-
ture often enters into a production function as an input which augments private
factors. In this case, its effect is identical to the effects that learning-by-doing
and knowledge spillovers have on the AKX model (Barro and Sala-i-Martin 2004,
p. 221).

For instance, following Barro and Sala-i-Martin (2004), consider the following
production function,

yo = B (ke)* (Go)' ™ (Lu)' (2.1)

where k; and 7; are the individual firm’s private capital and output, respec-
tively; Gy is public capital.!* One may standardize the labor force to a unit
(i.e., assume that each individual in the economy is endowed with a unit of labor
which she supplies to firms inelasitically), L; = 1,!? and then rewrite (2.1) as
ye = B (k)* (Gy)' 7. If all firms are assumed to be identical, then k; = K, in
equilibrium.

The production function of the representative agent is thus given by

Y: = B(K)*(G)"™ (2.2)

10g¢¢, e.g., World Bank (1994) and Romp and de Haan (2005; 2007).

UT et individual and aggregate variables denote small and capital letters, respoctively. For
instance, k¢ and K; are the individual firm's and the cconomy’s aggregate capital, respectively.

12This is not, however, without a consequence. The presence of population growth in the AK
model will create a scale cffect.
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This implies
/o
Gy = (%) Bk, (2.3)

i

The zero-profit condition in a competitive economy implies that factors are re-
warded their marginal returns. Thus,

R, =aB (%) o (2.4)

t

where R; is the rental price of capital. Assume the government chooses a con-
stant ratio of its investment to aggregate output, %’:—:, which will be financed by a
nondistorting tax. Using (2.3) and (2.4), we get

(1-e)/a
@) (2.5)

Rt =aB e (

A
Therefore, if —)G,—: is constant, the marginal product of capital remains constant over
time. Barro and Sala-i-Martin (2004) show that R in equation (2.5) plays the same
role in the growth process as A plays in the AK model. Therefore, the model will
have no transitional dynamics where the economy converges to a balanced growth
path in the long run.

In most of the models of this thesis, public investment is also modelled as a
productive input which augments private factors. In chapter 3, for instance, we use
similar AK type production functions to the one described above but within an
environment characterized by heterogenous agents, multiple sectors, and capital
markets imperfection. In the model, public capital in particular benefits house-
holds disproportionately and hence affects the distribution of income on the econ-
omy. Whereas, income distribution determines the dynamics of macroeconomic
variables in the economy. Therefore, public capital affects growth through not
only the standard productivity effect but also an indirect channel of its effect on
income distribution. The model also shows a lengthy transition period (unlike
standard AKX model) due to the presence of income distribution.

Short Run or Long Run? Output or Growth Effect?

Is public capital’s effect on economic growth temporary or permanent? Does a
given policy shock affect the long-run growth rate or only the economy’s level
of per-capita output? From a theoretical perspective, whether public capital is
found to have a long-run growth effect will very much depend on the type of
model employed. In neoclassical growth models, exogenous technical progress is
the source of long-run growth, leaving no room for policy decisions to affect this
growth. Therefore, in these models, a shock to public capital stock, for instance,
will only have a transitory effect on the economy (i.e., affecting only the per-capita
level of long-run output). By contrast, in endogenous growth models, a shock to
public capital may have a lasting impact on the economy’s growth rate.
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Linear or Nonlinear?

What is the relationship between public capital and economic growth: is it linear
or nonlinear? Researchers’ presumptions in this regard are important for at least
two reasons. First, it influences the empirical strategy adopted (i.e., the choice
between linear or nonlinear econometric models during estimation). Second, the
various relationships have different implications for the role of public capital in
economic growth. A nonlinear relationship implies that public capital can have
a negative as well as a positive effect, whereas a linear relationship implies that
only one of the two can exist. Consequently, empirical studies that implicitly or
explicitly assume a linear relationship between public capital and growth may not
be able to estimate the growth-maximizing level of public capital (Aschauer 1998).

In general, analytical studies predict a nonlinear relationship between public
capital and economic growth (e.g., Barro 1990; Glomm and Ravikumar 1997;
Aschauer 2000a). All models developed in this thesis also demonstrate a nonlinear
relationship between public capital and economic growth.

Other Related Issues

Many factors directly or indirectly related to public capital may affect economic
growth. In particular, the magnitude of the productivity increase attributable
to public capital depends on a variety of factors, such as efficiency, maintenance,
financing, and congestion costs associated with public capital.

Efficiency, Maintenance, and Financing

The quality of a given public capital stock appears to be important to output
and growth. Predictably, in most of the developing world, much public capital
stock is not in good condition. Rioja (2003a; 2003b) asserts that this has major
repercussions, most particularly the loss of steady state income. Policymakers
usually prefer to build new infrastructure rather than pay to maintain existing
stock. However, empirical and analytical findings show that optimal spending on
maintenance is necessary to improve the efficiency of public capital and hence its
impact on long-run output and growth. Iulten (1996) presents empirical evidence
that suggests the efficiency of public capital is even more important than the size of
the stock. Rioja (2003b), too, using a sample of Latin American countries, shows
that reallocating funds from building new infrastructure to maintaining existing
infrastructure may have a positive growth effect.

Analytical studies on the growth effect of maintenance spending mainly focus
on the allocation (and reallocation) of funds between new infrastructure invest-
ments and existing infrastructure maintenance (Rioja 2003b; Kalaitzidakis and
Kalyvitis 2004; Agénor 2005). Rioja (2003b), for instance, developed a dynamic
general equilibrium model that shows that the size of externally financed new in-
vestments as a share of existing infrastructure negatively relates to optimal main-
tenance expenditure.

Not only the quality and quantity of public capital but also its financing mat-
ters for economic growth. There are at least two primary modes of financing
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public capital: tax financing and seigniorage. We mentioned earlier that financ-
ing public capital through distortional taxation may adversely affect the economy.
Some authors suggest that seigniorage may in fact be more detrimental to growth
than income taxation, particularly in developing countries where poorly devel-
oped financial markets prevail (e.g. de Gregorio 1993; Bose ot al. 2005). Others
recommend a mix of both financing methods (e.g. Pecorino 1997).

Congestion Costs

Congestion costs related to public goods also feature in the growth literature.
Congestion may be modeled as factors that influence utility-enhancing public ser-
vices, and affect infrastructure services in goods production and/or human capital
accumulation sectors (e.g. Turnovsky 1996; 1997; Glomm and Ravikumar 1999;
Agénor 2005). The congestion costs related to infrastructure are usually found to
be important for economic growth; some theoretical works relate congestion costs
to optimal and growth-maximizing taxes (e.g., Agénor 2005).

2.2 Public Capital, Income Inequality, and Growth

Does public capital affect economic growth and income inequality simultancously?
Could public capital disproportionately increase economic growth? Under what
conditions, provisions of infrastructure benefit the poor/the rich more than pro-
portionally? Or, what determines the distributional effect of public capital? In
an attempt to answer these questions, chapters 3 and 4 provide a joint theory
of income inequality, public capital, and economic growth. In short, the theory
shows that public capital plays an important role in long-run growth by enhancing
productivity and complementing the accumulation of private capital. Moreover,
under certain conditions, public capital could have important implications for in-
come distribution dynamics. Particularly, when the use and efficiency of public
capital vary among households, it becomes important for the dynamics of income
distribution. On the other hand, when the credit market is imperfect and there
are diminishing returns to private input, income inequality is negatively related
to economic growth. In this case, public capital once more becomes an important
determinant of Jong-run growth through its indirect effect on income distribution.

In this section, we explore existing theoretical and empirical findings on the
relationship between public capital, income inequality, and economic growth. In
the previous section, we introduced a number of empirical and theoretical stud-
ies on the relationship between public capital and economic growth. Numerous
other studies address the relationship between income distribution and economic
growth. In addition, empirical researchers in particular have recently shown grow-
ing interest in the relationship between public capital and income inequality. This
section surveys these types of literature.

Public Capital and Income Inequality

There is increasing interest in assessing the impact of infrastructure on income in-
equality. Many empirical studies have reported that public capital in general has
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a positive effect on income distribution dynamics. Calderén and Servén (2004),
Calderén and Chong (2004), Lopez (2003), the World Bank (2003), the OECD
(2006), and Estache (2003) have all indicated that infrastructure has a dispro-
portionately positive impact on growth. In fact, however, certain infrastructure
provisions may have a limited distributional impact in particular if access to the
services is limited for the poor. For instance, Khandker and Koolwal (2007) find
that commercial bank expansion and paved road access have limited distributional
impact in rural Bangladesh.

Infrastructure development improves income distribution and /or reduce poverty
when it provides opportunities and resources not otherwise affordable by individ-
uals. The provision of public capital (e.g., public education, public health and
clean water) could serve as substitutable inputs for those who may not be able to
afford them privately.!® The provision of piped water, for instance, substitutes un-
safe drinking water for the poor; this consequently improves children’s and adults’
health and thus enhances their productivity. Jalan and Ravallion (2003) found
that in rural India the prevalence and duration of diarrhea (the major cause of
infant mortality in developing countries) were significantly lower on families with
piped water than those without. Lavy et al. (1996), too, stated that public in-
vestment plays a key role in reducing rural urban disparities in health status and
improves the health status and mortality rates of rural children in particular.!?

However, much of the literature discussed above studied the relationship be-
tween public capital and income distribution relying on informal analysis or struc-
tural theoretical frameworks. Few attempts have been made to investigate the
relationship formally.!® Therefore, a number of questions relating to public cap-
ital and income inequality that are relevant from both a policy and an academic
perspective remain unanswered. How precisely is public capital linked to income
distribution dynamics? How is the income of two individuals affected differently
by using a public good in their production function? What are the determinants
of the relationship between public capital and income inequality? Chapter 3 and
4 address these questions.

Chapter 3 attempts to analytically capture the relationship between public
capital and income inequality using a simple production function such as Cobb-
Douglas. However, as mentioned earlicr, the analytical tractability of Cobb-
Douglas comes with the cost of stringent restrictions on relative factor shares,
which makes the production function unsuitable for digtribution analysis. In Cobb-
Douglas, relative factor income shares are fixed (i.e., constant) due to the constancy
of elasticity of substitution, which is indeed equal to unity. Thus, Chapter 4 cm-

13 Hicks (1932, p.120) noted that one thing upon which elasticity of substitution depends is
"..the mere extension of the use of instruments and methods of production from firms where
they were previously employed to firms which could not previously afford them.,"

11See Brenneman and Kerf (2002) and Leipziger ot al (2003) for a detailed discussion on how
public investmont plays a key role in the lives of the poor, such as improving health, education,
and thus productivity.

15T our knowledge, only Ferceira (1995), Garcta-Peiialoss and Turnovsky (2007) and Chatier-
jee (2008) have explicitly studied the relationship between infrastrucbure and income inequality
analytically. Ferreira (1995) studied the relationship between public capital and inequaliby in o
model with quite a complex scbup while Garefa-Pefialosa and Turnovaky (2007) and Chatterjoe
(2008) analytically studied the distributional impact of public capital focussing on its financing
aspect. We discuss this literature in details in Chapter 4, Scetion 1.
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ploys a more flexible but tractable production function — specifically, a generalized
Cobb-Douglas production function from Newman and Read (1961) — to formally
characterize the effect of public capital on income inequality.

Income Inequality and Economic Growth

Is income inequality bad for economic growth? The most popular theories give
an affirmative answer. At the risk of oversimplification, these theories fall into
one of three categories: the imperfect credit market, the political economy, and
the social discontent theory. With regard to the first, Galor and Zeira (1993)
and Benabou (1996) (among others) show that, in the face of capital market
imperfection, inequality has a definite negative effect on growth. The essence
of this theory is that when credit markets are imperfect, relatively more high-
return investment opportunities would be forgone by resource-poor households in
inegalitarian societies than in egalitarian ones. From a political economy context,
Alesina and Rodrik (1994) and Persson and Tabellini (1994) argue that inequality
harms growth because it demands a higher transfer of income from the rich to the
poor that distorts savings, resulting in lower capital investments and hence lower
growth. The theory works within a typical political economy mechanism, the
majority rule. In democracies, when the median income is lower than the mean, a
higher distortionary tax is chosen at equilibrium, which favors the poor but hurts
growth. The social discontent approach, promoted by Alesina and Perotti (1996)
and Benhabib and Rustichini (1996), states that income inequality discourages
growth by increasing sociopolitical instability which in turn decreases investment.

Earlier literature in particular was rife with the opposite perspective of these
views. Kaldor (1957) and Bourguignon (1981) argued that higher inequality tends
to boost economic growth through its positive effect on savings and investments.
They believed that saving rates rise in line with income level, which therefore
makes inequality a suitable growth environment by channeling resources to those
who have higher propensity to save, which in turn increases aggregate savings
and capital accumulation. Galor and Moav (2004) attempt to reconcile the two
theories by unifying two different approaches (credit market imperfection and the
classical approach) to describe the process of economic development with respect
to inequality. They argue that during the Industrial Revolution, income inequality
motivated growth by promoting physical capital accumulation, but later on — when
physical capital was replaced by human capital as a primary source of growth
— equality came to enhance growth by alleviating the adverse effects of credit
constraints.

The empirical literature is more controversial. Perotti (1996), using cross-
country data, found a negative relationship between income inequality and eco-
nomic growth. However, Forbes (2000) and Li and Zou (1998), using panel data,
claimed that inequality does not harm economic growth. Barro (2000) indicated
that inequality tends to retard growth in poor countries while encouraging it in
rich places. Likewise, Deininger and Squire (1997) found that income inequality
only reduces economic growth in poor countries. Panizza (2002), also using cross-
country panel data, stated that a negative relationship exists between inequality
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and growth, but the relationship is not robust.!®

2.3 Public Capital in Multiple-Equilibria Models

Almost all the analytical literature mentioned in the previous sections studies
public capital within traditional growth models that generate a unique high-income
equilibrium outcome. In conventional growth models, efficient practices predict
efficient outcomes (see, e.g., Solow, 1956; Romer, 1986; and Lucas, 1988). In
a perfectly competitive economy and a perfect market, a rational representative
agent makes productive efforts and savings that unanimously lead to a unique high-
income steady state equilibrium or balanced growth path. However, a snapshot of
the real world provides a different perspective: that both eflicient and inefficient
outcomes — multiple equilibria — coexist.

It is therefore important to investigate the role of public capital in non-ergodic
economies with multiple equilibria and poverty trap. Chapter 6 develops such a
model, in which the presence of certain negative externalities (such as skilled "mi-
gration humps" or temporary increases in brain drain) during an economy’s takeoff
causes a poverty trap. The chapter then analyses the role of public investment in
helping economies to evade poverty trap.

In this section, we provide a background for the study. We explore existing
theoretical and empirical findings with regard to multiple equilibria, poverty trap,
and public capital. First, we briefly discuss the convergence debate and the rel-
evance of poverty trap models in explaining economies and their implications for
public policy. We also touche upon the famous 1990s debate of absolute, condi-
tional, or club convergence and divergence. Then, we discuss poverty trap models,
causes of poverty trap, and what it takes to get out of a poverty trap.

The Convergence Debate and Its Implications for Public Policy

An important challenge for economic growth theories is whether they satisfactorily
explain what has happened in the history of world economies. In the last decade of
the 20th century intense debate raged over whether the world’s economies would
ultimately converge. There has also been major theoretical and empirical con-
troversy about whether economies indeed absolutely (or conditionally) converge,
or form club convergences. The convergence debate is based on the convergence
hypothesis initiated by Gerschenkron (1962), who first formulated a hypothesis of
“relative backwardness” — that is, that laggard countries could grow faster than
the early leaders by taking advantage of the backlog of un-exploited technology.
This notion prompted much empirical and theoretical literature on whether the
per-capita income of the world (or a set of countries) would ultimately converge.

Many of the empirical contributions claim convergence in the per-capita income
of a set of developed countries but divergence as a whole. In the productivity race
that began in the last quarter of 19th century, the laggards, over time, grew
sufficiently fast to catch up to those at the front (Baumol 1986; Dowrick and
Nguyen 1989; Abramovitz 1986; Gruen 1986; Kormendi and Meguire 1985; Barro

18 raquently mentioned reagsons for these differences are low-quality data and methodological
differences.
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and Sala-i-Martin 1992; Mankiw, Romer, and Weil 1992). However, for the world
in its entirety, the last 150 years have seen “divergence, big time” (Pritchett 1997).
Tt has been observed while the developing countries as a whole were falling further
behind, 2 subgroup within them was in fact growing faster than the developed
countries.

A great challenge in the theoretical literature is to reflect these empirical find-
ings consistently. There may be consensus that endogenous growth theories in
general do not predict any kind of convergence. In these models, economies largely
determine their own fate, which leaves room for policy and technological variations
among nations, which in turn creates divergence. On the other hand, neoclassi-
cal growth theories (e.g., the Solow model), arguably, predict convergence. Barro
(1989) and Lucas (1988) argue that in the Solow model of neoclassical economics,
countries’ per-capita growth rates tend to be inversely related to their starting
level of per-capita income, meaning that in the absence of a shock, poor and rich
countries would coverage in terms of per-capita income. This is called uncon-
ditional convergence, and is inconsistent with cross-country evidence. However,
Mankiw, Romer, and Weil (1992) argue that the Solow model does not predict
unconditional convergence in per-capita world income, but rather that per-capita
income in a given country converges to that country’s steady-state value: condi-
tional convergence. They argue that in neoclassical (Solow) models, convergence
is conditional on the steady state-determined variables.

According to Mankiw, Romer, and Weil {1992), convergence might be analyzed
with respect to how two economies are differently structured in terms of these
variables: capital per worker, savings, and population growth rate. Quah (1996),
however, indicates that at issue is not whether a single economy tends towards its
own steady state, but what happens to the distribution of economies in general. He
argues that convergence is only one possible cutcome among many. Alternatively,
the poorest countries are falling behind while the intermediates are converging
towards the richest, forming “T'win Peaks,” or elub convergence.

Theoretical models used to explain club convergence have multiple equilibria
— steady state outcomes with at least two equilibrium points such that one is low,
the other is high (see Durlauf 1993; 1996 and Galor 1996).

Poverty Trap and Public Policy
Definition

‘What is a poverty trap? The low equilibrium in multiple-equilibria models is usu-
ally referred as a poverty (underdevelopment) trap (Azariadis and Drazen 1990).
Many multiple-equilibria models are characterized by three steady state levels of
output and capital: a low-stable, an unstable, and a high-stable steady state. A
Poverty trap may be defined as the stable steady state with low levels of per-
capita output and capital, whereas the unstable and stable steady states represent
a threshold and high-income equilibrium points respectively. If an economy’s per-
capita capital stock is slightly below the threshold point, the economy is in poverty
trap. Whenever this economy attempts to break out of the trap, it tends to return
t.o the low equilibrium point.
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‘What Causes Poverty Trap?

In growth models, some deviations from the neoclassical benchmark could generate
multiple equilibria with poverty trap. As mentioned earlier, these models are
characterized by multiple equilibria: high and low equilibrium points. Becker et al.
(1990) show that multiple equilibria are likely to rise when fertility is endogenous.
Azariadis and Drazen (1990) developed a poverty trap model when technologies
are non-convex, while Galor and Zeira (1993) and Galor and Tsiddon (1997) show
multiple equilibria. when income inequality prevails and/or the capital market is
imperfect.!”

How Do Economies Evade Poverty Trap? Is There Any Role for
Public Capital?

Some economists argue that poor societies need to remove any “barriers” that
stand in the path of growth or that prevent the flow of positive technological
spillover from leading economies. They stress the existence of a world stock of
knowledge (technology) which could be exploited by poor countries at no (or mod-
erate) cost, but are not due to the complex economic, social, political, and other
institutional factors that exist in such countries (Abramovitz 1986; Abramovitz ct
al. 1996; Parente and Prescott 1997; Verspagen 1995). Lucas (2000) and Tamura
(1996) present a model that shows, in the very long run, how poor countries climb
onto the modern economic growth escalator at different points in time. This oc-
curs, the argument goes, when the world stock of knowledge atlains its critical
level such that an economy currently at stagnant equilibrium begins to grow.

Analytical models showing the role of public policy and technology in poverty
trap include those of Galor and Zeira (1993), Galor and Tsiddon (1997), and
Hung and Makdissi (2004). As briefly discussed earlier, the role of public policy
in economic development could be crucial in an environment with poverty trap. A
temporary decline in public investment in human and physical capital in a devel-
oping country, for instance, may permanently change the course of the economy’s
development by reducing the capital stock from slightly above to slightly below
the threshold value, and consequently leading the economy info a poverty trap.
By the same token, if the economy is on a bad-growth path leading to a povorty
trap, enlarging public investment to its growth-maximizing level could return it to
the high-growth path by increasing the capital stock from slightly below to slightly
above the threshold value.!'®

L"Morcover, Galor (1996), Azariadis (1996), and Azariadis et ol (2000) show the rise of multiple
equilibria with subsistence consumption, iimpatient government, incomplete market, monopolistic
competition in product or factor market, augmented human capital, externalitics and income
digtribution.

8 The need for an external temporary shock - the Bigh-Push (e.g., aid to developing
countries) to get them out of poverty trap has been debated since the 19508, Seo Easterly (2006)
and Sachs (2005) for contrasting modern views on using a Big-Push to get out of & poverty trap.
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2.4 Summary

We divided this chapter into three sections that provide a background for the rest of
the thesis. In the first section, we surveyed both the theoretical and the empirical
literature, and discussed and clarified various concepts of public capital and eco-
nomic growth. In the second, we discussed the relationship between public capital,
income inequality, and economic growth from both theoretical and empirical per-
spectives, We pointed out the gap in the literature, and showed that few attempts
have made so far to study analytically the relationship between public capital and
income inequality. Chapters 3 and 4 attempt to fill these gaps, while Chapter 5
empirically investigates the nonlinear relationship between public investment and
economic growth. There, we attempt to identify the growth-maximizing level of
public capital, taking the case of Sub-Saharan African countries and presenting a
model as the basis for the empirical analysis. In the third section of the present
chapter, we discussed the pros and cons of multiple equilibria, poverty trap mod-
els, and related concepts. In Chapter 6, we continue this study in greater depth by
presenting a growth model of multiple equilibria with poverty trap and analyzing
the role of public capital in these types of economies.



CHAPTER 3

Public Capital, Income Distribution, and Growth

3.1 Introduction

The role of public capital and income distribution in economic growth is well
studied both analytically and empirically. However, the distributional effect of
public capital is usually ignored in the theoretical literature despite evidence and
intuition to its disproportionate impact on houschold income (sce, e.g., Jacoby
2000, and Calderén and Chong 2004). Provision of public services (such as pub-
lic education, public health and clean water) may benefit poor houscholds more
than proportionally due to their lack of access to their private substitutes. On
the other hand, infrastructure services (such as telecommunications and electric-
ity) may tend to favor richer groups due to their greater access to their private
complements. This disproportionate impact of public capital, once it is explic-
itly acknowledged, could be important for the dynamics of income and hence the
evolution of macrocconomic aggregates.

This chapter chiefly develops a joint theory of public capital, income distri-
bution, and economic growth. Using a two-sector growth model, which yields
analytical solutions, the chapter studies the role of public capital on growth and
inequality. It particularly extends the imperfect capital markets theories in in-
cquality and growth to public capital, inequality and growth. According to these
theories, when the credit market is imperfect and the rate of return to private
factors is diminishing, inequality is bad for growth (sce, e.g., Benabou 1996). The
chapter shows that infrastructure services in both human and goods production
sectors could affect inequality dynamics and hence growth (through an indirect
channel), by altering relative factor shares, due to their disproportionate impact
on the individual houschold. The basic idea and intuition behind the theory is
described below.

Public capital plays an important role in long run growth through enhancing
productivity and complementing the accumulation of private inputs. Under cor-
tain conditions, it could also have important implications for income distribution
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dynamics. In an economy with heterogeneous agents and imperfect credit mar-
kets, the dynamics of aggregate variables such as public and private capital and
the economic growth rate are determined jointly with those of income distribution.
‘When the credit market is imperfect and there are diminishing returns to private
factors, income inequality is negatively related to economic growth. Income dis-
tribution dynamics are determined by the relative private factor income shares,
wherever initial endowment differs among individuals, and, when the credit market
is imperfect. Therefore, if provisions of public capital affect private factor income
shares (in the presence of credit market imperfection), then they will also affect
income distribution dynamics. In this case, public capital once more becomes an
important determinant of long-run growth through its indirect effect on income
distribution.

The following example could help set the above theory in perspective. Consider
an economy with heterogeneous agents in terms of their initial wealth but similar
otherwise. If there is no trade in factor inputs (or, in other words, if access to credit
is limited), investment opportunities depend on individuals’ initial level of wealth.
If the individual production function faces diminishing returns to factor inputs,
relatively poor individuals, who have relatively lower investment opportunities,
would have high marginal productivity in production. This implies initial wealth
distribution determines aggregate output that would be produced in this economy.
Therefore, ceteris paribus, the more egalitarian (initial) wealth distribution is, the
higher the aggregate production would be.

What determines income distribution dynamics? When the credit market is
imperfect, income distribution evolves according to relative private factor income
shares. When there are differences in initial endowment among households who
are otherwise similar, and, when households are not allowed to borrow and lend
from each other, the dynamics of income distribution depends on the degree to
which households are able to exploit their relative initial advantage. In this type
of economy, the presence of any other (public good-type) inputs {e.g. infrastruc-
ture) in production has no effect on income distribution dynamics unless it alters
the relative private factor income shares.! If the provision of public capital as an
additional input in production, however, could affect private factor income shares,
then public capital becomes important for income inequality dynamies. This hap-
pens rather than by considering public capital as an input where its service accrues
homogeneously among individual households, but as input where its importance
varies among households. In the latter case, public capital becomes important for
income inequality dynamics and hence to growth (through an indirect channel).

The next section presents the model. In the model, we suppose an economy,
populated by heterogeneous agents, consists of two production sectors: the human
capital accumulation and final goods production sectors. In the former, human

!This is simple to demonstrate. Suppose that the individual production function y; =
Ak)™ (Xt)o is taken place with two complementary inputs, k: and X3, private and public capi-
tal respectively, in an economy with imperfect credit market. Assume further that private capital,
which initially differs among individuals, is distribuied lognormally, i.e., ln kg™ N (g, 0(2)). Then,
an individual’s saving at ¢t 4 1 i8 kpqq = sys = sA (k) (Xt)o, where s is an exogenous saving
rate. Income distribution at £--1 is given by, a long story cut short, var(Inkey1) = o2, | = o?a?.
Therefore, in this economy, what matters for income distribution dynamics is neither X nor its
output elasticity @ but the private capital income share c.
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capital is generated using inputs from public and private resources while produc-
tion technology is characterized by inter-generational spillover. Production in the
goods sector takes place also using private and public inputs. The benefit accrues
from using the public inputs is different among households. That is, depending
on the type of the public good, infrastructure development may benefit the poor
(rich) more than proportionally due to their lesser (greater) access to their private
substitutes (complements).

Within such setup, we show that a provision of public capital not only affects
growth but also inequality. That is, the dynamics of income inequality not only
depends on the magnitude of the elasticity of private capital but also public cap-
ital. The greater the output elasticity of public capital, the larger is its effect on
inequality. Whereas income inequality is negatively related to economic growth,
under appropriate condition, public capital could help to mitigate this effect. That
is, certain infrastructure development in both the human and final goods produc-
tion sectors could improve income inequality dynamics, and hence could promote
economic growth, once more, through an indirect effect of mitigating the negative
influence of income inequality on economic growth.

With respect to growth and public capital nexus, infrastructure development
in both sectors have a net positive effect on long run growth while the magnitudes
of optimal taxes (growth maximizing taxes) on both sectors depend on whether
there is inter-generational spillover in the human capital accumulation sector (in
contrast to Barro-type findings). For instance, the optimal tax for the public
good in the goods sector decreases at the clasticity of hunan capital (the spillover
parameter) in the human capital accumulation sector.

The study relates to three main strands of literature, which we extend along
various dimensions. It relates to the large volume of literature dedicated to study-
ing the relationship between public capital and economic growth (e.g., Barro
(1990), Futagami ot al. (1993), Turnovsky and Fisher (1995), Turnovsky (2000),
Agénor (2008), Zicsemer (1990; 1995) among many). This literature studies the re-
lationship between public capital (stock or flow) and cconomic growth analytically
in a representative agent framework. Barring a few exception, the literature has
restricted public capital to a single scctor (either in the goods production or the
human capital accumulation scctor)."’ In reality, the two public inputs coexist, and
interact in their technological parameters, affecting each other’s macroeconomic
performance. For instance, public expenditure on primary schooling, basic research
and health, which are important for accumulation of individuals’ human capital,
essentially coexists with other infrastructure services such as roads, airports and
energy, which are primarily crucial for the production of firms. Inter-generational
gpillover in the human capital accumulation sector may affect the optimal tax in
the goods production scctor. Morcover, factor elasticities of output in the sectors
may interact in determining inequality dynamics.

The chapter is also related to literature that studies the relationship between
public capital and income inequality. Recently, a growing number of empirical
studies try to assess the impact of infrastructure on income incquality. For in-
stance, Calderén and Chong (2004), and Lopez (2003) show that infrastructure

2RRioja (2005) studics two public capitals, in cducation and goods sectors, with respoct to
growth, in & roprosentative agont framoework. But, he does not provide an analytical solubion.
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reduces income inequality and enhances economic growth at the same time. Jacoby
(2000) argues that some infrastructure services could result in substantial benefits
on average, much of it going to the poor. On the other hand, Garcfa-Pefialosa
and Turnovsky (2007; 2008) and Chatterjee (2008) analytically studied the dis-
tributional impact of different ways of financing public good. They argue that
growth-enhancing fiscal policies are mostly related to greater pre-tax inequality
although this might also depends on the type of financing the public good (Chat-
terjee 2008). In contrast, the present chapter focuses on the type of public service
(rather than the type of financing it) in determining the distribution dynamics.?

The third strand of literature related to the present study deals with the dy-
namics of income inequality and long-run growth within an imperfect credit market
scenario (e.g., Loury (1981), Galor and Zeira ( 1993), Banerjee and Newman (1993),
Piketty (1997), Aghion and Bolton (1997), Aghion and Howitt (1998), Aghion,
Caroli, and Garcfa-Pefialosa (1999), and Benabou (1996; 2000; 2002)).4 Our
study complements their findings. For instance, Benabou (2000; 2002) showed,
in his way of studying the effect of redistributive tax on income inequality and
growth, that private factor income shares and family wealth determine income
distribution dynamics and growth. We show here that public capital could also
be an important determinant of income inequality dynamics.

The remainder of the chapter is organized as follows. Section 3.2 provides the
model. Section 3.3 is all about income distribution and public capital. Various
macroeconomic aggregates that rise in the model and their dynamic behaviors are
studied in section 3.4. Section 3.5 concludes.

3.2 The Model

Households and firms

There is a continuum of heterogeneous households, 7 € [0,1]. Each household 4
consists of an adult of generation t and a child of generation £ + 1. At the begin-
ning, each adult of the initial generation is endowed with human capital hy and a
public infrastructure Gy which is shared among others. The distribution of wealth
(human capital) is assumed to take, initially, a known probability distribution of
I'g(.). Thus, the initial distribution is given and evolves over time at equilibrium.?

Agents care about their consumption level and the human capital stock of
their children. When young, they accumulate human capital using both private
and public input. When adult, they use their human capital for final goods pro-
duction. Government tax income with two fixed flat rate taxes, ¥ and 7, in order
to finance the public inputs, denoted by G; and M, in the goods production and
human capital accumulation sectors, respectively. Individuals allocate after tax

8The chapter may also be related to literature in public education, redistribution and in-
equality (Sec, for instance, Glomm and Ravikumar 1992, and Saint-Paul, G. and T. Verdier 1993
among many). This literature focuses on the education sector, with a particular emphasis of the
distributional impact of public education rather than the general infrastructure services.

4In contrast to the first and the second strand of literatures, this literature does not focus
on public capital.

51n all the text, small and capital letters represent individual and aggregate (average) vari-
ables, respectively.
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income between current consumption ¢; and children education e;, while the lat-
ter represents private investment for human capital accumulation of the offspring.
Preferences are logarithmic. Production functions are Cobb-Douglas.

A utility of an individual is thus defined as

In ¢+ [5 In h.t+1 (31)

subject to

¢ e = (1 - T - ’(p)"ljt (32)
where y; is income of an individual.
Human capital accumulation function for the offspring hyiy is a function of
parental human capital hy, private educational investment e;, and public input on
the sector my,

hegr = B (he)® (me)” (er)" (3.3)

The public input m, is adjusted to the individual’s value of infrastructure service
in the sector,

M
(hL)C7
where M; and h; denote the total public expenditure in the sector, and the indi-
vidual’s initial wealth (human capital) respectively.

The use and efficiency of public capital thus vary among households. Depend-
ing on the type of the public good, infrastructure may benefit the poor (rich) more
than proportionally due to their lack of (greater) access to its private substitutes
(complements). The direction and magnitude of ¢ in (3.4) respectively convey the
type and the degree of the disproportionate impact of infrastructure service on the
individual human capital accumulation. 0 < ¢ <1 (~1 < ¢ < 0) corresponds to
infrastructure that benefits the poor (rich) more than proportionally. When ¢ =0,
which is usually (implicitly) assumed in the literature, infrastructure henefits the
poor proportionally.

A number of practical instances can be mentioned in hoth cages. Construction
of & new dam (or improved irrigation) may benefit more those who have access
to fertilizer and high-yielding varioty of seeds. The same goes for rural roads and
internet use where they benefit more those with bicycles and motorbikes, and com-
puters and better education, respectively (Songeo 2002 and Estache 2003). On the
other hand, the provision of public services such as public education, clean water,
sanitation and public transport may benefit the poor more than proportionally.
To a great extent, the poor are poor because they lack these basic inputs (such as
clean water, sanitary surroundings, and mobility) (World Bank 1994).

While aggregating equation (3.4), interesting enough, the model captures con-
gestion cost. In this case, ¢ (where 0 < ¢ < 1) denotes congestion factor. How-

my = ""1<C<1 (3.4.)

6 Traditionally, congestion is modeled in the literature as Mf = .(7%1.),{, where ¢ represents
the degree of congestion; Hy and My arc aggrogate private capital and public expenditure, re-
gpectively; and hence ME represents public expenditure with congestion cost. Sce also Glomm
and Ravikumar (1994).
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ever, neither the distributional effect of public capital nor equation (3.4) shall be
confused with congestion. At the individual level, equation (3.4) and its distribu-
tional parameter ¢ do not reflect congestion but distribution.”

Combining (3.3) and (3.4), the human capital accumulation function becomes

hiy1 =B (ht)E (Mt)v (et)n (3-5)
where B> 1,0<6,n,v,<1,0<¢é=(e~v¢)<l,and -1 < ¢ < 1.

Firms

We assume each household owns a firm.® Aggregate output is thus the sum of the
individuals’ production functions. We also assume individuals differ only in their
initial human capital (wealth), which is lognormally distributed across agents:
Inhg” N (g, 08).

Thus, the income of an agent of generation ¢ is

Yy = A (ht)a (gt)a (3-6)

Once more we define the public service g;, which is adjusted to the individual’s
value of infrastructure service in the goods production sector, similar to (3.4)

G
= 2t _l<kr<l 3.7
ae (ht) K ( )

Thus, g; and &, in the goods production sector, are counterparts of m; and ¢, in
the human capital accumulation sector, respectively; whereas, (3.7) is a counter-
part equation of (3.4), in the human capital accumulation sector. Therefore, g
represents infrastructure service that is passed to the individual household, and
depends on the infrastructure stock Gy in the goods production sector and the
private wealth (human capital) of the agent.

Combining (3.6) and (3.7), the individual production function for the final
goods production becomes

e = A (he)” (Gy)° (3.8)

where A>1,0< ,f,w< 1, -1< & <1, and w= (@— k).’
While aggregate, production Y; is

Y, = A(H,)” (Gt)° exp (525 (w(w ~ 1))) (3.9)

TTirst, congestion is an aggrogate phenomenon. Congestion cost from an individual perspee-
tive (in light of cquation (3.4)) is thus negligible. Morcover, if we had modeled (3.4) to reflect

congestion (as t’%%?)’ then public capital would not have had any effect on the individual private

factor income shares, and hence, on income distribution dynamics.

8 his assumption shuts off the input market, or it is another way of assuming that credit
market is imperfect (see, e.g., Benabou 2000; 2002, for a similar specification).

9The case @ = Bk is not included, in contrast to the human capital accumulation sector
where a case of £ = v(¢ is considered, because it is unlikely that goods would be produced using
only infrastructure services. In Fact, roads do not produce by themselves.
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since fol (hs)” dTy(h) = (Hy)" exp '—I,Ziw (w — 1) where H; is the aggregate (average)
human capital (see Appendix 3.A).

According to (3.9), aggregate income is smaller in heterogeneous economies
than representative ones o} = 0.

Government

We assume that government budget is at all times balanced:

1
I = /yw/)dI‘L(h):Yn/) (3.10)
0
1
M{; = /yLTdFt(h):'—‘},{,T (311)
0

Thus, government collects proportional taxes 7 and 1 on output Y3, to finance
public expenditure I{ and M, in the final goods production and the human capital
accumulation sectors, respectively. The accumulation of public capital in the goods
production sector follows the rule

GL,‘|.1 = Ilf) -~ G/(l e (Sg) (312)

where G, and 6 denote the public capital stock and the depreciation rate in the
goods sector, respectively.

Competitive Equilibrium

According to the above descriptions, an individual of generation ¢ solves the fol-
lowing problem, which is derived by substituting (3.2) and (3.5) into (3.1),

Mazln (1~ 7 — )y — e0) -+ Bln B (hy)* (M) (er)" (3.18)

taking as given 7, 1, My, I7 and G,.
The first order condition gives

ey = a(l ~ 71— Py (3.14)

where a = I—'?—g—;,, (3.14) shows the agent’s optimal saving as the function of her
income. Notice that the saving rate is identical among individuals, due to loga-
rithmic preferences, although the rate of return on investment is different.!?

To derive the individual human capital accumulation equation, which is asso-
ciated to her optimal behavior, first substitute (3.14) and (3.11) into (3.5), then
use (3.8) and (3.9), to get

10In a Jogarithmic utility fnction, the inter-temporal clasticity of substitution iy one, and
consequently the income effect exactly compensates the substitution effect (See De La Croix and
Michel 2002, p. 13-14). Tn this case, the individual saving rate is independoent of the rate of
return.
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hep1 = BAUF (a(l — 7 — )7 ()T (G)* D (i)
0.2
exp (—22 (vw(w — 1))) {3.15)

From (3.15), the individual’s optimal human capital accumulation function is
determined by the human capital of her parents h;, the initial income distribution
o2, and aggregate public and private capital (H; and Gy, respectively), in the
economy. The negative effect of income inequality in the individual human capital
accumulation could not be a surprise. In the model, the individual human capital
accumulation is a function of the provision of public capital M;, which, in tumn,
depends on the level of aggregate income Y;. But Y; has a negative relationship
with income inequality due to the presence of credit market imperfection, and, the
existence of diminishing returns to private factors.

Therefore, from (3.15), the following proposition can be established:

Proposition 1 Income inequality bears additional cost to the individual house-
hold’s optimel human capital accumulation.

3.3 Income Distribution and Public Capital

From (3.15), we derive the following two difference equations, which characterize
the evolution of capital accumulation and income distribution in the economy

o = Ellnho] = (€ +w(n+ o), + (u+7) A
+lnB+Ov+nInG +vint +9lna(l —7 — 1)

2
+5 (o) (3.16)

ofn = wvar(lnhe] = (€ +wn)?o?
= (e—v(+(a—0k)n)’ o2 (3.16")

11

Equation (3.16') has a solution, 03 = (€ + nw)> 02, where 02 is a known initial
distribution of income. Thus, the steady state income distribution, 02, may take
a value of 03, 0 or co, depending on some conditions,

o = 0ifE+rnw< (3.17)
o = glift+nqu=1 (3.18)
0? = owifé+nqw>1 (3.19) -

2
1'We use the fact that E[lnhe] = In Hy — 12‘- = py in deriving (3.16) (see Appendix 3.A, and
recall that In by "N (p,, 03)).
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where 0 < £ = (e~v¢) < 1,0 < g,m,v,0,0,w < L,w = (a—0k),and -1 < {,k < 1

Therefore, income inequality will decline through time and ultimately vanish
for certain values on the parameters, & +wn < 1.12 However, this should not be
confused with a stylized fact. The reason for the vanishing is that the hetero-
geneity, in this model, is only on the individuals’ initial wealth; agents are similar
otherwise, in their ability, technology, etc. Thus, a diminishing return on net pri-
vate accumulative factors, £ +wn < 1, implies resource poor households are more
productive than rich ones; consequently, it is inevitable for the poor to catch up
with the rich in the long run.!®

The model thus captures the possible role of public capital and other important
variables such as family wealth on income inequality dynamics in the short run.
Particularly, (3.16) and (3.16") capture the intuition that differences in family
wealth and the existence of public capital as an input for the production of goods
and/or the accumulation of human capital play important role in the persistence
of income inequality. Depending on the values of the distributional parameters,
whether 0 < ¢,k < 1 (-1 < ¢,k < 0), public capital would have a positive
(negative) impact on inequality.'*

Family wealth, however, similar to what is found by Benabou (2000; 2002), de-
terminately exasperates income inequality. More important is the parent’s wealth,
i.e., the larger is €, for the accumulation of the offspring’s human capital, the more
income inequality persists. But, more important are the public services for the ac-
cumulation of human capital and the produection of goods, that is, the greater are
6 and v, also the larger their disproportionate impact on the individual houschold,
i.e., the greater are ¢ and &, the faster (the slower) income inequality declines for
0< (k<1 (1< k<0) Inregard to the effect of infrastructure service on
the economy, we thus have the following proposition:

Proposition 2 Infrastructure services in the human capital and the goods pro-
duction sectors speed up (slow down) income distribution convergence, in the short
run, when 0 < (k<1 (-1 <,k <0).

To sum up, we have shown here, as we argued in the introductory scction, in
the presence of imperfect credit market, the dynamics of income distribution is
governed by the relative private factor income shares (such as €, 9, and o). How-
ever, under the appropriate conditions, a provision of public capital in the goods
production and the human capital accumulation sectors would have a positive role
in income distribution dynamics, by altering relagive private factor income shares.
The impact of public capital on income inequality dynamics depends on the the
degree of its importance to private production, which is reflected on the magnitude
of # and v. Moreover, whether an infrastructure service is pro-poor or not as re-
flected on the magnitude and the direction of the parameters ¢ and & is important
to income distribution dynamics.

127Phig result is comparable with that of Glomm and Ravikmnar (1992). In a private education
cconomy, they state that income inequality may deeline, increase, or remain constant depending
on the sum of parameters in the scetor,

138¢c also Saint-Paul and Verdier (19938) for a model where inequality dynamics is speeded
up through public¢ (education) intervention.

MRecall from (8.4) and (3.7) that 0 < {,x < 1 (~1 < ¢, < 0) implies pro-poor (pro-rich)
infrastructure service provision,
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3.4 Growth, Inequality and Public Factors

Aggregate Capitals

To determine the remaining macro-variables, first, aggregate (3.15) in order to
obtain the equation that characterizes the evolution of aggregate human capital,

HL-H - BAv—l-n,]_v (Gt)()(‘u—i'ﬂ) (Ht)5+(ﬂ+v)w (a.(l —r— w))ﬂ Qt

where!s

0.2
= oxp (% ({6 + )6 - 1) + oo = 1))

By assuming constant returns to scale with respect to accumulative factors,
in both the human capital accumulation and the goods production sectors, i.e.,
7+v=1and w+ 8 =1, respectively, we can rewrite the above equation as

Hyyy = BAT (G (H)F (a1l — 7 — 9))" (3.20)

Then, we easily derive the difference equation for public capital in the goods
production sector by substituting the last term of (3.10) into (3.12), using (3.9),
and assuming a complete depreciation ( 67 = 1),

Gryr = YA (G Fy (3.21)
where

o}

Fo=owp (% lw-1))

Equations (3.16), (3.20), and (3.21) describe the dynamics of the economy. The
growth rate of the economy is thus determined by these equations.

The negative effect of income inequality on the economy is shown in the rela-
tionship between income inequality and the economy’s capital accumulation func-
tions, in (3.20) and (3.21). Equations (3.20) and (3.21) state income inequality
is detrimental for the accumulation of aggregate public and private capital. In
(3.20) and (3.21), €, F¢ < 1. The maximum values Fy, Q; = 1 are reached when
02 = 0. Therefore, in this case, the highest capital accumulation is realized when
the society is perfectly egalitarian o2 = Q.

Dynamics and Steady State

The value that { (=¢e — v({) assumes is important in determining the long run
behavior of the system. First of all, when 0 < ¢ < 1, recall that ¢ (the effect of
family wealth on the human capital accumulation of the offspring) and u¢ (the
disproportionate effect of public capital on the individual income) have opposite

15We use the fact that ‘[3 (he)stem dTy(h) = (He)5 M exp (%’2(& +wn)(€ +wn ~ 1)) (see
Appendix 3.A).



3.4. Growth, Inequality and Public Factors 33

roles on income distribution dynamics. The former (the greater) makes income
inequality persistent whereas the later (the greater) reduces it through time.!0

When £ = 0, the system behaves in the long run similar to the standard one
sector AK model. However, unlike the AK model, it has a lengthy transition
period due to the presence of income inequality. From (3.20) and (3.21), the short
run capital ratio is given by,

Hypy — Ba"rV! 7 0'% 2
Gt a1 (1 — T — )" exp v (w —1)
In steady state, 0% = 0, the capital ratio —g is constant,'?

g = BamV1h" (1 — 7 — )"

Therefore, at equilibrium (¢? = 0), the system is characterized by a continuum
of steady state equilibria while each can be reached only if the system starts at
equilibrium. Moreover, aggregate variables will be in a balanced growth path,
where H, G and Y grow at the same rate. And, the growth rate of the economy
can be analytically determined at any point in time. However, in the short run, it
exhibits transitional dynamics, unlike the textbook AK model, which arises from
the existence of income inequality dynamics o2 # 0 in the model.

When ¢ > 0, there exists a stable and a unique global steady state where
H,G and Y converge, where the steady state is saddle point stable. However,
aggregate variables exhibit imbalance growth. While human capital grows faster
than output, public capital grows at the same rate with the latter.

Propositions 3 and 4 below are rolated to the two different cases, £ = 0 and
¢ > 0, respectively.!® But, first, in order to characterize the dynamics, we need to
log-linearize the system, (3.20) and (3.21), near a local steady state point (H, Q).
That is,

(InHepy —InH) = (+w)(nH, ~-nH)+0(nG ~InG)
4-(Ino? ~no?)InQ (3.22)

(InGyp1 ~InG) = w(nH,-~InH)+0(InG, —InG)
+(Ino? ~Inag®)Inf (3.23)
If we consider only equilibrium values of distribution which only exist, o* = 0§

or 62 = 0 (sce (3.17)~(3.19)), then we will have (Ino? - Ino?) 0% = 0. Thus, (3.22)
and (3.23) will be simplified to

(nHyp—InH) = (w)(nH,-InH)+0WmG ~InG) (3.24)
(InGppr — InG) w(lnHy ~InH) + 60 (InG; ~ InG) (8.25)

168ee (3.16) and (8.167) and the subsequent discussion in Section 8.3,
Y7Variablos without tire subgeript (e.g., I, G, Y and 0?) denoto sleady state values.
18We cxclude the case & < 0 because of ibs unlikeliness.
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In matrix form, (3.24) and (3.25) become

111Ht+1 ~InH _ (§+w) 6 lnHt~lnH 3.96

nGip -G | w ] InG;—InG (3.26)
_[E+w) 6

A= [ T (3.27)

where A is the Jacobian matrix.

In regard to the dynamic behavior of the economy, for the case £ = 0, we make
the following proposition:

Proposition 3 For £ =0 (or e = v(), the system is non-hyperbolic, i.e., one of
the characteristic roois is a unit.

Proof. The characteristic polynomial P(A) for the linear system, which is given
by (3.24) and (3.25), is (recall w4- 6 = 1)

i

P()) A% —Tr(A))N+ Det(A)

A4+ DA +¢0 (3.28)

Since £ =0, then A> ~ A =0 and hence \; = 1. m
In this case, we can analytically derive the (AKX type) growth rate «, at any
point in time (see Appendix 3.B for details on the derivation),

Yoy =whx+wnln(l—7—9) +wvlnr +0lny + A, (3.29)

where
o2
A = w3~2*—17(w77 -1 <0

X = Ba" A%

According to (3.29), both taxes 7 and 9 and income distribution variable ¢? are
important for the economy’s growth rate v,. The term A; captures the extent to
which income inequality hampers economic growth during transition, in a hetero-
geneous economy with a production function that exhibits diminishing returns to
factors, and, where there exists imperfect credit market. Whereas, infrastructure
is shown here mitigating (exasperating) this effect, under the condition 0 < k < 1
(-1 <k <0).

Notice, if Ay = 0, i.e., 7 = 0, then the growth rate of output v > 0. But, for
greater A; (due to greater o7), the growth rate of output could be zero and even
negative.

The relationship between the taxes used to finance public capital and long run
growth is non-linear, in line with the literature. The growth maximizing taxes
(¥ g max a0d Tgmax), for the case £ =0, are derived by
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o _ Q_Mzo
oy Y 1-7—-1%
__a-m)
= w-b—l—'r)(l—Q)
&y _ v(l-6) n1-6) —0
or T 1—T—1

= r=1-9¢)

(Recall the assumption on constant returns to scale on accumulative factors 7)--v =
1 and w + @ = 1) Combining the above two, we obtain

?/)!l max 0 (330)
Tymax = vw(=v(a = 0K)) (3.31)

The optimal tax (growth maximizing) for public capital in the goods production
sector ), may 18 equal to the share of public capital in the sector, similar to that
found by Barro (1990) and others, whereas the growth maximizing tax for public
capital in the human capital accumulation sector T¢max is equal to the share
of public capital v in that scctor times the net output elasticity of human capital
w(= a—0k). The reason that technological parameters from the goods production
sector (such as «, 6 and k) are related to T, max is because the tax used to finance
the public factor in the human capital accumulation sector 7 affects growth via its
positive role in the accumulation of human capital, which in turn will be used for
the final goods production.

With regard to the dynamic behavior of the economy for the case £ > 0, the
following proposition is established:

Proposition 4 For ¢ > 0, the characteristic polynomial of the log-linearized sys-
tem admits two positive roots, where only one root is stable. Given Gy and Hy,
there exists a unique solution to (8.24) and (3.85), which converges to (H,G). The
path is monotonic and the steady state is saddle point stable.

Proof. The characteristic polynomial for the Jacobian matrix of the lincar system
is given by (3.28)
P(A) = A — (E+ 1)A+£0

Generally, when |1 + Det(A)| < |T'r(A4)], the steady state equilibrium is a saddle;
there is one and only one real root which belongs to (—1,1).!Y But, we have
[1£0| < |1 - €|. Morcover, since the product of the roots, which is equal to the
determinant of the Jacobian matrix (M Ay == £0), is positive, both roots have the
same sign and hence positive. Thercfore, the characteristic roots are positive, real
and only one root is within a unit circle, (0 < Ay < 1). Thus, given Gy and Hy
(since both Gy and H; are predetermined variables), the trajectory of the dynamic

198ee De la Croix and Michel (2002), A.3.4.
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system is uniquely, locally, determined. The global analysis is established below
using phase diagrams (Figures 3.1 & 3.2). m

The graphical analysis can be done near the set of points where o2 = 0, for
€ # 0. Thus, from (3.20) and (3.21) we have

Hyp = BA@E)™ (G (al—T—9)" 1" (3.32)
Gepn = BAHE)” (G’ (3.33)

To build the phase diagram, first we need to characterize the set of points where
there is no change on the variables, for (3.32) and (3.33). That is, for (3.32) we
solve H;1 = H; for G; and for (3.33) we solve Gy+1 = G for Hy, to get

0.
T

G, = (BA(a(l—1—u))" ) (H,) (3.34)
H = @4)° (G)F =@h)° G (3.35)

The slope of the phase line (3.34) depends on the relative values of § and £. Tf
# > ¢, then 0 < Qgﬁ < 1 and hence G is increasing at a decreasing rate in Hy,
in space (Hy, Gy) (Figure 3.1). If § < &, then Q;J < 0, and Gy is decreasing at an
increasing rate in H; (Figure 3.2). The curve (3.35) is easy to characterize. The
phase line is a diagonal line, with slope (’l,/)A)__%.

By combining (3.34) into (3.35), we obtain the equilibrium values where the
two phase lines meet:

G = (BA(a(l—r—))"r)E pd)= (3.36)
H = (BA(a(l—7—9))7")F (pA)™* (3.37)

Figures 3.1 and 3.2 capture the qualitative feature of the model. Notice that
although the slopes of the phase lines for H; are different for the two cases, (6 < ¢
and 6§ > £), the steady state equilibrium loci Z remains the same. Moreover, the
saddle path has a negative slope.

Once again by using the log-linearized system, we can characterize the growth
maximizing tax rates (g max a0d T 0, ), for the case £ > 0, near the steady state.
The economy’s growth rate near the steady state is defined, y=InY; —InY,

Yy=w(nH;-InH)+6(InG;—InG) (3.38)
Combining (3.25) and (3.38), we obtain

T=InG1-InG (3.38)
Alternatively, from (3.24) and (3.38), we can get

InHyp ~ImH=¢(InH; —InH)+v (3.38”)

From (3.38’) and (3.38”), we see that there is an imbalance in the growth rate of
macro-variables when ¢ > 0. While output ¥; grows at the same rate with public
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Figure 3.1: Phase diagram for a case § > £ or 0 < 0—;—5— < 1. Together with the
eigenvalues the steady state is globally stable.

capital G;, human capital H; grows faster. To derive the growth maximizing taxes,
we substitute (3.33) and (3.36) in (3.38’), to obtain,
1 £=0
v=InpA(H,)* (Gs)’ —In(BA(a(l — 7 —9))" %)% (pA4)

By leaving out the superfluous variables and parameters, we can rewrite the
last equation in an equivalent form

maxy = 0(1(”; £ Invy — gln(l—-T—w)— %ln'r

Thus, the FOC is

oy _61-91 N _
8w b A-r-BE
Then, solving for v, we get

_(1-761-¢
Y= nw + (1 — &)

We do the same for the growth maximizing tax in the human capital accumu-
lation sector

(3.39)
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H,

Figure 3.2: Phase diagram for a case 8 < & or O—}Q < 0. The result is the same

with that of Fig. 3.1 except here the phase line for equation (3.34) is downward
slopping.

o _ 1 v _,
ar (I—T7—p)¢ &7
T o= (1—9 (3-40)

Solving (3.39) and (3.40) simultaneously, we obtain the growth maximizing tax
rate for public capital in the goods production sector, for the case £ > 0,

_ -9

Wymax = T %) (3.41)

and human capital accumulation sector

N wv
=— 3.42
fome = T g(i—w) 642
Note that when £ = 0, equations (3.41) and (3.42) are equivalent to equation
(3.30) and (3.31).
The technological parameter from the goods production sector, w, is important
for 7 pax, in the case of £ > 0. Moreover, when & > 0, Ty max 18 increasing at the
net inter-generational spillover £ whereas 17 ,,,, is decreasing at it.
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The existence of (net) inter-generational spillover in the human capital accu-
mulation sector, & > 0, increases the role of human capital in the economy, which
is reflected by a positive relation between 77 ,,,, and €. On the other hand ¥} .y
and £ are inversely related because both have a similar role in the economy -
a spillover effect. According to Barro and Sala-i-Martin (1992), the tax rate 3*
raises growth since the private rate of return on investment falls behind the social
return, which, in turn, invites some forms of stimulus (such as public investment)

to investment.

3.5 Conclusion

We studied public spending, in a two-sector economy populated with heteroge-
neous agents, as a factor that both cnhances productivity and promotes accumu-
lation of human capital. We showed that public investment in both the human
capital accumulation and the goods production sectors have a net positive effect on
long run growth while the magnitudes of optimal taxes (in terms of growth max-
imizing) on both sectors depend on whether there is inter-generational spillover
in the human capital accumulation sector. We disclosed the effect of income in-
equality on the individual and aggregate production and accumulation of capital.
That is, we captured the negative offect of income inequality on ceconomic growth,
when the credit market is imperfeet and there are diminishing returns to private
factors.

More importantly, we showed that certain infrastructure development in hoth
sectors could improve income inequality dynamics, and hence could promote ceo-
nomic growth, once more, through an indireet cffect of mitigating the negative
influence of income inequality on cconomic growth. Therefore, we conclude that
under the appropriate conditions, in line with recent empirical ndings (o.g., Ja-
coby 2000 and Calderon and Chong 2004), infrastructure could promote pro-poor
growth (i.e., looscly defined as an increase in growth and reduction in income
inequality simultancously). In particular, with public investmoent (especially in-
frastructure scrvice) which is pro-poor, not only would the economic pie grow
but also a larger slice would pass to the poor. That makes a wise investment on
productive public good an area that belongs to the win-win type of policies.



Appendix 3

3.A Aggregation

The logarithm of a variable with lognormal distribution will have a normal dis-
tribution (and vice versa). A normal distribution preserves under linear trans-
formation (Greene 2003, appendix B). We use these facts and other important
relations between lognormal and normal distribution to study the evolution of
income distribution in our model.

Since we assume a lognormal distribution for the individual initial human cap-~
ital, In by "N (u,, 07), we have the following relation

0.2
InElh] = EMMHni

2

o o2
@#EthMMM~%EmM~J

2
where H, = F(hy) = fdl h,I',(h); Ty (h) is the probability distribution of h;.
We derive E [(h,)*] = (H,)" exp (%f-w (w — 1)), for instance, in equation (3.9).

using the abovo facts. If b, is a lognormal distribution then (h;)” is also a lognor-
mal distribution, thus, according to (3.A.1),

(3.A.1)

In E[(h)"] = E[ln(ht)w]+%uar[1n(ht)“’]
= FElwlnh+ %va'r[w In hy)

2 2
w (lan, — U—t> +w2£t—

2 2
o}

= wlnHL+w(w~1)? (3.A.2)
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E[(h)*] = (Hy)" exp (gziw {w— 1)) (3.A.3)

To derive E [(ht)H“’"] = (Ht)H“m exp (%i(ﬁ + wn){€ +wn — 1)) for equation
(3.20) follow similar steps as above.

3.B The Growth Rate

For the case { = 0, growth rate +, ; can be derived as follows. Since

Y1 =InYi1 —InY; (3.B.1)
From (3.9) and (3.B.1), we have

Ty = W(lnHt+1“1nHL)+0(lnGt+1—lnGt)
R
+Li%idww—m (3.B.2)

By substituting (3.20) and (3.21), and using (3.16"), in (3.B.2), we obtain
_ In BAT (H,) (Gy)’ (a(1 — 7 ~ 9))"
Tirr = W exp (%‘—wn(wn - 1) + vw(w — 1)) ~In Hy
2
+0 (lmpA (H)* (G)? exp (% (wlw ~ 1))) - lnGt)
2
+5 (@l - 1) (@n)* 1)

Alternatively,

Tevr = wnBATY (H)“7 (G’ (a(l - 7 — )"
+0InypA (H)* (G, + w%%— (wn(wn = 1) + vw(w — 1))
o2 o? 2
0 (o = 1)+ 5 (ww - 1) ((wn)? 1) (3.B.3)

Then, simplifying (3.B.3), while applyingw+60=1and v +n=1 repeatedly, we
get equation (3.29)

Vert =wnBaTAS L umin(1—7 - ) +wolnr 4+ 0lng + A, (3.30)

where
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or,

Ay

o2 wn(wny — 1)+ vw(w — 1) >
7y
"2—(.4!

(-IGw—l )((w'r]) —1)
wn wn——l +wv -1)
( Flw—1) (wn —w)) )
wnw'r)——l
( w'r] 2 bwu— w)))

P ( (w 37{()‘232 (—w:v)i—F 1) )

_0;2%..0) ((w'r] — 1) (wn + (w — Dwn))

w

2],

ot
Ay = wZLw“'r)(wn ~1).



CHAPTER 4

Income Distribution and Elasticity of Substitution Between Public and
Private Capital

4.1 Introduction

Docs public capital have effect in income distribution? Many argue informally
that under certain conditions, in particular if it is targeted at lower income social
groups, public capital may reduce incquality.! On the other hand, it may aggravate
it if only the rich few have access to it. The question remains: how precisely
is public capital linked to income distribution dynamics, cspecially, when it is
provided on a non-discriminatory basis? Put differently, how does the income of
two individuals who are heterogenous in terms of their initial wealth but similar
otherwise, ~one is rich and the other is poor—, be affected differently from using a
public good in their production functions? In this chapter, we propose theoretical
angwers to these questions.

‘We begin with the general question of what determines income distribution dy-
namics, especially, when both private and public inputs are involved in production.
As mentioned in Chapter 3, in the presence of imperfect credit market, income dis-
tribution cvolves according to the individual private factor income shares. When
there are differences in initial wealth among households who are otherwise similar,
the evolution of income depends on the degree to which the individual households
are able to exploit their relative initial advantage. The presence of public capital
in production have no effect on income distribution dynamics unless it alters the
individual private factor shares.?

Hicks (1932) argues that the elasticity of substitution between productive fac-
tors is the only determinant factor for changes in relative factor shares. If the

LSee, for instance, The World Bauk (1994), Songeo (2002) and Brenneman and Kerf (2002).

2This is demonstrated by an example below. Refer, also, Chaptor 3.

3n the beginning of 19308, Sir John Hicks (1932) marked an important advance on identifying
the determinant of the distribution of income, In his book, "On The Theory of Wages," Hicks
dedicatod a chapter, (with an appendix), in analyzing the resultant configuration of rclative
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elasticity of substitution of a factor is greater than unity, then an increase in the
supply of that factor more rapid than that of the others will increase its relative
income share. Of course, if the elasticity of substitution of the factor is less than
unity, then the relative share of the factor decreases. If it is equal to unity (the
case of Cobb-Douglas), changes in supplies of factors do not have an effect on
relative factors shares.

Hicks’s argument provides useful hints for those seeking (informal) solutions to
the above problems. Whether public capital has an effect on income distribution
dynamics depends on its elasticity of substitution with regard to private capital.
If the elasticity of substitution of public capital to private capital, in a production
function, is greater than unity, an investment in public capital increases its rela-
tive income share, and decreases the private capital income share. Consequently,
public capital would have a positive impact on income distribution dynamics as
the change in the relative factor shares favors the poor. However, if its elasticity
of substitution is less than unity, then the increase in public capital increases the
private capital income share, and hence, it would aggravate income inequality. Of
course, if the elasticity of substitution is unity, infrastructure investment is neutral
to the distribution of income.

We formalize these ideas using a variable elasticity of substitution (VES) pro-
duction function, which is analytically tractable, and, at the same time, allows
some flexibility in the parameters. Note that for a change in factor supply in a
production function to change the structure of income distribution, first of all,
the elasticity of substitution must be different from unity. However, the standard
Cobb-Douglas production function has no such property, In the Cobb-Douglas
function, the elasticity of substitution is equal to unity and hence the factor sharcs
are fixed. The analytical tractability of this popular production function comes
with the cost of stringent restrictions on factor shares, which makes the production
function unsuited for income distribution analysis.

Analyzed within the framework of a Cobb-Douglas production function, in
the presence of imperfect credit market, income distribution dynamics are wholly
independent of the level or change of infrastructure inputs used in the production
function.® For example, suppose that the individual production function is the
standard Cobb-Douglas function y; = A (k,)* (X t)o where k; is private capital and
Xy is public capital. Assume further that private capital, which initially differs
among the individual households, is distributed lognormally, i.c., Ink,"N (g, 09).
Then, the individual saving at ¢ + 1 is ky1 = sy = sA (k)™ (Xt)o, where 3 is
the exogenous saving rate. Income distribution at £+ 1 is given by, a long story
cut short, var(ln ki 1) = 03, = a?0?. Therefore, in this economy, what matters

factor shares. He developed a very important concept, which is uscful 4ill this time, what he
called it "elasticity of substitutions."

1 Although Solow (1957) argues a Cobb-Douglas production [unction may do fairly well in
tracking observed changes in production, he states in a condition, "ag long as no deep distributive
meaning is read into the results" Solow (1960).

5 An exception to this case has been presented in Chaptor 3. In the chapter, woe have modeled
public capital, in a Cobb-Douglas function, as input where its importance varies among the indi-
vidual households. In that case, in the absence of a perfect credit market, certain infrastructure
dev?IOpmeut could relax resource constraints of the poor, and hence could briug a disproportional
positive impact on the income of the poor.
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for income distribution dynamics is neither X, nor its output elasticity 9 but the
predetermined private capital income share a.

Therefore, the production function that is used for the study is the less common
generalized Cobb-Douglas production function, which is devecloped by Newman
and Read (1961). The Newman-Read production function is a VES production
function, bul for a certain value of its parameter it contains the standard Cobb-
Douglas function. As is discussed above, the standard Cobb-Douglas production
function 1y, = A (hy)” (Gt)o imposes strict restrictions on the factor shares and on
the clasticity of substitution. Particularly, the relative factor shares, -denoted by
ceand 0, are fixed and the clasticity of substitution is equal to unity. On the other
hand, the constant elasticity of substitution (CES) production function, which is
the other standard production function, has a relatively less stringent restrictions
on the parameters but may not provide an analytical solution for the problems we
pose due to difficultios that may arise during aggregation.

The Newman-Read gencralized Cobb-Douglas function is both flexible in the
values of the parameters, and, is analytically tractable in regard to income dis-
tribution studies. Morecover, the production function reduces to the standard

jobh-Douglas function for a certain value of its paramcter, Newman and Read
(1961) developed the generalized Cobb-Douglas production function specifically
to address the need for less stringent restrictions on factor income shares. Thoy
consider a case where the income share of o factor remains invariant to changes in
that input itsell; with the other [actor held constant, but varies with changes of
the other factor, 1n this cose, the production function becomes a VES production
function where the Iactor shares vary alongside changes in factors supply.

In the next seetions, we develop an overlapping generation growth model in
which initial wealth (as mensured by human capital) differs amoung the individual
houscholds. Access to credit is limited and, the government provides productive
public resources used in production and accumulation. While human capital is
generated using inputs from both public and private resources, the production
technology s the standard Cobb-Douglas function. Production of final goods also
takes place using bolh private and publie resources, but the production function
that is used this Lime is the generalized Cobb-Douglas function of Newman and
Read (1961).

Within this selting, we show that the distributional effect of public invest-
ment depends on its elasticity of substitution to private capital. Tho clasticity
of substitution between private and public capital determines the private factor
share, which, in turn, determines the dynamies of income distribution. Thercfore,
in the model, a change in the supply of public capital affeet income distribution
dynaunies although no additional specifications are imposed to vary the henefits
that accrue from using the public input among different houscholds. The effect of
public capital on the dynamies of income distribution could be negative or posi-
tive depending on the elasticity of substitution of public capital to private capital.
Il the elasticity of substitution is groater (lesser) than unity, then public capital
allevintes (aggravates) income inequality.

In the model, in the long run (in the context of a growing cconomy), the
elasticity of substitution lends toward unity and, hence, the generalized Cobb-
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Douglas function reduces to the standard Cobb-Dougles function.® Therefore, the
model resembles the standard AK type endogenous growth model in the long
term. In a "representative agent" feature of the economy (with constant returns
to scale), aggregate capital ratio and income growth converge to their steady state
values.

The strand of literature related to the present study deals with the relation-
ship between income inequality and public capital. Recent empirical findings pro-
vide evidence for the existence of a relationship between income inequality and
infrastructure investment. For instance, Calderén and Servén (2004), Calderén
and Chong (2004) and Lopez (2003) find that investment in public infrastructure
(such as water, sanitary, electricity, etc.) has contributed towards the alleviation
of income inequality, in addition to its role in economic growth. The World Bank
(2003) and Estache (2003) argue infrastructure has a positive and disproportionate
impact on growth. The OECD (2006) reports that “infrastructure is important
for pro-poor growth".

Analytically, Ferreira {1995) studied the relationship between public capital
and inequality in a model with quite a complex setup where the accessibility of
higher production activity requires minimum lumpy investment and hence, if the
credit market is missing, depends solely on initial wealth distribution. A steady-
state distribution is derived with three social classes: lower class workers, middle-
class and upper-class entrepreneurs. The provision of public investment below
some level might make the "government dependable” middle-class disappear, the
argument goes, creating less equality of opportunity, as well as lower growth. More
recently, Garcfa-Pefialosa and Turnovsky (2007) and Chatterjee (2008) studied the
distributional impact of different ways of financing public good. In these papers,
leisure (combined with unequal distribution of initial private capital) is the source
of the distribution dynamics. There would be a positive relationship between
wealth and leisure, i.e., wealthier agents choose to supply less labor (where they
have a lower marginal utility of wealth). This relationship provides a link between
the individual’s initial wealth (which is given) and the equilibrium distribution
of income. However, in this chapter, labor is exogenous and the capital market
is imperfect. The presence of imperfect credit market (combined with unequal
distribution of initial human capital and a VES production function) is the source
of income (and wealth) inequality dynamics.

Another strand of literature related to the present study deals with the dy-
namics of income inequality and growth within an imperfect credit markets (e.g.
Loury 1981; Galor and Zeira 1993; Aghion and Bolton 1997; Aghion and Howitt
1998; Aghion, Caroli, and Garcfa-Pefialosa 1999; Benabou 2000 and 2002)). This
literature, in general, shows that in the face of capital market imperfection, in-
come inequality could have a negative effect on economic growth. However, this
literature does not deal with the distributional effect of public capital.

This chapter is organized as follows. In section 4.2, we set up the model,
with a brief discussion on the property of the Newman-Read production function.

6This is based on observations that are largely supported by empirical evidence. Empirical
studies show that factor shares, particularly that of private inputs (such as labor and capital)
show a large movement in the short run whereas they become stable in the long run (e.g.,
Revankar 1971; Acemoglu 2003).
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Section 4.3 deals with the interaction between income inequality dynamics and

public capital. Section 4.4 discusses the long run (equilibrium) properties of the
model, and section 4.5 concludes.

4.2 The Model

Houscholds

Assume a continuum of heterogenous households, in overlapping generations, i €
[0, 1]. Bach houschold 4 consists of an adult of gencration ¢ and a child of generation
t -+ 1. Population size is thus constant and normalized to be one. Let, at the
boginning initial period, cach houschold i of the initial generation be endowed
with an initial human capital iy and a publie infrastructure Gy which is shared
with others. Assume further that the distribution of initial human capital Ig(h)
takes a lognormal form, In hg™ N (jg, o3).

Agents care about their consumption level and their children education. When
young, they accumulate human capital using both private and public resources.
Onee they become adults, they use their lniman capital for final goods production.
Govermment taxes income with two fixed {lat rate taxes, 9 and 7, in order to
finance infrastructure and public edueation (denoted by Gy and M, respectively).”
During their active periods, individuals allocate after tax income between current
consumption e and saving ¢, that will be used to educate their children. The
Iatior is incorporated in the individual utility function as the "joy of giving".

[n & logarithmic preference, the individual utility function is defined as

In ¢y ﬁ in /LH.[ (4.1)

subjeet to

(4] | [T (] e T ’(/))’m (‘12)

whiere g i income of an individual of generation £.

The human capital aceumulation function of the offspring gy is a function
of public M, and private investment ;. The accumulation function takes the
standard Cobb-Douglas form with constant returns to scale in factors. Thus, the
human eapital of an individual of generation ¢ - 1 is given by

hepr - BOMYY (e (4.3)

The Firm

I’here is an inlinite number of small firms. Houscholds own the firms, The capital
market is thus impoerfeet.® Production ab the firm level occurs using both private

TIn all the Loxt, smadl and enpital letlers are nsed to denote fudividual and aggregate (nvornga)
varinhlos, respectively.

B erdit market could he imperfeet il “children ennunot. be held vesponsible for the debis
of their parents” {(Benabou 2000). This incompletencss of the capital market apparently is more
ralovant 1o poor developing conntries where loans (public and private) are nol readily available
Lo finance human capital investment.
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and public capital, in a Newman-Read production function setting. Thus, the
income of an agent of generation ¢, in the Newman-Read production function, is
defined as

g = A(G)’ (h)¥exp (A (H,)lnk;InG,)
— A(Gt)o (ht)a‘}‘z\(I'IL)ln GL (4-4)

where y, is the firm’s output. G is public capital and H; (= fol hI(hy)) is aggre-
gate private capital. The generalized Cobb-Douglas production function imposes
less stringent restrictions on factor shares than the usual Cobb-Douglas. The
term o+ A (H;)In G, shows that the factor shares are endogenous where they vary
alongside changes in factors supply.

For a well-behaved production function, we have the following conditions:

Assumptions 4.2

1. 0< a+ A (Hy)InGy, 0+A(H)Inhy < 1,0 < 1,08 < 1; and A,B,h,,Gy, H, >
1.

2. lim o+ A(H)nG =«

]:If, ,Gi,-‘—)OO

3. lim A(H;) =0, |A(Hy)| <1 otherwise
Hy—o0

The first assumption specifies sufficient conditions for a neoclassical production
function (i.e., positive marginal productivity and concavity)® while the second
recavers the standard Cobb-Douglas production function from the VES production
function in the long run. The former is more appropriate for analyzing long run
trends where factor shares are stable. Whereas, the Newman-Read provides a
better framework for analyzing observed fluctuations in factor shares in the short
run. The third assumption sets |A\(H,)] as a decreasing function of the aggregate
human capital.'® Thus, as H; grows large and A(H}) tends to zero, in the context of
economic development {see Revankar 1971), the elasticity of substitution (between
public and private capital) approaches umity and the VES production function
converges to Cobb-Douglas as a limit.

The sign of A(H;) is a major determinant of the elasticity of substitution be-
tween public and private capital. The elasticity of substitution (&;) is defined:!!

_ {a+ MHE)InG) (0 + A(H,) Inhy)
T (a+ MH) InGy) (0 + MH;) Inhy) + A(H)

5 (4.5)

95ee Appendix 4,A.
10Ty, Newman and Read (1961), A {H;) is a fixed parameter, i.c., A(Hz) = A,
11The original formula is presented by Hicks (1932), Appendix (iii),

By By

Bh,; EJGL
9y

Yt 5, 0m,

& =
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Therefore, from (4.5), the sign of A(H;) deteriines whether the clasticity of
gubstitution between privale and public capital is greater or lesser than, or, equal
to unity:

If A(FL,) £ 0, then §, Z 1 (4.6)

Aggregate Income  The aggregate production function is derived, using (4.4),

1
Y, / wl'(h)

0
2
A ((:L)f) (I]t)(ry»;.A(IIL)le ) oxp (%"‘AL> (47)

where Yy is aggregate (average) income, and

Ay (e AU InGy) (e 1 A(H)InGy -+ 1)

Soe Appendix 4.8 for the details on the aggregation.

The relationship between inequality and aggregate output is defined in equation
(4.7). In the presence of imperfect eredit market, and, when the individual pro-
duction function faces diminishing return to private capital (e 1 A(I) InGy < 1),
income inequality is bad for output and growth.' On the other hand, the pri-
vale capital share changing alongside changes in public capiltal, the Intter is an
important determinant. of the inequality-growth relationship.

Properties of Noewman-Read

Some features of the Newman-Read production function may be worth further
discussion,  The fivst s its analylical tractability. 'The production function is
both flexible in the values of its parameters and analytically tractable in regard
Lo income distribution studies, The factor shares are endogenous where thoy vary
alongside changes in factors supply while changing the distribution of income,
This is in sharp contrast Lo the standard Cobh-Douglas production function which
imposes stricl restrictions on the factor shares and on the elasticily of substitution
that, makes it unsuitable for distribution analysis. In particular, in the Cobb-
Douglas function, the factor shares are fixed and the clasticity of substitution is
aqual Lo unity, Whereas, the constant elasticity of substitution production function
has a relatively less stringent restriction on the parameters but 16 has less analytical
tractability.

Second, the Newman-Read production function provides a better framework
in characterizing factor shares in the short run than the standard Cobb-Douglas
function. Fmpirical studies reveal factor shares show large fluctuations in the

P2 Phin rolationship is independent of the sse of the Nowman-Remnd production [unclion, In

enne of Cabb Douglas, for insbanee, i A1) 0 in (4.7), tho aggregate oulpul s given by
Tl

Yy oo AW () exp (A,‘ ac(re 1)} ). Thus, inequality s bad for growth where Lthe private

[actor share (ex) in less Lhan unity.
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short run whereas they show no trend in the long run. For instance, Accmoglu
(2003) demonstrates that the labor shares (for the United States and France)
show a large movement in the short run whereas they remain stable in the long
run.’® The Newman-Read generalized Cobb-Douglas production function contains
a framework that provides a satisfactory approximation to this reality whereas the
standard Cobb-Douglas function does not. The latter is morc appropriate for
analyzing long run trends.

Third, the Newman-Read production function is a general form of the standard
Cobb-Douglas function that could reduce to it when necessary(e.g., when analyzing
long run trends). If we set AM(H;) =0 in (4.4), for instance, then it turns to be a
Cobb-Douglas with the usual fixed factor shares.

Fourth, for certain values of its parameters, the Newman-Read production fune-
tion satisfies important properties of the neoclassical production function. Accord-
ing to Solow (1957), a particular functional form adopted for a production function
is a matter of no great consequence as far as it posses a positive partial derivative
and the right curvature. Under Assumptions 4.2, the Newman-Read production
function in 4.4 has a positive marginal productivity and a concave curvatures (See

Appendix 4.A).

Government

Government budget is balanced at all times:

1
I = /0 Y T(hs) = Vi (4.8)

i

1
M; / Y7L (he) = Y3 4.9)
0

“T'hus, the government collects fixed proportional taxes % and T on output ¥; to
finance public investment, while the accumulation of public capital in the goods
Pproduction sector follows the rule,

G-L+1 = Itg + Gt(l - }f‘q) (410)

where Gy, I and 9 are the public capital stock, public investment and depreci-
ation, respectively.

Competitive Equilibrium

-A.ccording to the above description, an individual of generation ¢ solves the fol-
lowing problem, which is derived by substituting (4.2) and (4.3) into (4.1),

Moz In(l - %)y, ~ &) + B1n B (M) ™" ()" (4.11)

Caking as given, ¥, 7, If M; and G.

o latkccmoglu (2008) Las plotted the labor share for the United States and France (figure 1 and
) using the data from Piketty (2001) and Piketty and Sacz (2008), respectively.
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The first order condition gives

e == (1,(1 e '(/))yt (412)

] . . . . .
where a = T/T%ﬁ; (4.12) shows the agent’s optimal saving as the function of his
income,

4.3 Public Capital and Income Distribution

From (4.3), (1.4), (1.7), (4.9) and (4.12), capital accumulation associated to agents’
optimal behavior is derived:

Inhgyy - Inx +0InGe+ (o4 MH)InG) (1 - 1) ln H,
2
P (e 1 AUIL) InGy) Inhy ((;'f-AL(l »»»»» 71)) (1.13)

where y — BATU (a1l 7 ap))". M

Irom (4.13), the individual human capital accumulation is determined by the
parent’s human capital hy, the aggregate private capital Hy, public capital (¢, and
the initial distribution of income o2, Under Assumption 4.2, income incquality has
thus a negative impact on the individual eapital accumulation.

Bguation (4.13) implies capitad and income remain lognormally distributed.
Thus, il Iuhy N, 0#), then

Ty Inx | 0InGy (et M) InGdy) ey

a? A2
(0 m e A me?) (4.14)

i

and!®

ato (e ) In (1) o (4.15)

a
where ¢ exp(p, 1+ OF).
From (4.14) and (4.15), under Assumptions 4.2 (which implies 0 < 04 M) <
1}, income inequality will decline through time and ultimately disappoear:

lima? 0
[EEYLY)

where o is equilibrium income distribution.!'® ‘The model thas eaptures the dis-
tributional impact of public capital during the cconomy’s transition to its long run
oquilibritm,

MGee Appendix 4.0 for detaila on the derivation,
YWe une B|lndhe] o il ‘sj pty (see Appendix 4.3
Y in disappostance of income inequality in the steady stade should not be confused with
atylized fact, The reason that income inequality disappears in the long run s that, in the model,
initinl wenlth is the only source of heterogencity hetween individuals; but agents are othorwine
similar (in ternw of ability, technology, ele)) Therefore, o diminishing relurn on net private
acemmulative fuetors, 7 (e © @) Incd) <0 1, combined with imperfeet eredit. market, implies
resouree poor househokls are wmore productive than rich oues; connequently, it is inevitable thal
the poor will eateh up with the vich in the long run,
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In (4.14) and (4.15), the impact of public capital on income incquality (Iyn.an'h
ics is shown depending on the sign of M), and, henee, on the value of the nlqs’mc:ity
of substitution between public and private capital (§,) (sce equation (4.6)). Thora-
fore, public capital could increase (decrease) inequality, if §, < 1 {§;, > 1 ): Bl‘lt, if
Alg) = 0, then & = 1,~the Cobb-Douglas casc -, it could be neutral. The intuition
behind this result is simple. If §, < 1, a positive change in public capital increaseyg
the factor share of private capital, which ultimately disproportionally henefit the
rich who hold much of the production resources. On the other hand, if §, > 1, the
change in the productive public good supply decreases the relative income shara
of private capital. Consequently, income inequality decreases as poor houscholds
are able to relax some of their resource constraints through factor substitution.

4.4 Aggregate Capital, Growth, and Inequality

The aggregate private capital accumulation function is obtained from agpregating
(4.13),

Hyyy = BATY™(a(l -7 - o))" (G)" (a7,) AW
2

exp (% (((.v +AMH)In Gy (1)1 A,)) (4.16)

""The difference equation for public capital is derived by substituting (4.8) into
(4.10), using (4.7), and assuming a complote depreciation (s 1)

N 2
Guyr = YA(G,)! (H) A MG (%"A:) (4.17)
Rewriting (4.15), the dynamics of income distribution is given by

ot =17 (a+ ANH) InG))? o (1.15")

Therefore, the three nonlincar difference equations ((4.1 5), (4.16) and (4.17))
determine the evolution of the economy.

The effect of inequality on capital accumulation is cloar from (4.16) and (4.17).
In the presence of credit market imperfection, if there is diminishing marginal
refurn to private capital (0 < e+ A(H;)In Gy < 1), then income inequality is bad
for capital accumulation.

The impact of inequality on income growth is shown bolow with the constant
returns to scale Cobb-Douglas feature of the production function in (4.7). Apply-
ing @ +6 =1 and Assumption 4.2 to equation (4.7), and then using (4.15"), (4.16)
and (4.17), we get the cconomy’s growth rate (72)

L7 hile aggregaling, we use the fact that

/1 (ht)n(a‘b)\(Ht) In@,) Lhs) = (Ht)n(wl-)\(HL) In@Gy)
4]

2
exp (%‘—7] (e +AH) Gy (1 (o -+ A In () — 1))
See Appendix 4.B.
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Yii
I': l Ao earmvmna
T n Y,
In A (Ba™)* + In(1 — 7 — )iep(-mag, -«
o7 4
|2 ' lnee - 1) (1.18)
Whereas, aggregate capital ratio is given by, (from 4.15 and 4.16),
I Ba™(1 - T nypl-m 2,
e e (aor g " oxp (géﬂ,xiw () — 1_)) (4.19)
(4 1) 2

From (4.18), inequality is bad for growth if ne < 1. Note that larger inequality
can have enormous elfect on the economy even effecting a negative growth.

In a "representative agent™ feature of this cconomy (o2 =. 0), with constant
reburns Lo seale, aggrogate capital ratio and income growth converge Lo their steady
state valuoes:

v WABa) (1 T )il Mgyt (4.18")
and
A S T T T S L E
( P ‘
Therefore, the cconomy heliaves as the AR model, where aggregate varinbles will
be i a balaneed growth path.
As of the liternbures in public capital and cconomic growth, both taxes relabe
positively but non-linearly to long term growth. Trom (18), the growth maximizing
baxes, o and 7%, can be computad as

(4.19")

i (I @« (4.20)
T (1 e {4.21)

The Barro-rule applies Lo the growth maximizing tax rate for infrastructure
gervice, which is equal to the share of the infrastruciure service in production
(Barro 1990). But, the growth maximizing tax rate for public eduention is equal
to the share of public eapital in the human capital accumuolation funetion times
the output elasticity of human capital,

4.5 Conclusion

It is well understood that public capital is important for cconomic growth, But,
is public capital important for income inequality? [t is intuitive that public cap-
ital may reduce inequality, particularly if it is targeted al lower income groups.
Nonetheless, public capital may aggravate income inequality if only the rich few
have access to it Bul, as we have shown here, oven if it is provided in a non-
digeriminatory basis, public capital remains important for income distribution dy-
namics,
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The effect of public capital on income distribution is strongly linked to jgg
elasticity of substitution to private capital. If the clasticity ol substitution of g
given type of public input is greater than unity, then it might have a positivea
and disproportionate impact on the income of the poor. Particularly, if the crecdliy,
market is imperfect, the provision of public capital enjoying high clasticity of
substitution to private capital, even on a non-discriminatory basis, might help the
poor more by relaxing some of their resource constraints. This, in turn, results in
an improvement in the distribution of income of the cconomy.



Appendix 4

4.A  Production Function

"The first and the second derivative of the production function in (4.4) are given
by

(1
:flﬁ }l(u b AUL) InGy)
th
(';(‘;{ , (7} (01 A1) In hy)
and,
) , v_
()/(u!({;h, (7.:/1)2 (a1 ALY Gy (@ 4 M) In Gy - 1)
L Qi g
) , ,
i)((v,!:;(' '((!{‘)2(0 | A nh) (04 AUL) by 1)
1 1 1t

Under Assumptions 4.2, the Newman-Read production function in (4.4) obeys
the neoclassical rule in that it has o positive marginal productivity and a concave
eurvatures with respeet to both privale and public capital:

r)x/, dy ()e/L Jy Oy
R B < 0and —— <0
on, 0 b, T om0 M 800G,

4.3  Aggregation

We derive equation (4.7) using the following facts. Based on the assumption of a
lognormal distribution for initial human capital ho, i.c., Inhg” N (j1y,08), we have
the following relations
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0.2
InEfh) = E[lnh]+ —25
o? o2
<= Ellnhg =InEhy) — —2’— =InH, - 7‘ (4.B.1)

where H, = Efhy] = fol hI'(h) and Yy = E(y) = fol {(v:)T(hy). T(hy) is the
distribution function of hs.
Thus, aggregating (4.4) is

I

Y, B [A (Gt)e (ht)aﬂ(m) mch}

I

A(Gt)GE ,:(ht)a+A(Hl) lnG'L:I (4]32)

If hy has a lognormal distribution, then (hy)* T H)R Gt poc a1 a lognormal
distribution since (e + A(H;) In G;) In h; has a normal distribution.

Let w = o+ A(H,;)InG;. Then, the expectation value in (4.B.2) is casily
computed using (4.B.1)

w wy, L w
InE[(7)*] = E[n(h)¥] + Fuer [In (A)“]
2 2
= w (lnHt — %‘—) + %iwz
o2
= wlnHt—i——ét—w(w——l)
w o?

= In(H;)" exp (?tw(w - 1))

Back substituting w = a + A (H,)In Gy, we obtain

2
E [(ht)a—k)‘(l‘h) In G;] — (Ht)cx-l-/\(Hl)]n [en exp (%At)

where

A= (a+ AMH) InG,) (o + AH)InG, — 1)
Substituting this into (4.B.2), we get equation (4.7

2
Y= A(G,)" (B~ HI MGt oy, (%At) (4.7)

Follow similar steps for equation (4.16).
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4.C Capital Dynamics

To derive the individual human capital accumulation equation, substitute (4.9)
and (4.12) into (4.3) to get

Iy = B (Y T (a1~ = )y

Then, substitute (4.4) and (4.7) into the above equation,

by o B ((1,('1 T q/))A(GL)”)" (hy)M@ A INGY
) ) 17
(TA (G',,)” ([IL)(”""'\(”‘)I" ) exp (;A&)

| .
13 ()"0 kon (TA (F) (AU In G:)) K
, 2
(11,1)1’("""\('1') In¢i) (a(l — 7 — ) A)" exp (-(TZ—LAL(l - T)))
and rearrange il to get
l-n

b “(("1)0 (f,uA([Il)(lvl,\: ln(.‘,))

(hy)1 e PAHOWED (p ) A exp (Z-ﬁ-A,_(l - T])>

or

Inhyy, lny | 0lnGy (e ALY InGy) (L =n) In 1,
2
b (e 1 N In ) Iny - (2‘[&,(1 - 7])) (4.13)

where x BArY (a1 7 ).



CHAPTER B

Public Capital and Economic Growth: An Application to Developing
Countries

5.1 Introduction

The gap separating the world’s rich and poor countries remains startling. Jones
(2002) estimates per-capita income in the United States is over forty times higher
than in Ethiopia, meaning a typical individual in Ethiopia or Uganda has to work a
month and a half to earn what his counterpart in the US earns in a day. Differences
in economic growth rates compounded over long periods of time account for these
differences in their entirety. Fortunately, endogenous growth theory suggests there
is something we can do about it.

One of the most important contributions of the new growth theory is the new
insight it has brought into the role of fiscal policy in long run growth. QOver the past
decade a substantial number of empirical and theoretical studies have been dedi-
cated to examining the affects of fiscal policy on economic growth, starting with
the groundbreaking theoretical and empirical work of Barro (1990) and Aschauer
(1989), respectively. The key insight is that public investment in the areas of in-
frastructure and human capital development plays an important role in promoting
output and long run growth. Public capital, and in particular infrastructure, gen-
erates a sustained increase in economic growth by enhancing the total productivity
of inputs and reducing production and transaction costs.

In this chapter, we study the relationship between economic growth and public
capital for a set of developing countries. The research comprises of an analysis of
a panel data from a large set of Sub-Saharan African (SSA) countries. We use the
panel data from SSA countries to determine the elasticity of output with respect to
the flow of public capital and, more importantly, the relationship between public
investment and growth. We analyze the data extensively using both linear and
nonlinear models. We apply dynamic panel data techniques in estimating the
linear model. We estimate the nonlinear model using a model, which is developed
in this chapter. Our main objectives are, first, to analyze the importance of public
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investment to economic growth and output, taking the case of SSA countries,
and second, to measure the gap between the growth-maximizing and the actually
existing levels of public capital. We find the latter to be enormously important,
particularly from a policy perspective.

The study has a number of advantages. First, though the literature on the
impact of public capital on economic growth has grown voluminous in the past
few decades, only very few studies have addressed Africa. Estache et al. (2005)
argue that only a handful of papers study public capital and economic growth
quantitatively. Ayogu (2007) points out a major shortcoming of the literature
in Africa is its thinness. It might be also worth mentioning that this literature
applies linear models assuming (implicitly) a linear relationship between public
capital and economic growth in the region.!

However, the relationship between public capital and economic growth might
be nonlinear, as has been demonstrated, later in this chapter, and also, in many
analytical studies, including Barro (1990), Glomm and Ravikumar (1997) and
Aschauer (2000a). Nevertheless, most previous studies implicitly "assume a linear
relationship between public capital and output and so are incapable of estimating
the growth-maximizing level of public capital spending" (Aschauer 1998, p.8).

Second, there has been little effort (with the exception of Miller and Tsoukis
2001) made to ascertain the growth-maximizing level of public capital and to
compare it with the actually existing public investment in developing countries.
Miller and Tsoukis (2001) studied the optimality of public capital for set of low
and middle income countries. They appealed to a parameterization technique in
estimating the growth maximizing public investment. In this study, we employ
various nonlinear estimation techniques in determining the growth maximizing
public investment for set of developing African countries.

In general, only a few studies estimated the growth maximizing public capital
and compared it to the actual level (Sturm et al. 1998, and Romp and de Haan
2007). For instance, Aschauer (2000a) and Kamps (2005) studied the optimality of
public capital in the United States and European countries, respectively, based on
the nonlinear relationship between public capital and growth. As noted by Romp
and de Haan (2005), however, the relevant question for policy is not whether public
capital is productive, that is, whether or not a unit increment on public capital
stock increases output or growth, but whether public capital is overall growth
enhancing. The reason is that public capital has a negative as well as positive
effect on the economy. Even though an adequate and efficient supply of public
capital promotes output and growth, the distortions resulting from financing it
may have an adverse effect as well, such as crowding-out of private capital.2

Third, the study applies more robust techniques in determining the nonlin-
ear relationship between public capital and growth, and in estimating the public
capital elasticity of output in comparison to previous studies. Studies that esti-
mate the elasticity of output of public capital in nonlinear models usually appeal

'We make a brief discussion of the literature in the next section.

iFor instance, an enhanced fransportation system (such as roads and highways ) improves
the cfficiency of trucks. But, if the public capital is financed by overly burdensome taxes on
private return, the accumulation of these trucks will be negatively affected. If there is no large
private factors that take advantage of the infrastructure development, then there would be no
change on oubput, as roads do not produce by themselves (Aschauer 1998).
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to a parametrization (e.g. Aschauer 2000a and Miller and Tsoukis 2001) or a
nonlinear least square (NLS) technique without including fixed effects (FE) (e.g.,
Kamps 2005). In this study, parameter estimation for the output elasticity of pub-
lic capital will be done using various nonlinear methods including country-specific
effects. We use nonlinear seemingly unrelated regression (SUR), nonlinear least
square (NLS), and weighted nonlinear least square (WNLS) methods, in which we
include individual countries’ FE.3

We organize this chapter as follows. In Section 5.2, we provide a review of
the empirical and theoretical literature on public capital and economic growth.
Section 5.3 presents the theoretical model used for the empirical research. Section
5.4 lays out the methodology, and section 5.5 concludes.

5.2 Literature Review

Recent years have witnessed a substantial research effort focused on clarifying the
relationship between public capital and economic growth, both analytically and
empirically. Studies focused on the analytical level treat public capital as either
a flow or a stock. Barro (1990), Turnovsky and Fisher (1995), Turnovsky (2000)
and Agénor (2008), for instance, model public investment as a flow. By contrast,
Futagami et al. (1993), Cassou and Lansing (1998), Rioja (1999), Turnovsky
(1997; 2004), Ziesemer (1990; 1995) among others treat public capital as a stock.

The distinction between the two is subtle but important. Although many
economists argue that it is the stock of public capital (such as roads, railways,
airports, etc.) that is important, and most of the empirical rescarch has been
conducted accordingly, there are also findings that suggest that the flow of public
investment (e.g., government expenditures for public administration, policing- and
maintaining law and order-, and for maintenance of infrastructure) is also produc-
tive. For instance, Easterly and Rebelo (1993) find that public expenditure on
transport and communication significantly raises growth.

In general, empirical studies on the relationship between public capital and
growth revolve around two related questions. First, does an increase in public
capital increase output? Sccond, does additional public investent foster economic
growth? Of course, an affirmative answer for the first question is a prerequisite for
the later question to be relevant at all. Moreover, the possibility of finding a long-
run impact on growth from public capital ecnormously depends on the type of model
selected, whether it is a neoclasgical exogenous growth model or an endogenous
growth model.

In addressing the first question, Aschauer (1989), in an influential work, claims
public capital stock has a large impact on output. Using annual data for the United
States, he estimates the public capital clasticity of output at 0.39. This makes the
estimate much higher than that of private capital, which is about 0.3. Aschauer’s

3Estimation of nonlinear dynamie panel models with IR is important considering that NS
estimation without I'ID may give inconsistent and bissed estimates due to the presence of cor-
relation between the lagged dependent varinble and the error term, Thig correlation docs not
vanish as the number of individuals or time poriods increase. Iowever, estimations with FI are
unbiased and consistent for large time dynamic panel (Bond 2002).
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findings were met with disbelief (Glomm and Ravikumar 1997). Economists knew
for a long time that public capital is an important input in production (See, for
instance, Arrow and Kurz 1970), however, they do not expect its impact to be
higher than that of private capital’s. A series of studies following up on Aschauer’s
have came up with a wide range of estimates. For instance, Kocherlakota and
Yi (1996) estimated the marginal product of public capital to be higher than
private capital. Munnell (1990) estimated the public capital elasticity of output
for the United Statesand at about 0.3. Whereas, Holtz-Eakin (1994) estimated the
marginal product of public capital as approximately equal to zero.! "The wide
range of estimates makes the results of these older studies almost useless from a
policy perspective" (Romp and de Haan 2007, p. 8).

However, recently a consensus has arisen among researchers on the proposition
that the output and growth contribution of infrastructure is significant.® Romp
and de Haan (2007) surveyed a large number of recent studies and concluded that
there is currently more consensus than in the past, in the positive role of public
capital in economic growth. But, this impact seems to be lower than previously
thought. Some of the results have been reported by Canning (1999) using pancl
data for a large number of countries and Demetriades and Mamuneas (2000) and
Kamps (2005) using Organization for Economic Cooperation and Development
(OECD) countries. Calderon and Servén (2004) using a Cobb-Douglas production
function and a large panel data set obtained results showing a significant and
positive contribution to output. Aschauer (2000b), using a data set covering 46 low
and middle income countries, estimated a 10% increase in public capital increases
output by 2.9%. Dessus and Herrera (2000), using a sample of 30 developing
countries, found growth is positively affected by the stock of infrastructure assets.

Many studies related to African countries also show the importance of public
capital to output and economic growth.® For instance, Fedderke et al. (2006)
report for South Africa, spanning the years 1875-2001, a significant finding of
an infrastructure impact on growth. Ayogu (1999) finds a strong relationship be-
tween infrastructure and output using regional panel data from Nigeria. Calderon
and Servén (2008), using a large panel data set over 100 countries, find a posi-
tive significant relation between infrastructure assets and growth in SSA. Their
methodology is that constructing and interacting "synthetic indices" of infrastruc-
ture with a dummy for SSA, and adding them to regression in a linear manner.”
Estache et al. (2005), applying an augmented Solow model with infrastructure
variables on 41 SSA countries, and using pooled ordinary least square (OLS), find
all infrastructure variables (except sanitation) are significantly important to out-
put.® Boopen (2006) also reports a positive impact of transport infrastructure on
economic growth for SSA countries. He estimated dynamic panel model based on
Arellano and Bond (1991) Difference GMM method.

4See Gramlich (1994) for a survey of carlier literature.

SFor recent surveys of the literature in public capital and growth, sce Romp and de Haan
(2007), Ayogu (2007) and Straub (2007).

8See Ayogu (2007) for a survey of the literature.

7See also Calderon (2009) for a similar study.

8 However, their methodology (pooled OLS), at least, faces a risk of potential endogencity of
the regressors even for stock variables,
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However, the Difference GMM estimator would have problems if the time series
are persistent. Unfortunately, output is a highly persistent series. In this chapter,
we apply both Difference and System GMM techniques in estimating a linear
model in the panel data from SSA countries. We also estimate a nonlinear model
of public capital and growth, which we develop in the theoretical section of the
chapter. As noted earlier, the studies (related to Africa) estimate linear models of
public capital and growth implicitly assuming a linear relationship between public
capital and growth in the region. Studies conducted in other parts of the world,
however, indicate a nonlinear relationship between public capital and growth, and
this bas, in turn, important policy implication.

The conventional way of studying the relationship between public capital and
economic growth is by examining the effect of additional public capital, ceteris
paribus. However, a handful of economists study the net effect of extra public cap-
ital given that investing in public capital diverts resources from the private sector
(Sturm et al. (1998) and Romp and de Haan (2005; 2007)). For instance, Aschauer
(2000a) has developed a theoretical model which captures the nonlinear relation-
ship between the public-private capital ratio and economic growth. Using a United
States data set, he found the actual levels were below the growth-maximizing level.
Kamps (2005) used Aschauer’s methodology for European countries, and found
that there is no lack of public capital in most "old" European countries. Miller
and Tsoukis (2001) studied for middle and low income countries and concluded
that the actual level of public capital is suboptimal in these countries. While we
study the level of public capital that maximizes growth for countries of SSA, at the
same time we cormplement this literature through employing more robust nonlin-
ear estimation techniques (such as estimating NLS including individual countries’

Why does public capital matter for cconomice growth? Various potential chan-
nels are mentioned in the literature. The most commonly cited channels involve
infrastructure’s role in enhancing the productivity and complementing the accu-
mulation of private capital. Public capital increases the productivity of private
inputs and hence affects output and growth. Putting it differently, it reduces
private production and transaction costs. By applying a cost-function model to
the United States manufacturing data, Cohen and Paul (2004) argue spillover from
public infrastructure have cost savings, and thereby productivity effects on private
enterprises. Teruel and Kuroda (2005) find public infrastructure reduces produc-
tion cost in agriculture, by applying a translog cost-based model to the Philippine
regional agricultural data.

The magnitude of the productivity increase attributable to public capital de-
pends on a variety of factors, such as the initial level of the public capital stock,
efficiency and congestion effects. Hulten (1996) presents empirical evidence which
suggests the efficiency of public capital is more important than the size of the
stock. Agénor and Moreno-Dodson (2006) argue that infrastructure may have a
particularly large effect in countbrics where the initial stock of infrastructure is low.
Demetriades and Mamuncas (2000) show that countries with small public capital
stocks have the highest marginal productivity return on public capital.

Public capital could also boost economic growth by stimulating private capital
formation. The existence of developed infrastructure may attract private and
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foreign investment. Through expansion of infrastructure— building new roads,
dams, bridges, power plants and networks- developing countries in particular pave
the way for an influx of trade and foreign direct investment that are important
channels of knowledge spillovers.

Other indirect channels through which public capital could affect economic
growth include reducing adjustment costs, increasing the durability of public cap-
ital, and an aiding education and health.?

5.3 Theoretical Description

Whether or not public capital is found to have a long-run growth effect will very
much depend on the type of model employed. In neoclassical growth models,
exogenous technical progress is the source of long-run growth, leaving no room for
policy decisions to have long term effects on economic growth. Therefore, a shock
to the infrastructure stock will have a transitory effect on the economy, affecting
only the level of (long run) output. By contrast, in endogenous growth models,
policies may have a lasting impact on growth rates. Hence, in these modcls, a shock
on public capital may influence both the long-run growth rate and the output level.

In this section, we develop a simple endogenous growth model in an overlapping
generation framework where agents live two periods. The model will be used as the
basis for the empirical analysis in a later section of the chapter. In the model, the
capital stock is treated as long lasting and geometrically depreciating in contrast
to the standard linearly depreciating. That is, in both private and public capital,
current investment adds to the stock each period but at the same time the stock
depreciates at a constant geometric rate. The specification is also used in a study
by Cassou and Lansing (1998) who model public capital stock in an infinitely
lived agents economy, in which a benevolent government solves a dynamic version
of the Ramsey-type optimal tax problem. In contrast, we model it in a finite
two-period-lived household economy. Our model explicitly captures the nonlincar
relationship between both the flow and the stock of public capital and economic
growth,'? which can be readily estimated using standard econometrics methods.

The model is presented in detail in the box and the appendix while here we
discuss some of the important results. Theoretically, public capital is believed
to have a nonlinear relationship with growth. The reason is that, first, public
capital has both positive and negative economic consequences. That is, as well as
promoting output and growth by complementing and enhancing the productivity
of private inputs, it also discourages private capital accumulation through diversion
of resources (distortionary taxation). Second, as of any capital, public capital also
faces diminishing marginal returns to output. Therefore, when the initial public
capital stock is particularly low, the return is higher. In that case, the positive
effect dominates the adverse effect. But if there is too much public capital at the
outset, the positive effect will be overwhelmed by the negative effect.

98ee Agénor and Moreno-Dodson (2006) for a detailed discussion.

10Much of the theoretical literature in growth aund public capital model public capital cither
a flow (e.g., Barro 1990) or stock variable (e.g., a Futagami et al.1993), Refer the discussion in
Section 5.2.
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In the model presented in the box and Appendix 5.A, equation (5.14) captures
the nonlinear relationship between public capital and economic growth. This is
shown in the third term, where the public-private capital stock ratio % is non-
linearly related to growth. Equation (5.15) shows the growth-maximizing public-
private capital stock ratio %*, which is determined by the elasticity of output o,
and other parameters, such as the depreciation rate 4, the technology parameters
B, and the discount factor . The optimal flow of public investment (the growth-
maximizing government expenditure) is given by equation (5.17), which is equal
to the public capital elasticity of output «.
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Box: A Public Capital and Growth Model
Consumers

We use an overlapping generation model with a representative agent, of
logarithm preferences. When young, during the first period of life, indi-
viduals are endowed with a unit labor which they supply to firms inelas-
tically. Their income is equal to the wage income w;. Government taxes
this income with a fixed flat rate tax 1 in order to finance public capital.
The individuals allocate after tax income between current consumption
c; and saving s¥. When they are old, they consume what they have saved
in the previous period plus the after tax return from saving, cyq .

u(cp 1) =Ine + Blneyy (5.1)
st = (1—-)w, (5.2)
cer = (T4r(l—9))st (5.3)

where 7 is the interest rate. Private capital is accurnulated according to
the following equation,

ker1 = Bok; ~*(s})° (5.4)

where k; is the private capital stock.
Government

The government budget is always balanced and given by,

5y = Y (5.5)

where s and y, are public investment and aggregate income, respectively.
We normalize the population size to one (L = 1) so that aggregate values
are equal to average values. The public capital accumulation equation is

Ge1 = B1G°(s])’ (5.6)

where, G; and § are the stock of public capital and depreciation, respec-
tively. Here, we model public capital as a long lasting. In both private and
public capital, current investment adds to the stocks each period. The re-
lationship between the new investment and the next period capital stock
is governed by the parameters § € (0,1] and {Bg, B;} > 0. For the case
§ =1 and {By, By} = 1, capital depreciates fully as in some models which
assume a full and linear depreciation of capital (e.g., ki1 = (1—8)ks -+ sF

).
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Firms

The production function is a Cobb-Douglas function, as in Glomm and
Ravikumar (1997). Thus, the production function, for the final good y,,
of individual firm is

Yy = AGk, @ (5.7)

The firm’s problem is a static one. At any point in time, the firm maxi-

mizes profit within a competitive economy setting, taking prices and pub-
lic capital as given:

Magm = AGEk™ —wy — 1k (5.8)

The first order condition for profit maximization is r, = (1 — @) 4,G%k; .

In addition, the zero-profit condition in the competitive economy leads to
the wage rate,

wy, = aAGEkl ™ (5.9)
Competitive Equilibrium
According to the above descriptions, the representative household of pe-
riod ¢ solves the following problem, obtained by substituting (5.2) and
(5.3) into (5.1),
MazIn((1 -~ )y ~ $F) + BIn ((1++ry)sk) (5.10)
Ly

taking prices and public capital variables (1, 7, w; and G) as given. The
optimization yields,

8 2’ s -««-w--m: ----- :_,_..;_.._.,,_ ( 5 . 1 1)

Equation (5.11) shows the agent’s optimal saving as the function of her
wage income.
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Growth

In the balanced growth path, the public-private capital stock ratio is con-
stant, and is given by (see Appendix 5.A for details on the derivation),

1
i
G_(B)i1+p v 612
k By Ba 1—1

In other words, the public and private capital stock grow at the same rate,
ie,vy=In g&—‘tﬂ =In kﬂkti This is also the rate of growth of the economy
(see Appendix 5.A),

af G
1+ﬁ+5ln(1—w)+6aln—]; (5.13)

Solving for 1 of (5.12) and substituting the result into (5.13),

Yy=InBy+dlnA+dn

Bo ()"
Y=InBg+48nA+4dln +dn k T (5.14)
k 1+8 \ B

Equation (5.14) represents the growth rate of the economy as a function
of the steady state public-private capital stock ratio % The last term of
(5.14) captures the nonlinear relationship between economic growth and
the public-private capital ratio, in the same spirit as Aschauer’s (2000a)
equation (5.13) (but different in the contents).

The growth-maximizing public-private capital stock ratio %* is derived
by taking the first derivative of (5.14) with respect to %,

G* a 1+B8(B\?*

k~(1-a) B \B
With regard to the flow of public capital, s, we substitute (5.12) into
(5.13), and use (5.5), to get

(1—a)é g\ S(l—a) g\ S
=In Bl Bt A 11n [ 2P -+ -5 s
TERS S +n(lJrﬁ e A y

(5.16)
Equation (5.16) is the growth rate of the economy as a function of the
steady state ratio of public capital -Sy—] By differentiating (5.16) with

(5.15)

t

9
respect to %—i, we get, the following familiar result, typical in Barro-type
models,

g9*
P (6.17)

According to (5.17), the growth-maximizing level of public investment (as
a fraction of output) %’ is equal to the output elasticity of public capital.
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5.4 Empirics

Data

In this section, we empirically investigate the relationship between the flow of
public capital and growth for SSA countries.!! We use the panel data from SSA
countries to determine the relationship between the flow of public capital and
economic growth, and to estimate the elasticity of output with respect to public
capital. We analyze the data extensively using both linear and nonlinear models.
We apply dynamic panel data techniques in estimating the linear model. We
estimate the nonlinear model using the model developed in the previous section.
We use equation (5.16) (described in the box) to estimate the nonlinear relationship
between public capital and growth, and to determine the elasticity of output to
public capital while we appeal to (5.17) in estimating the growth-maximizing level
of public capital and hence comparing it to the actually existing levels.

The data used in the chapter cover 29 SSA countries for the period 1960 to
2004 (in prices of the year 2000), for all of the variables except public and private
investment for which data are available for the period 1965 to 2003.1? Important
variables include the level and growth rate of gross domestic product (GDP) per-
capita, public investment, private investment, investment price, population and
life expectancy. The data come from different sources. The data for the GDP
per-capita and investment price variables are obtained from the Penn World Table
6.2 (Heston et al. 2006) while data for the public and private investment variables
are extracted from the World Bank African Database (World Bank 2005). Data
for the rest of variables are obtained from the World Bank (2007).

Table 5.1 provides summary statistics for cross section units of the countries
used in the study. The Table summarizes the averages of all the variables, used in
the study, for each country over the study periods. The average public investment
of these countries over the period 1965-2003 is 8.28 percent of real GDP while
the average growth rate over the period 1960-2004 is 0.63 percent. The minimum
and maximum growth rates of the average growth rates of the 29 SSA. countries,
over the specified period, is -1.88 and 3.52 percentages. For public investment, the
average values invested by these countries over the period 1965-2003 vary between
2.66 and 18.67 percent.!®

Public Expenditure and Growth: Linear Model

We estimate both lincar and nonlincar models in characterizing the relationship
between public capital and growth. The model below assumes simply a linear

H'We limit this study to the flow of public capital because data on public capital stock arc
either limited or unrelisblo, "This is, mainly, due to the fact that construction of public capital
stock data depends on rather arbitrary agsumptions about depreciation and initial capital stock.

L2 Countries arc included in the study based on data availability. As a vule of fhwmb, conntries
are excluded if they have more than three missing observations in their public capital variable
after the year 1985, and\or, of course, have no data ak all for any of the variables used in the
study.

13Zimbabwe and Guinea-Bissau rogistered khe minimum and maximum public investment

whereas Sierra Leone and Swasiland registered the minimum and maximum growbh rake, respoc-
tively.
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Table 5.1: Summary statistics for SSA countries over the period 1960-2004

Variable Mean  Std. Dev. Min Max N
Growth Rate (%) 0.631 1.135 -1.882 3.518 29

GDP per Capita(10°) 1810.078  2493.447  518.3683 13421.38 29

Public Investment (%) 8.281 3.48 2.655 18.667 29
Private Investment (%)  10.931 5.898 2.241 31.162 29
Investment Price 115.942 76.24 43.303 366.287 29
Population Growth (%) 2.55 0.447 1.757 3.572 29
Life Expectancy (year) 45.467 4.809 37.34 53.532 29

Notes: The data for public and private investment cover the period from 1965 to 2003.

relationship between the flow of public capital and growth:

Growthy = by+ biGDPy;_y + by Publicl nvesty;
+bs PrivateInvesty, + by I nvest Price;,
+bs Popy; + bgLi fe Bxpect;,
+u; ey (5.18)

Where Growth,;, Publicl nvesty, v; and e;; denote a growth rate, a public investment-
GDP percentage, unobserved country-specific effect and an error term, respec-
tively. Whereas GDPy;_4, Privatel nvesty, Invest Price;,, Pop;, and Li feExpect;,
represent control variables, i.e., a period lagged GDP per-capita, private investmeni-
GDP percentage, investment price,'* population and life expectancy, respectively.'%
@ refers to individual countries and ¢ refers to particular time periods. All the ex-
planatory variables will be regressed in their logarithmic values.

For convenience, we rewrite equation (5.18) as

Vit = bo +biyi—1 +bXip +v; + ey (5.18"

where v, yi—1 and X, represent growth rate, a period lagged GDP per-capita
and other explanatory variables, respectively. Equation (5.18') is basically a dy-

" Investment price is used as a proxy indicator of market distortions (such as tariffs, corrup-
tion, etc.). It is frequently included in growth regressions, in the literature, and it measures how
investment cost varies among countries (e.g., Forbes 2000). It is calculated as the purchasing
power parity for total investment djvided by exchange rate times 100.

18 Initial GDP per-capita, investment price and life expectancy are some of the robust, variables
in growth regression (see Bleaney and N ishiyama 2002 and Sala-i-Martin et al. 2004 ) that justifies
their inclusion in growth regression. Sala-i-Martin et al. (2004) reported that these variables are
among the eighteen robust variables.
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namic panel data model. We see that immediately if we rewrite the equation with
growth expressed as the difference in income level, y;; = y; — ¥41—1, and add initial
income ;11 to both sides,!®

Yie = bo + e1Yi—1 -+ bXy + v; + e (5.18")

where ¢y = by + 1.

Equation (5.18") shows a dynamic panel data model. The lagged dependent
variable is explicitly modeled on the right hand side of the equation. Estimat-
ing (5.18") or (5.18") as it is, using standard methods, may yield a biased and
sometimes inconsistent result. The Ordinary Least Squares (OLS) estimators are
biased and inconsistent due to the presence of correlation between the explanatory
variables ;-1 and the composite error term (v; +- e;), and this correlation does
not vanish as the number of individuals or time periods increase (Bond 2002).
The OLS estimator of the lagged variable is biased upward in large samples. On
the other hand, the Within Groups\fixed effects (FE) estimator of the variable is
biased downward. However, in the case of large time periods, the FE estimator
is comsistent and unbiased (Bond 2002). Later on, we estimate a nonlinear model
for large time periods using FE.

Dynamic Panel Data GMM Estimation

Now, we estimate the models, in (5.18") or (5.18"), using the generalized method
of moments (GMM) technique, which is developed by Holtw-Eekin et al. (1988)
and further improved by Arellano and Bond (1991), Arellano and Bover (1995)
and Blundell and Bond (1998).17

The general procedure in the dynamic pancl GMM method is, as it is well
known by now, first, to remove the individual effect, taking first differences, and
search for instruments for the differenced lag dependent variable, and then use
these instruments in GMM procedure to get efficient estimators. Particularly,
Arellano and Bond (1991) (following Holtz-akin et al. 1988) developed the Dif-
ference GMM - a method that use past levels of lagged variables ag instruments in
GMM procedure, alter first-differencing, First differoncing is required to eliminate
the unobhserved country specific effect and hence to deal with the existing endo-
geneity between the lagged variable and the crror term, for example, between gy
and (v; + ey), respectively, in equation (5.18") . Although this process creates a
new form of endogeneity, it could be dealt with using internal instruments. For
instance, first differencing (5.18") to remove v; gives

Yir = Do + 1 AYspy + DAXy - Aeyy (5.19)

10Racall that Vi i8 exprossed in it logarithmic value, That is, for ingbance, i == In Yy, where
Yi¢ is GDP per capita of counbry 4 al time &

Y7 Noto that dynamic GMM has some more advantages ovor P13, particularly, in dealing with
endogencity problems (other than that of created due to a presence of lagged dependent variable).
The Within Groups estimation, for instance, may control an endogeneity problom that arises due
to the presence of unobsgerved individual effect, but it might not deal properly othor forms of
endogeneily (e.g. endogoneity due 1o reverse cansality between public capital and growth), The
GMM approach intringically, however, deals with this form of endogencity (by using internal
instruments).
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where Ayiz_1 = Yir—1 — Yir—2y AXip = Xt — Xy—1 and Aey = ey — ejp—1- I?ut,
in (5.19), Ay;;_ is still correlated to the new error term Ae;, by coxxstzr11<:t}or1.
Arellano and Bond (1991) used internal instruments (built from past observations
of the instrumented variables) to deal with this (and other endogeneity problem
related to the rest of the covariates).

Under the assumption of sequential exogeneity and that the error term e is uo(t
serially correlated,!® Arellano and Bond (1991) instruments Ay;;—y with Yirz.?
The Difference GMM estimator thus uses the following moment conditions:

Elyi—rAey) =0for k> 2;t=3,..,T (5.20)

However, the Difference GMM estimator would still have problems if the time
series are persistent.?’ In this case, the lagged levels of the variables are weak
instruments for the subsequent first differences that might result in downward
biased coefficients with large asymptotic variances.?! To deal with the problems,
Arellano and Bover (1995), and Blundell and Bond (1998) later, developed System
GMM- estimating the equation of interest simultaneously in differences as well as
levels, in which the two equations have been distinctly instrumented. While the
instruments for the difference equations are the same as above, the instrumoents
for the level equations become the lagged difference of the corresponding variables.
The additional moment conditions available for the Systermn GMM is thus:

E [Ayit—1 (vi+eiy)) =0 for each ¢t > 3 (5.207)

Standard assumptions for consistency of the GMM estimators are related to
the validity of the instruments and that whether the error term are not serially
correlated. The Sargan test of over-identifying restrictions is usually conducted
to determine the validity of the instruments. And, the test for second order se-
rial correlation can also be easily conducted during the GMM estimation. Re-
cently there is also another important concern, emphasized by Roodman (2007),
"instrument proliferation". In both the Difference and System GMM, nurnerous
internal instruments can easily be generated. Roodman (2007) warns "that too
numerous instruments, by virtue of being numerous, can overfit endogenous vari-
ables." Consequently, coefficients of the estimators could be biased towards the
non-instrumenting estimators. Thus, he strongly suggests reducing the number of
instruments, particularly, in System GMM.

'8Sequential exogeneity (weak endogencity) means that explanatory variables (e.z., wi—1)
are uncorrelated to future values of a time varying error term (e.g., eit, €it4-1y.-.) bt could be
correlz?tcd to the current (e.g., es—1) and past values (e.g., eit—2..) (Wooldrige 2002).

YGimilar instruments can also be geucrated in regard to other covariates (X;i) that are
thought to be endogenous.

20GppP per capita is a highly persistent series. See, for instance, the cocflicient estimate of
the lagged GDP per capita for OLS, in Table 5.6 (Appendix 5.B).

21 : : . o
F:or instance, il ¢; is close to unity, in 5.18", then the variables (Yit—a,-.-Yi0) tends o be
weak instruments for the Ay;;_;.
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Result Of GMM Estimation

Table 5.2 presents estimation results of the model, in (18"), using both System
and Difference GMM.?? The data used cover the period 1960-2003, with five years
average. In all of the regressions, public investment is treated as endogenous and
thus instrumented using internal instruments that are built from past observations
of the variable, similar to the lagged GDP per-capita variable. In Table 5.2,
the first and second column report the Difference GMM estimators with varying
instrumnental sets.?) Whereas, the third column provides estimation results for
System GMM with reduced number of instruments.?

The GMM estimators generally support strong relationship between public
capital and economic growth in SSA countries. But, as expected, the result from
the Difference GMM estimation shows a symptom of weak instrumentations.2
The coeflicient estimates for the lagged variable Y;;_1, in the Difference GMM es-
timations, column one and two, -0.37 and -0.34, respectively, are biased downward
more than the coefficient estimate of the Within Groups estimator, -0.3.26 How-
ever, as discussed above, the FE and OLS estimators are expected to be biased
downward (for small time period) and upward, respectively. And hence, we expect
an unbiased consistent estimator to lie between these two.

The result for System GMM seems quite satisfactory. The coefficient estimate
for the lagged GDP per-capita lies between the OLS and Within Groups estima-
tors. All the regressands are reported significant, and posses the right sign. The
coefficient estimate for public capital is about 0.21 percent, and is significant at
1% level. The coeflicient estimates for the rest of the control variables have also
the right sign, and are significant, in line with the literature. The Sargan and the
Difference Sargan test of over-identification in the Systern GMM estimation are
also satisfied.?” Moreover, there is no second order serial correlation, a critical
assumption required for consistency of the GMM estimators.

220L8S and Within Groups regressions are also conducted using the same daia and variables
as benchmarks. The results are reported in Table 5.5 (Appendix 5.13).

2 During first differencing, i the Difference GMM, the constant term is climinated. Period
dummics are thus included, which are not reported.

HMngtruments are collapsed as suggested by Roodman (2006; 2007).

25 he reason for that is that GDP per capita is a highly persistent series. For instance, the
coeflicient cstimate of the lagged GDP per capita in the un-instrumented QLS regression is -0.007
(Appendix 5.B, Table 5.5, column 2).

%6800 colwmn 1 of Table 5.5 (Appendix 5.3).

2 The dilference Sargan test of ovar-idontification, in the System GMM, has a p-velue of 0.390.
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Sensitivity analysis of the results to further varying the number of instru-
ments and a different specification is conducted. Table 5.3 reports regressions
results where period dummies are included in all regressions, and, lagged GDP
per capita, public investment, population and investment price are treated as en-
dogenous. The results (particularly, in the System GMM) also show that there
is a significant relationship between public capital and the growth rate of SSA
countries. Coeflicient estimate of public capital in the system GMM is about 0.12
percent, which is lower than the previous estimate but highly significant. The
coeflicient estimates for the most of the control variables are also significant, and
have the right sign.

However, the System GMM estimator for the lagged dependent variable in
Table 5.3 shows a symptom of "instrumental proliferation," in which the number
of instruments is 41. Consequently, (as noted by Roodman 2007), the lagged GDP
per-capita has a very high coefficient estimate (~0.003), which is biased towards
the non-instrumenting OLS estimator.?® Therefore, the System GMM estimates
in Table 5.2, are preferable, in which the number of instruments is 18 and hence
the coefficient estimate for the lagged dependent variable is reasonably smaller
(-0.216).

28 Refer Table 5.5 in Appendix 5.B.
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Public Expenditure and Growth: Non-Linear Model

We now test the nonlinear model derived in the theoretical section of the chapter.
We appeal to different nonlinear estimation approaches in determining the nonlin-
ear relationship between public capital and growth, and in estimating the public
capital elasticity of output. We use nonlinear least square (NLS), weighted non-
linear least square (WNLS), and nonlinear seemingly unrelated regression (SUR)
where countries’ FE are also included.?’ Kamps (2005) used NLS technique in es-
timating the elasticity of output of public capital, and the coeflicient of a nonlinear
public capital function for European countries, but without FE.

Thus, for the nonlinear estimation, recall equation (5.16), in the hox, which
shows a nonlinear relationship between public capital and economic growth:

(1—a)é g\ (1—a)é g\ ad
= In (BLB2 5y (22 _ s
v=1In(B; f)+mnA +ln(1_|_ﬂ +Infl1 ” ”

C()I\;;ﬂ.n(;ﬁ
(5.16)
The first three terms in (5.16) are simply constants whereas the last term is a non-
linear function of public capital.3’ We may rewrite (5.16) (with control variables
and error terms) in a panel form:

Yir = G0 + a1 My + Xy ey (5.21)

where o and ¢;; denote the constant and error terms, respectively. And, v,,, M
and X, represent growth rate, nonlinear function of public capital, and control
variables, respectively. My, is defined:

e (-5, (),
) Y/ u Y/u

We use equation (5.21) to estimate the nonlinear public capital cocflicient a,
and the output elasticity of public capital o using FE nonlinear regression meth-
ods.8! We first insert Mj, into (5.21) and then estimate the parameters ag, a1, @
and ay (coeflicients of control variables which are included in the regression). We
include main control variables of growth regression (such as a lagged dependent
variable, private capital, and population growth rate) in the nonlincar regressions.

20The SUR method takes into sccount the contemporancous corrclation in residuals of the
country specific equakions, Whereas, the NWLS method usually involves two-shep estimation
procedure. That is, NLS is appled to & weighted data where the weights are estimated in the
first stage (of using NLS), There are efficiency gains from uging NWLS compared to NLS.

30Rceall that -y and i’yi ropresent growth rate and public invostment-GDP ratio.

31 R estimations are unbiased and consistent for large time dynamie panel unlike OLS estima-
tion (Bond 2002). The lagged dependent variable, which is usnally included as a control variable
in growth regressions, croates inconsistency and biasedness (that do not vanish with increasing
time period) due to its correlation with the error term, in QLS regression.
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Table 5.4 presents the results for the estimations of (5.21) using nonlinear SUR,
WNLS and NLS with FE, using the data for 28 SSA countries.3? The results are
quite satisfactorily. The output elasticity of public capital « is significant at 1%
level in all estimates, whereas the coefficient estimate for the nonlinear function
of public capital M is significant at 1%, 5% and 10% levels, in the nonlinear SUR,
WNLS and NLS, respectively. Although the coefficient estimate for the lagged
public investment variable has a negative sign, its total effect is positive in all of
the regressions. The estimate for the public capital elasticity of output is about
0.16, using any of the methods. The coefficient estimate for M (the nonlinear
public capital function) is about 0.3, 0.22 and 0.28, in the nonlinear SUR, WNLS
and NLS estimation techniques, respectively. The WNLS estimate is similar to
that of the Systern GMM estimate of the coefficient of public capital in Table 5.2,
which may make it more preferable. Moreover, the coefficient estimates for the
lagged GDP per capita are in line with theory.3

32 Ag a way of mitigating the influcnce of outliers, we exclude countries with unusual investment
expericence (specifically Gabon). In Gabon, public investment in the year 1976 (afier the country
became a full member of OPEC in the preceding year) is 37.4 percent - the highest of all
obscrvations of all periods. In the linear models, we have averaged the data over five year
periods that would smooth out any outlier’s effects. In the nonlinear models, however, large time
periods (for the FE estimation) are required so that averaging the data over time periods is not
feasible.

33Bond (2002) argued that in small time period, the FE estimator of a lagged dependent
variable becomes biased downward. This is demonstrated, for instance, in Table 5.5 (in Appendix
5.1) that the estimate for the lagged GDP per capita (-0.3) is quite small, for nine time periods
pancl compares to the FE estimates (which ranges between -0.16 to -0.13 ) in Table 5.2 for larger
time periods (thirty eight time periods panel).
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Is Public Investment Growth-maximizing in SSA countries?

From equation (5.17), the growth-maximizing government expenditure to GDP
ratio is equal to the elasticity of output of public capital, 51} = a. In Table
5.4, using nonlinear SUR, WNLS and NLS with FE, & is estimated to be about
0.16. This estimate is lower in general compared to other estimates for the output
elasticity of public capital. But, our finding is robust considering the various
nonlinear estimation techniques we have employed to find more or less similar
estimate for a. Moreover, the techniques we have applied are more robust than
earlier studies that used NLS in estimating the public capital elasticity of output
because we have included individual countries’ FE in our regressions.

In estimating the public capital elasticity of output, and in determining the
coefficient of a nonlinear public capital function, earlier studies usually rely on
calibration or NLS (without FE) techniques.3* For instance, Aschauer (2000a)
estimated the public capital elasticity of output about 0.3 for US states using
parametrization technique.3®> Kamps (2005) estimated for European and OECD
countries about 0.2, using NLS (but, without FE). Whereas, Miller and Tsoukis
(2001) calibrated their model to estimate about 0.18, for a wide range of low and
middle income countries.

Public investment in most of the SSA countries which are studied in this chap-
ter is much smaller than the growth maximizing level. From the descriptive sta-
tistics, in Table 1, the total average public investment is 8.28 percent of GDP,
which is quite a bit less than the growth-maximizing public investment, about 16
percent. More than 93 percent of the observations in public investment are below
the growth-maximizing percentage, between the year 1965-2003.%6

Figure 5.1 and 5.2 show each sample countries’ average public investment for
the period 1965-2003, and the public investment made at year 2000, respectively.?”
According to Figure 5.1, out of 29 SSA countries, only two countries Guinea-Bissau
and Lesotho have an average public investment-GDP percentage slightly greater
than 16 percent. Whereas, Figure 5.2 reports that Mauritania had public capital
expenditure-GDP percentage which is greater than 16 percent at year 2000.

5.5 Conclusion

In this chapter, we made a theoretical and an empirical study of the growth impact
of public capital-, taking the case of SSA countries. We also made a detailed the-
oretical and empirical literature review on the topic. We developed a model that
captures the nonlinear relationship between public capital and economic growth,
which we used as the basis for the empirical analysis. We investigated the rela-
tionship between public capital and growth, empirically, using both a linear and

341n fact, with respect to estimation of linear models, various methods have been implemented
such as using simple production finction (i.e., simply taking the log of a production function that
include public capital, and cstimating the elasticity of outputs), applying vector antoregression
modecls, and using a cost function. Sce Romp and de Haan (2007) for a detailed discussion.

35his makes Aschauer’s estimate of public capital elasticity of output for the United States
as high as approximately equal to that of private capital.

360f course, growth maximization is not necessarily the same as welfare maximization. But
values below the growth maximizing oues indicate the potential to increase growth rates.

37See Table 5.6 for list of countries used in the study.
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Figure 5.1: Average public investment (years 1965-2003)
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the nonlinear setup. Using the model, we estimated the public capital elasticity
of output, determined the growth-maximizing level of public investment and com-
pared it with the actual lovel of public investment existed in SSA countries. We
found that not only public investment highly matter to economic growth of SSA
countries but also many of these countries had public investment much below the
level that maximizes growth, indicating a potential to increase growth.
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Figure 5.2:
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Appendix 5

5.A Growth Rate

To get equation (5.12), first substitute equation (5.11) into equation (5.4), and use
(5.9), to get the following difference equation for private capital accumulation,

(1 - 9)(aAG2k™)BY
T ﬁ‘ ’ ) (5.A.1)

W then get the difference equation for the public capital stock by substituting
(5.5) into (5.6), and using (5.7),

ki = B()ktl~6 <

Gurt = BGI P (A,GE®)} (5.A.2)

The dynamics of the economy are driven by the above two equations, (5.A.1)
and (5.A.2). Dividing (5.A.2) by (5.A.1), and after some manipulation, we get

G/,+1 . G, 1“6131 1-}—,3 1/) §
(%) a(S) oA

The dynamics for (5.A.3) converges to a constant public-private capital stock
ratio in the long-run, and hence becomes, as shown in equation (5.12),

G (Bl)’l”l—l-ﬁ P

#"\B) B 1-9

Since the growth rate is

v =Inky1 —Ink,
by simply taking the logarithm of (5.A.1), we get equation (6.13), as given by
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G
y=lnBy+délnA+ihma+dhn —|—61n(1—1,1))+(5alnz

B
1+ 8
G

since in the steady state the public-private capital stock ratio is given by % =Z.

5.B Other Regressions and Tables

Table 5.5: Growth and public spending, FE and OLS, 5 years average

Coefficients Fixed Effects Ordinary Least Squares
constant 2.416%%* -0.489
(0.791) (0.371)
L.GDP per capita -0.301%** -0.007%x*
(0.075) (0.019)
Private Investment 0.014 0.024%*
(0.015) (0.012)
Public Investment 0.077%** 0.07Q***
(0.028) (0.022)
Population -0.027 0.022*
{0.051) (0.013)
Investment Price -0.053 -0.024
(0.038) (0.021)
Life Expectancy 0.017 0.074
(0.123) (0.090)
F 18.23 821.08
R? 0.490 0.972
No. of Observations 149 149

Period (5 years average) 1960-2003 1960-2003




5.8. Other Regressions and Tables

Table 5.6: Countries used in the study

| ISO Code | Country Name
BDI Burundi
BEN Benin
BFA Burkina faso
CAF Central african republic
CIvV Cote d‘ivoire
CMR Cameroon
COG Congo, republic of
ETH Ethiopia
GAP Gabon
GHA Ghana
GIN Guinea
GMB Gambia, the
GNB Guinea-bissau
KEN Kenya
LSO Lesotho
MLI Mali
MOZ Mozambique
MRT Mauritania
MWI Malawi
NER Niger
RWA Rwanda
SEN Senegal
SLE Sierra leone
SWZ Swaziland
TCD Chad
TGO Togo
TZA Tanzania
UGA Uganda
ZWE Zimbabw




CHAPTER O

Poverty Trap and Public Capital

6.1 Introduction

In traditional economic growth models, efficient practices predict efficient out-
comes.! In a perfectly competitive economy, agents make perfectly rational de-
cisions that unanimously lead to unique, high-income equilibrium outputs. How-
ever, a snapshot of the real world provides a different picture: the fact is that
both eflicient and inefficient economies coexist. Theoretically, deviations from the
neoclassical benchmark could generate inefficient outcomes along with efficient
ones. A number of papers, for instance, show that multiple equilibria are likely to
rise when fertility is endogenous,? technologies are non-convex,® income inequality
prevails and/or the capital market is imperfect,* etc.’

This chapter presents other possibilities that could cause multiple equilibria,
along with a qualitative analysis (using phase-diagrams) of the role of growth-
maximizing public investment in poverty trap which are rarely addressed in the
literature.® The study shows analytically how a poverty trap could arise due to
side effects related to ongoing economic progress, and examines the role of growth-
maximizing public investment in evading it.

It is well acknowledged while economic development has tremendous bene-
fits (e.g., improved health and education quality), it also has downsides (e.g., a

! Classic examples arce Solow (1956), Romer (1986), and Lucas (1988).

“Becker of al. (1990).

3 Azariadis and Drazen (1990).

1 Galor and Zeira (1993) and Galor and Tsiddon (1997).

58ce also Galor (1996), Azariadis (1996), and Azariadis (2006) for more models with multiple
equilibria with subsistence consumption, impatient government, incomplete market, monopolistic
competition in product or factor market, augmented human capital, externalities, and income
distribution.

8Galor and Tsiddon (1997) have done qualitative analysis (using phase-diagrams) on tech-
nology’s effect on poverty trap. Avariadis (2006, p. 32-34) presents an informal discussion of the
role of public policy in ¢conomices characterized by multiple cquilibria and poverty trap,
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temporary increase in income inequality, pollution, skilled migration, and lower so-
cial cohesion).” Some of these phenomena may seriously damage further economic
progress. For instance, a temporary increase in brain drain (skilled migration) dur-
ing an economy’s takeoff could potentially cause poverty trap, and the literature
provides no reason why it should not. Sometimes referred as "migration humps,
or temporary increases in emigration during a country’s economic take-off,"® this
is both a notable and a theoretically and empirically supported phenomenon that
is detrimental to economic growth.

We have thus developed a model that shows economic development not only
as a source of positive learning-by-doing externality that enhances further pro-
ductivity, but also as a source of negative externality that discourages it. In the
model, therefore, production takes place in an environment where learning-by-
doing externality prevails, in line with Arrow (1962), Frankel (1962), and Romer
(1986), which complements individual production and hence promotes endoge-
nous growth. However, along with this learning-by-doing externality, a negative
development-related externality also exists, which deters individual and aggregate
productivity. The development-related problem is a temporary phenomenon par-
ticularly assumed to arise at the initial stage of economic growth, and then decline.
We focus on a particuloer instance of "migration hump" type brain drain as the
development-related problem.

In the model, individuals accumulate human capital via private and public
inputs while using it for goods production. Production of final goods takes place
using Newman and Read’s (1961) production function. This is a generalized Cobb-
Douglas production function, but for a certain value of its parameter it contains
the popular CD function. It is less restrained on technologies; specifically, it
is a variable elasticity of substitution (VES) production function rather than a
standard CD production function. We use certain parameters of the Newman-Read
production function to denote the development-related problem, in particular the
"migration hump" effect.

The dynamics of the economy described above, for a range of parameters,
yields a multiplicity of growth paths with possibilities that the economy could
converge to a low or high equilibrium depending on initial human capital wealth.
In the model, economies that start out below a certain critical value of initial
economic development (or initial human capital wealth) may converge to the low-
income equilibrium (poverty trap). However, they could monotonically converge
to the high-income equilibrium if their initial human capital wealth is beyond the
threshold value. The multiplicity of growth paths is mostly related to changes
in technological states. The hump-shaped brain drain "interchanges" increasing
for decreasing returns to social input (aggregate human capital), which gives the
production function a convex and concave curvature at the bottom and upper part
respectively.?

This chapter analyzes the role of growth-maximizing public investment in the

7See, c.g., Kuznets (1955) for a temporary increase in income inequality during an economy’s
take-off.

8 Martin and Taylor (1996, p. 45).

980e Avariadis and Drazen (1990) for more information on how interchanging increasing to
decreasing returns to a social input could result in multiple equilibria.
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poverty trap model. Although policy may not necessarily enable a country to
evade poverty trap, its role in the economy described above is important.'? In the
model, a policy shock changes the threshold value of the poverty trap. But whether
the change enables the economy to evade the trap depends on other exogenous
factors, such as the history and technology of the country at stake. In general,
the effect of public policy in evading poverty trap is undecided in the model. (1)
On the one hand, a policy shock could result in a growth miracle. Optimal (in
terms of growth-maximizing) public investment may create a growth miracle by
increasing the human capital stock from slightly below to slightly above the critical
threshold value that determines the long-run growth path of the economy. It could
even abolish the poverty trap and thus create an opportunity for the economy to
move to a unique and globally stable high-income steady state equilibrium.!! (2)
Alternatively, a policy shock could change the critical value, but not enough to
evade the poverty trap. In other words, the change may not leave the country
above the threshold value, and hence the economy will inevitably converge to a
low-income steady state equilibrium.

The proposition that brain drain could cause poverty trap is based upon two
main premises that are largely supported by empirical evidence. The first is that
there is a nonlinear relationship between migration and economic development.
That is, economic development is one of the fundamental, driving forces of oui-
migration that rises at the initial stage of economic growth and then declines
(see, e.g., Martin and Taylor 1996; Hatton and Williamson 2005; Chiswick et al.
2003).'* Martin and Taylor (1996) state that migration humps, or temporary
increases in emigration during a country’s economic growth, are not new phenom-
ena. Rather, they argue, migration humps have existed from the 19th century
(Europe’s period of industrialization) to the modern days of East Asian countries’
growth miracles.!®

It is largely believed that skilled migration constitutes the lion’s share of total
migration from developing to developed countries, particularly in recent times. Ac-
cording to Adams (2003), the vast majority of migrants from developing countries
to the United States and the Organization for Economic Cooperation and Devel-
opment (OECD) have a secondary or higher education. Hatton and Williamson
(2006, p.328-329) calculated that the ratio of highly educated emigrants to to-
tal emigrants from poor nations to the OECD in 1990 averaged more than 14
to 1. Mishra (2007) found that many Caribbean countries have lost more than
70% of their skilled labor forees (12 years plus) due to emigration to the OECD.
Docquier ¢t al. (2007) state that, "Between 1990 and 2000, the stock of skilled
immigrants in QECD countries increased by 64 percent. The rise was stronger for
immigrants from developing countries (up 93 percent), especially from Africa (up
113 percent), Latin America and the Caribbean (up 97 percent)." Collier et al.

10 Avariadis (2006, p. 32-34) argues informally that policy and history matter much more
in an environmoni, with poverty trap than they do in one without, such ag that is found in a
tradilional ergodic growih model,

118ae Galor and Tsiddon (1997) for a similar effect of technology on poverly trap.

12800 Ziescuer (2008) for a detailed survey of the literature on migration humps.

B Phe most common reagons montioned in the literature as 10 why migration humps exist are
"supply-push emigration” (Martin and Taylor 1996) and sn increase in people's capabilities and
aspirations during economic development (de Haas 2007},
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(2004) documented that the last decade’s "hemorrhage" of African human capital
is accelerating.* The authors argued that Africa’s financial capital flight (which,
up to the late 1980s, reversed the human capital flight) is the new challenge in
Africa’s post-independence history.!5

~ The second premise is that brain drain could be detrimental to the economy of
either the home or the destination country. It could negatively affect the quantity
and quality of human capital of those remaining at home, which, in turn, could
hurt the economic growth of the home country. Bhagwati and Hamada (1974),
in one of the earliest contributions on this topic, argued that the drain of highly
skilled individuals is a loss to those left behind, and has negative implications for
the income and welfare of the destination country. The negative impact of brain
drain on the home country has also been emphasized in recent endogenous growth
literature (Miyagiwa 1991; Haque and Kim 1995; Galor and Tsiddon 1997; Wong
and Yip 1999; Beine et al. 2001). Wong and Yip (1999) argue that brain drain
damages both the nonemigrants and the source country’s economic growth. Haque
and Kim (1995) developed a two-country endogenous growth model and showed
that brain drain negatively affects the growth rate of the effective human capital
of the emigrants’ country and hence reduces its economic growth.

Recently, some studies have turned the issue of brain drain into brain gain by
searching for some compensatory effect such as remittances, return migrations, or
enhanced human capital accumulation. The main rationale of the latter is that
when education is privately and endogenously determined, the possibility of mi-
grating to a higher-wage country increases the average rate of return in the home
country, which in turn increases domestic individual investment in human capital
accumulation (Mountford 1997; Stark et al. 1998; Beine et al. 2001). How-
ever, the fact that much of the educational investment in developing countries is
undertaken by the state (Fosu 2007) could undermine this compensatory effect.
Moreover, some argue that the high probability of emigration could lead individ-
uals to "under-invest" in education. Lien and Wang (2005) developed a model
showing that when individuals choose education and language before migration,
they can invest less in their human capital, depending on the substitution effect
between language and education. "The result is a less educated, ‘Americanized’
population with better language skills and lower human capital" (Lien and Wang
2005, p. 154).

This chapter is organized as follows: Section 6.2 describes the model, while
Section 6.3 discusses the dynamics of aggregate variables, multiple equilibria and
poverty trap. Section 6.4 analyzes the effect of optimal productive public invest-
ment in poverty trap. Section 6.5 concludes.

118ce also Fosu et al. (2004) for a discussion on Africa’s challenge with respect to the fight
of its human and other capital {light, .

15 Africa also experienced high growth rate in the 1990s. Ndulu et al. (2007) noted: "Since
1995, more than onc-third of the countrics in SSA are growing at avcrage rates cxceeding 5
pereent annually. Several others have shown themselves to be capable of short spurts of high
growth. The challenge for them is how to sustain such a pace for longer periods."
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6.2 The Model

Preferences and Technologies

Suppose we have a continuum of homogeneous households, 7 € [0, 1], with overlap-
ping generations. Each household 7 consists of an adult of generation ¢ and a child
of generation t + 1. The population size is thus constant and normalized to be
one. Let, at the beginning, each houschold ¢ of the initial generation be endowed
with an initial human capital hg.

When young, individuals accumulate human capital using both private and
public input in a standard Cobb-Douglas production technology. As adults, they
use their accumulated human capital for final goods production. The government
taxes income using a flat rate tax % in order to finance the public input, de-
noted by G, which is used to complement the accumulation of human capital.'®
During their active period, individuals allocate after-tax income between current
consumption ¢; and saving e, to use for their children’s education. The latter
is incorporated in individuals’ utility function as the "joy of giving." Therefore,
altruistic individuals derive utility from consumption and giving, i.e., investing in
the human capital of their offspring hy.1.

The utility of an individual is thus defined as

ug (e, er) =lne 4 Blne (6.1)

subject to

e +e = (1P (6.2)

where 3, represents the individual’s income.

As previously mentioned, the human capital accumulation function of the off-
spring h.; is a function of public investment G, and parental investment e;. The
accumulation function takes the standard Cobb-Douglas form, with constant re-
turns to scale in factors. Thus, for an individual born at time ¢, the human capital
at t -1 is given by

hupr = A(G) ™" ()" + x (6.3)

where x > 0 is a parametor that assures fyy.) # 0 even if parental investment on
education is ¢; = 0.

The government levies o flat-rate tax 1 on output Y;, which is used to finance
public investment. The governmont budget is balanced at all times as

Gy =Y, (6.4)

where G, and Y; represent public investment and aggregate income, respectively.
According to the above descriptions, an adult of period ¢ solves the following
problem, which is derived by substituting (6.2) into (6.1),

16Note that in this chapler, lower- and uppercase lotbers are nsed to denote individual and
aggregate/average variables, respectively.
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Maz In((1~9)y; —e) +Blney (6.5)

taking as given ¢ and G;.
The first-order condition gives

e: = a(l — )y (6.6)

where a = T% Equation (6.6) shows an individual’s saving as a fraction of her

after-tax income.

Goods Production

There are infinite numbers of competitive small firms owned by households. We
suppose that production at firm level occurs using both private and social inputs
in a Newman and Read (1961) production setting. At time ¢, output y, is pro-
duced using individual and aggregate human capital inputs, denoted by h; and
H, respectively. However, we model the latter to reflect positive learning-by-doing
spillover, in line with Arrow (1962), Frankel (1962), and Romer (1986), along with
a negative development-induced externality.

The Newman and Read (1961) production function is employed to capture
these phenomena together. This is a generalized Cobb-Douglas production func-
tion that contains the popular Cobb-Douglas production function for a certain
value of its parameter. It is less restrained in technologies in that it is a VES
production function with a variable-factors income share. Although its use is rcl-
atively rare in the literature of economic growth, the Newman-Read production
function offers a powerful analytical framework for economic development studies.
In addition to its suitability for modeling a negative development-induced spillover
(e.g., a temporary increase in skilled migration) along with a positive one (e.g.,
learning by doing), unlike the Cobb-Douglas and the constant elasticity of sub-
stitution (CES) production functions, it is more suitable for income distribution
studies!” and gives a better approximation of the reality of the short-run behavior
of factor shares.!®

Thus, the income of an agent of generation t, in the Newman-Read production
function, is defined as

ys = (he)® (Hp)? exp (~A(H,) In H; In hy) (6.7)

1710 Chapter 4, we have argued that the standard production fanctions such as CD and CES
lack cither flexibility in parameters or analytical tractability with regard to income distribufion
studies. However, the Newman-Read generalized CD function is both fexible in the values of
the parameters snd analytically tractable with respect to distribution studies. In Chapter 4, we
have applied the Newman-Read production function in analyzing the cffect of public capital on
income inequality dynamics.

18 Empirical studies reveal that factor shares show large short-run fluctuations, but no long-run
trend (e.g. Acemoglu 2003). The Newman-Read generalized CD production Function contains a
framework that provides a satisfactory approximation to this reality, particularly in contrast to
the popular CD function. The latter imposes strict restrictions ou relative factor sharc and on
the elasticity of substitution between factors. In particular, the factor shares are constant and
the factors’ elasticity of substitution is equal to unity.
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A(H,)In H,

H,

Figure 6.1: Negative externalities during an economy’s takeoff

where 7; and h; represent individual output and human capital, respectively; I,
is aggregate human capital, which is defined as H; = fol he'(he), where T'(hy) is
the distribution of wealth at time ¢. We assume:

H,2 2 0;h 20 (A.6.1)
AH) > ~1 (A.6.2)

The exponential term --A(H,) ln H; < 0 in the Newman-Read function may
represent, in general, the negative externalitics that may arise in a country’s ccon-
omy (such as skilled "migration hump") during the economy’s takeoff.'® X(I,),
which is a fixed parameter {or simply A) in the original Newman-Read function,
is assumed here to be a function of aggregate human capital.

We use A(H,) In H, as a function of aggregate human capital to dictate a gkilled
migration hump, or a nonlincar relationship between brain drain and cconomic
development, as the latter is denoted by an increase in II;. Therefore, we shall
assume A(H;) In H; to rise at the initial stage of cconomice development and then
to decline as shown in Figure 6.1. 2

We further assume that the production function in (6.7) exhibits diminishing
(increasing) returns to scale with respect to individual (total) input(s):

9This nogative externality can be casily understood as quality and quantity reductions in
effective human capital due to brain drain, VFor jnstance, il a home country produces human
capital Hy, then we may define the effeetive human capital, afber brain deain takoy place, 7, 5
Hyexp(—¢(H)), where 11, and (1) 2 0 denote the effective hnman capital and the rate of
brain drain. If we substibute this in a simple CI) produetion fanclion such s g = (hy)® (u{[l)ﬂ,
thon we gt a production function gimdlar Lo (6.7), we = oxp(—Be(HL)) (he)™ (F)P.

20Note that migration humnp is treated here in an exogenous manner, Thal is, the ump shopo
attributed to A(H;)In H, is an assumption based on an observation that hag large ompirieal
support.
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O<a,f<l,buta+8>1 (A.6.3)

Properties of Individual and Aggregate Production Function

As noted above, the production function used here is of a Newman and Read
(1961) form. For certain values of its parameters, the Newman-Read production
function satisfies the standard properties of production functions. As Solow (1957)
noted, a particular functional form adopted for a production function is a matier
of no great consequence as far as it possesses a positive partial derivative and the
right curvature.

The first and the second derivative of the production function in (6.7) arc
positive and negative, respectively:

Oy Yt

AL = e H 0
Bh, (&~ AE) W ) >
1 t ¢

assuming?2!

o> )\(Ht) IIIHC; ﬁ > )\(.FIL) In H, (A(id)

Therefore, at an individual level, and with respect to private factor human
capital, the Newman-Read production function obeys the ncoclassical rule in that
it has a positive marginal productivity and a concave curvature.

In characterizing the properties of individual and aggregate production fitnc-
tions with respect to the social human capital H,, we assume that the clasticity

of the brain drain parameter A(H,) to aggregate human capital H, is sufficiently
small, in a well-defined sense,

HtA,(Ht) ,B—A(HL) IHHL

- H) =
oo < p(Hy) MH) © NH) InH,Inhy

(A.6.5)

where p(H,) denotes the elasticity of \(H;) to H,.
We establish the following two Lemmas to characterize the propertics of indi-

vidual and aggregate production functions with respect to the social human capital
H,.

Lemma 5 Assumption (A.6.5) provides sufficient condition Jor am individual pro-

duction function to have a positive marginal productivity, %’IL'L > 0, with respect to

the social input Hy.

*'Newman and Read (1961) show that their production Function obeys neoclassical rulea

EiOSiti)ve marginal productivity and concavity) if the parameter A > —1. Sco also asswmplion
.6.2).
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Proof. The first derivative of (6.7) with respective to H, is given by

Oy W

gﬁ—t = H—; [ﬁ - HtAI(Ht)ln.Ht ll’lht — )\(HL) lnht]

Then, sufficient condition for g}{l‘l >0is

B> HX(H,)In Hylnh, + MH,)Inh,

Rearranging the above gives

th\,(Ht) 6 - A(Ht) In Ht

A=) < NEnHr I,

n
Aggregate income is simply derived by aggregating (6.7),2

i

1
Y; / (he)® (Hy)P exp (—A(H) In hy In Hy)
0

(Ht)ﬁ (I‘Il,)ah/\(lh) InIlf,

Alternatively,

},[, — (I_It)OH-ﬂ——A(HL) In H, (68)

Therefore, equation (6.8) denotes aggregate production function in the econ-
omy. The following Lemma characterizes its property with respect to the social
human capital H,.

Lemma 6 Assumptions (A.6.4) and (A.6.5) provide sufficient conditions for the
aggregate production function (8) to have a posilive marginal productivity with

respect to its factor input Hy, or g%% > 0.

Proof. The first derivative of (6.8) with respect to H, is given by

oY, Y , .
g;} - _Hi (B~ 2MH,) In Hy — H N (H,) n® H,)
¢ t
Then, sufficient condition for f}}»’fh >0is

o+ B > HN(H,) In? H, 4 22(H,) In H,

But, from (A.6.4) and Lemma 5, we have o > M(H,) In H, and 8 > H N (H,) In® Hy+
A(H}) In Hy, respectively. m

The second derivative of the individual and aggregate production function
might be positive or negative. In fact, at this point, devistion from the neo-
clagsical benchmark is required to generate multiple equilibria. and hence poverty
trap.

2Note that (h)*exp (M) InhyIn 1) = (B,)*~2HOWH T goe this, lot z =
(Re)® exp (—A(F) nhe In L), Then, oo = In ()™ ~A(2) In Hynhy = (@—A(Hy) In Hy) In hy.
Thus, @ = (hy )&~ WL
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6.3 Dynamics, Multiple Equilibria, and Poverty Traps

Dynamics of Individual and Aggregate Human Capital

In this section we characterize the dynamics of the economy described in previ-
ous section. We derive aggregate human capital dynamics using the individual
and aggregate production functions, and determine whether multiple equilibria
and poverty trap exist. But before we start dealing with aggregate variables, we
must first derive individuals’ capital accumulation function that is related to their
optimal behavior by substituting (6.4) and (6.6) into (6.3), and using (6.7) and
(6.8),”

heyr = ApT(a(l-— %b))l_n (Ht)(a'l-ﬁ—)\(fh) In He)n+B(1-n) (hL)Of(l—U)
exp((~MH) InhInH,) (1 -17)) +x (6.9)

Thus, equation {6.9) shows an individual’s human capital accumulation func-
tion, which is associated to her optimal behavior. We simply aggregate (6.9), in
determining the economy’s human capital dynamic equation,24

Hipq = Q(H,) P HIm (6.10)

where {2 is defined
Q=A@)" (a1 - )" (6.10")

Equation (6.10) thus determines the dynamics of the economy, which we char-
acterize in detail below.

Multiple Equilibria and Poverty Trap

The dynamics of (6.10) are characterized by the existence of multiple equilibria.
For a range of parameters, equation (6.10) yields multiple growth paths that lead
to three steady states, of which two are stable and one is unstable. Of the stable
steady states, one is characterized by low-income equilibrium (or poverty trap);
the other by high-income equilibrium.

In characterizing (6.10) and showing the existence of multiple equilibria, we
follow Galor and Tsiddon (1997). We thus take the first derivative of (6.10) to get

OH, 1

B =9 (B> P AIOMEL (o) 8 9N(HL) In H, — HN(H,) In? H,)

(6.11)
Following the Lemmas, we define the term in the big bracket of equation (6.11) as

a+ B —2M(Hy) In H, — HN (Hy) In® H, € (0, 00) (6.12)

We make the following two additional assumptions which are related to a neg-
ative development-related externality:

3Sce Appendix 6.A for details on the derivation.
248¢e Appendix 6.B for details on the derivation.
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I}imoa +B—-AH)InH > 1 (A.6.6)

im a+ 8- A(H)nH, <1 {A6.7)
Hy—o0

Then, together with earlier assumptions (A.6.1)-(A.6.5) and hence (6.12),
(A.6.6) and (A.6.7) assure that equation (6.10) becomes a well-behaved non-convex
function. (A.6.6) in particular creates increasing returns to scale at a lower level of
human capital related to the existence of low-income equilibrium, whereas (A.6.7)
assures the existence of a high-income steady state equilibrium rather than a diver-
gence one: HlLi_erH t+1 = H. The following proposition summarizes the existence

of multiple equilibria and hence poverty trap, in the economy described in equation
(6.10).

Proposition 7 Given assumptions (A.6.1)-(A.6.7), (6.12), and x > 0, the econ-
omy described in (6.10) is characterized by multiple steady-state equilibria satisfy-
ing the following conditions:

s O
L im0 <57~ =0

: Oy
2. hmHL_,m TI_[]L_ =0

3. Hyp1 > H, for some values of Hy.

Proof. It follows from the continuity of (6.10), Figure 6.2, assutnptions (A.G.1) -
(A.6.7) and the intermediate value theorem (sec also Galor and Tsiddon 1997,
section 2.5). Equation (6.10) is continuous at H, by definition. Thercfore, from
the intermediate value theorem, the third condition is satisfied. The first and
second conditions are satisfied from assumptions (A.6.6), (A.6.7) and equation
(6.12).

Together a sufliciently small x, the first condition sssures the existence of a low-
income equilibrium, as shown in Figure 6.2, ;. The second condition, togaethoer
with the third, assures the existence of a high-income equilibrinm {also shown in
Figure 6.2, Hj). m

Thus, Figure 6.2 shows multiple equilibria, with three steady states [or o, given
level of £2. There is a low-tncome stable steady state Hy, a threshold unstable steady
state Hy and a high-income stable steady state equilibriurn Hy. The second steady
state equilibriumn, Hy € (Hy, Hy), creates a critical point for the low- and high-
income steady state equilibria to be realized. The low steady state equilibrinm Il
is similar to what the literature refers to as a "poverty trap.” For a given range
of technological parameters, both the low and high steady states Hy and Hj,
respectively, are self-reinforcing. Given a technological level 2, an initial human
capital Hy smaller (greater) than the threshold level human ecapital Hy converges
to the low steady state H;(high-income steady state H3) in the long run.
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H,,

H, H, H, H,

Figure 6.2: Multiple equilibria and poverty trap

6.4 Public Investment and Threshold Externality

Does Public Policy Matter for Long Run Growth?

Is there any role for public policy in this economy? Does growth-maximizing public
investment in this economy lead a country to evade the poverty trap? Growth-
maximizing public investment in this economy is the tax-rate level that maximizes
the technological parameter Q shown in equation (6.10), where Q is defined in
(6.10").25 The tax rate that maximizes §) is given by,

o0

o
where %" denotes the growth-maximizing tax-rate. In this economy, a policy shock
has an effect on the threshold point. Even a temporary policy shock may bring
permanent consequences.

In general, two different possibilities are presented in relation to a change in
public policy towards growth-maximizing level of public investment. First, such
policy change in an economy described in equation (6.10) may abolish the poverty
trap and thus create an opportunity for the economy to move to a unique and

=0=9* =y (6.13)

25Recall that © constitutes both exogenous technological and public investment paramctors.
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Figure 6.3: A shock that may abolish a poverty trap and hence result in a growth

miracle

globally stable high-income steady state equilibrium as shown in Figure 6.3.%0

The figure illustrates a possible effect of a policy shock via a change in tax rate
from a suboptimal to growth-maximizing level of public investiment, denoted by *
and 1* respectively, where the curves associated with the suboptina and growth-
maximizing policies are represented by f (F,, Q%) and f (H,, 2*) respoctively. The
shock moves the curve defined in (6.10) upward in the dircction of the arrow. As
a result, the economy changes from a non-ergodic cconomy with multiple steady
states to an ergodic one with a unique steady state, The shock not only cnsures
that the economy evades a poverty trap but also creates a new, higher equilibrium
point (compare H§ and HY).

Second, a policy shock (a change in public policy towards growth-maximizing
level of public investment) in an cconomy described in (6.10) rony change the
threshold value, but whether this change leads the economy out of the poverty
trap depends on other factors, such as initial income/capital of the economy at
stake. If the economy’s initial capital is situated near enough to the threshold
value, the policy shock may create a growth miracle by increasing the capital
stock from slightly below to slightly above the threshold value, However, if the
initial income is sufficiently lower than the threshold value, the policy change may

28 Galor and Tsiddon (1997) show that a technieal progress could have a shwilar elfoct.
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f(H,,9")
(H,,Xe"))

H,,

H, H, H H,

Figure 6.4: A policy shock that does not necessarily generate a growth miracle

not lead the country to evade poverty trap. Figure 6.4 shows that a policy shock
moves the curve in equation (6.10) upward. However, this time the shock brings
the desired growth miracle conditionally. That is, the miracle may happen only
#f the initial human capital stock Hy is located in between the new and the old
threshold levels, i.e, Hy € (HS, Hy). However, if the initial human capital is
sufficiently low (smsaller than H3), for instance if it is located at Hj, then the
economy converges to a low-income steady state equilibrium despite the policy
shock.

6.5 Conclusion

A number of factors, such as inequality, fertility, capital market imperfections,
externalities and non-convexities of technologies, are mentioned in the literature
as the causes of poverty traps in poor developing countries (e.g., see Becker et
al. 1990; Azariadis and Drazen 1990; Galor 1996; Azariadis 1996; and Azariadis
2006 among many). The chapter presented a model that shows other possibilities
that could cause multiple equilibria. The presence of negative externalities such as
skilled "migration humps" or temporary increases in brain drain during an econ-
omy’s takeoff can result in a poverty trap. In the model, a change in public policy
towards growth-maximizing level of public investment was found to be crucial but
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indeterminate with respect to poverty trap. Depending on some initial conditions,
however, such policy shock could create a threshold externality that could lead
economies to evade poverty trap.



Appendix 6

6.A Individual Human Capital Dynamics

To derive the individual’s human capital accumulation equation, substitute (6.4)
and (6.6) into (6.3), to get

hivt = A(G)"(e) " +x
= A" (a(l - )y) 7" +x
Then, substitute (6.7) and (6.8) into the above to get

_ asprymm, N[ a(l—) (h)* (B )
e hA((Ht) T ¢) (exp(—/\(Ht);nhtlr:HL) ) tx

After rearranging, we get equation (6.9), of Section 6.3,

ht+1 — A’l/}n (a(l _ w))lw'n (Ht)(a-l-ﬁ—}\(ﬂg) In H,)g+B(1—7) (ht)a(l—-r))
exp ((—A(Hy) (1 —n) Inh In Hy)) + x (6.9)

6.B Aggregate Human Capital Dynamics
To get the economy’s human capital accumulation function H,.;, at ¢ 4 1, we

simply aggregate (6.9), i.e.,

Hipy = Ay"{a(l-— ¢))1—17 (H_t)(a+ﬂ—->\(Ht) In H;)n+B(1~-n)
B [(h)* ™ exp ((-A(H.) (1= ) Inky In Hy)) | +x
(6.A.1)
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Since

E [(ht)‘”(l“”) exp (A(Hy) (1 — ) Inh, 1ng)] = (Hy)l@ MHEI I H)(O=m) (g A 9)
From combining (6.A.1) and (6.A.2), we get

Hypp = A@®)"(a(l—9)'™"
(F1,) (B In Hn+B(1=n) +(a=M(H) In 1) (1

= A@W)" (a(1~9))' 77 (@)

) +x

We may rewrite the last equation to get equation (6.10), of Section 6.3,

Hyp = Q(H)THTEIIE (6.10)

where

Q=A®W)" (a(l — )" (6.10")



CHAPTER 7

Conclusions

This thesis has explored the possible role of public capital on economic develop-
ment both analytically and empirically. It investigated important economic devel-
opment problems relating to public capital, income inequality, economic growth,
and poverty trap. The research questions included:

e What is the relationship between public capital and growth? How far does
public capital matter to economic growth? How big should it be?

s What is the relationship between income inequality and economic growth?
Is income inequality bad for economic growth?

e What is the relationship between public capital and income inequality?
What determines the distributional effect of public capital? Could public
capital increase economic growth in a disproportionate manner that benefits
the poor?

e What is the role of public capital in poverty traps? Could public investment
lead poor societies to evade a poverty trap?

While some of these questions have already been examined in depth by econo-
mists, others are rarcly addressed. For instance, in the last decade a substantial
volurmne of empirical and theoretical literature has been dedicated to examining the
effects of fiscal policy on economic growth, motivated by the theoretical and empir-
ical work of Barro (1990) and Aschauer (1989) respectively. Most of it acknowl-
edged that productive public capital, especially infrastructure, plays important
role in long-run economic growth by enhancing productivity and complementing
the accumulation of private inputs.

Moreover, several papers have explored the effects of income inequality in
growth using different approaches. For instance, from a political economy per-
spective, Alesina and Rodrik (1994) and Persson and Tabellini (1994), among
others, argued that inequality harms growth because it demands a higher transfer
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of income redistribution from the rich to the poor that distorts saving, resulting
in lower private capital investment and hence lower growth. Whereas, Galor and
Zeira, (1993) and Benabou (1996; 2000; 2002) showed that when the credit market
is imperfect, inequality negatively affects economic growth. This is because, the
argument goes, when credit markets are imperfect, relatively more high-return
investment opportunities would be forgone by resource-poor households in inegal-
itarian than egalitarian societies. Thus, redistribution could help these opportu-
nities not be missed.

On the other hand, few studies have examined the relationship between public
capital and income inequality, particularly analyticelly. To our knowledge, only
Ferreira (1995), Garcia-Pefialosa and Turnovsky (2007), and Chatterjee (2008)
have explicitly studied the relationship between public capital and income inequal-
ity analytically. Ferreira (1995) studied the relationship between public capital
and inequality in a model with quite a complex setup while Garcfa-Pefialosa and
Turnovsky (2007) and Chatterjee (2008} analytically studied the distributional im-
pact of public capital focussing on its financing aspect. However, a growing number
of empirical studies have recently addressed the impact of infrastructure on income
inequality. For instance, Calderon and Servén (2004) and Lopez (2003) found that
infrastructure reduces income inequality and at the same time enhances economic
growth. The World Bank (2003) and Estache (2003) argue that infrastructure has
a disproportionately positive impact on growth.

This thesis has complemented previous studies and brought new insights into
view. It is composed of both theoretical and empirical contributions. In the
theoretical part, it developed endogenous growth models that analyzed the role
of public capital in income inequality, growth, and poverty trap. Whereas, the
empirical section presented and tested a model that captured the nonlinear rela-
tionship between public capital and growth. Although the modecls were usually
built in dynamic heterogenous-agent economy or non-ergodic/multiple-equilibria
environment, they remained analytically tractable. The contributions of this the-
sis include its analysis of the distributional effect of public capital, its formulation
of a joint theory that analyzes the relationship between public capital, income
inequality, and growth simultaneously, in multiple sectors (the human capital and
final goods production sectors), its analysis of the possible role of public policy in
an economy with poverty trap, and empirical determination of the level of public
capital that maximizes long-run growth in developing countries.

For instance, in Chapter 3, we developed a joint theory of income inequality,
public capital, and economic growth, in the context of capital markets imperfec-
tion. We thus extended the theories of imperfect credit markets in inequality and
growth to inequality, public capital and growth.

The chapter developed a two-sector growth model in which initial wealth dif-
fers among individuals, access to credit is limited, and the government provides
productive public goods used in both final goods production and human capital
accumulation. In the model, based on the theories of capital markets imper-
fection, income inequality harms growth because imperfection in credit markets
prevents the poor from undertaking the efficient amount of investment. However,
the model showed that certain infrastructure provisions could come to the rescue
through factor substitutions. Therefore, the model captured that, infrastructure
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affects growth not only through the direct channel (enhancing productivity and
complementing the accumulation of private inputs) but also through an indirect
channel (improving the distribution of income in the economy). It showed that
public investment in both the human capital accumulation and the goods pro-
duction sectors has a net positive effect on long-run growth through standard
productivity effect, and, under the appropriate conditions, by indirectly affecting
mitigating the negative influence of income inequality on economic growth.

In simple Cobb-Douglas production functions, Chapter 3 explicitly treated pub-
lic capital as input where its importance varied among households. But in Chap-
ter 4, we modeled public capital without imposing additional specifications that
vary the benefit accrued from using the public input among different individual
households. By applying the Newman-Read production function — a generalized
Cobb-Douglas variable elasticity of substitution production function — to Hicks’s
notion of the "elasticity of substitution" as the determinant of factor shares, we
showed that the effect of public capital in income distribution is closely tied to its
elasticity of substitution to private capital. If the elasticity of substitution of a
given type of public input is greater than unity, it could have a disproportionately
positive impact on the income of the poor. Particularly if the credit market is
imperfect, provision of public capital with high elasticity of substitution to private
capital, could help the poor more through relaxing some of their resource con-
straints. This, in turn, results in improvement of income distribution throughout
the economy.

In general, then, and in line with recent empirical findings — Calderén and
Servén 2004, Calderén and Chong 2004, Lopez 2003, among many others — we
conclude from these two chapters that under the appropriate conditions, public
capital could promote pro-poor growth.

The literature in growth and public capital often analyzes the role of public
investment in the economy within traditional growth models that generate a unique
high-income equilibrium outcome. Chapter 6 took a different track from this
literature by studying public investment in an environment with multiple equilibria
and poverty trap.

On the other hand, the poverty trap literature studies a number of phenom-
ena that cause poverty traps (e.g., fertility, income inequality, capital markets
imperfection) in poor developing countries but rarely addresses the role of policy
(in particular to public investment) in evading the poverty traps (e.g., Becker et
al. 1990; Azariadis and Drazen 1990; Galor 1996; Azariadis 1996; and Azariadis
2006; and Galor and Tsiddon 1997 among many). Chapter G presented other
possibilities that could cause a poverty trap along with an analysis of the role
of growth-maximizing public investment in evading the poverty trap. It devel-
oped a model that showed negative externalitics, which prevail during an initial
stage of economic development (such as "migration humps") along with a positive
learning-by-doing externality (that of similar to Romer’s 1986), are the causes of
the poverty trap. The study found that policy could be important but indetermi-
nate with respect to poverty trap. Depending on some initial conditions, however,
a policy change towards the growth-maximizing level of public investment could
create a threshold externality that could lead economies to evade poverty traps.
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The empirical part of this thesis (Chapter 5) was based on a theoretical frame-
work and studied the relationship between public capital and economic growth,
taking the case of Sub-Saharan African countries. We developed a model that cap-
tured the nonlinear relationship between public capital and economic growth, and
used this as the basis for the empirical analysis. We investigated the relationship
between public capital and growth empirically, with both a linear and a nonlinear
setup. Using the model, and applying more robust estimation techniques than
those used in earlier studies, we determined the growth-maximizing level of public
investment, and compared it with the actual level of public investment in Sub-
Saharan African countries. We found not only that public investment matters
highly to the economic growth of Sub-Saharan African countries, but also that
many of these countries had public investment far below the level that maximizes
growth.

In general, we found public capital to have profound effects in crucial issues
surrounding the economic development of developing countries, such as economic
growth, income inequality, and the poverty trap.
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Samenvatting

Dit proefschrift onderzoekt de mogelijke rol van publiek kapitaal in economische
ontwikkeling. Het bestaat uit zowel een theoretisch als een empirisch gedeelte
Het theoretische gedeelte ontwikkelt een aantal endogene groeimodellen die de rol
van publiek kapitaal met betrekking tot inkomensongelijkheid, economische groei
en de armoedeval analyseren. Het empirische gedeelte bestaat uit een analyse
van panelgegevens van een groot aantal landen in Sub Saharan Afrika, om het
niet lineare verband tussen publiek kapitaal en economischeeconomishe groei te
identificeren, en om het niveau van publiek kapitaal te bepalen waarbij de groei in
deze landen maximaliseert,

Een belangrijke bijdrage van dit proefschrift is de analyse van het verband
fussen publieke investeringen en inkomensongelijkheid. Het presenteert modellen
en theorien die de relatie analyseren tussen publiek kapitaal en inkomens/welvaart-
distributie, in de contexthet van de imperfectie van kapitaalmarkten. Andere
bijdrages omvatten de analyse van de mogelijke rol van het overheidsheidbeleid
in een economie met inkomensongelijkheid, en empirisch bepaling van het niveau
van publiek kapitaal dat de economische groei in ontwikkelingslanden op de lange
termijn maximaliseert.

Het proefschrift biedt een uitbreidinguit van theorien over imperfecte kapi-
taalmarkten, ongelijkheid, en groei, naar publiek kapitaal, ongelijkheid en groei.
Volgens deze theorien is ongelijkheid slecht voor groei als imperfectie in krediet-
markten de armen verhindert om een efficient bedrag te investeren in ondernemen.
De nieuwe theorien suggereren dat een bepaalde publieke investeringen een aan-
tal beperkingenbeperking in middelen kan verminderen, door factor substititie en
hiermee dus de distributie van inkomen en als gevolg de economishce groei kan ver-
beteren. (door een indirect kanaal). Het proefschrift laat zien dat de elasticiteit
van substititie tussen privaat en publiek kapitaal de belangrijkste bepalende factor
is voor het verdelingsefffect van privaat kapitaal. Als bijvoorbeeld de elasticiteit
van subsitutie van ecen bepaald type publieke input groter is dan een, zal het een
positief effect hebben op inkomensdistributie.

Het grootstegrootse gedeelte van de analytische literatuur over groei en pub-
lieke investeringen kijkt naar publiek kapitaal met gebruik van traditionele groei-
modellen die een uniek hoog inkomens evenwicht als uitkomst geven. Dit proef-
schrift neemt een andere weg dan deze literatuur door het bestuderen van publieke
investeringen in een omgeving met meervoudig evenwicht /armoedeval. De oorzaak
van de armoedeval ligt in de negatieve externaliteiten die heersen in een beginsta-
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dium van economische ontwikkeling. De studie concludeert dat con verandering in
publiek belcid ten opzichte van het groei-maximaliseringsniveau van publicke in-
vesteringen cruciaal is, maar onbepaald ten opzichte van de armoedeval, Afhanke-
lijk van ccn aantal initiele voorwaarden kan ecn dergelijke beleidsverandering een
drempelwaarde externaliteit creeren die kan leiden tot het vermijdenvoorkomen
van armoedeval in cconomicen.
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