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BEYOND KUZNETS: INEQUALITY AND THE SIZE AND DISTRIBUTION OF CITIES

ABSTRACT

As countries develop the percentage of total population living in urban areas (the rate of
urbanisation) tends to increase. As this happens, inequality is expected first to increase and
then to decline in what is known as the Kuznets inverted-U. But the development economics
literature has not paid much attention to differences in the absolute size of cities potentially
affecting economy-wide inequality. Building on insights from the urban economics literature,
this paper studies the relationship between the size and distribution of cities and income
inequality at country level. The main contribution of the paper is to show that beyond Kuznets’
hypothesis there is a U-shaped relationship between average city size and inequality;
inequality is expected first to fall and then to increase with average city size. This result is
found to be robust to a long list of controls, and different estimation techniques and
identification strategies.
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1. INTRODUCTION

One major characteristic of the process of economic development is the movement of
people from rural to urban areas. As a result, the percentage of population livingrratebs
(the rate of urbanisation) increases, with economic development usually gointptreard
with urbanisation. According to classical theories (i.e., Lewis 1954; Kuznets 1955), this process
is related to economwide inequality in a notfinear way: inequality first increases, as
countries urbanise, and then declines as urbanisation proceeds. THiseaomelationship
bet ween income (and wurbanisation) aW8uti neque
economic development is also associatéth & change (usually an increase) in the number,
absolute size and distribution of urban areas (cities). According to the urban economics
literature, different cities and different size of cities are expected to experience different levels
of mean incomend of income inequality.Consequently, there is no reason to expect that
when the number, size and distribution of cities changes, inequality will remain unchanged.

However, this is an issue that to date remains understtidied.

The overarching aim of thigaper is to analyse the relationship between the size and
distribution of cities and income inequality, using panel data for as many countries around the
world as possible, looking at natievide inequality, controlling for several determinants of
inequaity, and considering nehinearities in the relationship.

Income inequality within countries has increased significantly during the last decades
(see for instance Milanovic 2011 and CaiGespedes and Caste(uintana 2016).
Understanding why and howaqualities increase is important in fairness terms, but also as the
association between inequality and economic performance has been shown to depend on the

factors defining inequalities (i.e., World Bank 2006; Marrero and Rodriguez 2014; Castells

1 Theurban economics literature has shown not only the relevance of city sizievet pityductivity, but also the
relevance of the distribution of cities for couletvel productivity (see for instance White 1981; Duranton and Puga
2004).In what referdo citylevel inequality, it has been suggested featxpected to decrease when small cities
grow,but it is expected to increase when large cities grow (see for instance Nord 1980)

2For a fixed total population, the urbanisation rate of a givetmcmay increase as the number of cities increase,
or as the existing cities increase in size. It follows that informatiomambier, size and distribution of cities, can

give us additional information on the evolution of inequmditgritiat giverby the urban rate.
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Quintanaa nd Royuela 2017). As the Kuznetsd hypot
spatial issues, especially those associated with urban dynamics, are likely to be crucial for

Il nequality. I n the policy ar ena, canbearfoce have
for tackling inequalityo (see for instance |

there have been warnings that large cities have greater income inequality (see for instance
Holmes and Berube 2016). Most countries today are dithlely urbanised or are experiencing

a fast process of urbanisation, with the number and size of cities experiencing rapid growth,
but it is not yet clear how these trends affect the evolution of cowntig/ inequality. In fact,

how rapid urbanisation atts inequalities is still an undersearched issue (Henderson 2010).
Rapid urbanisation and increasing inequalities may not only be linked but are both today major
challenges for many countries around the world. Consequently, understanding the rgbationsh
between the size and distribution of cities and income inequality becomes crucial for policy

makers concerned with urban life and sustainable inclusive development.

In relation to existing studies, this paper is closely linked to two main strands of the
literature on inequality. On the one hand, the paper relates to works in the development
economics literature studying the determinants of econweidyg inequality. Papers in this
literature usually consider inequaldythe country levdi.e., Fields 199, for Least Developed
Countries; Milanovic 1994, Li et al. 1998, Gustafsson and Johansson 1999, Barro 2000,
Vanhoudt 2000, Frazer 2006, and Roine et al. 2009, for world samples; Odedokun and Round
2004, for Africa; and Castel@uintana and Larra 2015ifLatin America). Other papers study
inequality at the regional level(i.e., Perugini and Martino 2008; Tselios 2008, 2014;
RodriguezPose and Tselios 2009; Royuela et al. 2014; Cafpelistana et al. 2015). One key
and usual issue of analysis in all tfis literature is that of the relationship between
devel opment (and wurbanisation) and i ndome in
But no paper in the development economics literature considers the size and distribution of
cities as a potdial determinant of inequality. On the other hand, the paper is also linked to the
urban economics literature. Papers in this literature study the relationship between city size and
income inequalityat the city leve(i.e., Duncan and Reiss 1956; Rictsod 1973; Haworth et
al. 1978; Nord 1980; Long et al. 1977; Alperovich 1995; B&mow and Pavan 2013; Behrens
and RoberNicoud 2014; Glaeser et al., 2015; Sarkar et al. 2016; Ma and Tang*20h@e

3There is mixed evidence in the urban economics literature in what refers to thimedyaiitg relationship. Older

papers had suggested that inequality goes down with city size. More recent papers suggest the opposite.
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these papers focus on size, they look at city inéyuahd do not consider effects on the level

of economywide inequality. Finally, this paper also relates to Brulhar and Sbergami (2009)
and Frick and RodrigueRose (2016). The first looks at urban concentration in cities of
different sizes, whilst the send looks at average city size, both to analyse effects on national
economic growth. To the best of my knowledge, no paper has studied the relationship between
the size and distribution of cities and econerigie income inequality. This paper aims to fill

this gap.

The remainder of the paper is organised as follows. Section 2 describes the data to be
used to study the relationship between inequality and the size and distribution of cities, and
presents some basic stylised facts. In Section 3, main astisand results are presented,
while section 4 performs some robustness check. In Section, 5 results are discussed, delving
into potential mechanisms linking what happens to cities and ecowaeyinequality.

Finally, section 6 concludes and derives @plmplications from the results.

2. DATA AND STYLIZED FACTS

Data

To study the relationship between the size and distribution of cities and income inequality |
rely on panel data for as many countries as possible depending on data availability between
1960and 2010. Data for income inequality for several countries and for ailoegspan is
scarce, which has conditioned the analysis of the evolution and the determinants of inequality.
To overcome this limitation, | use data from the Standardised World Edoaeguality
Database (SWIID) version 5.0 (Solt 2014). SWIID uses a custom midatagmultiple
imputation algorithm to standardise observations. The database combines data from several
sources, including the UNWIID Database, the OECD Income DistributiDatabase, Eurostat,

the World Top Incomes Database, the University of Texas Inequality Project, and the
Luxemburg Income Study data. The SWIID data has been homogenized to maximise the
comparability of available income inequality data across countrie®eerdtime. However,
following Solt (2009; 2014), multiplemputations are performed when using the data to

consider uncertainty from SWIID estimates.

To study the size and distribution of cities within countries, data from the World
Urbanisation Prospext WUP - (UN 2014) is used. The WUP gives data on agglomeration

S<iag) GP Global Poverty &
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size, in terms of population, for agglomerations of more than 300 thousand inhabitants (in 1990)
from 1950 onwards for as many countries in the world as possible (up to 199 countries,
including more than 1690 urban agglomerations worldwid&3. key explanatory variable a
natural starting point is to consider the average city®ditban agglomeration size, rather than

city size, is considered, as the literature has shown that for both imcwhiecome inequality

what matters is the size of the urban agglomeration rather than that of the city (although in the
paper | may indistinctly refer to urban agglomeration or city size). To construct the variable,
AveAggSizd simply consider all aggtoerations above 300 thousand inhabitants and calculate
countryyear means. In the robustness section | address the issue that average agglomeration

size may be driven by one or few citfes.

To capture KtJz imowrhesper capiav (e rlogs®® dnds isquare are
considered, using data from the Penn World Tables (PWT). Finally, for the econometric
analysis carried out in sections 3 and 4, other variables that the literature has found to potentially
influence inequality at country level are considelestart by considering economic growth
(ecogrowth, investment sharekif, government spendingd), and educational levels (average
years of schooling. As robustness, additional variablese considered, including total
population, the percentage of arbpopulation, fertility rates, coal rents, exports, and the size
of the agricultural sector (these last three as percentage of GDP). Other variables that may be
correlated with average agglomeration size, like the population of the largest city, the
percaitage of total population living in urban agglomerations of more than one million
inhabitants, and the percentage of urban population living in the largest city, are also
considered. All of these variables come from different sources, including the Warkdaad

the PWT. Historical data on population of major cities from Mitchell (2013) is also used for

4 As mary authors have highlighted, working with data on city size and urbanisation rates poses the challenge of the
definition of what constitutes a city, which may vary across countries. WUP data takes this into account and aims at
smoothing these differencesragh as possible to ease comparability across countries.

5 Online Supplementary Material explains in more detail why when we compare average city size across countries we
are actually comparing the scale of cities for the whedzeitistribution irach country.

6 The focus on agglomerations above 300 million inhabitants lies in three main reasons: i) data availability, ii) the fact
that agglomeration economies and congestion costs have been shown to be significant only in sufficiently large cities,
and iii) the fact that, according to Zipf's law, information on cities above 300 thousand inhabitants should be enough
to delineate the size of all cities. For more on Zipf
Duranton and Pwg(2013).
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identification in cross section estimates,
names, definitions and sources, whilst descriptivessizdifor main variables and correlations
among them, as well as a list of countries included in the analysis, can be found in Online

Supplementary Material.

Some Stylised Facts

Looking at the data, some clear facts emerge. The first of these factsrapitthepace of
urbanisation. The percentage of the world population living in urban areas has increased from
around 30 in 1950 to around 54 in 2015, and is expected to reach 66 by 2050 (according to
WUP 2014 estimates). A second fact relates to the increaghe number of urban
agglomerations. Considering urban agglomerations of more than 300 thousand inhabitants, the
number of urban agglomerations around the world has increased from 304 in 1950 to 1729 in
2015 (and is projected to reach 2225 in 2030).Aumaber of urban agglomerations with more

than 1 million inhabitants has also gone up dramatically, from 77 in 1950 to 501 in 2015. And
the number of agglomerations with more than 10 million inhabitants has gone from 2 in 1950
(Tokyo and New York) to 29 i2015. A third fact relates to the average agglomeration size,
which also shows a rapid increase, either looking at agglomerations across the world or looking
at the average agglomeration size within countries. The mean across countries in average
agglomeation size has increased from 253 thousand inhabitants in 1950 to 1.268 million in
2015 (see Annex B). Annex C maps values for countries around the world in 2015. Two single
agglomeration countries, Horkong and Singapore, display the highest values. Ajrtbe

top 20 countries only 3 are developed (Japan, Portugal and Greece), the rest are developing
countries. In terms of population, these two faashigher number of urban agglomerations

and a higher average agglomeration sizanslates into more drmore people living in large

cities. While in 1950 around 300 million people in the world lived in urban agglomerations of
more than 300 thousand inhabitants, this figure exceeds 2.2 billion in 2015, which is almost a
third of the total world populatiorgnd 57% of the world urban population. And among all
urban agglomerations, the cities of more than 10 million inhabitants concentrate alone more

than 12 per cent of the world urban population.

Finally, regarding inequality at country level, during the ader®ed period, 81 out of
the 174 countries in SWIID database experienced an increase in their Gini coefficients, while

55 experienced a decrease.
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3. INEQUALITY AND THE SIZE AND DISTRIBUTION OF CITIES: AN
EMPIRICAL ANALISIS

Bivariate Correlations

When studing the relationship between the size and distribution of cities and income
inequality, we should be aware of the potential relationship between income per capita (and
urbanisation) and inequality suggested by classical theories of structural changdinicimor

these theories, the process of economic development tends to be accompanied by an increasing
proportion of the population living in urban areas, affecting the overall level of inequality in a
nonl i near way (t h44). Walwanted exaine wiethex the eclktionship
between the size and distribution of cities and income inequality reflects something else beyond
the relationship between (economic) development and inequality. Figures 1.A to 1.F examine
the correlation between income per itapand income inequality, and between average
agglomeration size and income inequality. While Figures 1.A and 1.B consider all panel data,
Figures 1.C and 1.D consider inequality levels in 2010 and average agglomeration size and
income per capita in 196@p capture longun associations. Finally, Figures 1.E and 1.F
consider only variation over time within countries (i.e., controlling for country fixed effects).

This btvariate analysis reflects an invertedrelationship between income and inequality
levels, in line with the Kuznets hypothesis. But the analysis also reflects a different quadratic
relationship beyond Kuznetsé, t hat -shamped we e n
relationship emerges (not reported before in the literature): ineqtiedityleclines and then

increases with average agglomeration size.

7For simplicity, in the scatter plots in Figure 1 | only include visual reference to observations considered in Figure 1.C
and 1.D, and not in Figures 1.A, 1.B, 1.E and 1.F (as these would represent having more than 800 dots in the

scatterplotanaking it difficult to visualise). Also remember that inequality data comes from multiple imputations.

< |> GP D Global Poverty &
Inequality Dynamics Research Network 6



BEYOND KUZNETS: INEQUALITY AND THE SIZE AND DISTRIBUTION OF CITIES

FIGURE 1: Income per capita and inequality, and average agglomeration size and inequality

Figure 1.A and 1.B: Pooled data
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Note: Inequality measured by the Gini coefficient (0 to 180pAggSizemeasured in thousand inhabitants.
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Econometric Analysis
Does the Wshaped relationship between average agglomeration size and income inequality
survive rigorous econometric analysis? To test this, we can use the considered panel data to

estimatecrosscountryregressions like the one in equation (1):
Ve BNAOQO 0 Qe GE aQl Q& ©E aQf 60 Qb6 QAYQHD S ¢
Where'Q¢ ‘QR 6 dsirieems inequality in countrfin time o, "Q¢ o éigiir@ome per
capita (in logs),® potential factorsnfluencing income inequality, and a countrytime
specific shock. Income per capita is considered in linear and quadratic form to capture the
Kuznet s 0-UBiThes key tindegrendent variable iBveAggSize average (urban)

agglomeration size, faach considered countgear observation. As with income per capita,

a linear as well as a quadratic term for average agglomeration size can be considered.

Equation (1) is estimated considering as many countries as possible (up to 131 in main
estimationspand the longest time span depending on data availability (usually considering data
from 1960 to 2010 and splitting the data into fixear periods). All righhandside variables
are included one period before to reduce problems of reverse causalityta/te daeasure
income inequality comes from Solt (2014), all estimations are done using miuttjpkation
estimates (100 imputations), smadmple adjustment and clustering errors at the country
level® Time effects are included to control for global ske Several panel data techniques are
implemented, including Ordinary Least Squares (pe@&®) and countryFixed Effects (FE),
in order to control for countrgpecific characteristics.

Table 1 presents main results. Column 1 only considesAggSizeand presents
pooledOLS estimates. Results yield a negative and significant coefficient, indicating that the
higher the average agglomeration size of a country the lower its level of income inequality.
Column 2 considergiveAggSizand its square to contrédr nonlinearities. Results yield a
negative coefficient for the linear term and a positive for the quadratic, being both highly
significant, and suggesting that inequality first decreases and then increases with average
agglomeration size. Column 3 intluces income per capita (in logs) and its square to capture

8n the robustness section, other functional forms are considered.
9 Given the uncertain nature of some estimated inequality values in SWIID data, econometric estimation are done

with multiple imputations that take into account error bands in the imputed values (Ml estimations in Stata).
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Kuznet s &U. Alincoefficiegnts dre highly significant and have the expected signs,
reflecting an inverted) relationship between income and inequality (Kuznets), but also a U
shaped relabnship between average agglomeration size and inequality (our hypothesis).
Column 4 introduces country fixed effects. Results holdhMaAggSizand its square, but the
coefficients for income are no longer significant. Finally, columns 5 and 6 intrddriber
controls (at the expense of losing observations). Controls have the expected sign (although
coefficients are not always significant) and seem to affect the coefficient for income and its
square. HoweverwveAggSizand its squarstill displaysignificant coefficients, negative the

first and positive the seconid.

Estimates confirm a i$haped relationship between average agglomeration size and
inequality. This relationship between the two variables suggests an optimal level of average
agglomeation size. This level changes depending on the estimation, falling between 2 and 3
million inhabitants. In other words, everything else equal, an average agglomeration size
between 2 and 3 million inhabitants minimizes the overall level of national iligquen
average agglomeration size of 3 million inhabitants turns out to be a relatively high value. Most
countries in our sample have levels of average agglomeration size below 3 and even 2 million.
But countries differ greatly in what refers to the fiimeal characteristics of their urban
agglomerations (see for instance Cast@liisntana 2017), which is likely to influence the
relationship between average agglomeration size and inequality. Consequently, we can expect
each country to have its optimal/éd of average agglomeration size (something that arises as

interesting for further research).

10 Regressing economic growth orraye agglomeration size and its square yields significant coefficients: economic
growth increases and then declines with average agglomeration size (results available upon request). This result is
expected according to the urban economics litergitteragglomeration benefits and congestion costs that come

with city sie, and are in line with Frick and Rodrigeese (2016).
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TABLE 1: Main results

@ @ ©) (4) (5) (6)

Dependent variablénequality (Gini Coefficient)

AveAggSize -0.0012**  -0.0060***  -0.0025** -0.0039* -0.0052** -0.0054
(0.0005) (0.0013) (0.0010) (0.0023) (0.0026) (0.0046)

AveAggSiZe 0.0001*** 0.0001*** 0.0001*** 0.0001*** 0.0001**
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001)
Log(income) 31.6839*** 11.5567 10.799 24.7052**
(3.4654) (8.3669) (8.8662) (10.9818)

Log(income} -2.0863*** -0.5605 -0.4389 -1.4248**
(0.2108) (0.4457) (0.4728) (0.6251)

Ecogrowth 0.0789 0.0300
(0.0940) (0.0792)

InvestmentKi) -0.0407 -0.0246
(0.0526) (0.0634)

Gov spendKg) -0.1569 -0.2704

(0.1739)  (0.2189)

Education
(schooling -1.2582* -0.6577
(0.6623) (1.0041)
Year FE YES YES YES YES YES YES
Country FE NO NO NO YES YES YES
Additional controls NO NO NO NO NO YES
Observations 828 828 752 752 690 524
No. of countries 131 131 131 131 111 107

Note: All righthandside variables are lagged one peridon growth ki andkg are calculated as averag
over 5 years. All remaining variables are measured at the beginning of the period. Additional controls
poptotal urbrate, fertility, coal, exports andagriculture The time span goes from 1970 to 2010. All estimat
are done with multiplestimation regressions (100 imputations) and seatiple correction. Robust stand:
errors (clustered by country) in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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4. ROBUSTNESS CHECKS

An N-Shaped Relationship between Income and Inequality

It has been suggested that growth patterns of recent decades are leading to increasing
inequalities in already industrialised countriewhere inequality should be decreasing
according to the traditional adgoil).éntfastonenhy pot h
significant results for the Kuznets hypothesis in columns 4 and 5 of Table 1 could mask a
different functional form for the relationship between income and inequality. Furthermore, our
U-shaped relationship between average agglomarsize and inequality may be capturing the
recent increasing inequalities in developed countries. Column 1 of Table 2 allows for a more
flexible functional form in the incommequality relationship; including income per capita (in

logs) in linear, quadittic and cubic form! Results are highly significant and suggest that the
invertedU relationship between economic development and inequality may now have an N
shape: first increasing, then declining, and finally rising again. Similar results have recently
been found for European regions (Cast€lisntana et al. 2015). To the best of my knowledge

this result has not been documented before in a-cassry framework. The inclusion of this
N-shaped relationship between income and inequality indeed aftfextsoefficients for
AveAggSize and its square. This means that part of the association between average
agglomeration size and inequality may be explained by the association betwesnecdpd
economic performanc®. However, even controlling for incomkevels, we still find a

significant quadratic relationship between average agglomeration size and income inEquality.

11 Non-parametric estimations support this cubic relationship between income per capita and inequality.

12Recent research in urba@omomics for developed countries shows that i) productivity increases with city size, and

i) that the largest cities are also the most unequal (i.e-SBawrand Pavan 2013; Behrens and Rulwentid

2014). Consequently, the high and increasing ityequdide largest cities may help explain why the inkéried

has an N shape.

13] also checked that results are not driven by i) potential outliers, or ii) specific regions of the world, and iii) that they
hold when excluding countries for which we hdaemation on only one urban agglomeration (but at the expense

of losing observations).

<o) GP Global Poverty &
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Confounding Factors

As further robustness checks we can consi de
potentially correlated with average agglomeration size that may influence income inequality
also in a nodinear way. In column 2 of Table 2 | introdupeplargest thepopulation of the
largest city (urban agglomeration) of the country, and its square. Our key vakadiggSize

is highly influenced by the size of the largest urban agglomeration of each country. Also,
concentrating a big fraction of the populatior @tonomic activity of the country, the largest

city can have a potential effect on both econamnye economic performance and income
inequality. Thus, by controlling fquoplargest we can check whether results are only driven

by what happens to the lagj@gglomeration or indeed reflect something related to the average
agglomeration size of the entire country. In a similar fashion, it would be interesting to control
for what happens to the largest cities. In column 3 | introdulcgm the percentage abtal
population living in cities of more than 1 million inhabitants, and its square. Finally, in column

4 | introduceprimacy, the percentage of urban population living in the largest city. Primacy
captures how concentrated urban population is in a gguvitich may be interesting to control

for, to disentangle the effect of average agglomeration size from that of the urban structure of
the country** In all cases the coefficients féwveAggSizend its square remain significant,

negative the first and pitive the second®

14 Primacy has also been shown to be relevant for economic growth (i.e., Henderson 20QRjiltaste2)16).

It can be interesting to also examine its roleamiainequality (something not done before in the literature). Results
suggest that if we control for average agglomeration size primacy plays no significant role in income inequality. Results
in Table 2 hold regardless of the model usederms of i) whther we include base controls or also additional
controls, and ii) whether we includg(inconf®r not.

15 The dispersion in the size of cities does seem to be relevant: higher dispersion is associated with lower inequality

when dispersion is low, btits associated with higher inequality when dispersion is already high.
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TABLE 2: Robustness

checks

@

@)

©)

4

Dependent variablénequality (Gini Coefficient)

AveAggSize -0.0035 -0.0048* -0.0071** -0.0041*
(0.0026) (0.0028) (0.0035) (0.0024)
AveAggSize 0.0001** 0.0001** 0.0001** 0.0001**
(0.0001) (0.0001) (0.0001) (0.0001)
Log(incomeg 130.124*** 128.1552*** 155.7610*** 135.1993***
(40.1534)  (40.7313)  (39.5491) (40.7030)
Log(incomg? -14.9421%** ) -18.1386*** -15.4686***
14..8199%*
(4.7874)  (4.9016) (4.7442) (4.8645)
Log(incomg® 0.5758**  0.5748**  (0.7037**  0.5920***
(0.1888) (0.1950) (0.1878) (0.1920)
Pop largest city 0.0002
(0.0004)
Pop largest city 0.0001
(0.0001)
Urb 1m 0.4799
(0.3307)
Urb 1n? -0.0028
(0.0037)
Primacy 0.3039
(0.2012)
Primacy -0.0029
(0.0028)
Year FE YES YES YES YES
Country FE YES YES YES YES
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Controls YES YES YES YES
Observations 690 690 690 688
No. of countries 111 111 111 110

Note:Pop largest cityis the size of the largest cityrb 1mis the total populatiol
in cities of more than one million inhabitants (as percentage of total popul:
andPrimacyis the percentage of urban population living in the largest Aity.
right-handside variables are lagged one period. Controls inclemtn growthki,

kg andschooling The time span goes from 1970 to 2010. All estimations are
with multiple-estimation regressions (100 imputations) and seatiple
correction. Robust standard errors (clustered by country) in parentheses
p<0.aL, ** p<0.05, * p<0.1

Sorting and Endogeneity

So far results point towards ashaped relationship between average agglomeration size and
income inequality at country level, robust to a long list of controls. A relationship that is
interesting in itself, and so far overlooked in the literature. Dussélationship imply a causal

effect of average agglomeration size on income inequality? Papers working with income (or
income inequality) at city level face a problem of sorting across cities: these papers need to
disentangle th&ue effect of city size on income (or income inequality) from the one produced
by the fact that larger cities attract people with different abilities and skills. With much less
mobility across countries (and most probably not driven by arosstry difference in average

city size), this problem is much lower when we work with income inequality at country level.
But we can still face endogeneity concerns. First, due to reverse causality: it could be that higher
inequality at country level leads to higher ageragglomeration size, for instance if more
unequal places grow at a faster ratégher inequality has usually been associated with higher
fertility rates (i.e., Barro 2000). Second, we may suffer from endogeneity due to relevant
omitted variables. Thes®ncerns have already been partially considered: estimations in Tables
1 and 2 introduceAveAggSizeand its square, lagged 5 years with respect to income inequality,
to reduce reverse causality. Estimations in Table 2 also considered several adudtititnodd
potentially correlated with both average agglomeration size and income inequality. However,
to further check for endogeneity we can perform alternative estimation techniques.
Furthermore, income inequality at country level has been shown toybgersistent over time,

implying that our FE results could be inconsisterdand calling for a different estimation

~aa) GP Global Poverty ¢
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strategy if we want to get closer to a causal relationf$hipthis line two things are done. One

is to first difference equation (1), temove unobserved tiriavariant countryspecific
characteristics that may be correlated with both average agglomeration size and income
inequality. Column 1 of Table 3 shows fudifferences (FD) estimates. Results are very similar

to those in column 6 dfable 1% A first-differences specification then allows us to use lags of
AveAggSizeand its square, to predict fidifferences and perform Instrumental Variables
(FD-1V) estimationst® Consistency of IV estimates depends on the validity of the insirisme

For lags ofAveAggSiz# be valid instruments they should not only be relevant (that is, explain
first-differences inAveAggSizebut also exogenous and affect inequality only through- first
differences inAveAggSizéthe exclusion restriction). Firstage results (available as Online
Supplementary Material) show second and third lagged levelkveAggSizadisplaying
significant power to predict firddifferences. To test for the exclusion restriction, we can
estimate residuals from the first and@ed stage and then run residuals of the second stage on
those from the first stage. Results are not significant, indicating that the two residuals are not
correlated, and providing evidence to support the exclusion restriction. Table 3 reports
additional ests that support the validity of the instruments. Column 2 uses second and third
lagged levels oAveAggSizeand its square, as instruments. Column 3 uses third and fourth
lagged levels. In both cases, D estimates yield significant coefficients fAveAggSizend

its square?

16| have estimated dynamic models using different techniques (including GMM estimations), in which inequality in
time 0 depends on inequality n p. The coefficient for the lagged dependent variable is positive and highly

significant, confirming the persistence of inequality, but this does not affect our main results.

17 |n static models first differencing (FD) is almost equivalent to introdueihgefigct (see Wooldridge 2010).

However, if strict exogeneity fails, FD is preferred over FE: FD removasnldrends, which is important given

the nature of our variables (something that is not done with FE).

18 GonzalezNavarro and Turner (2016)calgork with panel data on clgwel population across the world, and use

a similar identification strategy building on Olley and Pakes (1991) and Arellano and Bond (1991).

19 Online Supplementary Material provides a table with main results using difémifinations for average
agglomeration size: i) considering average agglomeration divided by total population, and ii) considering average

agglomeration size in logs. Main results hold.
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TABLE 3: First Differences and Instrumental Variables estimations

(1)FD (2 FDIV  (3)FDIV

De p end e nt Inegaality(Gind Coefficientp

pAveAggSize -0.0051*  -0.0099***  -0.0105**
(0.0025) (0.0036) (0.0044)
@AveAdggSi ze 0.0001*  0.0001**  0.0001*
(0.0000)  (0.0000)  (0.0000)
gLog(income 1.3838 1.4862 1.5374
(2.9273)  (2.0995)  (2.1015)
gLog(income? -4.0014 -4.3714 -4.3821
(4.2466) (4.1762) (4.1755)
gLog(incomd?® 21.0575** 22.5732%* 22 .8786***

(6.2468)  (6.3318)  (6.3807)

Year FE YES YES YES
Controls YES YES YES
Observations 477 477 477

No. of countries 111 111 111

AP first-stage Fstats pvalue 0.000; 0.000 0.000; 0.013
KleibergenPaap Fstat 38.09 7.171
KleibergenPaap LMstat 36.06%** 23.01%**
Hansen J stat-palue 0.325 0.254

Note: Controls includepe ¢ o n , gk @kandips ¢ h o. nstrunmegts
in column 2 are second and third lags AfeAggSizeand its square
Instruments in column 3 are third and fourth lagsAwEAggSizeand its
square. AngrisPischke (AP) F tests the significance of excluded instrum
KleibergenPaap Fstat tests for weak instruments. Kleiberdgtaap LMstat
tests the null hypothesis that the equation is underidentified. Hansen
that the excluded instruments are uncorrelated with the error term. R
standard errors (clustered by country) in parentheses. *** p<0.01, ** p<
*p<0.1
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Estimates in Table 3 allow for a better identification of a causal effect of average
agglomer&ion size on income inequality at country level. This effect is-megligible.
According to estimates, a standard deviation from the optimum level of average agglomeration
size can represent a Gini coefficient approximately one point higher, and upitaShpgher
in the case of those countries with the highest average agglomeration size. Nevertheless, these

results should be taken with caution and could invite further research.

Cross-Section Specification and External Instruments

Finally, there are questions as to whether panel methods are the most appropriate when working
with variables that are fairly stable over time, as is the case with inequality (see for instance
Easterly 2007). An alternative approach is to estimateequation usi ng a si mpl e
section, regressing inequality measured in 2010 on-hightiside variables measured in 1960.

This is another strategy to further reduce problems of reverse causality and consideua long
association (50 years) betweaverage agglomeration size and income inequaliBolumns

1 and 2 in Table 4 show estimates by OLS. C
while column 2 includes further controls as well as dummies for Latin America and the
Caribbean and SuBahaan African countries, which tend to display significantly higher levels

of inequality. Columns 3 and 4 show IV estimates: in column 3 levels of average agglomeration
size in 2010 are instrumented with levels in 1960, while in column 4 levels of average
agglomeration size in 1960 are instrumented with average agglomeratiooirsiael870,
constructed with historical data from Mitchell (2013), but at the expense of losing

observations! Recent papers have used historical data to instrument for currenagpapul

20Panel FE, or panel FD, estimates consider variation withinesorgr time, so results relate to the association
betweerchanges average agglomeration size drahgésincome inequality. Our cross section setting considers
variation between countries, so results relate to the associationlbetigeameage agglomeration size in the past

(1960) antkveis income inequality today (2010).

210nline Supplementary Material describes how average agglomereitich&idas constructed, and shows results

from first stage of column®able 4. IV estimatns using historical data, although in line with the rest of our results,
should be taken with caution according to standard instrument tests (there is risk of underidentification probably due

to small sample).
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(see for instance Duranton 2015). In all four columns of Table 4 the coefficieAtafaggSize

and its square remain significant and in line with our panel results.

TABLE 4: Cross-section results

(1)oLS (2) OLS @) IV @) IV

Dependentariable:Inequality (Gini Coefficient in 2010)

AveAggSize -0.0118*  -0.0091*  -0.0113**  -0.0243*
(0.0053)  (0.0044)  (0.0035)  (0.0123)
AveAggSiZe 0.0001*  0.0001*  0.0001**  0.0001*
(0.0001)  (0.0001)  (0.0001)  (0.0001)
Log(incom@1sso 37.1296%* 35.7961%* 62.7216%* 45.7037**
(11.0606)  (13.2371) (11.7061) (13.9785)
Log(incomé?iseo -2.5164%*%  -2.4826%*  -4.3020%*  -2.9784%*

(0.6878)  (0.8176)  (0.7482)  (0.8998)

Controls NO YES YES YES

Observations 70 66 66 56

59.76%; 11.24%*
39.01%** 9.86***

F test of excludedhstruments

KleibergenPaap Fstat 14.20 5.58

KleibergenPaap LMstat 14.08*** 1.998

Note: Controls includean growth ki, kg andschooling In columns 1, 2 and AveAggSiz¢
and its square are measured in 1960. In colurAreRggSizand its square are measurec
2010 and instrumented with 1960 values. In columvdAggSizand its square are measul
in 1960 and instrumented witlirca 1870 values. Robust standard errorpanentheses. **
p<0.01, ** p<0.05, * p<0.1

22These crossection regressions can alsestimated using data from the World Bank, rather than using Solt (2014)
data. Results are very similar, which reassures us about the robustness of the results to using alternative data for
inequality. Results are available upon request.
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5. DISCUSSION

Results so far suggest addaped relationship between average agglomeration size and
inequality; inequality first declines and then increases with average agglomeration sive. FD
estimates using internal instruments and esasgion IV estimates usitngstorical data suggest
that this Ushaped relationship may reflect a causal effect of average agglomeration size on

income inequality (although causality should be taken with caution).

This U-shaped relationship is in line with insights from urban ecac®mand recent papers
analysing the association between different types of urbanisation and inequality. These papers
suggest that while urbanisation biased towards small and mesizechcities is associated with
decreasing inequality, urbanisation in kargties is expected to increase inequality (Behrens
and RoberNicoud 2014 and CastelQuintana and Royuela 2015). A decrease in inequality
from larger urban agglomerations when average agglomeration size is still low may be
associated with the fact thatger cities provide more opportunities, which may more strongly
benefit lowincome workers (see for instance Todaro 1969, 1976; North 1980). By contrast, the
increase in inequality from larger urban agglomerations when average agglomeration size is
already high may reflect agglomeration economies, which benefit more theskilggd

workers (as the urban economics literature suggests).

To delve deeper into potential mechanisms linking what happens to the system of cities
and economywide inequality, wecan explore the relationship between average agglomeration
size and different factors related to inequality that may be affected by average agglomeration
size?® | focus on four of these: access to basic services, human capital accumulation, fertility,
andindustrial specialisatioff: Table 5 shows regressions (by OLS and FD) for proxies for these

factors on average agglomeration size and its square (and several controls).

Z|nany case,ths oOexpl oratoryo analysis should be interprete
opening lines for further research. | do not pretend to identify these as strictly causal mechanisms (as this is not the
aim of the paper).

24] focus on tlese specific factors as they may help explain why inequality falls as average agglomeration size increases,

for low initial levels of this second variable. Factors explaining why inequality increases in large metrdpolitan areas
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TABLE 5: Average agglomeration size and variables associated with inequality

(1) oLs 2 FD _ (3)OLS (4 FD (5 0LS (6 FD  (7)OLS (8) FD

Dep. variable: sanitation sanitation enrolment enrolment fertility fertility agriculture  agriculture

AveAggSize  0.0116*** 0.0039*  0.0049*** 0.0165* -0.0011*+* - -0.0027*** -0.0016
0.0005**

(0.0031) (0.0021) (0.0015) (0.0090)  (0.0001) (0.0003)  (0.0009) (0.0051)

AveAggSiZe -3.09e06** -6.71e06 -1.05e06*** -8.87E06 1.80e -1.58E 6.56e07***  5.77E06
07** 07

(6.71e07)  (5.98e  (2.66e07)  (0.00001) (2.54e08) (5.72¢  (1.67e07)  (0.0001)
06) 07)

Log(incomg  13.4912** 4.6221**  4.9637** 0.4133 -0.7159** -0.0748 -5.3133** -11.5984**

(1.1330)  (1.8424)  (0.4780)  (4.6754) (0.0501) (0.0974) (0.5544)  (1.9511)

Year FE YES YES YES YES YES YES YES YES
Controls YES YES YES YES YES YES YES YES
Observations 433 330 477 243 1065 942 805 621

Note: Controls includeecon growthki, kg, schooling poptotalandurbrate Sanitationis the percentage of urban populat
with access, mrolmentis primary enrolment ratéertility is the national fertility rate, araricultureis the share of agricultur
in GDP. Robust standard errors (clustered by country) in parentheses. *** p<0.01, ** p<0.05, * p<0.1

One potential mechanism relates to access to basic services, which appears as
significantly associated with inequality. For instance, the correlation between access to
sanitation facilities and inequalityi6.42. A higher average agglomeration size nikwafor
more efficient provision of basic services (and therefore a higher coverage). As columns 1 and
2 in Table 5 show, regressions of access to basic services (i.e., sanitation) on average

agglomeration size and it square yield significant coefficitart®ur key variables: positive

for instance higher retwno high skill® have already been analysed in other papers (i.e-SBaurand Pavan
2013; Behrens and RobEitoud 2014).
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for average agglomeration size and negative for its square. This suggests that, for low levels of
average agglomeration size, an increase in this variable is associated with increases in access
to basic services (in turn saciated with lower inequality). And this happens in a-inoear

way: an fiexcessiveoO aver algweraecegsgto basie semites.on s |
Another potential mechanism relates to human capital accumulation, proxied by primary
enrolment rags. The literature has shown the relevance of primary education in reducing
inequality (see for instance Psacharopoulos 1994). Starting from low values, a higher average
agglomeration size may allow for higher enrolment rates. As with services, resatikifims

3 and 4) suggest a ndinear association between average agglomeration size and (primary)
human capital accumulation. A third potential mechanism is demographic. Several authors
have highlighted the connection between fertility and inequality hamv fertility usually falls

with income and urbanisation (see for instance Barro 2000). Columns 5 and 6 in Table 5 show
that fertility rates fall as average agglomeration size increases. Finally, we can look at the
industrial composition of the econom@ne of the main arguments behind the idea of
urbanisation being a force to tackle inequality is that cities offer a wide range of opportunities
for the low and mediurrskilled (Todaro 1976Burton and Argilagos 2036Columns 7 and 8

show regressions forgacultureto-GDP ratio on average agglomeration size and its square,
yielding a negative coefficient for the first and a positive for the second (both significant under
OLS but not under FD). This means that when average agglomeration size is low, larger
agglomerations are associated with a lower share of agriculture in GDP, whsdoSated

with lower inequality. And this happens controlling for the expected association between lower
shares of agriculture and higher income levels and urbaniqatatral to structural change

models).

Results in Table 5 simply suggest potential mechanisms explaining -8reapjéd
relationship between average agglomeration size and inequality. More insights into the issue,

maybe formalising a structural model, ardseinteresting further research.

6. CONCLUSION AND POLICY IMPLICATIONS

This paper has studied a relationship so far neglected in the literature; that between
average agglomeration size and income inequality. While the literature has emphasized the

relation$ip between economic development (and urbanisation) and income inequality, it has
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not paid much attention to the potential role of differences across economies and over time in
the size and distribution of cities. To address this issue, this paper haseohe literature

on the determinants of income inequality at country level with the literature focusing on the
relationship between city size and inequality.

Using crosscountry panel data for as many countries and for the longest time span as
possible results support the original invertedrelationship between economic development
and inequality (the Kuznetso6 hypothesis). Ad
the invertedJ may now have an N shape; inequality first increasesimétime, then declines,
and finally rises again. But , beyond Kuznet
results also suggest a-shaped relationship between average agglomeration size and
inequality; inequality first declines and then increasdab average agglomeration size. This
relationship, so far overlooked in the empirical literathess been found to be robust to several
estimation techniques and a long list of controls and robustness checks. Furthermore, these
findings can also help usaencile the seemingly opposing claims on the inequaditiucing
effect of urbanisation, on the one hand, and the risks of large cities increasing inequality, on
the other.

Put together, results evidence that current patterns of economic growth anslimgcrea
size of cities bring with them a worrying risk of increasing inequalities. And the policy
implications are straightforward. Larger average agglomeration size may be desirable when
cities are small. In this case, larger cities are likely to lead terketonomic performance, as
cities benefit from agglomeration economies. Also, income inequality is expected to fall.
However, a very high average agglomeration size is undesirable. On the one hand, continuous
growth of very large cities has been arguededuce overall economic performance, mostly
due to increasing congestion costs. On the other hand, as results in this paper show, excessive
average agglomeration size is associated with increases in inequality. High inequality has been
found to be detrimntal for longrun economic growth, but also to hinder the benefits from
agglomeration (CastelQuintana and Royuela 2014). Consequently, results reinforce the idea
that mediurrsized cities may be more desirable for economic development: they may be
assot@ted with stronger longun economic performance and to more cohesive societies.
Nevertheless, as the urban economics literature has emphasized, to properly study the
desirability of larger or smaller cities it is important to consider further chardictee$ cities

beyond size. In this line, further research is needed to better understand the mechanisms behind
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the relationship between the size and distribution of cities (and what happens in cities) and the

overall level of inequality.
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ANNEX A: Variable names, definitions and sources

Main variables:

Description

Source

inequality Income inequality measured by the Gini coeffici¢ SWIID v5.0 (Solt 2014)
(Estimate in equivalised household net income)
AveAggSize Average agglomeration size, in terms of populat Constructed with data from Worl
(thousand inhabitants) Urbanisation Prospects 2014.
income Per capita GDP (in logs) Constructed with data from PWT 7
(Heston et al. 2012), using real GDP ch
data (gdpch)
growth Cumulative annual average per capita GDP gro Constructed with data from PWT 7
rate (Heston et al. 2012), using real GDP chi
data (rgdpch)
ki Investment share (% of GDP) PWT 7.1. (Heston et al. 2012)
kg Government consumption (% GDP) PWT 7.1. (Heston et al. 2012)
schooling Average years of secondary and tertiary schoolin| Barro and Lee dataset
adult population
poplargest Total population living in the largest city World Urbanisation Prospects 2014
urblm Total populationliving in cities of more than 1 World Bank - World Development
million inhabitants, as percentage of total populat Indicators
primacy Population living in the largest city, as percentagq World Bank - World Development
total urban population Indicatas
Additional controls: | Description Source
poptotal Total population, in thousands World Bank - World Development
Indicators
urbrate Population living in urban areas, as percentag¢ World Urbanisation Prospects 2014
total population
fertility Fertility rate World Bank - World Development
Indicators
Coal Coal rents, as percentage of GDP World Bank - World Development
Indicators
exports Total exports, as percentage of GDP World Bank - World Development
Indicators
agriculture Value added in agculture, as percentage of GDP| World Bank - World Development
Indicators
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Annex B: increasing trend in average agglomeration size

Average Agglomeration Size
(population in thousands, sample mean)

1200 S

ANNEX C: average agglomeration size around the world in 2015

Average Agglomeration Size, 2015

Population in thousands

M (1574.61,5618.87)
B (1263.8,1574.61]
1 (967.54,1263.8)
£1(729.925,967.54]
[1[318.447,729.925]

. ®
@ GPl Global Poverty &
Inequality Dynamics Research Network 29



