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Abstract:

The link between urban concentration and economic growth at country level is not straightforward, as there
are benefits as well as costs associated with urban concentration. Indeed, recent empirical evidence suggests
different effects of urban concentration on growth depending on the level of development and on the world
region under analysis. This paper revisits the literature on urban concentration and economic growth to shed
some light about these previous results. In particular, differences in the process of urbanisation, and in the
quality of the urban environment itself, have been suggested as most likely defining the balance between
benefits and costs from urban concentration, and are probably behind differences in the its relationship
between concentration and growth. However, empirical evidence on this regard remains very limited. The
aim of this work is to fill this gap by paying special and explicit attention to differences between world
regions in terms of urban infrastructure, essentially access to basic urban services. The main contribution of
the paper is therefore to provide empirical evidence on the role that the urban environment plays in the
relationship between urban concentration and economic growth.
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1. Introduction

Today more than half of the 7 billion inhabitants of the planet live in urban areas, with this share
expected to keep rising. While urbanisation has been long recognised as a fundamental element of
the process of economic development, sustainable urbanisation has become one of the main and
more pressing challenges for developing countries, where millions live lacking adequate access to
basic services like electricity, clean water and sanitation. Building on previous evidence on urban
concentration and economic growth, differentiated effects of urban concentration on national
economic performance are analysed in this paper. The paper contributes to the literature by
providing empirical evidence on how different characteristics of the urban environment - in
particular the quality of urban infrastructure - strongly determine whether growth-enhancing
benefits of growth-deterring congestion costs prevail in the process of urban concentration,
something that previous studies on urban concentration and economic growth have not considered
empirically. Looking at different world regions it is found that while increasing urban concentration
might have been associated with growth in Asian countries, it seems that congestion diseconomies
have prevailed over agglomeration benefits in Sub-Saharan African countries due to their significant

deficiencies in terms of access to basic urban services.

The focus on access to basic services lies on two major reasons. The first one relates to magnitude.
According to UN-Habitat Reports, today at least 1 billion people worldwide, of whom the vast
majority are in the developing world, live in slums lacking access to basic services like electricity,
clean water and sanitation. Growing at high rates (higher than 4.5 percent per annum in Sub-
Saharan Africa) slums are expected to host 2 billion inhabitants by 2030. The second reason relates
to the fact that access to basic services is expect to play a key role in the trade-off between the
benefits and the costs that come with urban concentration, especially in developing countries. On
the one side low coverage of basic services are likely to handicap the benefits from agglomeration
(as specialization, labour pooling and knowledge diffusion) as they hinder physical and social
mobility and interaction, information flow and knowledge spillovers and trust. On the other side,
deficiencies in terms of access to basic services dramatically increase congestion costs for urban
inhabitants in terms of transport costs, but also in terms of disease transmission, pollution, conflict

and crime (most likely reducing the capacity of cities to develop and attract talent and investment).

Slums are traditionally considered as a passing phenomenon characteristic of fast-growing
economies (REF), and representing a temporary stage in the structural change from rural to
industrial activities. However, slums have tended to grow more in poor and stagnant countries
where urbanisation and urban concentration does not seem associated with economic growth (Fay
and Opal 2000; Kim 2008; Bloom et al. 2008). Indeed as the Wortld Development Report (2011)

acknowledges the growth-enhancing benefits from urban concentration, it also warns about the



risks of “rapid urbanisation” in developing countries.! With most of their inhabitants having been
born in the slum where they live, and with their living standards hardly improving over time, slums
in developing countries today are considered a form of poverty trap for a majority of their residents
(Marx et al. 2013).2 In fact, growth of large agglomerations in developing countries today is mostly
given in slums, being their growth more the outcome of fast natural growth than the outcome of
rural-urban migration: Christiaensen et al. (2013) report a contribution of natural increase to urban
growth for 10 African countries from 1950 to 2010 of 2.9%, compared to a contribution of 1.8%
due to migration. Even growth driven by migration has been more associated to push than to pull
factors (Lipton 1977; Bates 1981; Bairoch 1988; Barrios et al. 2006; Swanson and Buckley 2013),
with population being “expulsed” from rural areas rather than attracted to urban areas by the
prospects of better living standards3 In this line, several authors are now referring to Malthusian
cities, especially in SSA (Christiaensen et al. 2013; Swanson and Buckley XX).4 With more than half
of the 7 billion inhabitants of the planet living today in urban areas, it is indeed very likely that in
many developing countries the Malthusian dilemma of low living standards has in some way moved
from the countryside to the main urban centres, where a large proportion of urban dwellers reside
under inadequate living conditions and where congestion effects of population growth are expected

to dominate the positive effects from urban concentration.

The rest of the paper is organized as follows. The rest of this section sets the theoretical framework
of the paper reviewing related strands in the literature and highlighting the contribution of the
paper. Section 2 sets a simple economic growth model for the empirical specification to be derived.
In section 3 the data used is described along some basic stylized facts. Section 4 discusses
estimations and results, while in section 5 some robustness checks are performed. Section 6 focuses
on Sub-Sahara African countries. Finally, section 7 concludes and derives policy implications from

the results.

1 The UNFPA State of World Population 2011 estimates that there are 60 million new urban inhabitants
every year worldwide, most of them in the developing wotld. Comparing the speed of urbanization processes
in Asia and Africa between 1950 and 2010, on the one hand, and in Europe between 1800 and 1910, on the
other hand, Jedwab et al. (2014) conclude that developing countries today have expetienced the same growth
in urbanisation half the time.

2 Marx et al. (2013) summarize evidence on living standards based on surveys carried-out in slums around the
wortld. According to these surveys, the majority of slum residents were either bormn in the slum where they live
or have been living there most of their live (or moved from a different slum).

3 Even when driven urban pulled factors, expectations of high returns from moving to urban areas do not
necessarily materialize and can lead to additional pressure from new incomers, as the well-know Todaro
paradox describes (Todaro 1976). This will be especially true when both rural and urban incomes are close to
subsistence levels, as it is the case in SSA.

4 In a Malthusian equilibrium those societies with greater availability of resources have higher population
density but living standards remain low unless productivity is sufficiently increased. Such equilibrium was the
rule for most human history (See Ashraf and Galor 2011 for a modern modelling of Malthusian growth
equilibrium as well as for transition dynamics out of it and into sustained growth). In its purely rural setting a
Malthusian equilibrium has also been considered as a relevant possibility today for many poor countries with
large rural populations and largely dependent on low-productivity agriculture and mineral exports (Weil and
Wilde 2009).



1.1. Urban concentration and economic growth:
There are at least three main reasons why higher geographical concentration (due to urbanisation
and urban concentration) is expected to increase productivity and economic growth: first, due to
the reallocation of people and resources from agricultural activities towards industrial activities of
higher productivity and value added, which takes places with urbanisation - as in classical models of
structural change and economic development (Lewis 1954). Second, due to faster productivity
growth linked to the clustering of people and industries and agglomeration economies, which takes
place with urban concentration (Spence et al. 2009).5 Third, due to the fact that concentration

enhances economies of scale in the provision of urban infrastructure and public services

(Henderson 2003).

However, empirical evidence on the effects of geographical concentration on economic growth at
country level has not been conclusive. Bloom et al. (2008) find no empirical link between
urbanisation and economic growth suggesting that the absence of such a link lies in the different
types of urbanisation observed across countries. While in developed countries urbanisation is
expected to be associated with industrialisation and the reallocation of resources to sectors of
higher added value and with more growth potential that is not always the case in many developing
countries. In fact, there is growing empirical evidence of urban processes in developing countries
not necessarily linked to economic development (Firebaugh 1979; Ades and Glaeser 1995; Davis
and Henderson 2003; Barrios et al. 2006; Gollin et al. 2014; Behrens and Pholo-Bala 2013).6 For
Africa in particular, negative effects on growth of growing urbanisation have been reported, despite

increasing returns from agglomeration (Brickner 2012).7

Geographic concentration of economic activity not only allows for growth-enhancing
agglomeration economies but it also leads to potential growth-deterring diseconomies of
congestion. Moreover, both the benefits and the costs from concentration tend to become

significant for large urban agglomerations. In this line several papers focus on long-run effects of

urban concentration (Henderson 2003; Bertinelli and Strobl 2007; Briilhart and Sbergami 2009;

5 Duranton and Puga (2004) and Rosenthal and Strange (2004) provide a good theoretical survey on micro-
foundations of agglomeration economies - both of the Marshall type (due to localization and specialization)
and of the Jacobs type (due to diversity), and an extensive review of the empirical evidence. Ottavianno and
Thisse (2004) describe and explain the forces shaping the geographical distribution of economic activity.
More recently, Spence et al. (2009) provide a comprehensive review linking the literature on agglomeration
economies with the literature on urbanisation and growth.

¢ Firebaugh (1979) focuses on Latin America and Asia between 1950 and 1970. The rest of these papers,
except for David and Henderson (2003), focus on Sub-Saharan Africa.

7 According Briickner (2012), high ethnic fractionalization, very low economic development and excessive
size of primate cities drive negative effects of growing urbanisation in Africa. Briickner suggests that the
negative role of the excessive size of primate cities relates to their large squatter settlements with inadequate
access to transport, water, sanitation, electricity, and health services, but he does not explicitly examines the
role of these services.



Leitao 2103; Castells-Quintana and Royuela 2014).8 Given benefits and costs, the relationship
between urban primacy and economic growth is expected to be non-linear and dependent on the
level of development. Hence, according to the Williamson (1965) hypothesis, while increasing
urban concentration is desirable and expected in early stages of development, de-concentration
eventually occurs as development proceeds. The optimal degree of urban concentration declines as
development proceeds as knowledge gets accumulated, lowering the scope from agglomeration
economies, and as better infrastructure allows efficient de-concentration to avoid congestion costs.
Furthermore, the optimal level of urban concentration is expected to decline with the level of
development also as institutional environments improve, allowing for economic growth
opportunities from a more diverse urban system. Consequently, depending on their level of
development, some countries experience insufficient urban primacy while others experience
excessive concentration (Henderson 2003). According to Brilhart and Sbergami (2009) the
beneficial net effect of high urban concentration is expected only when income levels are not too
high.? According to Castells-Quintana and Royuela (2014) for net benefits to arise also income

distribution has to remain relatively equal.10

1.2 Erom Optimal to Efficient city size:
The trade-off between the benefits and costs from agglomeration has been also studied in the
literature seeking to explain the causes and limits of city growth (von Thunen 1826; Christaller
1933; Alonso 1964), and optimal city size (Mills and De Ferranti 1971; Alonso 1971; Henderson
1974), with some papers aiming to understand the dynamics of rapidly growing megacities around
the world (Henderson 1985; Ades and Glaeser 1995), and especially in developing countries
(Firebaugh 1979; Kasarda and Crenshaw 1991; Arku 2009; Gollin et al. 2014). Given positive and
negative synergies and externalities - location costs and benefits - that cities provide, standard urban
economics models predict agglomeration effects increasing with urban size to a given point from
which diseconomies of scale, due to congestion, become relevant and decrease the revenue of a
given city.!! In this framework, therefore, urban scale is self-limiting, with the costs of

agglomeration otherwise outweighing the benefits (Bertinelli and Black 2004). However, merely

8 In fact, according to Henderson (2003), “urbanisation represents sectoral shifts within an economy as
development proceeds, but is not a growth stimulus per se. However, the form that urbanisation takes, or the
degree of urban concentration, strongly affects productivity growth” (Henderson 2003, pp. 67). Furthermore,
Henderson highlights that while urbanisation is not fairly well measured across countries urban concentration
(as a ratio) is, giving the focus on urban concentration measures an additional advantage over urbanisation
measures.

9 Briilhart and Sbergami (2009) rely on a standard cross-country specification, with growth in GDP per capita
as dependent variable. They find a critical level of per capita GDP of US $10.000 (in 2006 prices) from which
higher urban concentration becomes detrimental for growth.

10 Urban concentration and inequality can be understood as two dimensions of concentration of resources
(one being geographical while the other personal). High urban concentration along high inequality can
therefore represent excessive concentration of resources expected to harm long-run growth.

1 Thus, while optimal city size refers to the size that maximizes the difference between benefits and costs
from agglomeration, the city will tend to grow to the point where benefits and costs cancel each other out.



physical size is not the only determinant of urban agglomeration economies and congestion costs
(Richardson 1972). In fact, cities are different from one another - fundamentally as they perform
different functions (Henderson 1974, 1985) - and generate a large variety of different externalities
as a result of the qualitative characteristics of the urban production environment (Chinitz 1961;
Capello and Camagni 2000). Furthermore, cities operate in different national urban systems whete
they interact with each other (Camagni 1993), which also determines the benefits and costs from
agglomeration (Duranton and Puga 2000). Hence, the need to look not only at urban size but also
at other city characteristics when analysing optimal city size has recently been highlighted. In
particular, rather than focusing on optimal size, one should focus on efficient size, which depends

on the functional characteristics of the city and the spatial organization within the urban system

(Capello and Camagni 2000; Royuela and Surifiach 2005; Camagni et al. 2013).12

1.3. Different processes of urbanisation (and urban concentration) and economic growth:

The role of infrastructures
If characteristics of the cities and the national urban system are relevant to define the benefits and
costs from agglomeration, these characteristics must be also relevant to define the relationship
between urban concentration and national economic growth. Different urban environments, for
instance in terms of the quality of urban infrastructures, could indeed explain empirical evidence on
relevant heterogeneity across countries in the relationship between urban concentration and growth
(as for instance reported in Pholo-Bala 2009 analysing regional-specific effects by continent). Urban
infrastructures are not only fundamental per se in the process of economic development!? but also as
they define the urban environment, leading to different capacities for cities to benefit from
agglomeration economies and to control congestion diseconomies. As Henderson (2005) notes,
“public infrastructure affects not just the resources devoted to urban living such as commuting and
congestion costs, but also affects production efficiency - the extent to which knowledge spillovers
are fully realized and exploited.” Bertinelli and Black’s (2004) stylized urban economics model
indeed suggests an empirically testable prediction; that the growth-enhancing benefits from
concentration are significantly affected by the quality of urban infrastructure affecting the urban

production technology.!* And access to basic services, as noted, is expected to play a key role, with

12 In particular, Capello and Camagni (2000) consider three urban environments that interact with each other
generating positive and negative externalities: the physical, economic and social environments. Based on these
interactions they build an index for positive externalities within a city (the “city effect”) and an index for
negative externalities (the “urban overload”) and present evidence on how the two indices depend not only
on city size, but also on proxies for the type of urban functions and network integration.

13 Straub (2011) provides a recent survey in the macro-level literature on infrastructure and development.
Ayogu (2007) and Calderén and Servén (2010) focus on Africa. In an analysis for Indonesia, Lewis (2014)
shows how local governments that invest more heavily in infrastructure are better to cope with the apparent
detrimental effects of rapid urbanization on local economic growth.

14 Bertinelli and Black (2004) introduce dynamic human capital externalities, along traditional congestion
externalities in the urban sector, to study how urbanisation influences economic growth at country level. In
this framework urbanisation enhances growth by the structural change given by the reallocation of resources,



the WDR (2011) highlighting the relevance of these basic services for the well-functioning of large

cities.

While some studies provide empirical evidence on the relevance of infrastructure in economic
performance of urban residents - for instance Field and Kremer (2006) focusing on access to basic
services in Peru, to the best of my knowledge no paper empirically addresses in a cross-country
framework the role that the urban environment plays in the relationship between urban

concentration and economic growth.!5 This paper contributes to fill that gap.

2. A simple Economic Growth Model

The empirical analysis is based on a GDP per capita growth framework, following works as
Henderson (2000) and Brilhart and Shergami (2009).1¢ To derive an empirical specification we
depart from a neoclassical framework of economic growth basis for standard cross-country growth
regressions.!” Economic growth is related to growth due to technological progress and to the gap
between the initial level of output and the steady state to which the economy convergences, with

the expectation that countries with lower levels grow faster:
yvi =t (log y; —log yio )= g+ Bi((log yio —10g(¥im) —10g(Aic)) e

where y; is output per capita average growth rate of economy 7 Y;g is initial output per capita,
yfm is its steady state, A; g is Initial efficiency level or technology, and g is the steady-sate growth

rate. B; = —t7 (1 — e_)“t), with A reflecting the speed of convergence to the steady state. To reach
to an estimating equation allowing regression analysis linear in observable variables we follow
Mankiw et al. (1992), who extend the Solow (1965) Model of economic growth by introducing

human capital accumulation, and assume a simple aggregate Cobb-Douglas function of output:
Vie = KEH (AucLi) ™ @

where Y; ; is output, K; ; is physical capital, f;; is human capital, and A; +L; ; is units of efficient

labour. Capital (physical and human) is accumulated over time from savings in output (with Sg;

and through higher human capital accumulation that increases productivity. Thus, “to the extent that
urbanisation encourages human capital accumulation, cities become the engines of economic growth.”

15 Sekkat (2013) studies the relationship between urban concentration, poverty and infrastructure in a cross-
country setting, but looking at nation-wide, rather than urban-specific, infrastructure.

16 While Henderson (2000) is based on a GDP per capita growth specification, Henderson (2003) focuses on
TFP growth (but also estimates a GDP per capita growth model as robustness). While both analyses are
similar, a GDP per capita growth specification allows for the use of a larger dataset.

17 See Durlauf et al. (2005) for a more detailed explanation of how to derive cross-country growth regressions
from neoclassical economic growth theory.



being the fraction of output invested in physical capital and §y; the fraction invested in human

capital). Hence, according to the model, income per capita will be:

at+

d)log n+g+4 3

1—0:—d>l0g Sni — 1—a—

log(yie) = log(Aie) + gt +

1—

Z_d)log Ski +

where # is the rate of population growth, g the rate of technological progress in the steady state,

and & the rate of depreciation of capital. Substituting for the steady state in equation (1):

a+ @

log spy — B log sp; — Blog(Ai) (4)

Vi =9 +Blog yio +8 Py— 1-:—¢

1_oi’qblog ntg+dé —B
Interpreting A;g in a general way not only referring to technology, assumed constant across
countries, but also to country-specific factors that influence growth (resources, institutions, location
and characteristic of the economic geography),!8 and therefore allowing for heterogeneity in initial
conditions but also in growth paths across countries, cross-country differences in output per capita
growth finally depend on initial levels of output per capita, factor accumulation and differences in
these country-specific factors. In this line, we derive the standard specification of cross-country

economic growth taking the following form:
Vi = B logyio +¥Xio + MZio + & ©)

where X; g is the standard Solow determinants (factor accumulation) plus a constant term, and Z; g
a vector of country-specific factors explaining cross-country differences in efficiency growth (the

evolution of technology) or in initial conditions.

Introducing urban concentration as a determinant of growth:

The degree of urban concentration represents one variable that could be considered within the
vector Z;g. The degree of urban concentration is a relevant characteristic affecting growth in
efficiency (Henderson 2003), as it reflects agglomeration economies that remain unexploited, and

therefore offering possibilities for growth, or that become exhausted and subject to congestion:
Vi =B logyie +YXio + AUCio + mZyi0 + & ©)

where UC;p is the degree of urban concentration and Zy;5 other remaining relevant country-

specific factors. However, further taking into account that the way urban concentration affects

18 Mankiw, Romer and Weil specifically assume log(4;0) = log A + ¢;



growth in efficiency depends on specificities of the urban process influencing those possibilities of

agglomeration economies or congestion diseconomies, equation (6) extends to:

Vi =B logyie +¥Xio + A UCio + A:GioUCi0 + TZ150 + &5 )

where G;g captures specificities of the urban process as the quality of urban infrastructure.

Equation (5) is our main equation of analysis.

3. Data and Stylised Facts
3.1. Data:

To study the relationship between urban concentration and growth I rely on panel data for as many
countries in the world as possible depending on data availably between 1960 and 2010, covering
more countries and a longer time spam than most previous studies on urban concentration and
growth. The dependent variable is national economic growth, for which data from the Penn World
Tables is used. For UC urban primacy, as the most standard measure in the literature on urban
concentration, is considered.!” Data for primacy comes from the World Bank. For the quality of
urban infrastructure several measures are considered. Following the World Development Report
(2011), I focus on three key indicators: access to improved sanitation, improved water source, and
electricity. As data for all these variables is scarce, when I introduce them in the analysis the panel
only considers the 1990-2010 period.2’ Finally, as control variables (X; and Z;; in equation 5) 1
begin by considering investment, as share of GDP, fertility rates, and average years of secondary
and higher education of the adult population, following Henderson (2000) specification. For urban
infrastructure variables, as well as for control variables, I rely on a variety of sources. Appendix A
lists variables’ names, definitions and sources. For robustness a wide variety of other control
variables are also considered, following Briilhart and Sbergami (2009) and the literature on cross-
country economic growth. In the focus on SSA data on rainfall is used to instrument for economic
growth (as explained below). Rainfall data comes from the National Aeronautics and Space
Administration (NASA) Global Precipitation Climatology Projects (GPCP), as used in previous
papers as Brickner and Ciccone (2011). Additionally, also for the focus on SSA, data on light

19 Primacy measures consider main metropolitan areas (including core city and satellite cities), which is what
we have in main when we think about agglomeration economies and congestion costs. It has been shown that
primacy correlates very highly with other measures of concentration (as the Hirschman-Herfindahl index for
which there is very limited coverage) and reflects fairly well parameters behind Zipf’s law curves (the fact that
when we rank cities from largest to smallest, rank times population size is approximately the same constant
for all cities). The largest city in the country, therefore, delineates all other city sizes and is sufficient
information to calculate any comparative index of national urban concentration (Henderson 2003).

20 Main results and discussion focus on access to improved sanitation. According to the World Bank,
sanitation remains as one of the most off-track Millennium Development Goals (MDG) globally. Access to
improved sanitation not only lies at the heart of many other development challenges but the lack of it is also
currently holding back economic growth in many less-developed countries. In the robustness section, I
discuss results using improved water source and electricity. I further consider infant mortality rates, as a
common and basic indicator of health, and access to mass urban transport systems.



density at night is used as robustness for measurement errors in income per capita. This data comes
from the Defence Meteorological Satellite Program’s Operational Linescan System (DMSP-OLS)
and archived by the National Oceanic and Atmospheric Administration (NOAA), and has recently
used as proxy for income by several authors (Henderson et al. 2012; Mveyange 2014; Lowe 2014;
Henderson et al. 2014).

3.2. Some basic stylized facts:
Before performing econometric analysis, an initial look at urban concentration patterns and
economic performance worldwide during the previous decades allows us to highlight some basic
but interesting stylized facts. The first of these facts is that while the proportion of urban
population living in the primate city (primacy) has stayed relatively constant over time at around 40
per cent of urban population, there are important differences between developed and developing
countries and across world regions. While the average is about 35 per cent for developed countries,
it is higher than 43 for developing countries. Figure 1 shows primacy levels around the world while
Table 1 presents descriptive statistics for primacy and economic growth, and the correlation
between the two, as well as basic figures related to the urban environment, all for different world
regions. Higher values of primacy tend to be concentrated in poorer regions of the globe (as Latin
America and the Caribbean -LAC- with average close to 50 per cent, and Sub-Saharan Africa -SSA-
with an average above 42). The second fact relates to the fast pace of urbanisation processes in
developing countries, and especially the current growth of large agglomeration in these countries.
While in 1970 large primate cities in developing countries had on average a similar size of those in
developed countries (around 1.2 million inhabitants), in 2010 primate cities in developing countries
had on average almost one million inhabitants more (with an average of 3.4 million) than their
counterparts in developed countries.?! The third fact relates to the heterogeneity in the correlation
between urban concentration and subsequent economic growth. While there is a negative, although
insignificant, correlation for the world sample (-0.03), the picture changes if we consider the
correlation by level of development; urban concentration is positively correlated with growth in
developed but not in developing countries. By regions the correlation is positive in Europe, Asia,
LAC and North Africa, and negative in North America, Oceania and SSA. The final stylized fact,
relevant for our analysis, refers to urban infrastructure and the urban environment, where we also
find important heterogeneities across countries. In particular, urbanisation in many developing
countries indeed appears as characterised by a large proportion of urban inhabitants living under

inadequate conditions. While access to basic services was virtually universal in developed countries

21 T calculate these world averages using Wortld Bank data for the largest agglomeration in 193 countries
worldwide and considering only countries with a total population of at least 1 million inhabitants. 150 out of
these 193 agglomerations are in developing countries. Also note that averages hide high variability in size.
Jakarta, Shanghai and Bombay in Asia, Lagos and Cairo in Africa, Mexico City and Sao Paulo in Latin
America, are all above or close to 20 million inhabitants in their respective metropolitan areas with a
population still growing at a fast pace.

10



already in 1990, it was not in developing countries, with important differences among them and
particularly significant deficiencies in SSA. These deficiencies in SSA appear as remarkably severe in
terms of access to improved sanitation and electricity and remain quite persistent (sanitation
increasing since 1990 on average less than 5 percentage points and electricity around 10). Figures 2a
and 2b display maps of access to improved sanitation and electricity worldwide. For access to
improved sanitation while the average for Asia was close to 85 per cent, it was 44 for SSA (taking
average values between 1990 and 2005). In terms of electricity the average coverage in SSA reached
only half of the urban population. Similarly, in terms of infant mortality - reflecting access to health
services - the average was 11 children per 1000 live births in the developed world, higher than 62 in
developing countries, and exceeding 93 in SSA. In terms of transport none of the primate cities in
SSA had a massive transport system by 2000.22 In general, looking at data on urban population
living in slums, we find an average of 57 per cent of urban population in developing countries, the
figure reaching 77.9 for SSA. These dramatic deficiencies in SSA are not just the consequence of
low income levels. As Figure 3 shows for access to improved sanitation, even controlling for
income levels SSA countries present significantly lower levels of urban infrastructure.?> Such
deficiencies are in all probability hampering agglomeration benefits while raising congestion costs in

African cities.

[Insert Figure 1: Population living in largest city (percentage of urban population)]

[Insert Table 1: Some basic figures|

[Insert Figure 2: Access to improved sanitation and electricity]|

[Insert Figure 3: Access to improved sanitation by income levels]

4. Estimations and results

4.1. Urban concentration and economic growth in a panel of countries:
Following the literature on urban concentration and economic growth, I begin by estimating our
growth equation based on cross-country panel data (for 137 countries) and without considering
differentiated urban patterns across countries. I split the 1960-2010 in 5-year periods.2* Equations
of this type using panel data represent dynamic models. Estimation of these models raises some

concerns: reverse causality, unobserved time-invariant country-specific characteristics, and the

22 Lagos inaugurated a bus rapid transit system in 2008, and Accra has now planned a metro monorail project.
23 A simple regression analysis yields highly significant lower levels of urban infrastructure for SSA countries
(16 percentage points on average for sanitation) compared to other developing countries of same income per
capita levels. Ghana presents a gap of almost 50 percentage points in terms of access to sanitation.

24 ] also experimented with 10-years periods in order to reduce any short-term noise from the business cycle,
but at the expense of losing observations. Results using 10-years periods are very similar to those presented
throughout the paper using 5-years petiods.
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presence of initial income as a regressor. As it is common in the empirical studies estimating these
models, I estimate its dynamic model version by System-GMM, which allows dealing with some of
these concerns2> For the focus on SSA (section 8) I complement the empirical analysis with
Instrumental Variables (IV) estimations taking advantage of the exogenous variability given by

rainfall data.

Table 2 presents the result for the first set of estimations of the basic growth model. Columns 1 to
4 present results for different estimation techniques.26 Control variables have the expected sign
reflecting conditional convergence, a positive effect of higher investment and educational levels and
a negative effect of higher fertility rates.?” In column 5 I introduce primacy. Results yield a positive
and significant effect (although just at the 10%). But, as reviewed before, there are reasons to
expect that the relationship between urban concentration and growth will vary according to the
level of development. Following Henderson (2000), column 6 considers a more flexible functional
form for the effect of primacy on growth; I introduce not just a linear effect of primacy but also
and interaction term with initial income per capita (in logs) and another interaction term with the
square of this initial income per capita. Results support the Williamson hypothesis - with a negative
coefficient for primacy, a positive for its interaction with income and a negative for the interaction
with the square of income (all coefficients significant at the 1%). In Figure 4 this quadratic effect of
primacy on growth, depending on income levels, is plotted. At very low levels of development the
effect of primacy is negative. It then becomes positive and increasing as income rises up to income
levels around $9500 per capita (in PPP converted, at 2005 constant prices) to then start declining.
Finally, I take into account the possibility of significant differences across world regions. As column
7 shows, while there seems to be a positive relationship between primacy and growth for the world

sample, there is a significantly different relationship for LAC and SSA.28

25> Both Henderson (2003), using first-differences GMM, and Briilhart and Sbegami (2009), using system-
GMM, rely on GMM estimations and provide a good explanation on the suitability of these methods for
cross-country data on urban concentration and economic growth. In particular, system-GMM (Blundell and
Bond, 1998) estimates are expected to be more efficient than any other dynamic GMM estimators, especially
when the coefficient of the lagged dependent variable is close to one and the between sample variance is large
compared to the within sample variance (as is the case here). For GMM estimations I present standard AR(1),
AR(2) and Hansen tests for validity of internal instruments. As Bazzi and Clemens (2013) note, there is yet no
reliable and straightforward test for the strength of the instrument set in Sys-GMM estimations. Correlation
analysis of our key variables, nevertheless, reveals substantial explanatory power for lagged differences to
explain levels and for lagged levels to explain first differences.

26 OLS, Fixed Effects -FE-; GMM and System GMM -SysGMM- results ate presented to ease comparison
with previous literature, but I focus throughout the paper on SysGMM results (and IV estimations for SSA).
27 T also calculate the annual speed of convergence to ease comparability of results with previous papers. The
values found are within the range of what is commonly found in the literature, although differing depending
on the estimation technique considered.

28 In fact, when I analyse urban concentration by the different world regions, its effect on growth seems to
have been positive and significant only in Asia and Europe. When distinguishing between developed and
developing countries, rather than between woild regions, while linear effects of primacy are only positive and
significant in the former countries, it is in developing countries where the evidence of the Williamson
hypothesis is clearer (in line with Bertinelli and Strobl 2007).
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[Insert Table 2: Urban concentration and growth in a panel of countries]

[Insert Figure 4: The Williamson hypothesis]

As previous studies have suggested, the panel results confirm the relevance of urban concentration
in the economic growth process. But in line with these studies results also confirm the fact that the
sign and the form of the relationship are not uniform, as there are benefits, as well as costs, from
urban concentration that change with country’s characteristics. The relationship is likely to be
nonlinear, dependent on country’s level of development (the Williamson hypothesis). But the
relationship may also be influenced by other factors as heterogeneous results by world regions

suggest.

4.2. Positive and negative effects of urban concentration depending on the nrban process:
As noted before, the relationship between urban concentration and growth is likely to differ across
different urban processes. In this line, we have seen that the quality of urban infrastructure might
be fundamental to unleash positive synergies from agglomeration economies or to increase

congestion costs, in both cases affecting national productivity.

In Table 3 I present results for estimates of equations like (7), letting the effect of urban
concentration to depend on the quality of urban infrastructure. Results are presented using access
to improved urban sanitation facilities (sanitation) as a proxy for the quality of urban infrastructure 2’
The coefficients for both the direct effect of urban concentration and for its interaction with
sanitation are highly significant under OLS (column 1), being negative the first and positive the
second. Results are less significant when I estimate by FE (column 2) or SysGMM (column 3).
However, as noted in the descriptive analysis, the quality of urban infrastructure substantially
differs between developed and developing countries. Accordingly, in columns 4 and 5 I split the
sample between developed and developing countries. SysGMM results are now non-significant for

developed countries but they are highly significant for developing counttries.

The absence of enough variability between developed countries in the variables considered for
urban infrastructure could explain their non-significance. As we have seen, access to basic services
is very high and quite homogenous among developed countries. However, there is much higher
heterogeneity among developing countries, with some of them reaching developed world figures
but other lagging behind and with less than half of urban population having access to these
services. In the case of developing countries results suggest that while for low levels of sanitation

urban concentration is negative associated with economic growth, the association becoming

29 Below I discus some results (presented in the appendix) using other proxies for the quality of urban
infrastructure.
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positive as access to sanitation increases. Hence, urban concentration becomes positively

associated with growth only when basic services spread to the majority of the urban population.

[Insert Table 3: Urban concentration depending on the urban process|

5. Robustness checks

We can check the robustness of the results found in several additional ways. In first place one could
worry that the positive effect of the interaction between primacy and sanitation is due to the fact
that higher sanitation is correlated with higher income levels (where urban concentration could
have more beneficial effects). Nevertheless, as column 6 of Table 3 shows, main results for
developing countries hold when we introduce an interaction between urban concentration and
income levels. Likewise, results hold as we control for the Williamson hypothesis, introducing
interactions with income levels and their square (column 7 of Table 3). Results are also robust to
other regional differences in the relationship between urban concentration and economic growth
beyond differences in urban infrastructure (in column 8 the effect of urban concentration is let to
vary across world regions). This last result suggests that regional effects do not, therefore, drive the
significance of infrastructure in determining the net benefits from urban concentration. A second
concern might come from the proxy for urban infrastructure. While access to sanitation is a good
proxy and very pertinent for the analysis, there could be different contexts in which the role of
other urban infrastructures might be more relevant, for example transport infrastructure (mobility
and transport costs being a central issue of congestion analysis in the urban economics literature).
In this line, and to expand the analysis, I replicate some of the estimations using other variables for
the quality of urban infrastructure. On one side Appendix B presents panel results for access to
improved water source (water) and access to electricity (electricity). Results are non-significant for
access to water, but they are for access to electricity. On the other side Appendix C presents some
cross-section results. Cross-section analysis is more common in the long-run economic growth
literature and, as discussed before, allows us to consider other variables, as transport systems for
which there is not enough time variation. Cross-section results for sanitation are in line with panel
results. Results also hold when other variables are considered, as elctricity or transport_systems,

although the significance is reduced and depends on the controls used.3! When a composite

30 T also obtain similar results when considering growh in urban concentration and grow#h in sanitation rather
than their levels.

31 Following Briilhart and Sbergami (2009), our cross-section controls expand to include 18 variables found
to be robustly associated with long-run growth by Sala-i-Martin et al. (2004) along population growth rate,
higher education, fertility, investment share, and population density - to further capture agglomeration
between countries. As in the panel analysis, when I analyse by world regions cross-section estimations yield a
positive relationship between urban concentration and long-run growth (1990-2010) for Asia, while negative
and highly significant for SSA (being robust to all considered controls).
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measure for urban infrastructure is considered, rather than just one indicator, estimations yield

highly significant results (and robust to all the considered controls).32

6. Sub-Saharan Africa

One might still have concerns about reverse causality from growth to primacy and to the quality of
urban infrastructure. SysGMM estimations are expected to address endogeneity concerns.
However, SysGMM estimations tely on internal instruments (i.e. variables’ transformations and
lags). Good external instruments for primacy and for the quality of the urban infrastructure are
hard to find. Yet, we can find reliable external instruments for economic growth, at least for Sub-
Sahara African countries, which give us an additional methodological advantage. Besides, given the
particular deficiencies in urban infrastructure and poor performance in terms of economic growth,
the focus on Sub-Sahara Africa is interesting in itself. Being still relatively dependent on agriculture
and agricultural-dependent activities, economic growth in SSA countries is significantly determined
by rainfall.33 Following Briickner (2012; 2013), I exploit this exogenous variation to construct
instrumental variables that allows us to purge the possible effect that economic growth might have
on our key variables, urban concentration and sanitation (reverse causality). The use of exogenous
instruments allows us to control for simultaneity bias concerns in a more direct way, alternative to
SysGMM and without having to rely on internal instruments. Hence, in a first step primacy and
sanitation are estimated on economic growth by Two-Stage Least Squares (2SLS) using rainfall and

rainfall squared as instruments for growth:

UCit = ayit_l + ('.l' + bt + Eit (8)

Gy = Vi1 + a; + b + & )

where a; are country fixed effects and b; are year fixed effects. The introduction of country fixed
effects allows us to control for time-invariant country-specific omitted variables, while the
introduction of year fixed effects allows us to control for global shocks. Appendix D presents first-
stage OLS estimation for growth on rainfall and rainfall squared, and 2SLS estimations of equations
(8) and (9). Rainfall (and its square) appears as highly significantly to explain variation in economic
growth in SSA. By construction the residual variation on primacy and sanitation from our two-stage

least squares estimations of (8) and (7) capture any variation in these variables that is not due to

32 1 simply create a composite measure standardizing sanitation, water, electricity and transport_systems, and
aggregating them with equal weight.

33 Higher levels of rainfall are expected to increase agricultural productivity and therefore economic growth in
these countries. One should also considered rainfall squared, as too much rainfall can lead to floods
detrimental for agriculture. See Miguel et al. (2004), Briickner and Ciccone (2011) and Briickner (2012) for
more on the significance of rainfall as an exogenous variable determining economic growth in SSA countries.
There is also a relatively recent and increasing literature on the effects of decreasing long-term trends of
rainfall, associated with climate change, in Sub-Saharan Africa (see for instance Barrios etal. 2000).
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economic growth. In a second step I use these residual variations in primacy and sanitation, as
instruments for actual primacy and sanitation, to estimate by 2SLS our economic growth equation
(equation 7) for SSA. Appendix E provides a formal proof for why this IV strategy using residual
variation can propetly address simultaneity bias as long as one has good instruments for the
dependent variable (in our case rainfall, and its square, as instruments for economic growth). Table

4 presents the results.3*

[Insert Table 4: Urban concentration and growth in SSA]

Similar to results in column 7 of Table 2, IV results yield a negative and highly significant
coefficient for primacy in SSA (column 1 of Table 4) and in line with Briickner (2012). Regarding
the role of urban infrastructure, IV results - column 2 of Table 4 - are also similar to those in Table
3 (with a negative coefficient for primacy and a positive for its interaction with sanitation, both
being highly significant). Coefficients are robust to the considered controls as to the introduction of
an interaction term between urban concentration and income levels (column 3).35 They are also
highly significant if access to improved water source (column 4) or access to electricity (column 5),

rather than sanitation, are considered.

Recent literature has highlighted potential measurement error of income per capita in poor
countries, especially sub-Saharan African ones. As I final robustness check I use data on light
density at night to measure income (as proposed by Henderson et al. 2012). In Table 5 FE and IV
estimations of equation (7) for SSA are replicated using light density at night (as aggregated at the
national level by Henderson et al. 2012) and divided per population to proxy for income per capita.
Results for primacy and for its interaction with urban infrastructure remain significant.
Interestingly, the effect of our interaction term is even larger, while the coefficients for primacy and

sanitation remain almost exactly of the same magnitude as those in Table 4.
[Insert Table 5: Estimates for SSA using nigh density at night data]
In sum, results confirm - in this case for SSA - the role of urban infrastructure when it comes to

analyse the relationship between urban concentration and economic growth. According to

estimates, for urban concentration to have a positive impact on growth access basic services must

34 Standard tests confirm, on one hand, the relevance and validity of rainfall and its square as instruments for
growth in our regressions for primacy or sanitation. Angrist-Pischke F tests and Hansen ] tests are reported
respectively in Appendix 4. On the other hand, tests also confirm the relevance of the residual varation in
primacy and sanitation, once the reverse causality from growth has been removed, as instruments for actual
primacy and sanitation in the growth equation. Kleibergen-Paap F and LM tests are reported in Table 4.

35> We obtain similar results regardless of the estimation technique: OLS, FE or SysGMM. Results also hold if
we consider a role for ethnic polarization. As suggested by Briickner (2012), important ethnic divisions
increase the severity of negative externalities in urbanised areas. Result available upon request.
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at least cover 70 per cent of urban population. But access to basic services is still very deficient in
SSA, as we have seen. Only 3 countries out of 34 reached that 70 per cent threshold of urban
population with access to sanitation in 1990 (Djibouti, Mauritius and South Africa), three more

countries in 2005 (Angola, Botswana and Seychelles).

7. Conclusions and policy implications

Urban concentration plays an important role in the process of economic development. But there
are wide heterogeneities across countries in terms of urban processes and urban environments. One
aspect of the urban environment that is critical when analysing the relationship between urban
concentration and economic growth is the quality of urban infrastructure. The data analysed in this
paper indeed reflects important differences across countries in terms of access to basic public
services, especially in the developing world. The econometric results provide evidence on the
relevance of these differences to explain diverse results found in the literature in what refers to the
effect of urban concentration in different regions of the world. The role of access to basic services
seems robust to a long list of controls and econometric techniques. In this regard, it has been
analysed how urban concentration can be negatively associated with national economic growth
under urban environments with deficient urban infrastructure. This situation seems common in
Sub-Saharan Africa, where access to improved sanitation and electricity appear as especially
deficient and currently hampering structural change as well as the net benefits from urban

concentration.

In this line, for large agglomerations in developing countries today a Malthusian trap might be a
relevant reality, as population growth in these agglomerations exceeds the supply of resources
(understood here as urban infrastructure), leading to congestion costs exceeding the benefits from
agglomeration. Regarding policy implications previous works have suggested that when urban
congestion is due to natural increase rather than due to migration, as seem to be the case for large
agglomerations in Sub-Saharan Africa, investments in urban infrastructure are fundamental (Jedwab
et al. 2014). Access to basic services, in particular, is not just desirable per se in terms of quality of
life for urban residents but also in terms of capital accumulation as well as in terms of economic
efficiency at national level, as they allow for the realization of agglomeration economies and the
control of congestion costs. Consequently, guaranteeing that adequate urban infrastructure in these
large cities (as in all urban areas) keeps pace with their rapid increase in population not only

improves living conditions but can also induce a transition away from Malthusian dynamics.

Results suggest that the net benefits from agglomeration can arise in places where that is not the
case today if efforts are made to improve the quality of the urban environment, and it should not
be different in Sub-Saharan Africa. According to the results provided, the negative effects of urban

concentration that the literature has implied in this region can be associated precisely with its severe
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lack of adequate basic infrastructure. But as in other regions, improvements in urban infrastructure,
leading to upgraded urban environment, can also unleash agglomeration economies while helping
control congestion costs in Sub-Sahara African countries. In other words, the lower economic
performance of Sub-Saharan Africa can be in part explained by hampered agglomeration
economies due to deficient urban infrastructures. Clearly, further research on urban patterns could
be of great value to better understand the relationship between urban concentration and national

economic performance, an issue of major relevance for developing countries today.
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Appendix A: Variables’ names, definitions and sources:

Basic growth model

Description

Soutrce

growth
primacy

In(rgdpch)
ki
fertility

schooling23

Cumulative annual average per capita GDP growth rate

Population living in largest city (percentage of urban
population)

Per capita GDP (in logs)
Investment share (percentage of GDP)
Fertility rates

Average years of secondary and tertiary schooling of adult
population

Constructed with data from PWT 7.1 (Summers and
Heston), using real GDP chain data (rgdpch)

World Bank - World Development Indicators

Constructed with data from PWT 7.1 (Summers and
Heston), using real GDP chain data (rgdpch)

PWT 7.1. (Summers and Heston)
World Bank - World Development Indicators

Barro and Lee dataset

Further controls

primary_edu
higher_edu
pi

kg

openk
life_exp
dens65¢
tropicar

malfal66
elf60

buddha
confuc
east

laam
mining
muslim00
safrica
spain

pop_density

pop_growth

Percentage of primary schooling attended in total population
Percentage of higher schooling attended in total population
Price level of investment
Government consumption (percentage of GDP)
Openness
Life expectancy at birth
Density in coastal regions. 1965
Proportion of population living in tropical areas
Malaria
Ethno linguistic fractionalization
Fraction of Buddhist
Fraction of Confucian
Dummy for East Asian countries

Dummy for Latin American countries

Percentage of GDP in mining
Fraction of Muslim

Dummy for Sub-Sahara African countries
Dummy for Spanish colony

Population density

Population growth rate

Barro and Lee dataset
Barro and Lee dataset

PWT 7.1. (Summers and Heston)
PWT 7.1. (Summers and Heston)

PWT 7.1. (Summers and Heston)
World Bank - World Development Indicators
Gallup et al. (2001)

Gallup et al. (2001)

Gallup et al. (2001)
Easterly and Levine (1997)

Sala-i-Martin etal. (2004). (BACE dataset)
Sala-i-Martin etal. (2004). (BACE dataset)
Sala-i-Martin etal. (2004). (BACE dataset)
Sala-i-Martin etal. (2004). (BACE dataset)
Sala-i-Martin etal. (2004). (BACE dataset)
Sala-i-Martin etal. (2004). (BACE dataset)
Sala-i-Martin etal. (2004). (BACE dataset)
Sala-i-Martin etal. (2004). (BACE dataset)
World Bank - World Development Indicators

Constructed with data from PWT 7.1 (Summers and
Heston), using data on population

Urban infrastructure

sanitation

water

electricity

transport_systems
telephones
infant mortality

slums

Population with access to improved sanitation facilities
(percentage of urban population)

Population with access to improved water source
(percentage of urban population)

Access to electricity (percentage of urban population)
Dummy variable indicating if primate city has a massive
transport system (metro, tram or rapid bus)

Telephone lines (per 1000 inhabitants)
Infant mortality rates (per 1000 births)
Population living in slums (percentage of urban population)

World Bank - World Development Indicators

World Bank - World Development Indicators
World Bank - Sustainable Energy for All database

Constructed by the authors
World Bank - World Development Indicators
World Bank - World Development Indicators
UN-Habitat

rainfall

Annual rainfall aggregated at the country level

Global Precipitation Climatology Projects (GPCP)
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Appendix B: System GMM results with water and electricity:

(1) G=water (2) G=water (4) G=clectricity (4) G=electricity
Wortld Developing World Developing

Dependent variable: growth growth growth growth
UucC 0.0256 -0.0536 -0.0224%+* -0.0183**

(0.0455) (0.0519) (0.0097) (0.0081)
G 0.0136 -0.0209 -0.0144** -0.0057

(0.0228) (0.0120) (0.0072) (0.0054)
ucxG -0.0003 0.0005 0.0003** 0.0002**

(0.0005) 0.0005) (0.0001) (0.0001)
Year FE YES YES YES YES
Controls YES YES YES YES
Observations 497 347 540 374
Number of countties 129 91 137 95
AR(1) p-value 0.071 0.087 0.029 0.050
AR(2) p-value 0.203 0.276 0.187 0.179
Hansen test p-value 0.180 0.271 0.118 0.068

Note: Controls include /n(igdoch), ki, fertility and schooling23. All controls are calculated as
averages over 5 years except /Zu(1gdoch) and schooling23, which are measured at the beginning of
each period. Estimation done by SysGMM. /n(igdoch), ki, fertility, schooling23, UC, G and
UC*G are treated as endogenous using lagged values between 2 and 4 periods as
instruments for first differences and variables in first differences lagged between 2 and 4
periods as instruments for variables in levels. Estimations are done with small sample
correction. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Appendix C: Cross-section results:

@) 2 €) @) ©) (©) () ®)
G=sanitation G=clectricity G=transport_systems G=composite
Dependent
variable: growth growth growth growth growth growth growth growth
ucC -0.0070%**  -0.0070***  -0.0025*  -0.0031*F  -0.0004  -0.0033**F -0.0067*** -0.0053***
(0.0020) (0.0020)  (0.0014)  (0.0013)  (0.0009)  (0.0011) (0.0019)  (0.0018)
G -0.0020 -0.0006 0.0004 0.0009 -0.0532 -0.0880 -0.0019 0.0016
(0.0015) (0.0011)  (0.0009)  (0.0012)  (0.0572)  (0.0714) (0.0012)  (0.0018)
uc+G 0.0001***  0.0001**  0.0001** 0.0000 0.0013 0.0039*  0.0001***  0.0001**
(0.0000) (0.0000)  (0.0000)  (0.0000)  (0.0014)  (0.0020) (0.0000)  (0.0000)
Controls YES YES YES YES YES YES YES YES
Further
controls NO YES NO YES NO YES NO YES
adj R square 0.294 0.637 0.291 0.609 0.231 0.611 0.316 0.674
Obs. 112 87 129 93 129 93 107 84

Note: growth is here calculated as cumulative annual average per capita GDP growth rate between 1990 and 2010. In
column 7 and 8 composite is calculated combining sazuitation, water, electricity and transport_systems. Controls include
In(rgdoch), ki, fertility and schooling23. Further Controls include: primary_edu, higiher_edn, pi, kg, yrsopen, life_exp, dens6>e,
tropicar, malfal66, elf60, buddha, confuc, east, laam, mining, muslim, safrica, spain, pgp_dens, ki, fertility and pop_growth. All
right-hand variables are measured at the beginning of the period or closest year. Estimations are done by OLS.
Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Appendix D: First step estimations for SSA:

(1) OLS (2) 2SLS (3) 2SLS
Dependent variable: growth primacy sanitation
rainfall 0.0028**

(0.0013)
rainfall squared -0.0001***

(0.0000)
growth -4.1597 -0.4570

(2.9154) (1.30064)

Country FE YES YES YES
Year FE YES YES YES
Observations 143 178 143
Number of countties 38 38 38
First-stage F-stat p-value 0.000 0.005
Angrist-Pischke F stat p-value 0.053 0.093
Hansen J stat p-value 0.730 0.944

Note: Columns 2 and 3 use raznfall and rainfall_squared as instruments for growth. 2SLS
estimations are done with small sample correction. Angrist-Pischke F tests the
significance of excluded instruments. Hansen ] tests the null hypothesis of valid
instruments. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1



Appendix E: Adjusting for simultaneity bias, formal proof:

Building on Bruckner’s (2013), this appendix briefly formalizes how simultaneity bias can be
propetly addressed by IV estimations using residual variation in urban concentration and in urban
infrastructure that is not driven by economic growth. We start by assuming a possible simultaneous
equation model:3

y=4 UC +u (E.1)
UC=A4 7y +e (E.2)

where y is growth and UC is urban concentration. We atre intetested in the coefficient A;.
However, if A, # 0 then OLS estimates of 4; from equation (a.1) will be biased. Nevertheless, if
we can consistently estimate A, in equation (a.2) we can construct a seties for UC that is adjusted
for the endogenous response (i.e. res(UC) = UC — A,(¥)) and use res(UC) as an instrument

for actual UC in equation (a.1) to estimate A;. The instrumental variables (IV) estimate of A; will
not suffer from simultaneity bias:

/1[1‘; _ cov(res UC y) __ cov(res UC u) cov(eu)

cov(res UC ,UC) A cov(res UC UC) - cov (e UC) (E?))

Consistent estimate of A, can only be obtained if one has a valid instrument for ¥ in equation (a.2)
(OLS can not yield a consistent estimate of Ay if 4y # 0 in equation (a.1)). In our case rainfall, and
its square, provide these valid instruments for growth.?

In fact, we can identify the adjustment in A; when addressing for simultaneity bias in our growth
equation. The first stage estimation, in which actual UC is regressed on res(UC), is:

UC=0res UC +v=0UC—Ay +v (E.4)
the residuals from this stage being:
v=UC —08(UC — Ayy) (E.5)

We can introduce v as an additional control in our growth equation and estimate by OLS - control

function approach (the estimate for A; will be the same than A}” - see Wooldridge 2010 for the
equivalence between IV and control function approach estimates in linear models):

Viter1 = B logyie +¥Xi + A UCie + OV + TZy + &t (E.6)
which equals to:
Vitrv1 = B logyir + Xy + (A +0(1 —8))UC; + 04,0V1—1¢ + TWyjr + &t ET)

and where (1 — 8) will be the adjustment for simultaneity bias done to an estimate of A; in which
simultaneity bias was not addressed (i.e. direct OLS without v). As it can be seen, the adjustment
depends on &, which indicates the role of past growth in explaining current growth, and also on
(1 — 8), which captures the share on the variation of UC that is due to economic growth. If any of

the two components, 8 or (1 — 8), is cero then the estimate reduces to the direct OLS estimate (no
simultaneity bias).

36 We formalize here the procedure to adjust for simultaneity bias between primacy and growth. An equivalent procedure
is followed to adjust for simultaneity bias between urban infrastructure and growth.

37 Note that there will still be omitted variables bias in our IV estimate of 44 if cov(e, 1) # 0. This bias will, of course,
diminish as further controls are taken into account (as well as fixed effect in panel data estimations are included).
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Tables and figures:

Table 1: Some basic figures

Panel A: growth primacy Correlati slums
Region mean  stddev  sample | mean stddev = sample Oreation M ean std dev sample
Developed 1.8 1.1 42 35.0 24.8 44 0.17
Developing 1.9 2.3 128 43.3 24.2 149 -0.08 57.0 28.9 102
North
America 1.5 0.1 3 18.0 6.7 4 -0.10 18.0 1
Europe 2.0 1.5 31 28.3 19.0 38 0.10
Asia 2.9 2.9 39 38.5 24.1 47 0.07 52.2 24.9 26
Oceania 1.1 0.9 12 72.8 30.8 16 -0.07
North Africa | 2.1 1.2 6 25.8 9.6 6 0.20 39.5 29.0 6
LAC 1.9 1.3 34 49.3 23.7 36 0.08 33.7 23.8 28
SSA 1.3 3.0 45 42.1 16.3 46 -0.13 77.1 19.7 41
World 1.9 2.0 170 41.4 25.5 193 -0.03 57.0 28.9 102
Panel B: sanitation Other urban infrastructure measures
Region mean stddev  sample water electricity inf. mort. tel. lines transport
Developed 98.6 3.59 40 99.6 96.6 11.0 40.9 69%
Developing | 70.6 25.71 142 89.4 79.8 62.4 10.8 20%
North
America 100.0 0 2 100.0 100.0 8.1 59.9 100%
Europe 97.5 4.6 35 99.7 99.7 13.1 38.4 74%
Asia 83.8 18.25 45 93.3 92.3 50.2 14.1 33%
Oceania 83.3 18.39 14 93.0 74.3 33.6 16.2 6%
North Africa | 87.7 15.15 6 85.9 90.5 56.6 5.8 67%
LAC 84.2 15.68 34 94.8 94.9 35.4 17.6 26%
SSA 44.1 20.26 46 81.1 52.7 93.3 2.2 0%
World 76.7 25.55 182 91.7 83.7 50.7 17.8 32%

Note: growth is calculated over 1970-2010. “sample” indicates the number of countties considered (for which
we have data for the respective region and variable). primacy, sanitation, water, electricity and fel. lines are calculated
as averages over 1990-2005. #ransport indicates the percentage of countries in the region for which their

primate city has a massive transport system (metro, tram or rapid bus).
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Figure 1: Population living in largest city (percentage of urban population)

primacy

B (45.8284,99.0815]
I (35.8687,45.8284]
I (26.2317,35.8687]
3 (20.0632,26.2317]
0[0,20.0632]

Note: values for primacy calculated as averages between 1970 and 2010.

Figure 2a: Access to improved sanitation (percentage of urban population)

sanitation

m (75,100]
(50,75
0 (25,50]
0[0,25]

Figure 2b: Access to electricity (percentage of urban population)

electricity

B (75.3225,100]
1 (50.645,75.3225)
1(25.9675,50.645)
C1[1.29,25.9675]

Note: values for sanitation and electricity calculated as averages between 1990 and 2005.
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Figure 3: Access to improved sanitation by income levels
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Table 2: Urban concentration and growth in a panel of countries

(3) GMM

®SysGMM_ (5)SysGMM_ (6)SysGMM_ (7)SysGMM

Dependent variable: Average cumulative annual growth rates of per-capita GDP

In(rgdpch) -0.3663%FF  -0.0290%*x  _(0.0814%kk (0. 1252%xx  _(),0715%kk
(0.1647) (0.0461) (0.0507) (0.0974) (0.0539)
ki -0.0026 0.0034* 0.0015 -0.0015 -0.0014
(0.0029) (0.0018) (0.0035) (0.0032) (0.0030)
fertility 0.0205 -0.0580***  _0.0629%Fk  _0.0362%k  -0.0448%**
(0.0215) (0.0154) (0.0170) (0.0156) (0.0131)
schooling23 0.1344% -0.0311 0.0206 0.0113 -0.0141
(0.0677) (0.0318) (0.0388) (0.0565) (0.0387)
UucC 0.0054* -0.0782%+% 0.0049%
(0.0032) (0.0269) (0.0027)
UCHIn(rgdpch) 0.0173%+%
(0.0062)
UC*(In(tgdpch))™2 -0.0009%+*
(0.0003)
UC*LAC -0.0040%+
(0.0012)
UC*SSA -0.0070**
(0.0030)
Year FE NO YES YES YES YES
Annual speed of
convergence 9.12% 0.59% 1.70% 2.68% 1.48%
adj R square
Observations 1077 1216 1204 1204 1204
No. of counttries 139 139 137 137 137
ARI1 test p-value 0.025 0.001 0.004 0.000 0.002
AR?2 test p-value 0.366 0.436 0.437 0.582 0.552
Hansen test p-value 0.040 0.007 0.047 0.166 0.338

Note: 44, fertility are calculated as averages over 5 years. The time spam goes from 1960 to 2010. All remaining vatiables
are measured at the beginning of the period. For GMM and SysGMM estimations variables in levels lagged between 2
and 4 periods are used as instruments for first differences. For SysGMM estimations variables in first differences
lagged between 2 and 4 periods are used as instruments for levels. GMM and SysGMM estimations are done with
small sample correction. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Figure 4: The Williamson hypothesis

0.006

0.004
0.002 / \

0 x
20,002 2 /

13

Net effect of primacy on growth

9 11
-0.004 //
-0.006 /
-0.008
/

-0.01

-0.012
In(rgdpch)

Note: Plot using SysGMM estimation coefficients (column 6 of Table 2).

29



Table 3: Urban concentration depending on the urban process

World sample Developed  Developing Developing  Developing  Developing
(1) OLS (2) FE (3)SysGMM  (49)SysGMM  (5)SysGMM . (6)SysGMM _ (7)SysGMM. (8)SysGMM
Dependent variable: growth growth growth growth growth growth growth growth
ucC -0.0171%%%  -0.0474%%*  -0.0331 0.0711 -0.0462%+¢ -0.0031 0.1152
(0.005) (0.016) (0.020) (0.061) (0.011) (0.0211) (0.0729)
sanitation -0.0035 -0.0057 -0.0197 0.0310 -0.0139 -0.0159 -0.0080 -0.0137
(0.002) (0.011) (0.012) (0.028) (0.010) (0.0109) (0.0089) (0.0112)
UC*sanitation 0.0002*%*¢  0.0004* 0.0004* -0.0007 0.0005%** 0.0005%* 0.0004** 0.0005%*
(0.000) (0.000) (0.000) (0.00006) (0.0002) (0.0002) (0.0002) (0.0002)
UC*In(rgdpch) -0.0053 -0.0360** -0.0354**
-0.0037 -0.0177 -0.0134
UC*In(rgdpch)”~2 0.0021* 0.0018**
-0.0011 -0.0009
UC*region YES
Country FE NO YES
Year FE YES YES YES YES YES YES YES YES
Controls YES YES YES YES YES YES YES YES
Observations 500 500 500 144 356 356 356 356
No. of countries 131 131 131 37 94 94 94 94
AR(1) p-value 0.082 0.192 0.071 0.059 0.029 0.043
AR(2) p-value 0.280 0.371 0.569 0.505 0.863 0.711
Hansen test p-value 0.172 0.529 0.424 0.305 0.325 0.272

Note: UC*ngion are interaction terms between UC and each world region. Controls include /Ju(rgdoch), ki, fertility and schooling23. All
controls are calculated as averages over 5 years except /J(rgdoch) and schooling23, which are measured at the beginning of each period. The
time spam goes from 1990 to 2010. In SysGMM estimations £z, fertility, schooling?3, UC, sanitation and UC¥sanitation are treated as
endogenous using lagged values between 2 and 4 periods as instruments for first differences and variables in first differences lagged
between 2 and 4 periods as instruments for variables in levels. SysGMM estimations are done with small sample correction. Rob ust
standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table 4: Urban concentration and growth in SSA

G = sanitation G = water G = electricity
O IV @1V B3IV @ v O IV
Dependent variable: growth growth growth growth growth
UucC -0.0287** -0.0874%+* -0.0200 -0.3371%%* -0.1754%*
(0.0141) (0.0140) (0.0697) (0.0767) (0.0752)
G -0.0638*** -0.0725%** -0.1083*** -0.0361 %+
(0.0214) (0.0229) (0.0301) (0.0094)
uc*G 0.0013%** 0.0015%** 0.0024** 0.0007***
(0.0005) (0.0005) (0.0007) (0.0002)
UCHIn(rgdpch) -0.0111 0.0125 0.0170
(0.0113) (0.0124) (0.0118)
Country FE YES YES YES YES YES
Year FE YES YES YES YES YES
Controls YES YES YES YES YES
Observations 135 103 103 95 108
Number of countties 28 28 28 26 28
Angrist-Pischke F tests p- 0.000; 0.000; 0.007; 0.000; 0.002; 0.000; 0.001; 0.000;
values 0.000 0.000 0.000; 0.009 0.001; 0.003 0.000; 0.002
Kleibergen-Paap F-stat 1253.02 40.15 28.19 18.37 70.07
Kleibergen-Paap LM-stat 0.63** 24.26%F* 23.38%F* 12.39%F* 17.10%F*

Note: Controls include /n(rgdoch) ki, fertility and schooling23, but also rainfall and rainfall squared. All controls are
calculated as averages over 5 years except /(rgdoch) and schooling?3, which are measured at the beginning of each
period. The time spam goes from 1990 to 2010. For IV estimations, UC, G and UC*G series adjusted for the
effect that growsh has on them are used as instruments. Kleibergen-Paap stats test the null hypothesis that the
equation is underidentified. Estimations are done with small sample correction. Robust standard errors in

parentheses. *** p<0.01, ** p<0.05, * p<0.1

Table 5: Estimates for SSA using nigh density at night data

(1) FE 2) 1V (3) FE # IV
Dependent variable: growthavsd growthavsd growthavsd growthavsd
ucC -0.0175* -0.0127 -0.0624*%*  -0.0866***
(0.0094) (0.0103) (0.0212) (0.0198)
sanitation -0.0258 -0.0601*
(0.0304) (0.0304)
UC*sanitation 0.0019** 0.0029%*
(0.0009) (0.0008)
Country FE YES YES YES YES
Year FE YES YES YES YES
Controls YES YES YES YES
Obsetvations 108 108 103 103
Number of countries 28 28 28 28
Angrist-Pischke F tests p-values 0.000 0.000
Kleibergen-Paap F-stat 274544 33.02
Kleibergen-Paap LM-stat 3.93%* 21.41%6%

Note: Controls include /n(avsd) ki, fertility and schooling23, but also rainfall and rainfall squared.
All controls are calculated as averages over 5 years except /n(avsd) and schooling23, which are
measured at the beginning of each period. The time spam goes from 1990 to 2010. For IV
estimations, A, sanitation and A*sanitation seties adjusted for the effect that growsh has on
them are used as instruments. IV estimations are done with small sample correction. Robust
standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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