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Introduccion

La evolucion de los niveles de desigualdad es olgjet intenso debate tanto en el
mundo académico como en los ambitos politico yadoEsta dualidad es inherente al
propio concepto de desigualdad que, mas alla denaogn tedrica, representa un
aspecto de relevancia social. A pesar de la ogws@mlectiva ante este fendmeno, las
desigualdades se han ido incrementando con el tieBp 1820 el 10 por ciento de la
poblacion mas rica poseia el 43 por ciento dekisgtotal, ratio que asciende hasta el
53,4 por ciento en 1992 (Bourguignon y MorrisonQ20 Por otro lado, las medidas
de desigualdad relativas muestran tendencias sasjlaoncluyéndose que el indice
de Gini se ha incrementado desde 0,553 hasta @648 ultimo siglo (Morrison y
Murtin, 2012).

Tradicionalmente la desigualdad en el bienestans®iaba a diferencias en los
niveles de renta, caracterizandolo como un fenénpemamente econémico. A partir
de dicha concepcién, el resultado anterior sugequie la desigualdad del bienestar se
ha incrementado en los ultimos siglos. No obstasitear el crecimiento econémico
en el epicentro del bienestar ofrece una visioatik@mente restringida de dicho
proceso, el cual engloba otras dimensiones no ranagte igualmente relevantes. Si
bien es razonable suponer gque el ingreso estidlammeado de forma positiva con
aspectos sociales como la educacion o la saludinancontextualizacion como la
actual dominada por el estado del bienestar, &idal anterior puede caracterizarse

como débil, en funcion de las prestaciones soc@t®astas por el sector publico.
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Numerosos trabajos investigan la evolucion de kgdeldad de renta ya sea a nivel
regional o desde una perspectiva glbb&in embargo, el descontento con la
hegemonia del PIB per capita como indicador dehdsitar ha ido ganando fuerza
entre los académicos durante las Ultimas tres d8cadctualmente, existe un
consenso creciente de que el bienestar debe a@marde como un proceso
multidimensional (Sen, 1985; Streeten, 1994; Sught al., 2009), que ademas de
variables puramente econdmicas incluya también ¢iwo de indicadores no

monetarios de la calidad de vida.

En este sentido, en los Ultimos afios se han llegadabo numerosos intentos para
sintetizar los diferentes aspectos del bienestaruenindice compuesto, que
proporcione una perspectiva mas amplia de dichocegm que la ofrecida por las
variables estrictamente economicas (véase, entrs, Btkire y Foster, 2010; Bilbao-
Ubillos, 2013; Edgier y Tatlidil, 2006; Fakuda-Patral., 2009; Grimm et al., 2008;
Morrison y Murtin, 2012). El indicador mas popules el indice de Desarrollo
Humano (IDH), publicado por primera vez por el Pamga de Naciones Unidas para
el Desarrollo (PNUD) en 1990. SiguiendoEgifoque de las Capacidadese cre6 un
indice capaz de evaluar los aspectos mas relevdgitdesarrollo humano, siendo éste

considerado como un proceso de ampliacién del rdagipciones de los individuos:

“El desarrollo humano es un proceso de expansionagecapacidades
(...). Las mas importantes son tener una vida largalydsble, acceso a
educacion y disfrutar de un nivel de vida digi@NDP, 1990; 10).

Sefialar que el IDH ha recibido una gran atencidloslienedios, asi como numerosas
criticas desde su lanzamieht®or otro lado, cabe destacar que la evaluacidlogle

niveles de bienestar es una tarea ambiciosa y eja @l pesar de sus limitaciones, el

! para una revisién sobre estudios de desigualdaente véase Kleiber y Kotz (2003) y Johnson et al.
(1995).

2 El IDH ha sido criticado desde su lanzamientoeegpa su construccion (Grimm et al., 2008; Kelley,
1991), variables utilizadas (Srinivasan, 1994), atisiones consideradas (Alkire, 2002), redundancia
con sus componentes (Cahill, 2005; McGillivray, 19®icGillivray y White, 1993; Ravallion, 1997) y

la arbitrariedad de los pesos asignados a cadaleras dimensiones (McGillivray y White, 1993;
Noorbakhsh, 1998). Para una revision reciente sleriicas dirigidas a este indicador véase Kovacev
(2010b).
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IDH representa uno de los mayores avances al rnespEste indicador se ha
convertido en una de las alternativas mas adecyaalas realizar analisis a nivel
internacional, dado que su construccion esta basadd uso de datos homogéneos
durante periodos temporales mas extensos queintlicadores similares, incluyendo
ademas un amplio abanico de paises.

Bajo este nuevo paradigma del desarrollo, las digdes deben evaluarse en un
entorno multidimensional, contemplando de formajwuta variables econémicas e
indicadores no monetarios. Nétese que no erigigori ninguna razon para suponer
gue la distribucion de los componentes socialesueiame del mismo modo que la
del ingreso (Bourguignon y Morrison, 2002). De heamientras que las décadas de
los ochenta y los noventa se caracterizaban pprageso de divergencia en el ambito
econdmico, la desigualdad del bienestar dismingyfodma paulatina (Konya, 2011,
Martinez, 2012; McGillivray y Markova, 2010). Entesontexto, el ingreso seguiria
desempefiando un papel fundamental, aunque petdgr@sicion protagonista de la

gue gozaba en los analisis tradicionales de dddigta

El objetivo de la presente tesis es analizar lduei@n de la distribucidn del bienestar

utilizando tanto el enfoque tradicional centradovariables de renta, como la nueva
concepcion multidimensional de este proceso qu&yaca su vez aspectos no

monetarios. La tesis se desarrolla a lo largo @¢&rawcapitulos, de modo que cada uno
de ellos aborda el estudio de la desigualdad atitlo y desarrollando diferentes

metodologias, haciendo uso de los datos disporgblesada caso.

En el primer capitulo, el estudio de la desigualslkaéborda desde una perspectiva de
modelizacion estadistica utilizando variables puai® econdémicas. El desarrollo de
distribuciones de renta ha generado numerososjdsgabdacrementandose de forma
sustancial las alternativas para modelizar la idistion del ingreso desde una
perspectiva parameétrica. Entre las familias cl&sidastacan la distribucion de Pareto
(Arnold, 1983), la distribucion log-normal (Atchisy Brown, 1957), la distribucion
gamma (Salem y Mount, 1974), la distribucion bltalistribucién de Singh-Maddala
(Singh y Maddala, 1976) y la distribucion de Dag{ipagum, 1977), entre otras. En
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los Ultimos afios se han propuesto nuevos modelasngricos como la distribucion
de Gompertz-Pareto (Moura y Ribeiro, 2009; Figueiral., 2011) o la distribucion
Positiva Estable de Pareto (Sarabia y Prieto, 20094 de las principales ventajas de
estos modelos paramétricos es que permiten obiEshenedidas probabilisticas y los
indicadores de desigualdad de forma cerrada enrn@snide unos pocos parametros
(Ryu y Slottje, 1996; Slottje, 1990).

Recientemente, se ha propuesto un nuevo modelagibdisto denominado
distribucion Gaussiana modificad@uo y Gao, 2012). Se ha demostrado que esta
familia ajusta datos de ingresos individuales de#osatisfactoria cuando la muestra
disponible comprende un elevado numero de obsemesi En este capitulo se
plantea obtener los indicadores de desigualdads yptapiedades probabilisticas y
estadisticas de esta nueva familia. Se describarvaz dos métodos de estimacion de
los parametros de la distribucion, en concretarestion por maxima verosimilitud y

por el método de los momentos.

A modo de ilustracion, se ajusta la distribucibnu&iana modificada a datos de
ingresos individuales en Espafia en tres momenttisrdeo 1993, 1996 y 1999. Los
datos se obtienen dBlanel de Hogares de la Unién Europ@@HOGUE), donde el
namero de observaciones es lo suficientemente ddeveomo para obtener
estimaciones consistentes. Los resultados obterpdoen de manifiesto que la
distribucion Gaussiana modificada ajusta satisfatoente los datos de ingreso en
Espafa. Las estimaciones realizadas sobre varidslasede desigualdad reflejan de
forma unanime que no se han producido variaciorgsfisativas en términos de

desigualdad durante los afios contemplados en lgiana

En el segundo capitulo, las diferencias en loslesvde bienestar también se evalian
desde una perspectiva clasica utilizando variatbdesenta. En numerosas ocasiones,
la disponibilidad de los datos referentes a inggaadividuales esta restringida, de
modo que la informacion libremente accesible sepmma de estadisticos descriptivos
de los datos primarios proporcionados por las estase En este contexto, la

estimacion de distribuciones de renta a partirriéion de caracter parcial resulta
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esencial para analizar los patrones distributiv@dadriqueza. La literatura presenta
dos vias metodoldgicas para estimar la distribud&inngreso a partir de informacién
limitada. Por un lado, se han utilizado técnicapammétricas basadas en kernels de
tipo Gaussiano (Sala-i-Martin, 2006). Por otro lade han estimado numerosos
modelos biparamétricos como es el caso de laldisidn log-normal (Chotikapanich
et al., 1997), la distribucion gamma (Chotikapanjdariffiths, 2008) o la distribucion
Weibull (Pinkovskiy y Sala-i-Martin, 2009; Chotikapich y Rao, 1998), asi como
otras distribuciones paramétricas mas flexiblesaatarizadas por tres o mas
parametros, como es el caso de la distribucion Ba#¢a segunda especie
(Chotikapanich et al., 2007; 2009).

En este segundo capitulo se propone entonces edandistribucién de ingresos
mundial durante la década de los noventa a partinfdrmacion limitada. Asimismo,
se adopta también una perspectiva regional, queifré investigar los patrones
distributivos del ingreso de forma mas desagreg&®#ma ello se utilizan datos
referentes al indice de Gini y al ingreso medi® gene dado por el PIB per capita a
precios constantes de 2005 expresado en paridadpeddr de compra (PPP). Este
indicador se obtiene de la base de datos Penn Wallkés version 7.2 (Heston et al.,
2012). Por otro lado, la ultima version de la bdselatosStandardized World Income
Inequality DatabaséSolt, 2009) proporciona valores del indice dei @Gomparables
entre paises para el periodo de estudio. En umaemi etapa, se obtienen las
distribuciones nacionales de ingreso utilizandaonadelo distributivo biparamétrico.
En concreto se propone utilizar las llamadesribuciones de Lam@ue representan
dos versiones curvadas de las distribuciones aksle Singh-Maddala y de Dagum.
La principal caracteristica de esta familia es quduye modelos parsimoniosos,
capaces de ajustar distribuciones de renta coadandos parametros y cuyas curvas
de Lorenz vienen caracterizadas por un soélo pararf@arabia et al., 2013). A partir
de dichas estimaciones y haciendo uso de los ditsepesos poblacionales se
obtienen las distribuciones regionales, asi comdis&ribucion de la renta a nivel

mundial.
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Una vez que se ha estimado la distribucion dertara nivel mundial y regional, se
calculan diferentes medidas de desigualdad y pabilezque permitira estudiar la
evolucion de estos dos fendbmenos durante la déetatss noventa. Las estimaciones
obtenidas, se comparan a su vez con los resul@delodiversos estudios previos,
concluyéndose que las medidas de desigualdad yepmlbmuestran tendencias y
valores muy similares a los obtenidos utilizandalelos mas complejos. Asimismo,
se analiza la validez de las estimaciones medianteontraste de adecuacion del
modelo, que pone de manifiesto que las distribsamacionales estimadas ajustan
adecuadamente los datos de renta en mas de unrS€epto de los casos. Los
resultados obtenidos en este analisis sugieredogueiveles de pobreza mundiales
han decrecido durante los noventa, mientras quevel megional se observan
diferentes tendencias. La desigualdad global, goo do, muestra un patron
decreciente derivado de la disminucion de las @ifeias entre paises que tuvo lugar a
lo largo del periodo de estudio que compensd aleimento en las disparidades

internas de los paises.

El Capitulo 3 aborda el estudio de la desigualdeed dienestar desde una perspectiva
multidimensional, de modo que se contemplan tamasfectos no monetarios como
la salud o la educacién. Cabe destacar que elsandk las disparidades en entornos
multidimensionales presenta algunas dificultadesngloba a su vez un amplio
abanico de posibilidades. Es por ello que la liteea recoge diferentes vias
metodoldgicas para cuantificar la desigualdad ebiehestar concebido como un
proceso multidimensional. Por un lado, algunos rastproponen construir un indice
compuesto de bienestar (lo que requiere estabjeidns subjetivos acerca de sus
componentes) y calcular medidas de desigualdadinmaigionales sobre dicho
indicador (Pillarisetti, 1997; Martinez, 2012). édbativamente, es posible medir las
disparidades en cada variable del indice por sdpdoaque, por otro lado, ignoraria
las relaciones entre las dimensiones incluidad an&isis (McGillivray y Pillarisetti,
2004; Martinez, 2012; Hobin y Franses, 2001; Newnag003; McGillivray y
Markova, 2010). La opcidn metodologica mas adecyzatace ser el empleo de

medidas multidimensionales de desigualdad (Decahed., 2009; Decancq y Lugo,
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2012), que miden la desigualdad inherente a cadaeias dimensiones del bienestar

teniendo en cuenta el grado de asociacion entigbles.

Al igual que en el caso unidimensional, las medidds desigualdad
multidimensionales proporcionan informacién en fiéoa agregados sobre la
evolucion de las disparidades en el bienestar. @uamo es posible obtener
conclusiones de dominancia estocastica, cabe lhilaesd de que ciertas partes de la
distribucion muestren tendencias opuestas a laniolais a partir de las medidas de
desigualdad multidimensional. En este capitulo esaolla una nueva herramienta
metodoldgica que permitira estudiar estas dinamicgmrtir de la extension de la
curva de Lorenz al plano multidimensional. En cetwr se obtienen expresiones
cerradas para la curva de Lorenz bidimensional yasga por Arnold (1983),
utilizando la distribucion de Sarmanov-Lee (Lee9@;9 Sarmanov, 1966) para
modelizar la distribucion bivariada subyacente.nfismo, se obtiene una expresion
del indice de Gini bidimensional que se puede dapooer en dos términos
asociados a la equidad dentro de las variablegsadb de asociacion entre ellas. Esta
metodologia se aplica a datos referentes a los @woempes del IDH durante los
ultimos 30 afos, lo que permite analizar la evdinae las diferencias en los niveles
de calidad de vida bajo una perspectiva distrilauthds amplia que la ofrecida por las

medidas multidimensionales de desigualdad.

Las estimaciones obtenidas referentes al indic&ide bivariado sugieren que la
desigualdad bidimensional se ha reducido en todsschsos considerados. Sin
embargo, este indicador proporciona informacioregata sobre la evolucion de las
diferencias en los niveles de bienestar entre gaisepor tanto podria estar
enmascarando ciertas dindmicas internas. De hishestimaciones de las curvas de
Lorenz bidimensionales muestran que los paisespola®s, los que tienen niveles
educativos mas bajos y los que se caracterizaruparmenor esperanza de vida,
presentan una distribucion mas desigual al finalpdeodo de estudio. Por tanto, la
nueva concepcion del bienestar como un procesoidimdinsional, hace que la
extension de la curva de Lorenz al caso multidinoer@é resulte esencial para
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analizar las dinamicas internas de su distribugiéofrecer a su vez una vision

completa de la evolucion de las disparidades enilades de calidad de vida.

El cuarto capitulo investiga patrones fleonvergencia en los niveles de bienestar
entre paises. El estudio de la hipotesis de coewerg ha generado numerosas
investigaciones desde los trabajos de Solow (19867) y Swan (1956), adoptando
por lo general un enfoque puramente econémicordtinaento de que el bienestar no
puede ser medido Unicamente mediante variables tartase ha dado lugar a
diferentes trabajos que contrastan la hipotessodeergencig en otras dimensiones
de la calidad de vida, como la salud o la educatMayer-Foulkes, 2003; Sab y
Smith, 2001; Mazumdar, 2003).

Un enfoque alternativo consiste en estudiar lateg$ de convergencia en un indice
compuesto de calidad de vida que considere de faonaunta factores sociales e
indicadores de renta, lo que permitiria estableerclusiones generales sobre la
evolucion de las diferencias en los niveles nademnde bienestar. Varios estudios
adoptan este enfoque para analizar la convergenaeh IDH (Konya y Guisan, 2008;
Mayer-Foulkes, 2010; Noorbakhsh, 2006), concluyeqde los niveles de bienestar
han convergido de forma lenta durante las ultimes décadas. Algunos autores han
cuestionado la linealidad de este proceso, espacdd modelos paramétricos no
lineales (Mazumdar, 2003) o regresion por cuantjdsayer-Foulkes, 2010). Sin
embargo, las especificaciones paramétricas requiestablecea priori supuestos
sobre la velocidad de convergencia, por lo queadiaghodelos pueden presentar un
sesgo por error de especificacion. Por otro lagleegresion por cuantiles ofrece una
panoramica escalonada de los patrones de conv@gencvarias partes de la

distribucién del bienestar.

En este capitulo se opta por la utilizacién de rfasdsemiparamétricos, que permiten
gue sean los propios datos los que describan dézaiin e intensidad que toma el
proceso de convergencia. Se pretende por tantoameear la hipotesis de

convergencia en el bienestar a nivel global parnpeeilbdo 1980-2011. Para ello se

considera el marco teérico del IDH como indicadedas niveles de calidad de vida.
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Los resultados sugieren que la brecha entre Iesepalesarrollados y los paises en
desarrollo ha disminuido para todos los indicadangbzados. Sin embargo, la
velocidad de convergencia ha sido relativamenta thajante los ultimos 30 afios. La
utilizaciéon de contrastes de especificacion ponemdmifiesto que el proceso de
convergencia en el bienestar ha sido lineal bajpaelo de convergencia absoluta.
Por otro lado, las estimaciones referentes a latéss de convergencia condicional
revelan que, en este contexto, el proceso de cgerneia en los niveles de calidad de
vida presenta no linealidades que serian ignorgmas los modelos clasicos.
Asimismo, las estimaciones realizadas sugieren qum, cuando la dimensién de
ingreso presenta escasos avances en términos dergencia, las dimensiones no
monetarias han evolucionado positivamente. Esteltag® pone de manifiesto la
importancia de considerar variables no estrictaesnenbndémicas en el estudio de la
convergencia en los niveles de bienestar, dado égias presentan patrones
distributivos distintos a los de la renta.

Cada capitulo de la tesis doctoral contribuye aluevaciertos aspectos de la
desigualdad en el bienestar adoptando distintasqaek. Se han desarrollado varias
herramientas para medir la desigualdad, empleanddseentes metodologias e
hipotesis en cada uno de ellos, los cuales se eonepitan entre si ofreciendo un
analisis profundo de las diferencias en los nivelescalidad de vida. Diferentes
versiones de los cuatro capitulos han sido predastaen diversos congresos
especializados tanto nacionales como internacisnadesimismo, los resultados

obtenidos ya han sido publicados, aceptados panaublicacion o han pasado la
primera etapa del proceso de revision en revistadémicas. En concreto, el Capitulo
1 ha sido publicado dnhysica Alen colaboracion). La parte tedrica del Capitut@a?2

sido aceptado para su publicacion €omunications in Statistics: Theory and
Methods (en colaboracion). El Capitulo 3 se ha presental congreso de la

Sociedad para el Estudio de la Desigualdad Ecorad(BECINEQ) celebrado en Bari

(Italia) en Julio de 2013. Por ultimo, una versidael Capitulo 4 se encuentra

actualmente en proceso de revision.






Introduction

The evolution of inequality levels remains a mattdr intense debate among
academics and has received an increasing amoumttteftion from social and

economic spheres. Such duality is inherent to tmeept of inequality, which beyond

the theoretical notion, represents a socially @d\aspect. In spite of the collective
aversion to this phenomenon, disparities have asa@é over time. Whereas in 1820,
10 percent of the wealthiest people had 43 perokgtobal income, this proportion

rose to 53.4 percent in 1992. Relative inequalityasures showed similar trends,
concluding that the Gini index increased from 0.3630.664 in the last century
(Morrison and Murtin, 2012).

Traditionally, inequality in well-being was assdeid with differences in income
levels, characterizing the quality of life as aglyreconomic process. Based on this
conception, the previous result would imply thagqguoality in well-being increased in
the past centuries. It is, however, argued thatatbeessment of well-being should
include other non-income dimensions which are dgualevant. It is reasonable to
assume that there is a positive relationship betweeome and other social aspects
such as health or education, but in the currentesdrdominated by the welfare state,
this relationship can be characterized as weakempg on the social services
provided by the public sector.
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Several papers investigate the evolution of incomeguality at regional and global
levels’. However, the discontent with the hegemony ofgagrita GDP as an indicator
of well-being has gained prominence among academidabe last three decades.
There is now almost a consensus that well-beirgnaultidimensional concept (Sen,
1985; Streeten, 1994; Stiglitz et al., 2009) whichaddition to income, should also

consider non-income indicators of quality of life.

This line of argumentation has received an increpaimount of attention in the last
years, thus resulting in many attempts to syntleeditferent aspects of well-being in
a composite index which offers a more comprehengerspective of such a process
than per capita income alone (seg. Alkire and Foster, 2010; Bilbao-Ubillos, 2013;
Edgier and Tatlidil, 2006; Fakuda-Parr et al., 20B88mm et al., 2008; Morrison and
Murtin, 2012). Among them, the most popular is tHeman Development Index
(HDI), developed by the United Nations Developmeragram (UNDP) in 1990. This
indicator was designed following the Sen’s capgbiipproach (Sen, 1988; 1989;
1999) which considers development as a processildneing individuals’ choices.
This new paradigm of development was presentedhenfitst Human Development

Report, which stated:

“Human development is a process of enlarging peoptloices. In
principle, these choices can be infinite and chaoger time. But at all
levels of development, the three essential onedaarpeople to lead a
long and healthy life, to acquire knowledge and have access to
resources needed for a decent standard of liVilgNDP, 1990; p.10).

It should be emphasized that, while the HDI hagikexl a large amount of attention
from the media, several criticisms have been lavelethis indicator since it was

launched. On the other hand, it should be highlighted thatevaluation of quality of

% See Kleiber and Kozt (2003) and Johnson et aDFPeor a review on the literature about economic
inequality.

* The HDI has been criticized on the grounds of troigsion (Grimm et al., 2008; Kelley, 1991),
selection of variables (Srinivasan, 1994), dimemsiéoncluded (Alkire, 2002) arbitrary weighting
scheme (McGillivray and White, 1993; Noorbakhsh98Q and redundancy with its components

12
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life is complex, abstract and difficult to synthesi Independently of its limitations,
the HDI seems to be the most adequate alternativecdrrying out international
comparisons of well-being levels since it is comstied using homogeneous data for
longer periods of time than other related indica&sp including a wide range of

countries.

Under the new paradigm of development, inequalitsh®uld be measured in
multidimensional environments, considering joinggonomic variables and non-
income dimensions. Note that there is no reas@axpect that the distributions of the
social components will present similar patternghat of income (Bourgignon and
Morrison, 2002). In fact, while the decades of thighties and nineties were
characterized by a process of economic divergemegjuality in well-being was
reduced substantially (Konya, 2011; Martinez, 200M&;Gillivray and Markova,

2010). Therefore, in this context, income wouldypdafundamental role but it would

have lost the predominant position that it enjoethe classical inequality analyses.

The aim of this thesis is to analyze the evolutidnvell-being distribution using the
traditional approach that focuses on economic bl as well as the new
multidimensional conception of this process, whato includes non-income aspects.
This work is developed in four chapters and eachtheim deals with specific
methodologies to measure inequality in well-beiaging the data available in each

case.

In the first chapter, we study the evolution ofgnality considering a statistical

approach and using purely economic variables. Tlkegeldpment of income

distributions has generated several papers, tlueasing substantially the number of
alternative parametric distributions to model ineordata. Among the classical
families, we should highlight the distributions Béreto (Arnold, 1983), log-normal
(Atchison and Brown, 1957), gamma (Salem and Moi@t4), beta, Singh-Maddala
(Singh and Maddala, 1976), Dagum (Dagum, 1977) gnathers. In recent years,

new models have been proposed, such as the Gorsedin (Moura and Ribeiro,

(Cahill, 2005; McGillivray, 1991; Ravallion, 1997A review of the criticisms focused on the
limitations of the HDI can be found in Kovacevi®@Db).

13
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2009; Figueira et al., 2011) and the Pareto Pesifitable distribution (Sarabia and
Prieto, 2009). In any case, one of the main adgastaf these parametric models is
that they allow us to derive probabilistic measuaed inequality indicators in exact
form (Ryu and Slottje, 1996; Slottje, 1990).

Recently, a new distribution has been proposedJedamodified Gaussian
distribution, which fits the data on individual income satistauty when the sample
includes a large number of observations (Guo and, @812). In this chapter we
obtain the probabilistic and statistical propert@s this family. Two alternative
estimation methods to obtain the parameters oftbdel are also described, namely

maximum likelihood estimation and the method of neais.

In order to illustrate all the previous formulatsprwe have fitted individual incomes
of Spain for three years, 1993, 1996 and 1999, gusiata from theEuropean
Community Household Panglirvey. Our results point out that the modifiedu&aan
distribution fits data adequately on individualaonge in Spain over the study period.
The performed estimates of the different inequatigasures suggest that no changes
are observed in terms of inequality during the geacluded in the study.

In the second chapter, differences in well-beingle are also evaluated in terms of
income. On several occasions, the availability atadon individual income are
restricted, while descriptive statistics of thenmairy information provided by surveys
are freely accessible. In this context, the deigvabf income distributions from the
pieces of information readily available is essdribaanalyze national and regional
patterns of wealth. There have been many attengptievelop regional and global
estimates from limited data, mainly based on twsiiict methodologies. On the one
hand, non-parametric techniques based on kernelass have been applied (Sala-i-
Martin, 2006; Minoiu, 2007). On the other hand, gmaetric models have been
estimated using conventional inference technighesaerous functional forms of two
parameters have been suggested in the literatweh sas the log-normal
(Chotikapanich et al., 1997), the gamma (Chotikegbaand Griffiths, 2008) and the
Weibull (Pinkovskiy and Sala-i-Martin, 2009; Chapanich and Rao, 1998), as well

14
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as more flexible parametric models, characterizedhbee or more parameters as in
the case of the beta distribution of second kinabfkapanich et al., 2007; 2009).

The second chapter aims to estimate the globameatistribution during the nineties
using limited information. To address this issuecmmbine two different approaches:
regional analysis and country case studies. Théadetogy is applied using data on
the Gini index and the mean income of each counfhe latest version of the
Standardized World Income Inequality DatabdSelt, 2009) provides comparable
Gini index values over the study period. Howeveeamincome is represented by per
capita GDP in constant international US dollarsjciwhs drawn from Penn World
Tables version 7.2 (Heston et al., 2012). In & Btage, we obtain national income
distributions using a model with two parameterspéamticular, we propose to use the
so-calledLamé distributions which are curved versions of the Sigh-Maddala and
Dagum distributions. The main feature of theserithigtions is that they represent
parsimonious models which can fit income data Wit two parameters and whose
Lorenz curves are characterized by only one pamniete Sarabia et al., 2013). In a
second stage, global and regional distributionsdamved from a finite mixture of

these families using population shares.

Once income distributions are estimated, inequadit\d poverty measures are
computed, allowing us to investigate the evolutidthese two phenomena during the
nineties. We compare our estimates with the resulftsined in previous studies,
concluding that inequality and poverty measuresvs$imilar trends to those obtained
using more complex models. We also investigates#tigity of our estimations using
the chi-square test of goodness of fit, which oiout that the fitted national
distributions are adequately modeled by the Lamdlyain 90 percent of cases. Our
results suggest that global poverty levels decredsieing the nineties. However, we
observe a variety of regional experiences. On ttileerohand, global inequality
presents a decreasing pattern mainly driven byfafieof the differences across
countries during the course of the study period thfsets the increase in disparities

within the countries.
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Chapter 3 studies inequality in well-being usingmaltidimensional approach,
considering income variables and non-economic d#&o&s such as health and
education. It should be worth noting that the asialyof disparities in
multidimensional environments presents some ditiesiand comprises a wide range
of options. As a consequence, different methodolddines have been proposed in
the literature to quantify inequality in well-beirgpnceived as a multidimensional
process. On the one hand, a composite index oftgudl life is constructed (thus
requiring subjective judgments about the variablefs the index) and then
unidimensional inequality measures are computexssess the disparities in levels of
well-being (Pillarisetti, 1997; Martinez, 2012).té&dnatively, we can look at each
variable of the index separately, thus ignoring tleationships between the
dimensions included in the analysis (McGillivraydaRillarisetti, 2004; Martinez,
2012; Hobin and Franses, 2001; Neumayer, 2003; Me@y and Markova, 2010).
The most satisfactory option seems to be the usedfidimensional inequality
measures (Decancq et al., 2009; Decancg and Lu@b2)2 which assess the

disparities inherent to each dimension and alsa#geee of association among them.

As in the unidimensional case, multidimensionalquneity measures only provide
summarized information about the evolution of digms in well-being. If no

dominance relationships can be achieved, some pfatte distribution may present
different trends than those obtained using inetualieasures. In this chapter we
develop a new tool extending the Lorenz curve #rthultidimensional space, which
allows us to study these dynamics. Using the defmiproposed by Arnold (1983),
we obtain closed expressions for the bivariate horeurve, considering a flexible
model for the underlying bivariate distribution. V¥udy a relevant type of models
based on a class of bivariate distributions witlvegi marginals described by
Sarmanov and Lee (Lee, 1996; Sarmanov, 1966). sedl@xpression for the bivariate
Gini index (Arnold, 1987) is given in terms of tequality within dimensions and the
degree of association between them. We apply teeiqus methodology to data on

health, education and income over the last 30 years
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Our estimates of the bidimensional Gini indicesnpamut that inequality has been
reduced in all of the relationships considered. Esv, this indicator only provides
summarized information of the evolution well-beidifferences across countries and
hence some internal dynamics can be masked. In faat estimates of the
bidimensional Lorenz curves show that the pooilesist educated and least healthy
countries present a more unequal distributioneetid of the study period. Therefore,
the new conception of well-being makes the multelsional extension of the Lorenz
curve essential to analyze the internal dynamicsadfbeing distribution and to offer

a complete panorama of the evolution of disparindsvels of quality of life.

The last chapter investigates patterng-abnvergence in levels of well-being across
countries. The study of the convergence hypotheasssled to numerous works since
the presentation of the classical works of Solo9b@l, 1957) and Swan (1956) but the
majority of these papers focus solely on economitables. The increasing concern
that well-being cannot be assessed using only iecaamables has induced academics
to test the convergence hypothesis in other dimesssuch as health and education
(Mayer-Foulkes, 2003; Sab and Smith, 2001; Mazun{203)

An alternative approach is based on testing theotmgsis of convergence in a
composite index of quality of life, which considgointly social factors and income
indicators, thus providing aggregated informatidrowt the evolution of national
levels of well-being. Several works use the HDs$tody the convergence in quality of
life (seee.g Konya and Guisan, 2008; Mayer-Foulkes, 2010; Nakihsh, 2006),
concluding that living standards have convergedvlsioover the last 30 years.
Nevertheless, some authors have questioned tharitywef this process, specifying
nonlinear parametric models (Mazumdar, 2002; 20883 quantile regression
(Mayer-Foulkes, 2010). Note, however, that the pataic approach requires making
a priori assumptions about the evolution of convergencedpbus the model might
present misspecification bias. On the other handntjle regression offers a restricted

panorama of the convergence patterns in differartsf the distribution.
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In this chapter, we opt for a semiparametric speatibn which lets the data
themselves show the intensity and direction of dbevergence/divergence process.
We aim to provide a reappraisal of the converggmoeess in terms of quality of life,
using the Human Development Index (HDI) as an iiaic of this phenomenon, for
the period 1980-2011. Our results point out tha ¢fap between developed and
developing countries has been reduced for all atdrs considered. However, the
speed of convergence has been notably low ovelagte80 years. The use of PLM
models reveals that whereas the absolute convezgencess in human well-being is
adequately represented by a linear trend, undecdhéitional convergence model,
this process shows nonlinear patterns that wouldigbered using the classical
specifications of the convergence hypothesis. @sults point out that, even when
little advances have been achieved in income leg@sificant improvements in non-
income dimensions and human well-being have beeongglished. This conclusion
highlights the relevance of considering non-incomienensions in the study
convergence hypothesis, since their distributiqretterns differ substantially from

economic variables.

Each chapter contributes to evaluate particulae@spof inequality in well-being
adopting different approaches. We have developeeraktools to measure inequality,
also considering different methodologies in eachth&im which complement each
other, thus providing a comprehensive analysishef differences in the levels of
quality of life. Different versions of the four gbirs have been presented in a variety
of national and international conferences. The Itesobtained have been already
published, accepted for publication or have pa$isedirst stage of the review process
in academic journals. In particular, Chapter 1 haen published ifPhysica A(in
collaboration). The methodological part of the Glkap2 has been accepted for
publication inComunications in Statistics: Theory and Methduts collaboration).
Chapter 3 was presented at the meeting of the (§ome the Study of Economic
Inequality that took place in Bari (Italy) in JU)13. Finally a version of the Chapter

4 is currently under review.
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Chapter 1

About the modified Gaussian family of income

distributions with applications to individual incomes

1.1. Introduction

The development of distributions for modeling dada income and wealth
distributions has received an increasing amounatténtion from different fields,
including economics, statistics and econophysiee ésg Kleiber and Kotz, 2003;
Johnson et al.,, 1995; Johnson et al., 1970; Setn&®04; Schinckus, 2009;
Schinckus, 2010; Di Matteo et al., 2004).

Since Pareto’s (1897) work, the list of probabilitigtribution functions for modeling
income and wealth distributions has increased densbly. This list includes
classical distributions such as the log-normal, mam beta, Singh-Maddala,
Mandelbrot, Pareto and generalized versions of .eAchomprehensive survey of
these distributions can be found in Arnold (1983 &leiber and Kotz (2003). Other
relevant parametric models have also been recqgmtposed. These new models
include thex-generalized distribution (see Clementi et al.,80€he Gompertz-Pareto
income distribution (Moura and Ribeiro, 2009; Figaeet al., 2011) and the Pareto

Positive Stable distribution (Sarabia and Prie@9). Typically, economical systems
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incomes

(but also several physical systems) present poawver-tails (see for instance

Kaniadakis, 2009), and many of the previous famipieesent this kind of tails.

One of the most important advantages of all thesampetric models is that the main
probabilistic measurese(g. moments) and inequality tool®.g. Gini index) are
available in closed form. This fact provides a eotrdescription of the parametric
family of income and wealth distributions and alws to compute all these
indicators in an exact form (Ryu and Slottje, 199®ittje, 1990).

More recently, a new family of distributions for deing individual incomes in China
was proposed. This family is the so-called modifi@dussian (MG) distribution,
which depends on two parameters (Guo and Gao, 201#s been evidenced that the
MG distribution fits satisfactorily data on indiwidl income for China between 1992
and 2009. However, for the practical use of thigdabpit is necessary to know its
probabilistic and statistical properties, espegiathe corresponding inequality
measures. In this chapter, probabilistic functiand inequality measures of the MG
distribution are obtained in a closed form, inchglithe normalizing constant,
probability functions, moments and standard toads inequality measurement.
Several methods for parameter estimation are atsmsked. In order to illustrate all
the previous formulations, we have fitted indivilimcomes of Spain for three years
using the European Community Household Panel su@ay results point out a static
pattern of inequality since the Gini index and otlmequality measures remain
constant over the study period.

The contents of this chapter are as follows. IntiSed.2 we present the probabilistic
properties of the MG distribution: the normaliziognstant, a simple interpretation in
terms of weighted distributions, the cumulativetrilisition, survival and quantile
functions, moments and related quantities, firgrde stochastic dominance
conditions and the relationships with other famsilief distributions (chi-square,
stretched exponential and Weibull distributionsheTdifferent tools for inequality
measurement (Lorenz curve, generalized Lorenz cu@iai index, Donaldson-

Weymark-Kakwani index and Pietra index) are obtaiime Section 1.3. Estimation
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methods (moments and maximum likelihood) are dsedsin Section 1.4. An
empirical application with individual incomes of @p for three years using the
European Community Household Panel survey is imduh Section 1.5. Finally,

some conclusions are given in Section 1.6.

1.2. The modified Gaussian distribution

According to Guo and Gao (2012), their distributisrtomposed of two factors. The

first factor is the variable factox ¢ ) if x > 4 and the second factor is related to the

2
planned economic system income, whichebsp{—_;(ﬂ’J } Then, the modified
g

Gaussian distribution (see Guo and Gao, 2012)fisatkin terms of the probability
density function (PDF) by,

g

2
f(x;,u,a):K(x—,u)exp{—%[x_’uj } (1.1)

and f (x; u,0) =0 if x<u, whereu, o > 0 are parameters adis the normalizing

constant.

1.2.1 The normalizing constant

2
Making the change of variabge( X~ 'uj =t,
o)

00

J.f(x;,u,a)dx:Kj.(x—,u)exp{—l(x_'u) }dx:
5 2\ o

—00

= KO'ZJ. exp(-t)dt = Ko?.
0

Then, the value of the normalizing constant(isiz.
g
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1.2.2 Interpretation of the MG distribution

The PDF of the MG distribution defined in Equatidnl) can be seen as a weighted

distribution of the form

w(X) f(x)

f,(X) :E—f[m,

wheref(x) is the PDF of the classical Gaussian distributiagtih meanu and standard
deviations, andw(X) is the weighted function defined a$x) = (x - ) if (x> u) and
o(X) =0 if X <p).

The new PDH,, (X) is called the weighted version Xf and its distribution in relation
to that ofX is called the weighted distribution with weighntidion w. In our case,
becauseo(X) is linearf, () is called the length-biased or size-biased varsid, and
the corresponding observational mechanism is cédlegth- or size-biased sampling
(Patil et al, 1988; Patil, 2002). In the case aforme distributions, this mechanism
provides different weights to the different incomes

1.2.3 Cumulative distribution, survival and quantile functions

The cumulative distribution function (CDF) is dedthby F (x) = Pr(X < x) . Then,

F(x) =0 if Xx<u. Instead, ik > u, we have

F(x) =Pr(X < x)
- J':(ta_zﬂjexp{—%(t_%]z}dt (1.2)

el 54

On the other hand, the survival functigix) = Pr(X > x) is,
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s(x):exp[_i(t__:“jz}, if x> 4,
2\ o

andS(x) = 1 ifx <pu.
If 0 <p <1, the quantile function is defined &gp) =F*(p) , where

Ry =inf{x K 2 y}. (1.3)

For the MG distribution (1.1) we have,

X(p; p,0) = p + o]~ 2log(L- p))/2. (1.4)

Figure 1.1 represents the PDF, the CDF, the sunfivaction and the survival

functions in scale log-log, for some selected valoiethe parameters.

1.2.4 Moments and related quantities

2
Again making the change of variab\ge( X~ '“) =t, we obtain
o

E(X") :%Ix’(x—u)exp{—%(—x;ﬂj }dx

= [(u+ ov24?)" expetyct

r r o
= Z ,ur‘ka"zk/zjtk/2 exp(-t) dt,
k=0 k 0

and using the definition of the Gamma function vika therth-moment about the

origin of the MG distribution:
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E(x r) = zr (rk)#r—ka-kzk/zl—*[g+1},

k=0

where r(x) denotes the Gamma function defined a$x):rtx‘1e‘tdt. In
0

particular, the first two moments are,

E(X) :,u+\/§a, (1.5
E(X2) = 12 +\2muo+20°. (1.6)

Using Equations. (1.5) and (1.6), the value ofwheance is

var(x):4_7n02. (1.7)

Other kind of moments can be obtained using thaticgl between the MG

distribution and the chi-square distribution. Uskguation (1.9) we conclude

E[(X - U 2’]= 20 T(r+1)

if r >-1.

1.2.5. First-degree stochastic dominance

In this section we discuss first-degree stochakiminance (Marshall et al., 2011) for
two MG distributions. First-degree stochastic doanice holds in situations where one
distribution provides a Pareto improvement compat@danother distribution. A
random of variablé; is said to be stochastically less than (or equiaXi in the first-

degree sense (FSD) if

FX)<F(x), Ox
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and we will representx Let X; be a MG distribution with parameters

1 SFSD XZ'
(u,,0,) and a second MG distribution with parametgrs o,). Then it is verified

that

X1 Spsp Xp = Mo SHy, 0,0 (1.8)

1.2.6 Relationships with other families of distribtions

In this section we include some simple relationshipth other usual distributions
commonly used in econophysics and economics. BEatig we stress its relationship

with the chi-square, the stretched exponentialtbadNVeibull distributions.

The modified Gaussian distribution can be relatedthe classical chi-square

distribution in the following way. It is verifiedhat,

(%jz ~ X2, (1.9)

where X 2 represents a classical chi-square distributioh pAdegrees of freedom. If

X,,.., X, is asetofii.d. modified Gaussian distributiowe have

%;(Xi - u)f ~ Xz,
On the other hand, the stretched exponential kbiigtan has been found to be a useful
and versatile intermediate distribution betweerm‘tail” (exponential, Gaussian, etc.)
and very “fat tail” distributions (Sornette, 200®pherrere and Sornette (1999) have
found some examples of fat tail distributions (etural and social sciences) which
were considered good examples of power laws, buldcbe modeled as well as or

even better by a stretched distribution.

A simple relation between the MG distribution anke tstretched exponential
distribution can be found. LeX be a MG distribution and leY be a stretched
exponential distribution with exponent two and CDF,
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_ y? | WP
Fo(y)=l-exg -=2—+-2—| vy>u,
v (Y) ;{ 557 Zazj y=u

and F(y)=0 if y < pr. Since(-x? + u2) = (- (x= )’ )= 2u(u = x)< 0 if x> > o0,we

h x? u? 1 x—,u2
ave exp[— + J > exp| — E( ) , and then

202 20°? o
Pr(Y > x)< Pr(X > x),

that is,Y <__ X and we conclude that the modified Gaussian digiobh has heavier

FSD

tails than the stretched exponential distribution.

The previous result is clearly observed from Figlu2 which shows the tails of two
distributions, MG and stretched exponential, wite same parameters. We observed
that, irrespective to the parameter value, the NE®ildution presents fatter tails than
the stretched exponential. As a consequence, thaligl@bution is more appropriate

than the stretched exponential distribution for elody data with heavy tails.

The Weibull distribution is a parametric family obmmon use in reliability and
engineering (see Castillo et al., 2005). Recendlyunified physics of stretched
exponential relaxation and Weibull fracture has nb@ensidered in Mauro and
Smedskjaer (2012). If we include a location paramet in the classical two-

parameter Weibull distribution, we can obtain th& Mistribution, assuming a value

of two for the shape parameter and a scale paramgtels tog /2.

1.3. Inequality measures

In this section we consider closed expressionsdane important inequality measures
for the MG distribution.

30



Chapter 1

1.3.1 Lorenz curve

The Lorenz curve is defined byp,(L(p)), where p represents the cumulative

proportion of income-receiving units ahgp) the cumulative proportion of incomes,
when the incomes are arranged in ascending ordmaghitude. Let be the class of
all non-negative random variables with positiveitinexpectations. For a random

variableX in £ with cumulative distribution functioR,, the mathematical expectation

of X'is py =j:F>gl(y)dy. According to the Gastwirth definition (Gastwirtt971) the

Lorenz curve_x corresponding tX is defined by,
_ 1 ep_
La(p) == [P0y, 0<p<1 (1.10)
where F 1 (X) is defined in (1.3). Then, by considering Equatibm),

[} F(wdu= up+of[-2loga-w)] “du= i+ ov2(-logL- p).32),

where y(x,a) denotes the incomplete gamma function defineg¢(as) =J'Oxta‘1e‘tdt.

Now, using Equations (1.10) and (1.5) we have

up + o2y (-log(1- p),3/2)

L(p;u,0)=
u+ﬁ50
2

1.3.2 Generalized Lorenz curve

0< p<l. (1.112)

In this section the generalized Lorenz curve (Gli@pduced by Shorrocks (1983) is
obtained. The Lorenz curve is scale invariant dmehtit is an indicator of relative
inequality. As a consequence, it does not provideraplete basis for making social

welfare comparisons. The generalized Lorenz cugefined as,

p
GLx (P) = tx Ly (P) = [ F3*(y)dy, 0<psL
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Note thatGL, (0)=0 and GL (1) = iy . Using previous definition, the GLC for the
MG distribution is,

GL(p;u,0) =,up+a\/§y(—log(1— p),32), 0<p<l (1.12)

A distribution with a dominating GLC provides greatwelfare according to all
concave increasing social welfare functions defired individual incomes (see
Kakwani, 1984; Davies et al., 1998).

1.3.3 Gini index

The two best measures of inequality which are edl&d the Lorenz curve are the Gini
and Pietra indices. Both indices can be viewedltasnative ways of measuring the
distance between the Lorenz curve and the egalitdine. The Gini index is defined
as twice the area between the egalitarian line thedLorenz curve. One of the

expressions to compute the Gini index is (see $8rab08),

o E(Xy) o1

X E(X) E(X)

j: [1-F, (x)]2dx, (1.13)

where X, represents the smaller of a sample of size twarggifnom the CDHF-.

Given that the distribution of the minimurX ,., of a sample of size is given by
Fx,, (X) =1-[1-F,(X)]". Using (1.2), it can be shown that the distributf the

minimum in a MG distribution is again a MG distritan with new parameters

g

W

d=u andg = . Consequently, using (1.5) we have that

E(xlzv):w%\/g . (1.14)

The Gini index corresponds to the choice 2, thus we have

.[: [1- Fy ()P dx =+ U@.
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As a consequence, the expression of the Gini imndex

Jr

p+o™ =
Gy =1-—2 (1.15)

ot
2
From Equation (1.15) we can deduce that does to infinity,G , goes to zero, i&

goes to infinityG, = 0,2929 and ifo goes to zeroG , goes to zero.

1.3.4 Donaldson-Weymark-Kakwani index

One relevant generalization of the Gini index wasppsed by Donaldson and
Weymark (1980) and studied by Yitzhaki (1983). Themuthors proposed the

generalized Gini index defined as

G, =1-v(v-1)[ @~ p)*Ly (p)dp, (1.16)

wherev > 1. If v = 2 we obtain the Gini index. Whenincreases, higher weights are
attached to small incomes. The limit case wkegoes to infinity depends on the
lowest income, expressing the judgment introducgdRlawls that social welfare

depends only on the poorest society member.

On the other hand, it can be proved that Equatiob6] is equivalent to (see Muliere
and Scarsini, 1989),

:1_ E(Xliv) ,
My

GV
which can also be seen as a generalization of Equét.13), whereX;,, represents
the minimum random variable in a random samplez&\s Using Equation (1.14), it
can be derived that the Donaldson-Weymark-Kakwadéex for the MG distribution

is expressed as,
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G

g T

p+ =]
- W\E (1.17)

Vs

+o. =
sy

1.3.5 Pietra index

The Pietra index is defined as the maximal vertideWiation between the Lorenz

curve and the egalitarian line, that is,
P, =max{p-L, (p)}
0<ps<l

If we assume thédy is strictly increasing on its support, the funotip—L, (p) will
be differentiable everywhere on (0, 1) and its maxn will be reached when
1-F(p)/ uy equals zero, that is, wher= F, (1, ). The value ofp- L, (p)in this

point is given by,
P =Fy (Hx) =Ly (Fx (1x))-

In our case sincé& (u, ) =1-e* and using Equation (1.11) we obtain the formula,

Ul—-e Y +a2y(m 14, 312)

. (1.18)

Py =1-e 4 -

1.4. Parameter estimation

Letx;, ... X, be a sample of sizedrawn from a MG distribution. We propose two
estimation methods: moments and maximum likelihddee first estimation method
leads to simple estimators, which can be used itial iestimators in the maximum
likelihood method.
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1.4.1. Moments estimates

Let X :lz," x, and s2 :lz," (x, - X)2 the sample mean and variance respectively.
n i=1 n i=1

If we equate the sample mean and variance to thhesponding theoretical moments
given by Equations (1.5) and (1.7) and we solveufando, we then obtain moment

estimates

pg=x-]-"s_, (1.19)

and

(1.20)

1.4.2. Maximum likelihood estimates

The log likelihood function is given by,

N RIS

n
/(1,0) = =2nloga + 3. log(x = 4) =5

i=1

Taking partial derivatives with respectii@ndo and equating them to zero we obtain

the normal equations:

(o) _ s L 1N oo 1.21
R ey D LR -
o/ (U, 2n 1 < ’_
%:—?+;;(Xi—,u) =0 (1.22)

If we eliminates in Equation (1.22), we obtain
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! v2
o= {2—1,12 (% —u)Z} , (1.23)

and substituting in Equation (1.21) we have

Z(Xi_,u) 1
= =2 o

1 < 1 (X u) '
E.Z{ (%, — u)?

(1.24)

which only depends op. The previous equation can be solved using thetdlew
Raphson methods, taking as the initial value themermd estimates defined in
Equations (1.19) and (1.20). Finally, the maximukelihood estimate of is given in
Equation (1.23).

1.5. Empirical application

1.5.1. Data

To analyze the properties of the MG distributionaleped in this study we have used
data on individual incomes from the European Comitgudousehold Panel survey.
This survey was developed by the Statistical Offafe European Communities
(EUROSTAT) and national data collection units. dntains data on socio-economic
factors for all current members of the EuropeanodniAvailable data correspond
with eight waves concerning the eight years ofgeod 1994-2001. It is important to
note that the concept of income refers to disp@shblsehold income in the previous
year to the interview at constant 1992 prices. @sgple, in this context, regards total
income received from all sourcesg. after tax and with transfers added. Personal
information of all members over sixteen years & afja household is also presented,

including the sources of the total income.
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Figure 1.3.Plot of the CDF F(x) (right) and the complementafyhe CDF S(x) (left) of the modified
Gaussian distribution (solid lines), with the olvser data for the years 1994, 1996 and 1999
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Table 1.1. Parameter estimates obtained from the fittinghaf MG distribution to
individual incomes data by maximum likelihood foetyears 1994, 1996 and 1999

Year u o Mean gg\j’ X(0.25) X(0.5) X(0.75)

1994 2.8 11800 14789.1 7730.6 8950.6 138934648.3
1996 3.6 12679.6 15891.5 8306.9 9617.8 149221112.9
1999 1.8 12870.3 16130.5 8431.8 9762.5 15152H430.5

The corresponding means are estimated using Equéli®), standard
deviations are obtained from Equation (1.7) andtfisecond and third
cuartiles using Equation (1.4) with= 0.25, 0.5 and 0.75 respectively.

We have worked with Spanish microdata (see Sarabial., 2007; Arnold et al.,

2006), including only individuals whose informatiaras available in waves 1, 3 and
6, to make incomes comparable over time and toimdita the effect of missing

observations (which would bias our estimations trox Therefore, we are
considering individual incomes for the years 199496 and 1999. In wave 1 the
survey contains information about 7206 househotak 1893 individuals, wave 2 is
made up of 6297 households and 15640 individual$, &nally, the last wave

includes 5418 households and 13104 individuals. éd@y our sample comprises
6378 individuals whose information is available otlee whole period. In order to
transform household incomes to individual incomes, use the OECD equivalence
scale, and the equivalent income is assigned tdn eaember of a particular
household, assuming that all members have the kmleof welfare, thus resulting in

individual incomes.

1.5.2. Results

We have fitted the Modified Gaussian distributiorthie data by maximum likelihood
method using Equations (1.23) and (1.24) f@ndc parameters, respectively, taking
as initial values the moment estimates given indiqas (1.19) and (1.20). The
results are included in Table 1.1. We also pregentorresponding theoretical mean,
standard deviation and the first, second and thuartiles for each year. Given that
Spanish income distribution is left skewed (Olivdonso et al., 2001), modified
Gaussian distribution seems to be a suitable pedpBsr the graphical validation of
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the model, we have plotted the CDF and the compi¢sng of the CDF of the MG
distribution joint with the observed data (Figur8)1

Figure 1.4 shows the evolution of Spanish individimaomes for the years 1994,
1996, 1999 in different format graphics: PDF, CB&tvival and survival in standard
and log-log scale. Figure 1.5 shows the GLC fos¢hgears. According to the results
presented in Table 1.1, the first-degree stochasticinance given by Equation (1.8)
is not verified in all the years. The year 1994 duwates the other two ones, but the
couple of years 1996 and 1999 are not comparabldirgt-degree stochastic
dominance terms. This fact can also be deducted &graphical inspection of Figure

1.4. Note that stochastic dominance for the GL@é@se years is also confirmed.

In addition to the estimations performed, we hawaputed several income inequality
measures that have been previously derived in tiag@ter (Section 1.3). We have
calculated the Gini index given by Equation (1.1Bg generalized Gini indices for
values 5 and 10 (Equation (1.17)) and the Pietd@xn(Equation (1.18)). The four
inequality measures considered show an analogdwsvioe during the study period,
characterized by a stable pattern. Note that thme i@dex is around 0.29 in the three
years considered, whereas the Gini-5, the Gini4id the Pietra indices are about
0.55, 0.68 and 0.21 respectively.

1500C+

1000CH

1999- 1994

500C-

0.0 0.2 0.4 0.6 0.8 1.0

Figure 1.5.Graphics of the GLC of the MG distribution (Equati(1.12)) for the ECHP individual
income data for the years 1994, 1996 and 1999

40



Chapter 1

1.6. Summary and conclusions

In this chapter, probabilistic and statistical pdjges of the modified Gaussian
distribution (Guo and Gao, 2012) have been studi&@. have obtained closed
formulas for the normalizing constant, the diffarprobability functions (PDF, CDF
and survival), moments, first-degree stochastic idante conditions and the
relationships with other families of distributiofshi-square, Weibull and stretched
exponential distributions). A simple interpretatiohthe MG distribution in terms of
weighted distributions has been proposed. Diffeteals for studying inequality have
been obtained, including Lorenz curve, generalizedenz curve, Gini index,
Donaldson-Weymark-Kakwani index and Pietra indexvoTestimation methods
(moments and maximum likelihood) have been propolsedrder to illustrate all the
previous formulation, we have fitted individual ames of Spain for three years using
the European Community Household Panel survey, ledmgy a static pattern of
inequality since the Gini index and other ineqyaliteasures remain constant over the

study period.
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Chapter 2

On the estimation of the global income distribution

using a parsimonious approach

2.1. Introduction

Inequality, poverty and growth, as well as the dinketween these concepts have
received an increasing amount of attention from neanusts, analysts and
policymakers around the world. The exponential ghowaf China over the last 20
years, the relationship between globalization axedjuality or the financial crisis and
its consequences to the real economy, are contdrdee these variables play a crucial
role for assessing the new economic and sociakzband for evaluating the efficacy

of the policies implemented.

Even when there is nearly consensus that per c&bifa is not an adequate measure
of well-being, it is the most widely used indicatormake international comparisons
as well as intertemporal evaluations of living skamls. National incomes inform
about the mean and hence about economic prograissap nothing regarding other
intrinsic features of this distribution. Consequgntaspects such as poverty and

inequality would be completely ignored.
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Despite their relevancy, global income distributieas not been investigated intensely
until the nineties mainly due to the scarcity ofadan individual incomes for a wide
number of countries over reasonably long periodsnoé. However, there has been a
great effort in the last twenty years to collectadan individual incomes (Deininger
and Squire, 1996; Trasmonee, 1999; LIS, 2000; UNIDER, 2008), which come
from surveys conducted every five years in mosegasherefore, it is required long
time to complete the collection of the databasejclwhis resource intensive.
Consequently, the access to individual data isricest, but instead, descriptive

statistics of surveys such as mean, mode or inchraees are freely available.

In this context, the derivation of income distriloats from the pieces of information
readily available is essential to analyze natiaral regional patterns of wealth. This
estimation is relatively simple for individual cdues, however, the estimation of
regional and global distributions requires a masmplex methodological procedure.
The problem arises when we are interested in irgaasig the evolution of regional

or global income distributions whose summary diaisare not accessible. In that
sense there have been many attempts to developne¢gnd global estimates from

limited data, mainly based on two distinct methodds.

On the one hand, non-parametric techniques have applied to estimate income
distributions based on kernel estimates (Sala-itiMa2006; Minoiu, 2007). On the

other hand, parametric models of the global incais&ibution have been estimated
using conventional inference techniques. Numerawsctional forms have been
suggested in the literature. Chotikapanich et 4P9{) assumes a lognormal
distribution for modeling national income distrilmrts, which is the most commonly
used family along with the gamma (Chotikapanich &rdfiths, 2008) and Pareto

distributions. Other two-parameter distributionsgddeen extensively used, including
the beta, the Fisk and the Weibull distributionskBvskiy and Sala-i-Martin, 2009;

Chotikapanich and Rao, 1998). Three-parameter ildlisions have also been
proposed. In this line, we find special cases ef deneralized beta distribution: the
beta of second kind (Chotikapanich et al., 2000Q90the Singh-Maddala and the

Dagum distributions.
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As the number of parameter increases, the modebnies more flexible, thus

improving the goodness of fit. It should also béedathat more information is needed
and highly complex expressions are employed tonesé the parameters and other
characteristics of the distribution. However, itpgssible to model national income
distributions based on a more parsimonious approasing two-parameter families

without a significant loss of reliability. Speciéity, we propose to use the so-called
Lamé family of distributions, which are two verssoaof the Singh-Maddala and the
Dagum distributions. The adequacy of these didiiobs has been studied in Sarabia
et al. (2013), concluding that the inclusion of additional parameter does not
significantly improve the goodness of fit. Thus,stHframework offers simple

instruments to construct global and regional distions as well as to report reliable

estimates of inequality and poverty measures.

The objective of this chapter is to determine glaal regional income distributions

using limited information. To address this issuecembine two different approaches,
regional analysis and country case studies. Théadetogy is applied using data on

Gini indices and per capita GDP of each countrye Ttest version of Standardized
World Income Inequality Databaggéolt, 2009) provides comparable Gini indices
using gross income definition for 153 countriesrae period 1960-2009. However,

most countries have no available data before 18§aecially the developing nations.
For this reason our study focuses on the perioch ff®90 to 2000 with three point

estimates in 1990, 1995 and 2000. On the other,@erdcapita GDP is drawn from

Penn World Tables version 7.2 (Heston et al., 20d#¢h includes per capita GDP in

constant international US dollars

The proposed methodology to estimate regional imcalistributions from country
level data is made up of two steps. In a firstestage estimate individual distributions
of 127 countries included in the sample. We competeeral inequality measures and

poverty indicators for the countries included ire ttample in three points of time

® It should be emphasized that we are merging liiitéormation from surveys with national accounts
to estimate the regional distribution, but note this a common practice and an accepted procedure
this field (Bhalla, 2002; Bourguignon and Morris@902; Chotikapanich et al., 1997; 2007; Grien and
Klasen, 2008).
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1990, 1995 and 2000. Thereafter, global and regidis&ributions are derived from a
finite mixture of these families using populatidmages. We provide different poverty
and inequality indices for each region to asses®Wolution of poverty and inequality
over the nineties. We also compare our results prélvious studies, concluding that
In most cases two-parameter distributions offerilaimestimates to those obtained
from three-parameter families, such as the beta-Qhotikapanich et al. (2009). Our
results point out that, whereas world poverty hedided over the study period, a mix
of regional experiences is observed. Global inetyuptesented a decreasing pattern
derived from the convergence process that tookepdiacing the nineties, which offset

the increase in disparities within countries.

The balance of this chapter is as follows. SecBiddescribes the methodology used
to estimate global and regional distributions. by measures are derived and its
decomposition in within- and between-country conmgrae is also presented. The
sources and the construction of the database &adedein Section 2.3. Section 2.4
presents the estimates of inequality and povertgsmnes both globally and for each
of the regions considered. The main conclusiortk®thapter are included in Section
2.5.

2.2. Methodology

In this section, we describe the methodology usedldrive regional and global
income distributions as well as the estimates oepy and inequality measures. As a
starting point, we compute national distributiofisd®7 countries for each benchmark
year. It should be recalled that a large numbeprobability distributions have been
proposed in the literature for modeling income am@lth distributions (for a review,
see Kleiber and Kotz (2003)).
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Despite the long list of candidafeshe possible choice is limited by the nature and
availability of income data. In this case, we worky with the per capita GDP and
the value of the Gini indéx This implies that we need a simple two-parametric
distribution with scale and shape parameters. Nbstanding its simplicity, the
proposed distribution must be sufficiently flexilitefit zero-mode — characteristic of
income distributions in developing countries — amtk-mode data. Moreover, it
should be derived from a simple economic model amdthe same time, the
distribution should be also connected with the ey economic literature about

income distributions.

2.2.1. Modeling national income distributions

We propose the following family of income distritmrts, composed by two models
called Lamé distributions of first and second clesspectively (see Sarabia et al.,
2013), which are described in terms of the cumudadistribution functions (CDFs)

as,
1
F(xau=1- , 0 X< oo, (2.1)
[1+ (X//J)a/(l_a)]%‘
and F,(xa ) =0if x< 0, whereO<a<1 and x>0, and
1
F,(xa u) = , 0 x< oo, (2.2)
[1+ (X/,U)a/(a_l)]%‘

® These families include the classical Pareto diistion (Arnold, 1983), the lognormal, gamma (Salem
and Mount, 1974), beta, Singh-Maddala (Singh andddé, 1976), Dagum (Dagum, 1977), Weibull
and the different generalized versions of each.Wa&rthe above distributions can be embedded in the
generalized gamma and generalized beta of firstljGid second kind (GB2) distributions, which
were proposed by McDonald (1984). McDonald and Xi996) developed a generalized beta
distribution with five parameters and the geneealibeta-exponential (EGB), as extensions of the
previous families.

" Other studies used data on income shares whicthangoints associated with the Lorenz curve (See
e.g. Chotikapanich, 2009; Gruen and Klasen, 2008).lllicases five or ten data points are available,
making possible to estimate distributions with sevparameters. However, the availability of thégad

is substantially limited with respect to the mead ¢ghe Gini index, thus restricting notably the péam

of countries and the possibility to consider loamporal periods.
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and F,(xa ) =0 if x < 0, wherea=1 and ¢ >0. In both caseg represents the

mathematical expectation of the population.

The quantile functions associated with the previdigsributions (Equations (2.1) and

(2.2)) are respectively:
X,(pia, ) = p@(1- p)*) 2 (- p)*?, (2.3)

1
=
Xo(pia, ) = p (1-p2) apt, (2.4)

This family is connected with the GB2 distributiMcDonald, 1984), given by the
following relationships:
xl~GBz(A=i,P:1Q=1,uj,

1-a a

a

X, ~G|32(A=—,
a-1

1
P=—,Q=1 ,LIJ.
a
Note that Equations (2.1) and (2.2) are curvedioessof the Singh-Maddala and

Dagum distributions respectively.

On the other hand, Equations (2.1) and (2.2) amvete from two well-known

economic theories, namely trickle-up and tricklevdoeffects (Henle et al., 2008).
The first approach assumes that an increase inrmacof the lower-middle class
would be more advantageous for the economy givan tthey spend their wealth
faster than the upper class. On the other hamdld@rdown theory assumes that if the
income of the upper class rises, this fact woulddate the investment, thus resulting
in a fall of unemployment and hence benefiting foeiety as a whole. Then, the

trickle-up effect is related to the following exps#on:

Al _ (A/N)L

ot N@-r)’ (2:5)

whereas the trickle up effect verifies that,
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ol _(A/N)(I-L)

, 2.6
ot Nr (2.6)

wherelL is the Lorenz curvd, is the income of a family at rank As a consequence,

(A/N)L is the aggregate income of poorer citizens, ang-r) is the number of
wealthy individuals. Converself{A/ N)@L—L)is the income of the wealthiest citizens

and Nr is the number of individuals at lower rank. AssogiithatL is adequately
represented by the so-called Lamé Lorenz curvesHEgeations (2.9) and (2.10)), the
CDFs (2.1) and (2.2) are the solutions of Equati(hs) and (2.6). According to
Equation (2.5), an increase in income of any irdiral of the society can be achived
with an improvement of the economic situation ofoqgw citizens. In contrast,
Equation (2.6) states that an increase in the iecofithe upper class would lead to

economic progress of the whole population.

To study the evolution of income inequality, therémz curve is an extremely usefull
resource, which relates the income sha(@)) with its respective population share
(F(X)). For the Lamé income distributions, income shae given by,

1

n,(xa,u) = ~, 0< X< o, (2.7)
' ll+ (x/ ,u)_é”_alj/
with 0 <a< 1 and
m(Xau) =, 0<x<o (2.8)
S W B |

if a> 1.

Accordingly, Lamé Lorenz curves associated withl2and (2.2) are expressed
respectively, as follows (see Sarabia et al., 2013)

L(ma)=[i-a-p)e[*, o< p=1, (2.9)

L(pa) =1-(-p*)*?, 0< p<l, (2.10)
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and the corresponding Gini index of each curvevsrgby:

_,_TI'Wa)?
G@=1 T3’ O<ac<] (2.11)
Gz(a)=%—l a1l (2.12)

The study of Lorenz ordering is a crucial aspedhm analysis of income and wealth
distributions. For the family used in this chaptemple relationships are obtained

from the value of the parametar Let £ be the class of all non-negative random

variables with positive finite expectation. The &oz partial orde, on the clas<

is defined by,

X< Y = Le(p=L,(p), Opofol

If X < Y, thenX exhibits less inequality thavi in the Lorenz sense. The families
(2.1) and (2.2) are ordered with respect to theupaters. Focusing oh,(p;a,), if

a <a, then L (p;a) <L, (p;a,) for 0<p<l. On the other hand, fok,(p;a,), if
a<a, thenlL,(p;a,) =2 L,(p;a,) for 0< p<1.

2.2.2 Estimation with limited information

In this section we expose the procedure to estithat@arameters of the distrtribution
for each country and year when few pieces of infdrom are available. In particular,
we expose the case that the sole available infoomé&br the estimation is the mean
income of the country distribution and the Giniemd A plausible estimation method
for the parameters which provides consistent estispaconsists of solving the

following system:

H=X;
G@=g k=12
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where X andg represent the per capita GDP and Gini index valespectively and
Gk(a), k = 1, 2, are the theoretical Gini indices giverspextively, by (2.11) and
(2.12). Therefore, the estimated valueg ahda are given by,

1=X;
a=G(g); k=12 (2.13)

It is worth noting that, as the right hand side(®f13) is a monotonic function of
parameteq, this system has only one solution. The standamtsof the parameters
can be estimated using a parametric bootstrap, pinagiding a measure of the

accuracy of the estimation.

2.2.3. Modeling regional and global income distribtions

Once the parameters of each country are estimiaisghossible to derive the regional
and global income distributions as a mixture of tmional distributions using
population weights. Assume that the region undedystcomprisesM  countries,
being this region the world or any of the subsammensidered in this study (see
Appendix 1). The number of countries varies acmeggons but, for simplicity, we
remove the superscripf assuming that the rest of the methodology apjtiegach

territory specifically.

Each country has an associated density functiorFJRIDd a cumulated distribution
function (CDF) previously defined dis(X) andFy () respectivelyk = 1, 2,....M ©.
The demographic weigths are given fgy=N,/N, whereN is the population of thik-

th country andN :ZLNk is the total population of the region under stutlyen, the

regional income distribution is given by the finrtexture:
M
fx (X) = zﬂk fi (x).
k=1

Assuming thafy (x) follows a Lamé | distribution (Equation (2.1)hetregional PDF
is given by,
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£ i (X/Iuk)(Zak—l)/(l—ak)
X)= ) T, e (2.14)
§ k=1 ‘ (1_ ak):uk (1+ (X//Jk)a“/(l_ak))]/ak '
Conversely, the regional CDF follows the expres$ion
u 1
Fx(¥) =) m1- : 2.15
0T e 19

Note that, from Equations (2.14) and (2.15), istimightforward to compute poverty
rates, since they are directly calculated integeatine area below the specified

poverty line.

On the other hand, regional cumulative income share also a weigthed average of

the country income shares, given by the followirgression:
M 7T, 1
Ny (x)=] %’7 (X),
k=1

where /)y, (X), k = 1, ...,n, are defined in Equations (2.7) and (2.8) for efachily

andu denotes the regional mean which is expressedpapdation weighted average
of country means. Once we have derived income shanel their corresponding
population shares fromy (X), the regional Lorenz curve can be graphed usiggda

of values oix to calculate the pointsg=((x),7,(x)).

To analyze the evolution of inequality, we proptseaise generalized entropy (GE)
measures given that they allow us to decomposé itmeguality in two different
components, namely within-country inequality andwsen-country inequality. The
first term informs about the level of inequalityeach country, assuming that there are
no differences across nations. Conversely, thensecomponent states the level of
inequality that would be if countries were totadigual, only presenting differences in

the mean income of nations.

® Similar expressions of the CDF and the PDF arainbtl for the Lamé Il distribution.
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The regional GE measure can be specified in a sifigoin using the decomposability

of this index. Accordingly, iX represents the regional income distribution weshav

M

1 -
= et

k=1

wheref is a parameter that states the weight attachebetdaop of the distribution.
High positive values of this parameter yield indicrore sensitive to changes in the
upper tail, whereas negative values make this mneasuore sensitive to

redistributions at the lower taik is the proportion of the mean income of each
country in the regional mears, :nkuk/zz":lnkuk, j=12..,M, and 1Y is the GE

index of thek-th country, expressed as follows for the Lamé d dramé Il

distributions respectively:

F(“ 6(1-a) jr[l‘g(l‘ al)j 1
1O = & &

6(6-1) ’
r(l—ﬁ(az -1) Jr(l— 6(a, —1)j 1
1O = & &
X 6(6-1) ’

with 8 # 0,1. These results are obtained using the raw mtsmeveloped in Sarabia
et al. (2013).

GE measures are additively decomposable in two sterrinequality within and
between countries — given, respectively, by thie¥ahg expression:
M

6) — -0-01 (6
0= o,

k=1

(9) - -
's e(e n (Z”& J
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We also have considered the limit c#se 1, that is the so-called Theil index, which

can be decomposed in the form,

where,

M M
Tw =D T Te =D 7, Iog(ﬂﬁj.
k=1 k=1 k

Tk is the Theil index of th&-th country which, for the Lamé | and Lamé I, isen
respectively by:

T(X)=1;—a1{w[aij—w(1)}, 0<a <1

1 1

2 2

T(X) =2 ‘1{40(1) —w[i} a,>1
a a

where(2 =I"(2/1(2) is the digamma function.

2.3. Data and sources

The data used in this analysis come from two maia dources, national accounts to
obtain data per capita GDP and surveys which peo@ahi index values. Per capita
GDP in constant international US$ and populatiodresvn from Penn World Tables
7.1 (Heston et al., 2012). These data are usedrtstrtict income and population

shares for deriving regional distributions.

The World Bank has been a major provider of incaaéa on for cross-country
comparisons. In fact, recent works that examinebdajlincome distributions used the
World Income Inequality Databag@VIID) compiled by the World Bank (Milanovic,

2002; Chotikapanick et al., 2007). However, theadatntained in WIID come from a

variety of sources, including Deininger and Squ{d996), Trasmonee project
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(Trasmonee, 1999); Luxembourg Income Study (LIS)020and national statistical
offices. Therefore, this database reports a mioldervations regarding unity of
analysis, income concept and coverage populatibns tresulting in a lack of

comparability.

Due to the high heterogeneity that characterized\fborld Bank data, we opt for using
the Standardized World Income Inequality Datab&Selt( 2009), which provides
comparable Gini indices based on gross income itlefinfor 153 countries over the
period 1960-2009. This database homogenizes thenai®ons of WIID, taking LIS
observations as a benchmark. After this proceduge than 4500 observations are
provided, although the majority of them are concdetl in the period from 1985 to
2000, especially for developing countries. Our dangmmprises 127 countries for
three benchmark years in the nineties, 1990, 1985 2000. When there is no
available data for the exact year, the closestrohten is used only if it is within the
previous two years or in the two following oReBhe percentage of coverage for each

region in the three years considered is presentéadble 2.1.

Table 2.1.Regional and global population coverage

1990 1995 2000
Total Included Covered Total Included Covered Total Included Covered
EAP 1821.36 1568.78 0.8613 1940.03 1675.65 0.8637 2045.00 1761.20 0.8612
EECA 84251 451.75 0.5362 855.78 458.68 0.5360 862.19 461.51 0.5353

LAC 442.07 430.69 0.9743 481.54 470.06 0.9762 520.37 507.06 0.9744
MENA 253.29 190.46 0.7520 283.43 210.74 0.7435 312.51 230.05 0.7361
SSA 512.73 392.91 0.7663 585.95 44452 0.7586 666.68 502.24 0.7534
SA 1146.78 1088.11 0.9488 1272.29 1198.09 0.9417 1398.31 1315.70 0.9409

WENAO 852.53 852.17 0.9996 884.55 884.18 0.9996 912.10 911.71 0.9996
World 5296.21 4974.88 0.9393 5714.72 5341.91 0.9348 6118.05 5689.48 0.9299

® For the benchmark year 1990 the Gini indices afuBdi, Central African Republic, Gambia, Niger,
Laos, Vietham, Guyana, Nicaragua, Yemen and Icetamcesponds to 1992. This statistic in the case
of Guinea, Guinea-Bissau, Senegal and Bosnia andebevina corresponds to 1991. For the
benchmark year 2000, the Gini index of Guyana spwads to 1999.
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For the whole period we cover nearly 93 per centhef world population. Note,
however, that this percentage is not achieveddoh ®f the regions. About 90 percent
of the population is covered in East Asia and taeifik (EAP), Latin America and the
Caribbean (LAC), South Asia (SA) and Western Eurdgerth America, Oceania
(WENAO). Nearly 75 percent of the population in Meldle East and North Africa
(MENA) and Sub-Saharan Africa (SSA) is included tlmis study. Finally, the
coverage for Eastern Europe and Central Asia (EEE€Anly about 53 percent for all

years.

Therefore, despite the large coverage of world fadamn, many African and Eastern
European countries are not included in the sampéetd the scarcity of data. Given
that practically all absentees are developing a@sj)tour estimates can be biased
downward. Consequently, the conclusions deriveanfrihis analysis should be

cautiously interpreted, especially in the regionhwow levels of representativeness.

2.4. Results

We present the discussion of the results obtaisetyuhe methodology developed in
previous sections to estimate regional income idigions from country-level data.
The proposed methodology includes two steps. kuestestimate national income
distributions for 127 countries, considering twasiens of the Sing-Maddala and the
Dagum distributions. The estimates of nationalritigtions for the most populous
country in each region and their evolution over ghedy period are presented in
Section 2.4.1. In a second step, regional and gldils&ributions are derived from a
mixture of these families using population weightgjose evolution is studied in
Section 2.4.2. Thereafter, a description of theepiyvpatterns in each territory is
provided in Section 2.4.3. Finally, an analysistlté evolution of inequality and its
decomposition in between-country and within-countgmponents is detailed in
Section 2.4.4.
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2.4.1. National income distributions

In this section we present the results for the npogtulous countries in each region.
Specifically, we investigate the evolution of tmeame distribution in China, India,
Nigeria, United States, Russia, Brazil and Irashibuld be emphasized that a detailed
description of this information for all the coumsi included in the sample would
require a large amount of spdteNote that through the analysis of the selected

countries, we investigate their influence on thepesetive regional distributions.

Table 2.2 presents the estimated parameters fomitnd.amé distributions: Lamé |,

related to trickle-up effect, and Lamé |II, assamatwith trickle-down effect

(Equations (2.1) and (2.2) respectively) in threenmnts of time: 1990, 1995 and
2000. Estimated parameteis for the Lamé |, andy, for the Lamé II), have been
obtained from summary statistics, specifically imstcase, the mean and the Gini
index which are also included in the table. At th@nt, it should be recalled that,
given the nature of the families proposed to edenmational income distributions,
these parameters determine Lorenz dominance nesaijes. In that sense, denoting

> as Lorenz dominance, it would be concluded thatlfe first and the last year of

the study period we have:

Russia> | India >, China> United States-| Iran > Nigeria > Brazil

India >, China> Iran> United States-, Nigeria >~ Russia- Brazil

These relationships state an ordering in termaeduality, indicating that Russia and
Brazil are, respectively, the most equal and unkegoantries among the nations
considered at the beginning of the nineties. In02@Be deterioration of the income
distribution in Russia during the course of theaticrelegates it as the second most
unequal nation, while in the past, this country baen characterized to have lower
inequality levels than the rest of the countriesluded in this analysis. The other

countries remain in so far as their relative positn terms of Lorenz orderings.

2 The mean and the Gini index used for the estimaparameter estimates and inequality measures
for each country are presented in Appendix 3.
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To complete these results, Figure 2.1 presentsubkition of the density function for
three benchmark years considered during the nget®90, 1995 and 2000. To reflect
how poverty has evolved over the study period, ise aclude a vertical line which
corresponds to the official poverty line of $1.2%ay in 2005 prices, stated by the
World Bank.

China is the most populous country in the world asdinfluence on the global
distribution of income is a well-documented facttire literature (see.g. Sala-i-
Martin, 2006; Milanovic, 2005; Chen and RavallioBD04). The outstanding
economic growth of China during the nineties isadie observed from Figure 2.1A.
The distribution has shifted completely to the tigiver the study period, thus
indicating that the whole population has improveeiit economic situation at the end
of the decade. It is also worth noting that theome distribution in this country
presents a fatter right tail at the end of thequkand less proportion of population is
concentrated around the mode, indicating an inereathe percentage of the medium
and high classes. In fact, the mean has almo$tdrip just ten years and poverty has
been reduced substantially. It should also be esipba that the economic progress
came with the price of inequality, which has inse by 18 percent in just one

decade.

Russian income distribution has worsened consitieraker the course of the
nineties. The liberalization process and the ttawsito the market economy have
deeply affected the shape of the income distrilnutiothis country. It became more
peaked in 2000, which indicates an increase inctimeentration of the distribution.
This result is also confirmed by the value of thei@oefficient which has increased
by slightly over 50 percent. Moreover, the inconigribution has shifted to the left
and consequently, the mean has decreased dranyaéitsad increasing considerably

the proportion of Russian citizens living in extepoverty.

Derived from the uneven economic development ticaiadly favored the southern
regions (Baer, 1995) and protectionism which wasatteristic (Castilho et al., 2011)

of the lost decade, Brazil is regarded as the mostjual country in the world but
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more alarming is the fact that no progress hasntgka&ce in terms of inequality. The
high disparities of this country give a characteriteptokurtic distribution, although
this pattern is becoming less pronounced givenaHatter right tail is observed at the
end of the period and a flatter shape is adopted £esult, a decrease in poverty rates

is appreciable along with an increase in the meanme.

A similar evolution is observed for the Iranian €a$he income distribution became
less peaked and it moved to the right, which led twonsiderable expansion of the
mean along with a small reduction of poverty. Ndiewever, that the levels of
inequality remain constant over the whole periattsithe Gini index decreases for
the first half of the period and then started $e ragain. This evolution of the shape of
the Iranian distribution suggests that the econagnosvth achieved by this country

over the nineties is at expense of higher levelaeduality.

India is the second most populous country in theldvd his fact makes the analysis
of its distribution along with China’s essential uoderstand the global patterns of
income distribution. In response to the orthodoxneeic reforms implemented
during the nineties (Nagaraj, 2000), some signsaoinomic growth are observed, a
fact indicated by the translation of the distributito the right. From Figure 2.1D, it is
concluded that the income distribution also adadtss peaked shape. As a result, the
area below the poverty line was substantially reduand per capita GDP levels
increased considerably during the studied decadeth® other side of the coin, we
found that disparities increased slightly, since tight part of the distribution shifts
more than the lower tail. This result is confirm®dthe value of the Gini index. Even
when it is a residual increase, the alarming fathat this country does not seem to be

able to reduce its high levels of inequality.
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Table 2.2.Parameter estimates, mean and Gini indices fects countries

Country 1990 _ 1995 2000

= a Gini Mean Q a Gini Mean = a Gini Mean
China (8:(7)(2323) (é:gggg) 34.99 1154.30 (8:8222) (é:igg% 30.87 1931.26 (8:8222) (é:ﬁgg) 41.25 2822.38
Russia (gzggég) (é:gégz) 31.89 12607.88 (gzgzgf) (éﬁgg) 51.34 8084.51 (8285%2) (312231) 47.86 8521.85
Brazi (gzgigg) (g:gg%é) 58.30 6144.66 (gzgggg) (g:gggg) 57.23 6646.40 (8:322‘2) (g:gggg) 57.25 6839.00
Iran (gzgggg) (ézgigg) 4551 5809.50 (gzgggg) (322471(1)2) 45.08 6351.69 (8:8313;) (éfigg) 4458 7334.96
India (8:(73222) (é:gg(z)i) 33.05 1430.57 (8:(73223) (é:gg?é) 3522 1611.27 (%ég% (é:gggg) 34.35 1921.90
Nigeria (8:8%2) (3:232% 46.27 1167.91 (8:8235) (é:slsgg% 50.54 1047.76 (8:8232) éjﬁ??) 47.80 1107.70
ues| 538 283 s simore| o 450 oo seoss G050 4188 o sons

Standard deviation of parameters in parenthesgetban 999 simulations)
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One of the most dramatic cases is Nigeria. In 188 mode of the distribution was
placed close to the official poverty line. Thereswa considerable area below the
poverty line defined as $1.25 a day, suggesting ahkarge proportion of Nigerian
population lived in extreme poverty. The situatlmetame even worse over the study
period. The distribution has shifted to the Idfig decreasing the mode income and
the per capita GDP. Despite the numerous poveldyiation programs implemented
in Nigeria during the nineties, poverty rates ias@d significantly (Aigbokhan,
2008). At the same time, inequality has increasgignuating the problems of this

country.

Finally, we analyze the evolution of the most posl advanced country and the third
nation in population size worldwide. The influenck United States on the global
economy is not only consequence of its populatime, sbeing one of the most
powerful nations in the world. Figure 2.1G revesilgns of economic growth given
that a flatter distribution with a fatter rightltés observed. In fact, the mean increased
by slightly over 25 percent. However, inequalitgreased significantly during these
years. The value of the Gini index rose from 43t8347.8, which seems to be
consequence of long-term effects of the Tax Reféwhof 1986 (Piketty and Saez,
2003). Finally, we recall that, as expected frodeseloped country, poverty rates are

zero in all years.

Having reached this point, it should be recallest ffrevious conclusions are based on
the assumption that income distributions are adetyaepresented by the Lamé
family. However, it can be questionable to estimiie parameters using the sole
information provided by the mean and the Gini inddwreover, it can be argued that
two parameter distributions are not flexible enbugd model national income
distributions. To evaluate the performance of ttappsed families to fit income data,
we have compared the empirical and the estimateaimie shares for the countries

included in the sample when this information is ikde’. The empirical shares,

! The estimated income shares along with the incehages reported by the World Bank extracted
from the WIID database (UNU-WIDER, 2008) are présdrin Appendix 2.
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obtained from WIID, are available in the form o¥dior ten points of the Lorenz

curve depending on the country.

Using the parameter estimates from Equation (2\/8)gestimate the corresponding

number of shares based on the following expression:
s =n(x;a,u)-n(x_;au) Oi=12,..,k (2.16)

Wherek = 5, 10 depending on the number of points thatestmate.x; are the
estimates of the theoretical quantiles derivedguéh3) and (2.4) for the Lamé | and
Lamé |l distributions respectively. Substitutizkg and the parameter estimates in
n(xa,u) given by Equation (2.7) and (2.8), respectively,lfamé | and Lamé II, we

obtain the estimated income shares.

With the previous information, we perform a chi-ap test of goodness of fit to
investigate the hypothesis that the income distiinuof the country follows a Lamé
distribution. The empirical and estimated sharem@lwith the results of the test
statistic and its associatpevalue are presented in Appendix 2. It is worthimgpthat
the data on income shares are available for a lowetber of countries than the Gini
and the mean. We have performed 39 tests for tae 3890, 54 for 1995 and 61 for
2000. In aggregate terms, we have performed 154aqare tests among which the
null hypothesis is rejected only for 10 percentted cases. This result points out that
the distributions proposed in this chapter fit oeadbly well in the 90 percent of the

countries included in the sample.

Note that the previous result reinforces the vslidif our estimates. We have
proposed to use a two parameter distribution tones¢ poverty and inequality trends.
This parsimonious approach gives us the opportuwnitinclude a large number of
observations in our sample given that the avaitghilf income shares is not as wide
as the Gini and the mean thus restricting our sarophsiderably. In recent years the
most commonly used families comprise three- or-fmnameter distributions, which
are estimated using income shares. The ration&l@dbéhe use of this type of models
is that two-parameter families are no flexible egtotio model income distributions.
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However, the previous test demonstrates that theasons computed in this study

perform reasonably well in more than 90 percerthefcountries.

2.4.2. Regional and global income distributions

The estimation of the national distributions allous to derive regional and global
distributions from a finite mixture of these faresi using the population weight of
each country. The evolution of regional and glatbahsity functions over the study
period is presented in Figure 2.2. Before going famgher, it should be emphasized
that, even when the Lamé | and Lamé Il distribugioan only represent unimodal and
zero modal distributions, a mixture of them is netessarily characterized by these

distributional features.

In fact, the distribution of EECA shows two diffatemodes in 1990, corresponding
with 1700 and 7000 dollars in international pric&is distribution turns into a
unimodal at the end of the decade, coinciding itmlenwith the lower mode at the
beginning of the period. Therefore, the distribntibas moved to the left, also
exhibiting more peaked shape with thinner tailssHould be emphasized that these
distributional dynamics are highly influenced bye teffects of the transition from
planned to market economy in communists countfiég. consequences of adopting
this new politic and social context on nationaldiy standards have been catastrophic,
increasing substantially the number of people gvimextreme poverty.

EAP has experienced a period of astonishing ecangnewth which has shifted the
distribution to the right, making it less peaked aharacterized by a fatter right tail.
The other Asian region shows a similar behaviorrave nineties although less
pronounced changes are observed. Note that thgemsanclude the so-callelsian
Dragonsand the emerging economies of China and Indiarackerized by growth
rates ranged from 5 to 10 percent (Bosworth andiri3pl2008). The outstanding
growth in these countries potentiates the econgmagress of the two Asian regions
that resulted in improving the living standardsmbst population in Asia. These

dynamics are reflected in the shape of the incosigilsution, in the sense that fatter
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tails are observed in 2000, thus indicating tha groportion of population that

belongs to the medium class has increased.

The positive economic trends observed in Asia eshtwith the tragedy experienced
by SSA. In 1990 this region was characterized bygaly skewed distribution, which
reflected that an important proportion of the pagioh lived in extreme poverty. As if
this situation was not alarming enough, the evofutdf the income distribution all
over this territory seems to be even worse at tite & the decade. Note that this
deterioration of the economic situation is not phapronounced because this region
presents three different phases over the nindtiés.observed that the mode income
moved to the left over the first half of the peritkus relocating the distribution and
increasing the poverty rates of the region. Dutimg second half of the nineties, the
SSA income distribution moved again to the righgahing the mode almost the same
value than in 1990. However, more peaked distriouis observed, which has led to

an increase in the area below the poverty line.

The nineties in LAC were characterized by a penbdnacroeconomic stability and

recovery before the phases of volatility and stignacharacteristic of the eighties
(Londofio and Székely, 2000). However, no remarkabtgress is observed in the
shape of the income distribution. From Figure 28, observe two opposite forces.
On the one hand, the mode has slightly moved tdefiethus indicating an increase
in poor population in Latin America. On the othend, the shape of the income
distribution of this region in 2000 presents fattigit tails, hence indicating that a
proportion of the population previously situatedward the mode has improved its
economic background. The strongest tendency woelérhine the evolution of

inequality in this region.

The long-term effects of the oil-fired economic boare also present during the
course of the nineties (Adams and Page, 2003).r Afte decades of intense
economic progress with annual growth rates closel.to percent, the economic
context of this region improved slightly over thtedy period. Income distribution in

MENA presents a less peaked distribution at theadride nineties, also characterized
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by a fatter right tail. The mode has moved slightlythe right in this case, thus
showing a sign of economic progress. Even whesiguificant advancements have
been achieved in terms of poverty, this region ddass the developing region with

lowest levels of poverty.

Finally, the region of advanced economies, WENA®ows a less skewed
distribution with a fatter right tail at the end tife nineties. As expected for the
developed countries, poverty rates are almost@esothe whole period. From Figure
2.2, it is observed that the mode has vaguely moodtie right, reflecting that this
region has experienced a decade of economic pgoes at expense of increasing

inequality levels, given that the left tail sifessk than the right tail of the distribution.

To analyze how the changes experienced by eachrrdgive affected the relative
position of their distributions in terms of incontégure 2.3 plots regional and global
density functions in 1990 and 2000. Probably, tlustmelevant case is SSA which is
relegated to the last position and characterizedheylowest income mode. The
stagnation phase that characterizes this terrdaring the nineties makes it difficult
to improve its economic situation with respect theo regions. The African tragedy
contrasts with the outstanding progress achieveBAR. This territory has a peaked
distribution in 1990 whose mode was similar to tbhglobal. Ten years later, the
distribution has shifted to the right, also relaogtthe mode and diminishing the
probability mass around it, thus improving its emanc situation considerably. The
terrible performance of EECA over the nineties &stept from Figure 2.3. Its
distribution has worsened until the point to bdlyeglose to Latin American, while at
the beginning of the period it was closer to thsetribution of the advanced
economies. For the rest of the regions, their ikgasituation has not changed

considerably over the study period.

66



Chapter 2

0.000°

0.000¢ -

0.000¢ -

0.000: -

0.000¢ |

0.000: |

0.000:

éast Asia and the Pacifi

$125ade

0.000(
0

I
2000 4000 6000

0.0001

0.0001 |

0.0001

0.00000

0.00000

0.0000-

0.0000: |

0.00001 +

Latin Americé and thé Caribbéan

$1.25ada

0.0000

0 5000

0.000¢ -

0.000¢ -

0.000 -

0.0000

0.000; -

0.000: -

0.000

Sodth Asic

199(
99¢

200(

$1.25aday

0.00003

0.000025

0.00002

0.000015

0.00001

5.x10°€

6000

8000

Western Eufope, Nortt
America and Oceania

[|$125ads

1
0 20000 40000 60000 80000 100000

Figure 2.2.Intertemporal evolution of regional and global signfunctions.

67

0.0001- —
0.0001: —
0.0001 ,
0.0000+ —

0.0000 -

0.0000; -

$

0.00001 -

Eastern Europe and Centra
Asia

199¢

1.25ade

5000 1000C 1500C

0.0002 FT

0.00020 -

0.0001 -

0.0001

0.0000 -

0.00001

$1.25ads

Middle Eést aﬁd NorL[h Afrfca

199(

1
2000 4000 6000 8000 10000 12000

0.000t -
0.000¢ -
0.000« -

0.000: -

0.0000 -,

Sub-Saharan Africa

$1.25aday

1000

2.000: —

2.0000 —

$1.25aday

2000 4000



On the estimation of the global income distributiming a parsimonious approach

0.000€

0.000€

0.00041 | /\

0.0002H

0.000C
0

0.000¢

|
0.000€ |

0.0004

0.0002

0.000C
0

199C |

WENAO

500C

2000C

2500C 3000C

2000¢

2500C 3000(

Figure 2.3.Regional and global density functions in 1990 2660. Lamé |

68



Chapter 2

|| SSA
vo0084‘\ )
\
\
j EAP
0.000e]. | )
|
\
\ SA
0.00041 )
\ World
ooeed] /\ I\ MENA ]
/ EECA 1
WENAO 200C .
0-000¢] 5000 10000 = 1500¢ — 2000 2500 3000C

Figure 2.4.Regional and global cumulative distribution funas in 1990 and 2000. Lamé |

69



On the estimation of the global income distributiming a parsimonious approach

The world distribution of income was placed betwedh, EAP and LAC, which
presented similar modes around 1500 dollars innatenal and constant prices. This
place of the global distribution reveals that thghhlevels of per capita GDP
characteristic of WENAO and EECA are completelysetfby low income levels of
the most populous countries such as China, IndiaNageria. The relative position of
the global distribution is also confirmed in Figuee4 which shows regional and
global distribution function. Even when no conditoof stochastic dominance have
been developed in this chapter for supranationatridutions, it is possible to

establish it graphically using the estimated PFenoting the existence of first order
stochastic dominance &ggp, it is possible to determine the following relaiships

for the first and the last year of the study penespectively:

WENAO > op {LAC, EECA} >rsp MENA >.s,{SA, EAP, SSA}

WENAO > rqp {LAC, EECA} >rop MENA > cop EAP >, {SA, SSA}

It is clear the WENAO dominates the rest of theareg over the whole decade, thus
positioning it as the richest territory. Overallp motable changes have happened
during this period. The sole improvement is theatibn of EAP which in 1990 was
dominated by all regions, whereas in 2000, it dat@s the regions SSA and SA. This
progress is mainly driven by the economic growthCdoina, given that its regional
population weight is greater than 0.7. In facCHina is removed from the sample, an

analogous ordering to that of 1990 is obtained.

2.4.3. Regional and global poverty rates

Directly related to the shape of the CDF, poveriyes constitute an important
characteristic of the income distribution, espégiah developing countries. Once
global and regional income distributions have bestimated, it is straightforward to
calculate the proportion of people living in a ation of extreme poverty, given that it
is the result of integrating the density functidrsach a region from zero to a certain

threshold determined by the poverty line. Havinacheed this point, a brief discussion
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about the subjectivity of the poverty lines is irder. Regarding the definition of
poverty, this topic has been investigated in adargmber of studies. As an example,
the World Bank changed its conception of this pme&on, modifying the line from
$1.02 a day in 1985 prices to $1.08 in 1993 pri¢ée. most recent definition is $1.25
a day in 2005 prices and currently, the $2 a da@%2orices) line is also considered in
the statistics provided by this organization. Olbgig, these three indicators are not
equivalent. Staying in the middle, Bhalla (2002¢ss poverty line of $1.5 a day. A
battery of poverty indicators are considered in rClaad Ravallion (2010) who
discussed the adequacy of each one, pointing @it al of these measures are
reasonable but somewhat arbitrary (Sala-i-Martd@6).

To ensure the comparability across countries, we ltansidered three international
poverty lines set in 2005 purchasing power pariRPR) exchange rates. First we
calculate $1.25 a day, which is the official poyewdte stated by the World Bank and
corresponds with the mean poverty line of the pstat® countries. As other measures
of poverty, some criticisms have been attachedhts indicator (Deaton, 2010).
Therefore we also consider $1.45 in 2005 priceayawehich is the result of updating
the previous official poverty line of $1.08 a day1i993 prices, and finally, $2 a day in
2005 prices.

In Figure 2.5 the global PDF of income is preserftedthe three benchmark years
considered in the study. In order to facilitate th&ualization of poverty trends, we
only present two of the lines considered, whiclrespond to the thresholds stated by
the World Bank. It should be recalled that the drelow the poverty line represents
the poverty rate associated with that level of meoThe first interesting feature that
should be noted is that the year 2000 stochastidaiinates 1995. Even when not
clear dominance orderings can be established fmthole income distribution in
1990, it is observed that there is first order dwance up to the poverty lines,
implying that all inequality measures would rankdé distributions identically. Our

estimates suggest that poverty unambiguously Y&t the nineties.
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Figure 2.5.Global cumulative distribution function of income

To quantify the decline in poverty at global andjiomal levels, in Table 2.3 we

present the poverty rates related to the threenitiefis stated previously over the
nineties. It is observed that, consistently with tesult stochastic dominance, global
poverty rates fell quite dramatically over the styzeriod. Using the $1.25 a day
definition, a decline of 32 percent is observedingthe rate from 9 to 6 percent. Our
estimates suggest even more progress in gettingeakida day, which has fallen from

20 to 12 percent, corresponding with a decreasigeipoverty rate of 38 percent.

Having reached this point, it should be emphasihatiour estimates are substantially
lower than the official estimates reported by ther\ Bank, which states that the
poverty rate was about 20 percent in 2002 accordingl.25 definition. Note,
however, that the World Bank quantifies povertyngsthe definition of household
consumption, whereas this study uses national at€da measure mean income. It
seems to be complex to compare estimates that émmeso different sources. In
fact, our estimates are really similar to thoseamigtd by Sala-i-Martin (2006) who
also uses national accounts. Another study thammat#s poverty using national
accounts is Holzmann et al. (2007), reporting tieaterty rates were 5.9 and 14.8 for
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$1 and $2 a day poverty lines respectively. Not these estimates are really similar
to the results obtained in this study. To compaterates based on consumption and
income concepts, it is argued that the line spagtifor the first concept should be
doubled for the income definition (Chen and Rawalli 2004). This result was
confirmed by Sala-i-Martin (2006), whose estimatéspoverty headcounts were
considerably close to those of World Bank when gi§id a day definition. Following
this line of reasoning, we calculate poverty rdtes$3 a day line, revealing that the
world population that lives in extreme poverty waa71, 26.22 and 20.52 for the
years 1990, 1995 and 2000 respectively, which sedo the estimates reported by
the World Bank.

Let us move on the decomposition of global povestyegions. Table 2.3 presents the
estimates of poverty rates in East Asia and thdfiPaSouth Asia, Sub-Saharan
Africa, Latin America and the Caribbean, Easterrrolpga and Central Asia and
Middle East and North Africa for the three benchingears. As aggregate trends
certainly hide a variety of country patterns, wsoahighlight the experiences of some

relevant countries in each territdty

EAP is the most populous among the regions coreidéncluding almost one third of
the world population. Note that poverty rate fog 81..25 definition was 12 per cent in
1990, which has been reduced by a factor of threeg lower than 4 percent in 2000.
The trend followed by moderate poverty rates (basethe definitions $1.45 and $2 a
day) is very similar. As China accounts for more @@rcent of the regional
population, it is argued that this tremendous aaveent of EAP is motivated
principally by the progress of this country agaialsolute poverty, which has seen a
decline of its poverty rates from 13 percent in @99 3 percent in 2000. However,
almost all the countries in the region have dedlirikeir poverty levels being
remarkable the case of Vietham and Philippines whiave halved the proportion of

extremely poor people.

12 National estimates of poverty rates for the tHiees considered in this study are included in the
Appendix 3.
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Table 2.3.Global and regional poverty rates

$1.25 a day $1.45 a day $2 a day

1990 1995 2000 Changel990 1995 2000 Changel990 1995 2000 Change

World 0.0922 0.0794 0.0622 -0.3254 0.1176 0.0987 0.0770 -0.3453 0.2007 0.1609 0.1248 -0.3781
EAP  0.1208 0.0697 0.0384 -0.6818 0.1603 0.0903 0.0503 -0.6861 0.2936 0.1620 0.0933 -0.6821
EEAC 0.0057 0.0296 0.0172 2.0115 0.0077 0.0376 0.0225 1.9394 0.0152 0.0645 0.0415 1.7299
LAC  0.0464 0.0449 0.0440 -0.0518 0.0555 0.0537 0.0525 -0.0533 0.0838 0.0808 0.0788 -0.0587
MENA 0.0234 0.0235 0.0164 -0.3005 0.0313 0.0313 0.0219 -0.3000 0.0612 0.0603 0.0431 -0.2962
SA 0.0970 0.0874 0.0586 -0.3957 0.1317 0.1169 0.0795 -0.3958 0.2529 0.2197 0.1565 -0.3811
SSA  0.34610.3643 0.3465 0.0012 0.3980 0.4169 0.4014 0.0085 0.5254 0.5451 0.5345 0.0173
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The other Asian region also brings down its povéewyels significantly, from 10
percent in 1990 to 6 percent in 2000. The ninetiese also characterized by a
decrease in population living in a situation of re@de poverty. It is fair to say that all
the countries in the region have declined theielewf poverty, with the exception of
Nepal. However, the efforts of India in reducingvedy have played a main role in
the advances of this region. The case of Pakistanld be also emphasized given that

it has reduced its poverty by more than 75 percent.

The third region in population size, SSA has naivah positive signs of poverty
eradication. At the beginning of the nineties, 3scent of the population lived in
extreme poverty. 10 years later, the situation resainaltered, with a similar
proportion of people living with less than $1.28ay. Our results suggest that, taking
the period as whole and irrespective to the débimitused, poverty rates have
remained almost constant. The stagnation of poveidgs uneven performance at
national level which balanced in the aggregate.l®\jwverty has been reduced in the
majority of countries, the most populous nationghsas Nigeria, report an increase in

poverty rates. These dynamics relegate SSA asoivest region in the world.

MENA is the region that presents the lowest levalgpoverty among developing
regions. In 1990, 2.3 percent of the populatiothdd region lived in absolute poverty,
whereas this percentage has fallen to 1.6 in 2B00the other lines used in this study
poverty is also trending downward, resulting inegr@éase by 1 percent. According to
Adams and Page (2003), this reduction of the pgusriainly due to international
migration remittances and public employment alorithwhe enhancement of the
mean income levels. Our estimates indicate thaegpwates have been declined in
the majority of the countries, being remarkableghdormance of Yemen and Jordan.
Conversely Morocco and Israel show positive tremdpoverty rates, although the

increase has not been significant.

Despite the significant growth rate of the meanome, Latin America does not
present considerable progress in the eradicatiqggoeérty. The proportion of people

living in extreme poverty decreased at slow ragsulting in a reduction of 5.5
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percent. Accordingly, the proportion of moderatelyor individuals repots similar
dynamics with reductions ranged from 5 to 6 percéntfact, its poverty rate was
three times lower than this indicator in EAP at beginning of the period. In 2000,
EAP outperforms Latin America which reported higlesels of poverty.

Finally, the economic situation in EECA was gettiwgrse over the course of the
studied period, showing little sign of possible amal. While the transitional

economies of this region began the nineties with foverty levels, the extreme
contraction in incomes that followed the fall ohmmunism doubled the proportion of
extremely poor people in 2000. It is worth notihgt{ despite this terrible economic
performance, the poverty levels were so low in 1920 the rate in 2000 is lower than
2 percent.

2.4.4. Regional and global income inequality

In this section we analyze how the changes in tiepes of regional and global
distributions have affected the disparities witkerch territory. The study of income
inequality has risen to prominence among academuck policy makers in recent
years. In fact there is growing consensus thatuakty within-countries, which is a
weighted average of the internal disparities ofheaation, increased during the
postwar period (see.g.Milanovic, 2005; Sala-i-Martin, 2006; Pinkovskipa Sala-i-
Martin, 2009; Anand and Segal, 2008). On the otmend, the between country
component is the amount of inequality that wouldsex there are no internal
disparities, in the sense that all citizens of di@aar country have the same level of
income which would coincide with the per capita GDRis is the so-called weighted
inequality®, whose decreasing trend over the past decadesél-documented fact
(seee.g.Decancq et al., 2009; Decancq, 2011; Milanovi@S2World Bank, 2006)*

13 Another type of inequality is the so-called crossmtry inequality which takes each nation as & uni
of observation not considering the size of popatatf each country. It is obviously questionablet t
country such as China, which represents one tHimdoold population, counts the same as Brunei, one
of the smallest countries in the world. Therefored® not consider this type of inequality.

% A recent review on this topic can be found in Athamd Segal (2008).
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Numerous inequality indices have been proposeldniteraturé®. Note that different
measures attach different weights to some sectwinghe distribution. As a
consequence, it is worth checking the robustnesthefresults to the choice of
inequality index. In this study, we focus on then@mlized Entropy (GE) measures
since they are additively decomposable in the twmmonents described before,
namely within and between country inequality. Sagtomposition would provide
additional information about the distributional @dynics of income during the
nineties. At this point, it should be recalled thlaése measures have a sensibility
parameter which attaches different weight to theedbthe distribution depending on
its value, thus providing infinity of possibilitie® be considered. In this study, we
have set the parameter to 0.5, 0.75, 1.5 and lhwdadoesponds with the limit case of
the GE measures, namely the Theil index which asdige same weight to all parts of
the distribution. To save in space, we presentdbmplete results for the global
distribution, whereas only the Theil index is repdrfor the regiorts.

Table 2.4.Global income inequality

1990 1995 2000

Change
Value % Value % Value %

Mean 7013.06 7298.6 8242.43 17.53
Theil 1.10766 100 1.0646 100 1.0292 100 -7.09
Within 0.28956 26 0.3374 32 0.3273 32 13.02
Between 0.81810 74 0.7271 68 0.7019 68 -14.20
Generalized Entropy ¢=0.5) 0.97010 100 0.9584 100 0.9379 100 -3.32
Within 0.23887 25 0.2836 30 0.2803 30 17.35
Between 0.73123 75 0.6748 70 0.6576 70 -10.08

Generalized Entropy (9=0.75) 0.98048 100 0.9846 100 0.9697 100  -1.10

Within 0.26202 27 0.3107 32 0.3093 32 18.04
Between 0.71846 73 0.6740 68 0.6604 68 -8.09
Generalized Entropy ¢=1.5) 1.40511 100 1.5161 100 1.5348 100 9.23

Within 0.61974 44 0.7494 49 0.7709 50 24.40
Between 0.78537 56 0.7667 51 0.7639 50 -2.74

5 See Cowell (2011) for a detailed description obraad range of inequality measures and the
properties attributable to each one.

18 The values of the different inequality measuressidered in the study for regions can be found in
the Appendix 3.
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The estimates of the different GE measures coresidand their components for the
three years are presented in Table 2.4 for theagldistribution of income. The
evolution of the sample mean suggests that theiegnare characterized as a period
of economic growth at global level, given that herld per capita GDP has increased
by nearly 18 percent. With regard to global inedyaive observe that if we attach
larger weight to wealthy individual®) (= 1.5), inequality tends to increase over the
study period. In contrast, if we value more thensfars at the bottom of the
distribution, inequality decreases by 1 to 7 petc€&€he different trends observed for
different values of the sensitivity parameter s@gdgleat no unambiguous conclusions
can be achieved regarding the evolution of glohafuality. This result is derived
from the fact that we cannot establish a complaiehsistic ordering for the income
distributions in 1990 and 2000 (see Figure 2.5) thredefore the inequality measures
not necessarily present the same dynamics.

It is observed that, irrespective to the valuehefparameter, within-country inequality
tends to increase over the course of the decadg.r@sult is consistent with previous
studies which point out that the internal dispastof the countries have soared since
1960 (Bourguignon and Morrison, 2002; Sala-i-Mari006; Pinkovskiy and Sala-i-
Martin 2009; Milanovic, 2005; World Bank, 2006).should be noted that this trend
has not been monotonic. In fact, the value of doisiponent rose sharply during the
first half of the period, peaks in 1995 — reachuadues from 0.33 to 0.77— and then
declines slightly in the second half of the ningti€onversely, a continuously

decreasing trend is observed for inequality betwemmtries.

It is worth noting that the intensity of the vaiat of both components depends on the
measure considered, given the different weightgiasd to the top of the distribution.
Regarding within-country inequality, it is foundatithe increase has been remarkably
higher when the parameter is set to 1.5 (closedtpe2cent), while the lowest rate is
achieved by the Theil index with an increase ofpgBcent. For the between-country
component, the greatest decline is observed forTimal index, which reports a
reduction of 14 percent, whereas the lowest fatluad 3 per cent, is achieved when

we set the sensitivity parameter to 1.5. Thereforgeneral terms, the decline of the
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between-country inequality has offset the incraaseithin-country disparities, thus
resulting in a reduction of overall inequality. Mphowever that, when we attach a
high weight to the top incomes, the increase imwmitountry inequality is so intense
and the convergence process so weak that it iematigh to avoid the increase in
global inequality.

The opposite evolution of both components has affected the proportion of total
inequality that is represented by each one. Naig #t the beginning of the period,
inequality across countries accounted for nearlp&igent of the global disparities in
all cases, except for G € 1.5). Ten years later, the within-country comgrainhas

gained weight at expense of between-country inégualit it continues playing the
predominant role in the evolution global inequaligxcept when a high weight is
attached to developed countries, where both commsr@resent an equal weighting

scheme.

Let us focus on regional inequality patterns. Tlaues of the Theil index and its

components within and between are presented ireTab| for each of the regions and
years considered. Our results point out that SSthesmost unequal region in the
world and its inequality levels have been contirslpincreasing, thus attenuating the
unequal distribution of this region. As a positsign, we can highlight that the mean
income has increased by 2 percent over the ninétiee however that, even when
the most populous country in the region — Nigerigas increased its inequality levels
by 7 percent, the fall of disparities in other Hjgphopulated nations such as Ethiopia,
Tanzania and Kenya with reductions of 18, 38 angg&2ent leads to the decrease in
inequality within countries, hence reducing itsrehim overall inequality in favor of

the disparities across countries. In contrast, differences in income levels across
countries have sharply increased over the studpgebeing the increase in African

inequality a direct consequence of this procesgivdrgence in mean income levels

across countries.

Similar dynamics are observed for the second mostjual region, LAC. Despite the

economic recovery that followed the lost decade #ed macroeconomic stability,
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inequality levels soared during the course of theeties. Such an upward trend of
disparities was mainly due to the increase in dbffiees in mean income across
countries. This trend was reinforced by the riselisparities within countries, which
was driven by the rise of inequality in Colombiaig@ntina and Peru. Note that the
described behaviors of both components have netealtthe proportions of each
component significantly, being the within-countngquality the predominant factor in
the overall disparities in LAC, which accounts tbe 90 percent of inequality, while
the differences between countries are seen as iduaéscomponent. This result
emphasizes the fact that the rise of inequalityatin America over the nineties is
derived from important redistributions of wealthcaaing within the borders of each

nation.

EAP is characterized as the third most unequabremi 1990. Over the study period,
its inequality levels have declined due to the ®@gence among countries that took
place during the nineties. This strong decreassebthe increase in disparities within
countries mainly driven by the substantial risenefquality in China. The reduction of
Asian inequality along with the increase in dispasi in the rest of the regions has
positioned this territory in the same level of MENWith even better position than
EECA. As a consequence of the aforementioned ofgpt®nds of both terms, the
proportion of between-country inequality declinedbstantially. It was 30 percent in
2000 whereas at the beginning of the period it acta for almost 50 percent.
Therefore overall inequality in this region is mipally determined by internal

disparities of the nations.

The other Asian region (SA) is characterized as rtfust equal territory over the
whole period. Its level of inequality has remainednstant, not experiencing
significant changes in the weighting scheme of batkequality components.
According to our estimates, most of inequality 8 IS due to internal inequalities of
the countries, whereas only around 9 percent cdnoes differences in the mean

income levels of the countries in the region.
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MENA has increased its inequality slightly duehe tncrease in the disparities within
and between countries. It should be emphasizedinha®90, this region presented
higher disparities than those of WENAO and EECAn Kears later, this region
reported inequality levels close to the disparifsd in WENAO and lower than in
EECA, given that these territories increased shatpir inequality levels. Note that
this small variation has not affected the proportaf each of the components of

inequality, which is dominated by the differencathim countries.

One of the most dramatic cases is EECA, whose devkinequality in 1990 were
close to the disparities that we found in otheraligwed regions such as WENAO.
The fall of the communist and the subsequent tiansio the market economy led to
a sharp increase in disparities in the first halfhe nineties, from 0.31 to 0.51, while
the second part of the period was characterized fgcrease in inequality levels in
this region, finally getting the value 0.45. Notewever, that this evolution has
resulted in a growth rate of 50 percent in just years. The remarkable increase in
disparities is driven by large income redistribofonithin each nation that has led to
the expansion of within-country inequality by 5&qant. In fact, only four out of 29
countries have reduced their internal inequalitly.should be also noted that
differences across countries have risen during riimeties (by slightly over 17
percent), also playing an important role in thera@ase in inequality in EECA.
According to our estimates, overall inequality st region mainly comes from

within-country differences that represent the 7fcemet of total disparities.

Finally, WENAO, the region that comprises most bé tadvanced economies, is
characterized by low levels of inequality. Diffecels between countries have been
reduced by 16 percent, though not sufficient teetfthe increase in inequality within
each nation, thus resulting in an increase in diggea in this region. The upward
trend presented by the within-country term is madtrived from the rise in internal
disparities in some of the most populous countsesh as United States and
Germany. Note that these trends have not affettegtoportion of total inequality
represented by each component, which is strongiyimkted by inequality within-

countries.
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Table 2.5.Regional income inequality. Theil index

1990 1995 2000 Change
Value % Value % Value %
Mean 1757.43 2619.27 3350.72 90.66
East Asia and the Theil 0.4679 100 0.4779 100 0.4319 100 -7.70
Pacific Within  0.2525 54  0.309565  0.3027 70 19.89
Between 0.2154 46  0.168435  0.1292 30 -40.04
Mean 8792.88 6427.31 7195.83 -18.16
Eastern Europe Theil 0.3129 100 0.5095 100 0.4480 100  43.20
and Central Asia \yithin  0.1983 63  0.381575 0.3133 70 58.01
Between 0.1146 37  0.128125  0.1347 30 17.59
Mean 6539.32 7038.05 7699.79 17.75
Latina America Theil 0.5938 100 0.6066 100 0.6334 100 6.67
and the Caribbeanyjtnin, ~ 0.5302 89  0.549291  0.5557 88 4.80
Between 0.0636 11  0.05749 0.0777 12 22.25
Mean  4200.2 4586.12 5247.04 24.92
Middle East and Theil 0.4183 100 0.4394 100 0.4317 100 3.19
North Africa \wijthin  0.2802 67  0.295567  0.2899 67 3.45
Between 0.1381 33  0.143933  0.1418 33 2.66
Mean 1362.21 1526.47 1783.03 30.89
, Theil 0.2235 100 0.2412 100 0.2302 100 3.02
South Asia

Within  0.2040 91  0.220091  0.2052 89 0.58
Between 0.0195 9 0.02129 0.0250 11 28.59
Mean  1448.93 1393.25 1479.74 2.13
Sub-Saharan  Theil 0.7483 100 0.7521 100 0.7573 100 1.21
Africa Within  0.4574 61  0.444359  0.4336 57 -5.20
Between 0.2909 39  0.307741  0.323843 11.28
Mean 26393.7 28194 32326.5 22.48
Western Europe, 0.3434 100 0.3899 100 0.4025 100  17.22

North America
and Oceania Within ~ 0.3186 93 0.370395  0.3818 95 19.85
Between 0.0248 7 0.01965 0.0207 5 -16.50
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2.5. Conclusions

In this study we derive income distributions for71@ountries in three benchmark
years 1990, 1995 and 2000, using two versions afjifEMaddala and Dagum
distributions. We use limited data on mean incoex¢racted from national accounts,
and the Gini index, which comes from microeconosicveys. In a second stage,
global and regional distributions are computed gianmixture of the two families

considered in this study.

The objective of this chapter is twofold. On theedrand, we try to shed more light on
the study of world distribution of income and itgndmics, using two-parameter
families that are able to represent its main festadequately. Secondly, we analyze
the evolution of poverty and inequality during théneties, pointing out some

interesting findings.

We have calculated three different poverty lines dach benchmark year, namely
$1.25 a day, $1.45a day and $2 a day. Our estinohtde cumulative distribution
function show that the distribution in 2000 stodlzadly dominates the distribution in
1990 up to the higher poverty line. This result Wdandicate that irrespectively of the
threshold considered, poverty declined at globalleAccording to our estimates, the
proportion of people that live in extreme poverasibeen reduced by 32 percent over
the nineties.

Note however that the sharp decrease in globalrpovates hides uneven regional
dynamics. On the one hand, the two Asian regioasgmt an astonishing performance
that has declined their poverty rates more thantiwds. The Asian success contrasts
with the African tragedy which has failed in theadication of poverty, showing
poverty rates over 36 percent. The proportion obrppeople in EECA has been
doubled in only ten years, although its situatiomot alarming since its initial levels
were significantly low. As a consequence, poveiyg become basically an African
phenomenon, a region that comprises most of thieaglpoor population. Therefore,

the efforts to decrease the number of people livingxtreme poverty need to be
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focused in this region. It should be also emphaisthat, if poverty trends in EECA

are not reversed, it will become a serious conoefew years.

The proposed methodology allows us to analyze rdiffie inequality measures. In
particular, we compute generalized entropy measomssidering different values for
the sensitivity parameter. Our results show a redonof between-country inequality
derived from the convergence in income experiemedome of the most populous
countries, such as China and India, which preserdstonishing growth of their per
capita GDP over de study period. This dynamic Hisebthe terrible performance of
African economies which diverged with respect te bading economies. However,
inequality within countries increased notably dgrthe nineties although not enough
to eclipse the improvements cross-country disgaitiConsequently, our findings

suggest a reduction in global inequality.

The global patterns, however, cannot be extrapblate all regions, which are
characterized by a mix of experiences. In fact, E&Rhe only region that brought
down its inequality over the study period, mainliedo the decrease in the inequality
between countries. WENAO also presented a prodesswergence among countries
but it was too weak to offset the increase in makdisparities of nations. Conversely,
SSA shows a modest decrease in the within-counbmponent, which was not
enough to bring down the inequality levels drivgntbe divergence process among
African economies. The rest of the regions preskateincrease in overall inequality
derived from the increase in within-county compdneantrend that was reinforced by

the enhancement of disparities between countries.
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Chapter 3

Modeling multidimensional Lorenz curves with

applications to inequality in well-being

3.1. Introduction

The interest of academics in assessing countryd@fevell-being has shifted from an
evaluation of solely economic aspects to a moreprehensive conception of such a
process, which has an intrinsic multidimensionaturea In fact, there is nearly
consensus that income is not an adequate indiohtwell-being (see.g. Sen, 1988;
1989; 1999), thus other factors need to be takéo atcount to evaluate this
phenomenon effectively. The present economic rebeaas stressed the importance
of using more than one attribute in the study efjumality in well-being. The different
works of Atkinson (2003), Atkinson and Bourguigndt982), Kolm (1977),
Maasoumi (1986), Slottje (1987) and Tsui (1995,9)980ve in this direction.

In multidimensional environments, the assessmermeaxuality across countries can
present some difficulties and a wide range of oidifferent approaches have been
proposed to analyze multidimensional inequalityvedl-being. An intuitive procedure
would be the construction of a composite index dweth compute inequality measures
of such an indicator (Pillarisetti, 1997; McGillay and Pillarisetti, 2004; Martinez,
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2012). This approach provides overall conclusidmsuéthe evolution of well-being
although some problems can arise. First, it is sttpg that this methodologgWweeps
the multidimensional nature of well-being under thepet (Decancq et al., 2009, pp.
14). Moreover, even when it is accepted that thepmsite index satisfies some
qualitative properties which define it as a welkeed index, there are a whole array
of well-being indicators. As a consequence, suljegudgments play an important

role and the arbitrariness of this choice comeh wiiticisms and disagreements.

To avoid making arbitrary decisions about the fioral form of the index, the
simplest alternative is to calculate inequalityeach dimension independently (Hobin
and Franses, 2001; Neumayer, 2003; World Bank, ;2P@&sillivray and Markova,
2010). Obviously, this method provides additiomaights rather than a sole focus on
income, thus allowing us to extract conclusionsualibe existing disparities within
each dimension, which is the so-callidtribution sensitive inequalitikolm, 1977).
Note, however, that, when some indicators have evad their inequality levels and
others have reduced their disparities, it is nasgae to draw integral conclusions
about the evolution of inequality using the dimensby-dimension approach.
Furthermore, this methodology ignores the relatigmdetween dimensions, more
specifically the degree of association among thenichivis known asassociation
sensitive inequalityAtkinson and Bourgignon, 1982).

The fact that inter-dimensional association hagang influence in the assessment of
disparities has been repeatedly argued in thealisz (Tsui, 1995; 1999; 2002;

Bourguignon and Chakravarty, 2003). Consequenthgray the different approaches
proposed in the literature to measure inequalityvéll-being, the most satisfactory

one seems to be the use of multidimensional ingguaheasures since this

methodology takes into account inequality withircleaimension and the degree of
association among théf However, as in the unidimensional case, thesesunesa

only offer overall conclusions about the evolutadrwell-being distribution.

7 See McGillivray and Shorrocks (2005) for a reviemthis topic.
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At this point, it should be recalled that greatedues of a particular inequality
measuree.g.the Gini index, does not imply that the whole lgttion has worsened.
It could be possible that poor countries have aemamequal situation while the
wealthiest economies were found more equally thsted. To draw some conclusions
about these dynamics multidimensional stochastmidance conditions have been
developed in the literature (Atkinson and Bourgoign1982; Duclos et al., 2011;
Muller and Trannoy., 2011), since it is considessda preliminary task before the
estimation of multidimensional inequality indicéduller and Trannoy, 2011). In fact,
concluding stochastic dominance implies that theleldistribution is less unequal
and hence calculating inequality measures proviohesgral conclusions about
distributional dynamics of well-being. However,ib dominance relationships are
observed, we could only obtain summarized inforaratabout the evolution of
disparities in well-being levels. In that case, iiddal tools are needed to state which
parts of the distribution are more equal and wtodes have worsened in terms of

inequality.

In the unidimensional case, the Lorenz curve prwidelevant insights about the
evolution of different parts of the distributionchit has been widely used for studying
economic inequality as well as the distributionnoh-income variablé& However,

the extension of the univariate Lorenz curve tchrgdimensions is not an obvious
task. The three existing definitions were propobgdTaguchi (1972a, b), Arnold
(1983) and Koshevoy and Mosler (1996), who intretlithe concepts of Lorenz

zonoid and Gini zonoid index.

In this chapter, using the definition proposed bpdd (1983), closed expressions for
the bivariate Lorenz curve are given, using a Beximodel for the underlying
bivariate distribution. We study a relevant typeraddels based on a class of bivariate
distributions with given marginals described by rBanov and Lee (Lee, 1996;
Sarmanov, 1966). This specification presents sewgt@antages. In particular, the
expression of the bivariate Lorenz curve can bdyesderpreted as a convex linear
combination of Lorenz and concentration curveslosed expression for the bivariate

18 For a review, see Anand and Segal (2008).
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Gini index (Arnold, 1987) is given in terms of t@ni and concentration indices of
the marginal distributions. This index is espeyiaiseful, and can be decomposed in
two factors, corresponding to the equality withindabetween variables. Closed
expressions of these statistics are provided usiadeta distribution as a theoretical
model for marginal distributions. We apply the poes procedure to data on health,
education and income in order to assess the ewolofi multidimensional inequality

in well-being over the last three decades.

The contents of the chapter are the following. &ttl®n 3.2 we present preliminary
results including the definition of univariate Laeand concentration curves and the
general definition of bivariate Lorenz curve propad®y Arnold (1987). In Section 3.3
we introduce the bivariate Sarmanov-Lee Lorenz ewnd we obtain a nice closed
expression for the curve and its correspondingri@te Gini index. A decomposition
of this index in two factors is given, which copesd to the equality within and
between variables. A suitable model of bivariateelna curves for a class of well-
being indicators and the estimation procedure aesemted in Section 3.4. An
application to measurement of multidimensional iradify in well-being is given in

Section 3.5. Finally, Section 3.6 concludes thegtdra

3.2 An extension of the univariate Lorenz curve

We start defining the concepts of Lorenz curve aadcentration curve (Kakwani,
1977) for the univariate case. Denote the classariate distribution functions with

positive finite expectations hf and denote by + the class of all distributions ifi

with F(0) = 0 corresponding to non-negative random vémbNe use the following
definition by Gastwirth (1971).

Definition 3.1. The Lorenz curve L of a random variable X with clative

distribution function Fe £ is
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[Fiydy  [F(y)dy
L(u;F) =2 =2 , 0<u<y, (3.1)

E[X]
[F2(y)dy
0

where

F‘l(y)zsup{x:F(x)s y}, O<y<],
=sup{x: F(x) <1}, y=1,

is the right continuous inverse distribution fulecti or quantile function
corresponding to F.

Definition 3.2. Let g(x) be a continuous function of x such thatfitst derivative

exists and g(x} O. If the mearg, [g(x)] exits, then one can define

[J90 dF ()

PP = e Tl

where y = ¢X), f(x) and HXx) are respectively the probability density functi®DF)
and the cumulative distribution function (CDF) bétrandom variable X.

The implicit relation betweer (g(x);F) andF(x) will be called the concentration
curve of the functiorg(x). It is worth noting that, denoting the elasticdf/ g(x) as
n,(®, the concentration curve of the functior(x) will lie above (below) the

egalitarian line if7(x) is less (greater) than zero for &l 0 (see Corollary 1 in

Kakwani (1977)). The concentration curve admitssineple implicit representation,

1 u
F)=—r—— [g[F2®)]dt,
Ly(u;F) E,:[g(X)] .([9[ (t)]t

which will be used in the next sections.
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Analogously to the Lorenz curve, we can deriveratex from the concentration curve

which, in contrast to the Gini index, can be negatf the area above the egalitarian

line is greater than the area below the egalitdiren According to Kakwani (1977),

if g(x) > 0O for allx, then the concentration index is positive and etputhe Gini index

of g(x). For the casg(x) < O for allx, the concentration curve lies completely above
the egalitarian line and consequently, its assedi@bncentration index is negative

and equal to minus the Gini index gfx). Finally, if g(x) is not monotonic, the

concentration index is ranged from minus the Gidiex ofg(x) and the Gini index of

9(x).

There have been few attempts to extend the conmkjtorenz curve to higher
dimensions. The first approach was proposed by dlagi972a; 1972b; 1988). This
definition is not considered in this study giveaitthe curve is not symmetric and its
extension to higher dimensions does not look simitether proposal was presented
by Koshevoy (1995) and investigated thereafter msh€voy and Mosler (1996,
1997) who introduced the concepts of Lorenz zorawid its associated Gini index.
Recently, dominance relationships have also begalajged (Koshevoy and Mosler,
2007). Even when this is the most popular extensiothe Lorenz curve, it is not
suitable for this analysis since its parametemragseems to be extremely complex.
Instead, we use the definition proposed by Arndléi8@, 1987) for constructing a
bivariate Lorenz curve given that its structureegpecially suitable to handle with
parametric models and it can be easily extendethéo multidimensional space,

although for simplicity, we consider the bivariagrsion of the curve.

Let X = (X1, X2)" be a bivariate random variable with bivariate bty distribution

functionF120n [J2 having finite second and positive first moments ténote by,

i =1, 2 the marginal CDF correspondingkipi = 1, 2 respectively.

Definition 3.3. The Lorenz surface ofifis the graph of the function

92



Chapter 3

Xy X, AR (X4, X;5)

O —, 8 [0t
O )} 8 |0

L(upu,; )= , (3.2)
Xy X5 dF5(Xq, X5)
where
S )
U =J-0 dF (xy), U, :Io dRy(Xy), O0<u,u, <1
The two-attribute Gini-Arnold indessA(F1,) is defined as,
11
GA(F,) :4'” [ U W, —L(u,uyFy) ] dudu,, (3.3)
00

where the egalitarian surface is givenlbyu,u,; F)=uu,.

As the previous definition of the Gini index hast t@en explored in detail in the

literature, we highlight some nice properties pnéseé by this indicator:
1. The marginal Lorenz curves can be obtainedl@agF,)=Lu,,»o;F,) and
L(u,; F)=L(o,u, F,)-

2. The bivariate Lorenz curve does not depend aangés of scale in the
marginals.

3. If F12is a product distribution function (which impliesdependence between
variables), then

L WUy Ry = LUy R)L(uy ),

which is just the product of the marginal Lorenzves.
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4. We denote b¥, the one-point distribution at] 02, that is, the egalitarian
distribution ata. Then, the egalitarian distribution has bivariadnz curve

L(upuy B) = u,.

5. In the case of a product distribution (indepewgebetween variables), the

two-attribute Gini-Arnold defined in (3.3) can beitien as,

1- GA(F,) =[1- G(F)][1- G(F,)].

3.3 The bivariate Sarmanov-Lee Lorenz curve

The Arnold’s Lorenz curve (3.2) can be evaluategliciily in some relevant
bivariate families of distributions. As a previastep, we need to introduce an explicit
expression for Arnold’s bivariate Lorenz curve girmany of our results are based on

this version of the curve.

Lemma 3.1.The bivariate Lorenz curve can be written in thpliex form,

Y
L(Uruz;Flz)zE[mJ-IA(Xl,Xz)d)gdxz, 0<u, u, <1 (3.4)
12100
where
A ) = FOF 206) P00 706)) (35)

fl(Fl_l () f, (Fz_l (%))

Proof: The proof is direct making the change of varialleu,) = (F,(x),F,(x,)) in
(3.2).

Note that for either specification of the ArnoldvBriate Lorenz curve (Equations
(3.2) and (3.4)), we need to define the structurelapendence between variables
given by Fi,. In this work we propose to use the distributiogrided from the
Sarmanov-Lee copula which presents several advesitag relation with other

94



Chapter 3

models. Its joint PDF and CDF are quite simple amdiifferent probabilistic features
(moments, conditional distributions) can be obtdiirea explicit form. On the other
hand, the covariance structure, in general, islinoted in the sense that it includes
correlations ranged from -1 to 1. This model coaesdthe case of independence.
Additionally, the Sarmanov-Lee distribution inclgdseveral relevant special cases
including the classical Farlie-Gumbel-Morgensteristribution and the variations
proposed by Huang and Kotz (1999) and Bairamovkaid (2003).

Let X = (X1, X2)' be a random variable that follows a Sarmanov-lisgibution with
joint PDF,

F(4, %) = £00) B(%:) { 1 +a g (%) (%)} (3.6)

wherefi(x,) andfx(x;) are the univariate PDF marginalgg),i =12 are bounded non-

constant function such that,

[amtmd=0a i=12

ande is a real number which satisfies the conditiarug(x )@ (x,) =0 for all x, and

Xo.

We denote y = E[X] :J:t f(t)d,i=12 o? =vau[>g]=J:(t—yi )2fi ®dti=12 and

v, = E[X, q(xi)]:jm tg (t) f,(t) dt, i=1,2. Properties of this family have been
explored by Lee (1996). Moments and regressionshf family can be easily

obtained. The product moment X, X,| = u,u ,+a.vy,, and the regression & on

X1 is given by,

E[X2| X :XJJ =L + o, (X))

Note that the proposed distribution (3.6) has twonponents: a first component

corresponding to the marginal distributions andgeeond component which defines
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the structure of dependence, given by the pararaeded the functiong (u), i = 12.

These two components will be translated to thecsire of the associated bivariate

Lorenz curve, and the corresponding bivariate (Bitex.

The bivariate Sarmanov-Lee Lorenz curve is obtausdg the distribution in (3.6) in

the explicit version of the Arnold Lorenz curve4}.

Theorem 1 Let X= (X1, Xo)' a bivariate Sarmanov-Lee distribution with joinDP
(3.6), with non-negative marginals satisfyingx,] < «, E[X,]<« and g[x,X,]<w

Then, the bivariate Lorenz curve is given by,
Lsi (U, s Fip) = 71L(W; R L(Wy; ) + A= 79)L, (U R)Ly, (U ), (3.7)
where

g=_ it HiHp
E[XIXZ] My + WV,

and (u;F,),i=12 are the Lorenz curves of the marginal distributi¥ni =12
respectively, and_g_ (u;F).i=12 represent the concentration curves of the random

variables, g (x,)=X ¢ (X,) i =12, respectively.

Proof: The function (3.5) for the Sarmanov-Lee distribatican be written of the

form,

As (%, %) = R 00 F5 06 ) 1+ waa(F00)@ (F06))}

and integrating in the domai@u, )x(Qu,) we obtain,

fut; LUz F) LU Fo) +WE [0, (X)) Ex [6,00)] Ly, (s ) Ly, (i F),
and after normalization we obtain (3.7).

The interpretation of Equation (3.7) is quite dirgébe bivariate Lorenz curve can be

written as a convex linear combination of two comgus: a first component
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corresponding to the product of the marginal Loreunxes (marginal component) and
a second component corresponding to the produitteo€oncentration Lorenz curves

(dependence component).

As in the unidimensional case, it is possible toivédethe Gini index from the
expression of the Lorenz curve. The following regubvides a convenient write of
the two-attribute bivariate Gini defined in (3.3)his expression permits a simple
decomposition of the overall equality (I5-(F12)) in two factors: a first factor which
represents the equality within variables (assodiatéh the concept oflistribution
sensitive inequalityKolm, 1977)) and a second factor which represémsequality
between variables (related to the so-calilsdociation sensitive inequalipptkinson
and Bourgignon, 1982)).

Theorem 2LetX= (X1, X)' be a bivariate random variable that follows a Sarrav-
Lee distribution with bivariate Lorenz curve (u,,u,;F,,). The two-attribute

bivariate Gini index defined in (3.3) is given by,
1-G(R,) = 1~ G(F, {1~ G(R)] + @~ n)[1- G, (F)]IL- Gy, (Fy)], (3.8)

whereG(Fi) i = 1, 2are the Gini indices of the marginal Lorenz cupvasd Gy(F), i
= 1, 2 represent the concentration indices of the cored¢ioh Lorenz curves

- 19
Lgi(L'*’Fi)'l_ 1’2'

Proof: The proof is direct using expression (3.7) and ngkinto account that
11

G(Fp) =1~ 4_” L(Wy, Uy, Frp) dudu,.
00

Then the overall equalityQE), given by1 - G(F,,), can be decomposed into two

factors,

19 Note that this index is interpreted as the cla$ggini only when the concentration curve is convex
that is when there is a positive association betwattributes (then the concentration indices are
positive), being the Gini index ranged from 0 to(sihnce 0< OE < 1 and 0< EW < 1 and in
consequence § EB < 1). Otherwise, concentration indices of each dsi@ncan be negative.
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OE=EW+EB (3.9)
where
OE=1-G(F,),
EW = 71-G(R)I1-G(R,)],
EB=(-n)[l-G, (R)IL-G, ()]

EW represents the equality within variables and #mwosd factolEB represents the
equality between variables which includes the stmec of dependence of the
underlying bivariate income distribution througte tfunctionsg;, i =1, 2. Therefore,

EB informs about the degree of association betweenewsions. It has been
repeatedly emphasized that the dependence betwswmmngions has a significant
influence in the assessment of disparities (Decamat] Lugo, 2012; Duclos et al.,
2006; 2011; Kovacevic, 2010a; Seth, 2013; Tsui,5198999; Bourguignon and
Chakravarty, 2003).

Let us illustrate the influence of inter-dimensibaasociation in the measurement of
multidimensional inequality with the following exate. Consider that we are
interested in evaluating cross-country inequaliasdd on two indicators of well-
being,e.g.income and education. Suppose that we are comgydsvo regionsA and

B, made up of two countries {{C,») and (Gg, Czg) respectively, which result in the

following distributional matrices:
70 80 70 20
Z,= Zg= ,
30 20 30 80
where thgth column is the distribution of th#h indicator and théh row includes the
amount of attributes that théh country has. Note thai, is derived fromZg by

switching the amounts of the second variable (eitutha between the countries

considered.

98



Chapter 3

0.9 4 —*—Income 09 4 —o—Region A

: —=—Region B
—s=— Education 0.8 - gl

Figure 3.1.Lorenz curves of income and education (left grapit) concentration curves of education
of regionsZ, andZg (right graph).

The Lorenz curves for both dimensions are plotteBigure 3.1 (left graph), showing

that income is less unequal than education. Atpbist, it is important to recall the

interpretation of these curves. Naturally, in treses of income, the Lorenz curve

informs about the percentage of income owned by pberestk percent of the

population k L [0, 100]). Conversely, the interpretation for t@ucation variable

reveals the percentage of education possessedebjedist educate#t percent of

people. It is worth noting that this graph is ekathe same for regions A and B,
given that both groups of countries have the sawel lof inequality in education and
income. Therefore, a dimension-by-dimension apgroaould conclude that these
distributions are equally unequal.

However, since distributional matriceg and 4 are different, a feasible inequality
analysis must offer different results for both e, differences that come from
variations in the degree of correlation betweenettisions. As supported by Duclos et
al. (2011), it is ethically accepted that inequyais higher in the regioA since Ga is
relatively worse-off in terms of both attributesheveas iB, C,z has lower level of
education and g lower level of income. Therefore, not consideritng patterns
between dimensions would imply to abandon one @& mhain motivations for

measuring multidimensional inequality (Decancq bando, 2012).
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The proposed methodology accounts for both typesineuality using the
concentration curves of each dimension. Let usstiliie this using the simple
example of regioné andB. Figure 3.1 (right graph) plots the concentratarves of
education with respect to the income componentshibuld be noted that the
interpretation of the concentration curve is sligidifferent from the information
provided by the classical Lorenz curve. In thisscg®ncentration curves inform about
the percentage of education possessed by the pooresrcent of population.
Therefore, this curve gives information about thlationship between these variables.
In fact, when the concentration curve is concavejndicates that a negative
relationship exists between both attributes, thesilting in a negative value of the
concentration index (Kakwani, 1977). Converselynvax curves are related to
positive concentration indices. Using (3.8), itieectly concluded that the region B is
more equal than A, given that the first componsrthe same for both regions while
the second is positive for the regidnand negative for the regidh Therefore, our
methodology not only accounts for the two differeppes of inequality, it also

quantifies the influence of each one in the overalltidimensional inequality.

3.4. Deriving the bivariate Lorenz curve for a chss of well-being

indices

In this section we consider a relevant model basedhe previous methodology to
study the distribution of well-being as a multidimséonal process. Specifically, we
take the Human Development Index (HDI) as a thamkebenchmar® since this

approach allows us to compare and complement @witsewith previous studies.

% The HDI has been highly criticized on the groumdsconstruction (Grimm et al., 2008; Kelley,
1991), selection of variables (Srinivasan, 199M)jtary weighting scheme (McGillivray and White,
1993; Noorbakhsh, 1998), and redundancy with itsmanents (Cahill, 2005; McGillivray, 1991,
McGillivray and White, 1993; Ravallion, 1997). Tleesriticisms suggest that the HDI is not an ideal
indicator of development. However, it should be b&agized that the conception of human
development is complex, abstract and difficult ymteesize. Independently of its limitations, this
indicator attracts a great amount of attention friva media and politicians due to its simplicity,
transparency and capacity to capture the most itmpbaspects of well-being.
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Therefore, in this chapter we assume that welldp@ncountry level focuses on the
three dimensiorf$ considered in the HDI: income, health and edunatiattainment.
These components, placed on a scale 0 to 1, axsfdrened indicators of the original
variables, namely GNI per capita, life expectancyl dhe geometric average of
expected years of schooling and mean years of 8ogod-inally, the HDI is

constructed using a geometric mean of the thresfitemed variables

Before going any further, it should be emphasizeat the bivariate Lorenz curve
defined in (3.7) is especially suitable for modglimequality in the HDI given the
construction formula of this indicator, charactedzby a multiplicative scheme.
Notwithstanding the especial case of the HDI, tivarmte Lorenz curve can be used
to measure inequality in other kinds of variableshe marginal distributions are
adequately modeled. In this case, given that tdied@tors considered are ranged from
0 to 1, the beta distribution seems to be the agtimodel in this case. Then, we
define the bivariate Lorenz curve based on the 8aowLee distribution considering
the beta distribution as model for marginal disttibns.

Let X - Be(a;, by), i = 1, 2 be two classical beta distributions withFPD

XA L= x ot

B(g.h)

fi(x;aq.0)= 0<% <1 i=12

where B(a,,b) =T'(a)I'(b)/T'(a +hb) fori =1, 2. This distribution has been proposed
as a model of income distribution by McDonald (1p&hd more authors. If we
consider the mixing functiong(x) =% — 4, wherey, = E[X,]=a;/a; +b ,i = 1, 2,

the bivariate Sarmanov-Lee distribution is,

2L A whole array of indicators have been proposetthénliterature to be considered in the measurement
of well-being, including education (Morrison and Mo, 2012), health (Bourguignon and Morrison,
2002; Becker et al., 2005), security (Lawson-Rewteal., 2009; Bilbao-Ubillos, 2013), democracy
(Cornwall and Gaventa, 2009; Dominguez et al., 20&avironmental questions (Neumayer, 2001;
Briassoulis, 2001) and distributional aspects (Akand Foster, 2010; Hicks, 1997; Seth, 2013). Note
that the selection of dimensions is not only a médl choice, and it also lead to normative
implications.
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_ : : __ & __ &
f12()(1,X2)—fl(xl’ail’bl)fz(Xz,az’bz){l"'u{x1 a1+le(X2 a2+b2J}’ (3.10)

wherew satisfies,

~(a,tb)(a, ) _ (& +b)@ +by)
max{aa,, bib,} max{aa,, b} ’

A good property of this family is that it can bepeassed as a linear combination of
products of univariate beta densities. The univararenz curve of the classical beta
distribution if given by (Sarabia, 2008),

LU, F) = Gpea 410)[G o, (W 1212, (3.11)

Be(aj ,bj)

z

where Ggean) :(J/B(a,b))_[ta_l(l—t)b_ldt represents the CDF of the classical beta
0

distribution. In consequence, the concentrationewan be written as,

_ ElX?Gyeq 100G}, ,, (WI-EIXPLU.F)
Lgi(qui)_ var[Xi] i |

=12 (3.12)

Note thaw, =E¢ [X; ¢ (X;)]=var[X;],i=12. Finally, combining (3.11) with (3.12) in

(3.7), we obtain the bivariate beta Lorenz curve.

This model can be extended easily to the Sarmarmevelistribution with generalized
beta of the first type (GB1) marginals, with PDF,

n Xina—l (1_ Xiﬂ )lq—l
B(a.h)

fi(x:a.h,p)= 0% <1 i=12

And mixing function,

_I'a +1p)l(a +b) , _

=12
I'(g +b +1/p)I'(a)

AX) =X~ =%
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3.4.1. Estimation methods

Before describing the estimation procedure for dtaistical tools developed in this
chapter, it is necessary to clarify what is actuatieasured when we refer to
multidimensional inequality in well-being. Due thbet scarcity of individual data on
non-income dimensions for long periods of time dod most countries, we use
country-level data, which automatically implies tthwithin country disparities are
being ignored. This situation gives us two possidlernatives: we can consider
countries as units of observation (unweighted iaéity) or we can assume that all the
citizens of a given country have the same levelell-being, thus being individuals
the subjects of our analysis (population weightezfjuality) (Milanovic, 2005). Both
approaches are widely used in the literature oonre inequality which also points

out the advantages and shortcomings of each one.

In this study we focus on unweighted inequalityistimplying that each country
counts the same in the global distribution, irresipe of its demographic weight, due
to the following reasons. First of all, we are stad inequality in well-being as a
multidimensional process, which also considers atioic and health. Note that the
distributions of these attributes are strongly ¢boded by public policies which are
equally implemented all over the country. Then, ¢bantries can be seen as a set of
policies (Decancq et al.,, 2009) whose effectivenassild contribute developing
countries to catch up the advanced nations. Segonwéighted inequality is
extremely sensitive to the performance of the npogiulous countries such as China
and Indi&> Last but not least, one of the main objectiveshaf study is to compare
our results with the classical approach of the enomn inequality and with the results
presented by previous studies. Consequently, lessigaous conclusions can be
extracted considering unweighted inequality, gitkat population growth plays a

crucial role in the evolution of weighted measuf@sebaugh, 2000).

22 |n the case of income, it is widely accepted thaighted inequality has been reduced over the last
two decades. However, if China and India are remofrem the sample, an increase in income
disparities is concluded (seeg.Milanovic, 2005). In fact, it is also observedttpaverty has increased

in most countries of Sub-Saharan Africa, thus widgrthe gap between these nations and the most
advanced economies. Therefore, global inequalisyihereased but outstanding performances of China
and India have masked this fact.
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Under the theoretical benchmark of the HDI, threffexknt dimensions are
considered. Unfortunately, only bidimensional Laresurves can be plotted due to
obvious limitations. It should be stated, howewbat this fact does not restrict our
analysis strongly, since compensations betweenhheald education seem to have
lack of interest in practice (Muller and Trannoy)12). These authors give some
arguments to assume that education and healthoaidependent on each other, based
primarily on political reasons. Generally, policiasgeted to health improvements and
education programs are nationally implemented biyerdint ministries. Such a
division can also be observed at supranational lleveaving international
organizations, such as the World Bank, differeqasienents for health and education.
Assuming both attributes independent would impht thin increase in income would
compensate low levels of health or a poor perfomean education. However, it is
practically and politically less attractive thaghieducational levels would be used as
a substitutes of low health standards. On the offaed, it is absolutely valid to
assume that better educated people have more fitissitbo enjoy a healthy life, so

we also consider the possibility that these twoatisions are relatéd

As we stated previously, the theoretical bivargisdribution for modeling two of the
components of the HDI is the Sarmanov-Lee distrdoutwith classical beta
marginals. We estimate these parameters using theémmam likelihood procedure.
First, we describe the estimation of the paramdiased on the method of moments

which are used as a initial estimates in the marirtikelihood methodology.

Let X = (X3, X2)" be a bivariate distribution with joint PDF giveg Bquation (3.10).
Let (X11, X21), ..., (X1n; Xon) @ Sample of siza from (3.10). For the estimation of the

parametersaq; by; a; by w), we proceed in two steps:

1. Estimation of the marginal distributions. Weidef

1 15 -
m=1S s =15 iz
N3 ni=

%3 Including this assumption can lead to incongrueatilts given that it would imply that internatibna
aid to improve health conditions would be targetedmost educated countries, thus increasing
inequality levels (Muller and Trannoy, 2011).
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And then, the point estimates of the coup&s), i = 1, 2 are,

m(m —ny -s?)
s2 ’

51,:

L=-m)(m -ny -s?)

s?

b =

withi =1, 2.

2. Estimation of the structure of dependence. Tdtgnate ofw parameters is
based on the sample relatiprs woi102. Then, ifr denotes the sample linear
correlation coefficient, and, i = 1, 2, the sample standard deviation of the
marginal distributions, i = 1, 2, the point estimate afis,

r
S1°S

w=

The previous estimate§, ,Bi, i =1, 2 and@ are used as initial estimates in the

maximum likelihood estimation. If we have a samefen individuals &, X2i), | =
1,...,n, the maximum likelihood estimation consists in maizing the log-likelihood
function and solving for the parametetsb,,a,,b,andw. The likelihood function is

given by the following expression:

L(ay, b2y, by i %, %) = I_l f1o (X, X511 80, 01,85, 0, ).

Using the maximum likelihood estimates of the patarsa; andb;, i = 1, 2, the Gini

index of the marginal distributions can be obtaibgdhe formula,

I'(a + b.)F[au + ;Jr(b. + ;]

r[eu +h +;)r<eu PO OWT

G(Be(a ,b)) = (3.13)

and the concentration indices can be computed dwsenfpllowing expression:
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G(Fy) =1-2[ L, 4, R)dF, (3.14)
0

whereL, (u,F)is defined in (3.12).

Finally the parametetr, which determines the weight of the inequality hivit

dimensions in the overall multidimensional inequyalis given by,

ey
a +tb a;+h, _ (3.15)

L) darrem arreas)
a +b |\ +b, (8 +b)*@+a +b) \ (& +b)*@L+a +hb)

The computation of the bivariate Gini index in (3.8 straightforward using
Equations (3.13), (3.14) and (3.15).

JT=

3.5. Multidimensional inequality in well-being

In this section we present the results of applying concepts developed in this
chapter to well-being data for the last three desatVe use the most recent available
data from International Human Development Indicat@@NDP, 2012) on the HDI
and its three components for the period 1980-20itld five years intervals. Income is
represented by Gross National Income per capitauned in PPP 2005 US dollars, to
make incomes comparable across countries and mwer The second component is
measured by life expectancy at birth, which is abered an indicator of the health
level. The education index comprises two variabéagpected years of schooling and
mean years of schooling, which are aggregated wsitigthe geometric mean. This
first educational variable indicates the numbeyexrs that a child of school entrance
age can expect to receive if prevailing patternage-specific enrolment rates persist
throughout the child’s life (UNDP, 2012). The sedaepresents average number of
years of education received by people aged 25 &fet,aconverted from education

attainment levels using official durations of eéebel (Barro and Lee, 2010).
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Table 3.1.Marginal Gini indices and bivariate Gini indices the Sarmanov-Lee
distribution with classical beta marginals

Unidimensional Gini Bivariate Gini
Education Health Income Education/IncomeHealth/Income Education/Health
1980 0.2651 0.12960.2003 0.3581 0.2634 0.3245
1985 0.2410 0.12160.1929 0.3315 0.2548 0.2979
1990 0.2260 0.12210.1936 0.3160 0.2549 0.2830
1995 0.2129 0.12520.1953 0.3014 0.2569 0.2693
2000 0.1993 0.12400.1929 0.2882 0.2527 0.2533
2005 0.1818 0.11920.1855 0.2718 0.2428 0.2325
2010 0.1676 0.11000.1776 0.2571 0.2307 0.2142
1980-1990 -14.76 -5.78 -3.36 -11.75 -3.25 -12.81
1990-2000 -11.82 152 -0.35 -8.80 -0.84 -10.49
2000-2010 -18.92 -12.69 -8.58 -12.11 -9.53 -18.23
1980-2010 -36.80 -15.12 -11.30 -28.21 -12.41 -33.99

Originally, we had non-available data for 26 coig#trfor one or more years before
1995. Consequently, our sample comprised only Daftries, covering less than the
75 percent of global population. In order to oftemparable results across periods
and to not restrict the sample considerably, miss@ues have been estimated. The
estimation is based on two complementary methodegoghich jointly offer feasible
and consistent results according to the sampleepise cubic Hermite interpolating
polynomial (PCHI) and the average rate of chandechvis used when PCHI offers
unfeasible estimations or out of range results.eAfthis procedure, our dataset
includes 132 countriés whose indicators of income, health and educatiom a
available for eight points of time. Consequenthg sample covers over 90 percent of
the world population during the whole period. Ndtstanding this large coverage,
many African and Eastern European countries arenctiided due to the scarcity of
data. Given that practically all absentees are Idpu®y countries, our estimates can
be biased downward. Therefore, the conclusions/el@rfrom our results should be

cautiously interpreted.

Using the methodology described in previous sestiome have estimated the

parameters of the Sarmanov-Lee distribution comsigethe beta distribution for

%4 For a description of the countries included sepekulix 4.
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modeling marginal distributioRS As stated before, since we are considering thé HD
as a benchmark, three dimensions of well-beingimckided in the analysis, thus
leading to three different bidimensional distriloats: income with education, income
with health and, finally, education with health. Asesult, we calculate three bivariate
Gini indices (Table 3.2) which give us summarizatbimation about how global

inequality in well-being has evolved over de stpeyiod.

Before analyzing the evolution of multidimensionalequality, let us look at
inequality patterns within each dimension indepeiigie In line with previous studies
(McGillivray and Markova, 2010; Decancq, 2011), i& observed that the
unidimensional Gini index of education decreasesticoously during the entire
period, pointing out a reduction by almost 37 petaer the last three decades. This
period of convergené® is mainly driven by the increase in the mean yeafrs
schooling which have been doubled in the last 4@rsyghanks to the efforts in
education performed in developing countries, egigcin Asia (World Bank, 2006;
Morrison and Murtin, 2012).

For the health indicator we observe a reductiodisparities over the first ten years.
Conversely, the nineties are characterized bygat)i increase in inequality in health
derived from the expansion of AIDS in Sub-Sahar#mcaA (Neumayer, 2003; Becker
et al., 2005), effect that was partially offset the decrease in infant mortality
(Deaton, 2004). The differences in health levels dbarply during the rest of the
period mainly due to the expansion of life expecyaim East and South Asia and the
North of Africa (Goesling and Firebaugh, 2004). ihgkthe study period as a whole, a
process of convergence in health levels is conduadiich has lead to a decrease in

inequality by 15 percent.

Income differences across countries have receiyddrimore attention than the other
dimensions. In line with previous studies (see Brjchett, 1997; Milanovic, 2005;

World Bank, 2001), our results suggest an increaagseonomic inequality during the

5 parameter estimates are presented in Table A.4.1.

%6 Note that we use the concepts of convergenceehettion of disparities indistinctly because we are
estimating unweighted inequality which measurefedihces in national levels of well-being across
countries.
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period 1985-1995. The raise in income dispariseddrived from the failure of Africa
in the eradication of poverty, which has offset tlutstanding economic performance
of Asian territories, thus widening (in the aggregathe gap between poor and
wealthy countries. In fact, Asian countries coneergapidly to developed economies
during the last 30 years (seg Sala-i-Martin, 2006), but it was not enough topse
the divergence process characterized by most Africaions. Notwithstanding this
trend, thanks to the decrease in disparities duhiegcourse of the last decade of the
study period, income inequality across countries l@en reduced by 7 percent over

the last 30 years.

Once we have investigated the evolution of inetyah each of the indicators
considered in this study, it is worth focusing e bivariate Gini index. Taking the
period as a whole, a decreasing inequality patiernbserved for education and
income components jointly. This result indicateattthe reduction of inequality in
education has offset the increase in income disegamuring the nineties given that a
decrease of 8 percent is reported for this decasl@ consequence of the continuous
decrease in the bidimensional inequality of thistrdbution, a decrease by slightly
over 28 percent is observed in the last 30 yeamde Nhat the same dynamic is
observed when considering the joint distribution bealth and education.
Bidimensional inequality in this case presentshighest decrease over the past three
decades with a reduction of the bivariate Gini indy 34 percent. Our estimates
reveal that the increase in health inequality dherperiod 1985-1995 is completely
eclipsed by the decrease in educational dispaibesss countries and consequently
bivariate Gini index falls during the past threecat#es. In contrast, bidimensional
inequality in health and income trends upward fro®85 to 1995. Note that such an
ascending pattern is due to the process of divemyerperienced by both indicators
during that period. This trend is reversed durimg last fifteen years given that health
and education reduced their inequality levels. figkihe study period as a whole,
multidimensional inequality in the bivariate dibution of income and health presents
the lowest reduction of disparities, which is abdit percent for the last three

decades.
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Figure 3.2.Evolution of multidimensional inequality in eduicat and income over the periods: 1980-
1990 (a), 1980-2000 (b) and 1980-2010 (c)
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Table 3.2.Decomposition of equality using the Sarmanov-Lis&itution with beta
marginals

Education/Income Health/Income Education/Health

Overall Within Between Overall Within Between Overall Within Between

1980 0.6419 0.5757 0.0662 0.73660.6908 0.0457 0.67550.6340 0.0415

1985 0.6685 0.6015 0.0670 0.74520.7046 0.0406 0.70210.6617 0.0404

1990 0.6840 0.6127 0.0712 0.74510.7034 0.0417 0.71700.6743 0.0427

1995 0.6986 0.6211 0.0776 0.74310.6990 0.0441 0.73070.6828 0.0479

2000 0.7118 0.6344 0.0774 0.74730.7019 0.0454 0.74670.6954 0.0514

2005 0.7282 0.6560 0.0722 0.75720.7125 0.0447 0.76750.7147 0.0528

2010 0.7429 0.6756 0.0673 0.76930.7276 0.0417 0.78580.7357 0.0501
1980-1990 6.55 6.43 7.64 1.16 1.82 -8.81 6.15 6.36 2.96
1990-2000 4.07 3.54 8.62 0.29 -0.22 8.84 4.14 3.12 20.23
2000-2010 4.37 6.49 -13.01 2.94 3.66 -8.16 5.23 5.80 -2.55
1980-2010 15.74 17.35 1.71 4.44 5.32 -8.85 16.33 16.05 20.62

Our estimates suggest that, at the beginning ofptéod, the greatest levels of
inequality are found when considering education imedme together, presenting the
Gini index a value close to 0.36. Bivariate inegyain education and health
presented the second highest value 0.32. Theda@tribution of income and health is
the least unequal among the relationships considerbose disparities can be
quantified in 0.26. The different inequality patterobserved above have altered the
position of each distribution in terms of inequalitn 2010, the join distribution of
education and health is seen as the most equakénlivariate Gini index reached the
value 0.21), followed by health and income withiai@dex of 0.23, and, finally, the
bivariate distribution of education and health remmaas the most unequal with

inequality levels close to 0.25.

Bivariate Gini index can be decomposed in two congmbs, using Equations (3.8)
and (3.9). Overall equality (X5(F12)) is decomposed in terms of equality within each
dimension and equality between dimensions, thusvally us to analyze the evolution
of each component in terms of global disparitiesnfTable 3.3, it is pointed out that
the evolution of global equality in well-being isamly determined by the equality
within each component of the HDI, while the fachssociated to differences between

dimensions represents a residual proportion, wisgclower than 10 percent in all
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cases. Note that equality within-dimensions inadasteadily over time for all of the
distributions considered, thus reinforcing its fpiosi as a dominant factor in overall
equality. In contrast, equality between variableespnts different evolutions

depending on the indicators studied.

In the case of the joint distribution of educatiand income, this component rose
rapidly over the course of the first 20 years o wtudy period. However, as a
consequence of the decrease experienced duringghdecade (by 13 percent), our
results point out an increase in equality betwdwsese indicators by less than 2
percent. For income and health, instead, we obsarveharp decrease in this
component during the eighties and a recovery pesfatiis kind of equality over the
course of the nineties, whereas the last decadbasacterized by a deterioration of
equality between variables. As a result, this conepd has been reduced by slightly
over 8 percent, thus representing an even mingugotion of overall equality at the
end of the study period. The equality between heatid education improved slightly
over the eighties (increasing by almost 3 percemiiereas the next ten years were
characterized as a period of strong increase m ¢bmponent, by slightly over 20
percent. In contrast, the last decade presentemall seduction of 2.5 percent of
equality between these two indicators. As a rasfuthe aforementioned trends in each
decade, this factor has increased by 20 percenttioggast 30 years.

The main conclusion suggested by the previous teessl that multidimensional
inequality in well-being has decreased over timaviHg reached this point it is
important to recall that bivariate Gini indices pmrovide summarized information
about the evolution of well-being distribution. Brensional Lorenz curves are
necessary to study whether the previous conclusamnbe extrapolated to the whole
distribution or it is just a general result derivedm the aggregation procedure

inherent to all inequality measufés

" This result can also be investigated using stdith@®minance relationships in multidimensional
environments (see Duclos et al., 2011). Howevemaiee dominance is achieved, this methodology in
unable to provide information about with parts bé tdistribution improves or worsen in terms of
inequality.
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Figure 3.2 shows bidimensional Lorenz curves fer bidimensional distribution of
education and income in three periods of time: 19880, 1980-2000 and 1980-2010.
In line with previous results, the decrease in usdy over the past decades is also
observed, since the curve in 2010 lies above tleecin 1980 almost completely.
However, it is not possible to conclude that waiAgy distribution in 2010 Lorenz
dominate&® well-being distribution in 1980 given that the koe curve in 2010 lies
below its analogous in 1980 for countries with ld&wel of income and high
educational standards. Therefore, the poorest #&ed least educated countries
currently have more unequal distribution than 3@rgeago in terms of well-being,
whereas the rest of nations enjoy comparativelyelolvels of well-being inequality
than in 1980. Note that for the other two periotisrae presented in Figure 3.2, it is
more evident that for poor and less educated pethygld_orenz curve in 1980 lies

above the Lorenz curve in 1990 and 2000 respeygtivel

For the join distribution of income and health (g 3.3), the absence of Lorenz
dominance is even more patent. We observe thatistrdbution in 1980 is more equal
at the bottom quantile and in some points at tpeofathe distribution, for the richest
and healthiest countries. For the comparison ofyders 1980 and 2000, a greater
proportion of the area of the Lorenz curve in 19@8 above the curve in 2000,
including wealthy nations with low levels of eduoat For the whole period, we see
that the Lorenz dominance of the distribution i8Q % relegated to the bottom of the

distribution which includes poor and least educataahtries.

The bivariate Lorenz curves for the joint distribat of health and education are
presented in Figure 3.4. Our estimates suggestttieaturve in 1980 dominates the
Lorenz curve in 1990 at the bottom of the distridnuit but the dominance relationship
becomes weaker over time. In fact, for the 30 yeathe study period, our estimates
point out that the Lorenz curve of 2010 lies abdlie curve in 1980 almost

completely.

8 | orenz dominance relationships are concluded when_orenz curve of a particular distribution lies
completely above the Lorenz curve of another distion.
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3.6 Conclusions

In this chapter, using the definition proposed byndd (1983), we have obtained
closed expressions for the bivariate Lorenz cuceasidering a convenient model for
the underlying bidimensional distribution. We hatedied a relevant type of models
based on the class of bivariate distributions wgilien marginals described by
Sarmanov and Lee (Lee, 1996; Sarmanov, 1966). Enwedl expression of the
bivariate Lorenz curve can be easily interpretech aonvex linear combination of
products of classical and concentrated Lorenz suné@onsequently, the closed
expression for the bivariate Gini index (Arnold,8¥9 is made up of two terms, each
one including the marginal Gini indices of the waites involved and the
concentration indices. This indicator can be deamsed in two factors, corresponding
to the equality within and between variables.

The methodology developed in this chapter has lsed to study the evolution of
global multidimensional inequality in well-beingn particular, we take the HDI as a
theoretical benchmark, thus focusing on three dsioers of quality of life, namely
income, health and education. Following the cowms$ivn of the HDI, the original
variables are normalized in the scale O to 1. Toesghe beta distribution seems to be
especially suitable to model the marginal distiidmg in this case.

Our results point out that bidimensional inequalitgs been reduced in all of the
relationships considered. However, inequality measuonly offer summarized

information of the evolution well-being differencexross countries, thus some
internal dynamics can be masked. In particulanag been concluded that, in spite of
the decrease in the bivariate Gini index, the pstpleast educated and least healthy
countries have a more unequal distribution thalye&frs ago. The most relevant fact
that should be noted is that these patterns cabeotoncluded using inequality

measures, even the multidimensional ones. Theretare analysis emphasizes that
the extension of the Lorenz curves to multidimensgicenvironments is essential to
analyze the internal dynamics of well-being disttibn and to offer a complete

panorama of the evolution of disparities in welidge
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Chapter 4

International convergence in well-being indicatorsa

non-parametric approach

4.1. Introduction

The study of convergence has risen to prominencengnacademics since the
presentation of the classical works of Solow (1988,7) and Swan (1956). Several
papers have tried to determine if there is a lanmgtendency towards equalization, a
guestion that lies in the heart of the convergatetste.

According to the Solow-Swan neoclassical growth ebod countries only differ in
their level of capital, poor countries tend to grfaster than developed nations due to
the assumption of diminishing returns of capitdlisitheory is the so-called absolute
S-convergence, which assumes that all economielseiwbrld converge to the same
steady state. Much of the existing literature onvesgence hypothesis (seg de la
Fuente, 1997; Islam, 2003; Sala-i-Martin, 1996)psuts that there has been a process
of divergence among world economies in the lasades. Therefore, it is concluded
that the currently rich nations are expected t@ben wealthier in the future, hence
leaving developing countries behind. Note howevat conomic systems usually
differ in technology, population growth and humaapital. As a consequence,
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differences in the structural parameters would Itesudifferent steady states. This
concept, called in the classical literature coodiil 5-convergence, has been tested by
numerous studies (seeg Barro and Sala-i-Martin, 1990; 1992; Sala-i-Mart1996),
which point out that, when taking the structurabm@cteristics into account, poor
countries converge to their own steady statesrfésaa the advanced econonftes

The concept ofg-convergence has also been widely studied givencltse
relationship with the process gi-convergence. It is assumed that therecdis
convergence if the dispersion of per capita incafeereases over time. Thef,
convergence is a necessary condition daronvergence, but not sufficient (Sala-i-
Martin, 1996). Previous studies conclude the ertsteofs-divergence across world
economies for the second half of the last centhcéncq et al., 2009; Milanovic,
2005; Pritchett, 1997; World Bank, 2006), revealitngit international inequality

across countries tends to increase over time.

Conventionally, the specification of absolyfeconvergence focuses on testing a
common linear trend between the growth rate ofcpeita income and the initial level
of output. This regression is augmented with stmadt variables for testing
conditional f-convergence. A negative sign of the coefficientiomial per capita
income is interpreted as a support for convergecess countries. However, many
authors have questioned the assumption of lineédtylauf et al., 2001; Fiaschi and
Lavezzi, 2007; Huang, 2005), concluding the existeaf multiple growth regimes
associated with different levels of development.

Traditionally, income variables have played a nrale in the measurement of quality
of life. However, there is a discontent with theg&ony of per capita GDP as an
indicator of well-being since there are other ratlgv dimensions which are
imperfectly captured by purely economic variablEsere is by now nearly consensus
that development is a multidimensional concept,ciWwhin addition to income, should

also consider social indicators. This line of argmtation has received an increasing

? This specification of convergence has been atitifor the so-called Galton’s fallacy problem and
its inability to reflect the existence of multipoles that might lead to multiple stable steadyesta
equilibrium (Seee.g Quah, 1993; 1996; Bliss, 1999).
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amount of attention from academics over the lastades, thus resulting in many
attempts to synthesize different aspects of weahldpen a composite index, which
offers a more comprehensive perspective of suchoeeps than per capita income

alone.

In 1979, David Morris from the Overseas Developn@aitincil designed the Physical
Quality Life Index (Morris, 1979), constructed bywveeighted average of infant
mortality, literacy rate and life expectancy at age. Becker et al. (2005) developed
an indicator which combined income and longevity feeasuring inequality in well-
being . More recently, there have been many prdpadsaonstruct a composite index
centered on the notion that development entailserttwan just economic aspects (see
e.g Alkire and Foster, 2010; Bilbao-Ubillos, 2013; Eeigand Tatlidil, 2006; Fakuda-
Parr et al., 2009; Grimm et al., 2008; Morrison &fhattin, 2012).

This line of thinking has induced academics to test convergence hypothesis in
other dimensions such as health and education. @oréfical framework of
convergence in life expectancy is developed in Mdyailkes (2003), concluding a
convergence clubs pattern, whereas global conveegenfound to be weak. This
result is confirmed in Sab and Smith (2001), whem gdoint out the existence of strong
absolute and conditional convergence in educatdazumdar (2003) tests the
existence of convergence in five dimensions of Wwelhg, including calorie intake,
life expectancy, infant mortality, per capita GDRdaadult literacy rate, concluding
divergence in all variables except for income amibrggadvanced economies.

A natural extension of these works is to test tlgpothesis of convergence in an
aggregate index of quality of life, consideringnjity social factors and economic
indicators. Note that this approach makes it péssib draw general conclusions
regarding the evolution of cross-country trendsyirality of life. There have been
various attempts to test whether a catching-upge®m human well-being has taken
place in the last decades (s2g Konya and Guisan, 2008; Mayer-Foulkes, 2010;
Noorbakhsh, 2006), concluding that living standdrdge converged slowly over the

last 30 years. Nevertheless, some authors havéianuess the linearity of this process.
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Mayer-Foulkes (2010), using series of superposatsitions, concludes that complex
relations of divergence and convergence exist énchmponents of the HDI. In fact,
nonlinear parametric models, such as the quadsexification, have been also
proposed as a possible approximation of this phemoam (Mazumdar, 2002; 2003).
Note, however, that the parametric approach reguimakinga priori assumptions

about the evolution of the convergence speed, tines model might present
misspecification bias. We opt for a semiparamedgecification which lets the data
describe by themselves the intensity and direcbbrihe convergence/divergence

process.

Through the more flexible methodology of partidiiyear models (PLM), this chapter
aims to provide a reappraisal of the convergenoeqgss in terms of quality of life,
using the Human Development Index (HDI) as an iiaic of this phenomenon, for
the period 1980-2011. Having reached this pointshbuld be emphasized that
considering the hypothesis of convergence in a ositg indicator presents some
limitations that should be taken into account (Madar, 2003). In fact, these are the
same criticisms that are attached to any multidsimral indicator of well-being,
namely the arbitrarily of the weights and the ladékmeaningfulness of the resulting
indicator. Therefore, we also adopt a dimensiordimyension approach to obtain
more detailed conclusions regarding convergencgiaiity of life.

The rest of the chapter is organized as followscti&e 4.2 describes the
characteristics of the HDI as an indicator of wading. Section 4.3 relates the
convergence hypothesis to the non-income variatfedetailed explanation of the
data used and the methodology applied is presenteSection 4.4. Section 4.5
explores the hypothesis af-convergence and presents the evolution of global
inequality in well-being over the last three de@ag@econvergence is tested in Section
4.6 using non-parametric techniques. Finally, ®act.7 includes some conclusions

and discusses possible policy implications.
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4.2. Measuring development: beyond income

Since it was launched in 1990, the HDI attractargd amount of attention from the
media, academics and policymakers. This indicats designed following the Sen’s
capability approach (Sen, 1988; 1989; 1999) whiomswers development as a
process of enhancing individuals’ choices. This rmewadigm of development was

presented in the first Human Development Reportlvktated:

“Human development is a process of enlarging peopoices. In
principle, these choices can be infinite and chaoger time. But at all
levels of development, the three essential onedaarpeople to lead a
long and healthy life, to acquire knowledge and have access to
resources needed for a decent standard of liWVilgNDP, 1990; p.10).

To materialize this eminently subjective conceptoira single number, three
dimensions were proposed, which were considereght#akto measure the complex
reality of human development. Therefore, the HDimiade up of three intermediate
indices, using country-level data on income, healtid education, which reflect
achievements in each dimension respect to the Evalibsistence and the historical

maximum value.

Since 2010, the HDI of the countryn yeart is constructed using a geometric mean

of the three individual indices as follows:

HDI = (| i?ealthl itEducation_| i![ncome)}é .

The health index Ig?ea'th) is measured by life expectancy at birth (LE), ethis

considered an indicator of longevity. This indigai® standardized according to the

following expression:

|i;1ealth - LE; - LEni
LE. . —LE

max min
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where the minimum is the so-called level of sulesisé fixed at 20 years, and the
upper bound is the maximum value observed betw880 and 2011, that is 85 which
corresponds to Japan in 2011. It should be notatdlifie expectancy only measures
years of life, but no insights about the quality tfese years are made.
Notwithstanding its limitations, life expectancytise sole variable that has not been
changed since the HDI was launched, due to theiscaf data on health indicators

for long temporal periods (Klugman et al., 2011).

(""" comprises two variables, expected years of sitgol

The education indexl
(EYS) and mean years of schooling (MYS), which @@eputed with the geometric

mean, given by:

| Education— MY§ B MY%in ) EY$ _ EY%in %
' B MY$nax - MY$nin EY%ax - EY%’ﬂn .

MYS and EYS have lower bounds of zero given thatedi®s would survive without
education. The maximum corresponds to Czech RepubR005 with 13.1 expected
years of schooling, whereas MYS variable has afixaximum of 18 years, which is
achieved by several developed countries. Thesahblas have been introduced in
2010 substituting adult literacy rate and the caorabigross enrolment ratio. These
indicators were considered uninformative since isordnination across countries was
provided, especially in developed nations whoserdity rates are superior to 95

percent.

Income is represented by per capita Gross Natimtalime (GNI) measured in PPP
2005 US dollars, to make incomes comparable aarosstries and over time. It
should be noted that income is regarded as the meanquire goods and services,
concept which is different to how much is produaedh particular economy. Thus,
per capita GDP has been replaced by per capita goiin that such a variable

represents the economic reality of countries mareumtely® in terms of the

% As is exemplified by UNDP (2010), the GNI of Timaeste is several times its GDP due to
international aid.
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capability approach, due to the consideration dermational aid and foreign

remittances. The intermediate index of incorhf¢™) is computed as follows:

Income— In(GNtt) —In (GNImin)
" "InGNL_,)-In(GNL )’

where the maximum value is 107721 (per capita @GNIJatar in 2011), whereas the
minimum value is fixed at the level of subsistemddch is 100 US$. The logarithmic
transformation was introduced in 2001 with the otiye to reflect that income is
conceived as a mean to purchase goods and sertines,the concavity of the
logarithmic function characterizes impact of dimsining returns of income on well-

being.

In spite of its popularity, the HDI has been higldsiticized on the grounds of
construction (Grimm et al., 2008; Kelley, 1991)lestion of variables (Srinivasan,
1994, arbitrary weighting scheme (McGillivray and Whit&993; Noorbakhsh,
1998), and redundancy with its components (Cal@005; McGillivray, 1991;

Ravallion, 1997

Some authors argue that the HDI omits importanéetspof well-being that should be
incorporated in the index. Among them, we emphaderaocracy (Dominguez et al.,
2011), social cohesion (Bilbao-Ubillos, 2011), pera safety (Bilbao-Ubillos, 2013)
and environment (Briassoulis, 2001; Neumayer, 208agar and Najam, 1998).
Distributional aspects have also been proposed tlieir consideration in the
construction of the index (Alkire and Foster, 20Hicks, 1997; Seth, 2009; 2013)
since inequality in the different dimensions of leding has a deep impact on the
progress of a particular country. Conversely, s@auiors have suggested removing

the income component from the HDI (Anand and S6002.

Concerning the construction of the HDI, two maitticisms need to be addressed. On

the other hand, an equal weighting scheme seefs &bitrary, hence not based on

31 For a review of the proposed dimensions that shbaltaken into account see Alkire (2002).
%2 A review of the criticisms focused on the limitats of the HDI can be found in Kovacevic (2010b).
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social choice nor normative arguments. Notwithstandthis subjective format,
statistical methods (principal components analysis)e been applied to determine the
weights supported by the data, concluding that dimeple average is empirically
justified (Ogwang and Abdou, 2003).

The traditional arithmetic mean is considered peoiatic since the components of the
index are regarded as perfect substitutes, thudyimgpthat the marginal rate of
substitution is constant. This axiom can lead tngruent results, in the sense that
the maximization of the HDI in a society may resultcorner solutions, promoting
one dimension and disregarding others (Klugman let 2011). The formula
introduced in 2010 marks a conceptual change comgeithe relationship between
the three dimensions given that some degree of lssngmtarity is introduced.

Several studies point out that there is a high i@rkelation between the HDI and its
underlying components, thus reflecting a problemreafundancy in the information
provided by the composite index. This result imgpltbat ‘assessing inter-country
development levels on any one of these variabkddsysimilar results to those that
the index itself yields(McGillivray 1991, pp. 1462). Therefore, the Hould not
provide us with complementary information than th@aditional indicator of
developmenti.e. per capita GDP, offers. Note that the previoaseshent would lead
to the loss of the relevance of this study. Sirfuerd is apparently no difference
between income and human development, the conaliseached by previous studies
on the convergence hypothesis would apply. Howetéas been evidenced that the
distributions of income, health, education and i differ substantially from each
other (McGillivray and Markova, 2010; McGillivraynd Pillarisetti, 2004; Pillarisetti,
1997), also pointing out different evolutions ovene. This result emphasizes the
point that the consideration of a growth-centerpdreach or a more comprehensive
definition of human development would strongly afféghe assessment of progress.

Consequently, our conclusions about convergencétrbigalso altered.

The criticisms exposed before suggest that the idDbt an ideal indicator of well-

being. However, the evaluation of quality of likeaomplex, abstract and difficult to
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synthesize. Independently of its limitations, thBIHeems to be the most adequate
alternative to perform cross-country analyses ofi-laging since it is constructed
using homogeneous data for a wider period of time far more countries than other

related indices.

4.3. Convergence in well-being

The concept of convergence in well-being has bessergially studied using
inequality measures of composite indicators (seg Decancq et al., 2009;
McGillivray and Markova, 2010; McGillivray and Rallisetti, 2004). There is a
common result which indicates that well-being levate converging over time but at

slow rate:

“For most of the past 40 years human capabilitiesehbeen gradually
converging. From a low base, developing countrissaagroup have been
catching up with rich countries in such areas a® lexpectancy, child
mortality, and literacy. A worrying aspect of humdevelopment today is
that overall state of converging is slowing and farlarge group of

countries divergence is becoming the order of thg"dUNDP, 2005, pp.

25).

Since the concept gkconvergence was derived from the Solow modethigsretical
framework is especially suitable for income. Théngipal mechanism behind the
convergence hypothesis is the assumption of dimimgs returns of capital.
Accordingly, the vast majority of the papers thedttconvergence in living standards
focuses on income variables whereas social aspéasvelopment are assumed to
play little role. However, there have been few rafies to test the convergence
hypothesis in a more comprehensive indicator trearcapita GDP (Mazumdar, 2002;
Noorbakhsh, 2006; Konya and Guisan, 2008; Konyd,212Mayer-Foulkes, 2010),
thus extrapolating the concept of diminishing resuto the non-income dimensions of
the HDI.
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According to Noorbakhsh (2006), the concept of distiing returns can be “equally
applicable” to the educational variables and heaithcators of the HDI but with
some peculiarities. Diminishing returns were assted with the mobility of capital in
the pure economic model. In contrast, for non-ineaspects, they are linked to the
assumption that investment returns in educationhesadth diminish with the level of
investment. In a country with low levels of primagducation, relatively less
investment is necessary to increase the mean géahooling than in a developed
nation, since tertiary education is the most expeng/pe of education. Therefore,
investment returns to expand educational standaitide higher in countries with
low levels of education. Moreover, given the natofethe educational indicators
considered in the HDI, which are basically quatitieavariables that do not account
for the quality of education, they have upper Igrtitat make plausible the existence

of a convergence process across countries.

Similarly, for the health dimension, it is supparthat investment returns in health
are higher in countries with low life expectanciyce less amount of investment is
needed to improve health levels in countries witihhrates of mortality. In fact,
according to the last report of Millennium Develoggm Goals (MDG), a large
proportion of the deaths of children under five Idobe saved through low-cost
prevention and treatment measures (United Nati@ai42). Moreover this type of
medical research is easily exported, whereas addantedical technology is more
difficult to be implemented in developing countriesinly due to the lack of suitable

personnel which also increases the amount of imerst (Mazumdar, 2000).

4.4. Data and methodology

We use the most recent available data from Intemnalt Human Development
Indicators (UNDP, 2012) on the HDI and its threenponents for 132 countries over
the period 1980-2011 with different data frequeriegr the period 1980 to 2005 we
have 5-year intervals and from 2005 to 2011 thea dsdve annual frequency.
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Originally, our data comprised only 105 countriesvering less than the 75 percent of
global population. We had non-available data forc@@ntries in one or more years
before 1995. In order to offer comparable resutt®ss periods and to not restricting
the sample considerably, missing values have bs@naed. The estimation is based
on two complementary methodologies which jointlp\pde feasible and consistent
results according to the sample: piecewise cubiomie interpolating polynomial
(PCHI) and the average rate of change, which isl w#gen PCHI offers unfeasible
estimates or out of range results. After this pdoce, our dataset covers over 90
percent of the world population during the wholeigd including 132 countries
whose indicators of income, health and educatienaamilable for thirteen points of

time.

Our analysis begins with the study of the wholdritigtion, considering countries as
units of observations. This examination will prowidelevant information on the
evolution of inequality and the formation of clusteof countries, which would
evidence the existence of the so-called convergegles. Note that traditional
summary statistics cannot inform us about theseamhyes since they provide partial
findings that only focus on the dispersion of thstribution. To offer a broader
picture of the distributional dynamics of well-bgjnit is necessary to estimate the
density of the cross-country distribution of the IH{D(x)). As is usual in the literature,
non-parametric estimation techniques are consigdéned avoiding the need to decide
ex-antethe functional form of (x), letting the data to state by themselves theesloép
the distribution.

Figure 4.1 presents kernel density estimates oHtbeédistribution for each decade,
computed using a Gaussian kernel with optimal badith(Silverman, 1986). The

horizontal axis represents the country level of HIDY the vertical axis refers to the
associated density. The evolution of the distrioutof the HDI offers optimistic

insights in terms of development given that it bampletely moved to the right over
the last 30 years. However, the intensity of ther@ase in well-being levels differs
across countries in the sense that least developendtries have converged among

them whereas medium developed countries have cgede¢owards highly developed
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nations. This distributional behavior has lead tawan-peaks distribution (Quah,
1993; 1996), which is colloquially interpreted &siedium developed countries were
vanishing (Sala-i-Martin, 2000). As a result, a bdal distribution comes up, mainly
due to the efforts of medium developed countriehsas China and India, in catching
up the advanced economies. On the other hand, reesirdn the left tail of the
distribution are concentrated around a new pol¢hatend of the period, which

basically comprises Sub-Saharan African countries.

It should be noted that the upper mode includesynmaore countries than the lower
mode, which means that, in general terms, natidexls of quality of life are
converging, inequality is decreasing and globallweing is expanding. In sum, the
increase in well-being levels over the last threeadles has led to a more equal
distribution of the HDI, however the polarizatioashincreased in the sense that two

well-defined worlds have come out (Noorbakhsh, 2006
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Figure 4.1.Global distribution of the HDI in 1980, 1990, 20806d 2010
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Even when some results can be extracted from tbequs analysis, only tentative
conclusions can be achieved regarding the existeineeonvergence, which assumes
that the cross-sectional dispersion of a variabtel$ to decrease over time (Barro,
1991; Barro and Sala-i-Martin, 1990). To quantifie tchanges in the dispersion of
well-being distribution over the last three decades have computed four inequality
measures. Therefore, we analyze the so-catlednvergence, not only using the
classical indicatorife. the variance) but also considering the Gini, Thetntropy
and the Atkinson indicé$

All measures indicate the amount of dispersion e@fl-weing distribution across

countrie$*, however, different weighting schemes are appf@deach part of the

distribution depending on the measure considerbd.Theil index is a special case of
the generalized entropy measures when the setgsipimrameter is set to 1 (Cowell,
2011). Such a parameter determines the weightressig the upper tail, which in the
case of the Theil index, indicates that the samghwas attached to all countries
independently of its level of development. The A#an index is interpreted as the
proportion of total income that would be requiredathieve an equal level of welfare.
This inequality measure also includes a paramehéchwis called inequality aversion

parameter, since it adjusts the index to be mamnsitee to changes in the lower tail
(Atkinson, 1970). The expressions of the Gini, Tineil and the Atkinson indices are,

respectively, the following:

__ 1 "N VO Zy®
Gl = 2n2ﬂ(Y<t>)Zi=lzi:1Yi i ‘ ’ (4.1)
/) /©
To=I3" Y04 ¥ 4.2)
N2 pyO) A p))

and

% The inclusion of other measures to study the dispe of the distribution, responds to the problems
presented by the variance, which ignsatisfactory in that were we simply to doublergwee’s
incomes (and thereby double mean income and lehgeshape of the distribution essentially
unchanged)(Cowell, 2011; 27).

% Note that each measure has different propertidsasiaches different weights to each part of the
distribution. Consequently, results based on défieinequality measures can vary substantially.
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© _1_ 1 n Yl(t) 1-¢ ; D ¢1
A = EZizl L(YO) L€ (4.3)

where x denotes HDI or one of its intermediate indicestla countryi at timet, x is

the arithmetic mean of the indicator under studys the number of countries, and
finally, ¢ is the inequality aversion parameter of the Atemsndex, which has been
set to 2 to analyze the evolution of inequalitydlswvhen high aversion to inequality

is assumed.

Consequently, our analysis provides a broad piattitee evolution of inequality over
the last 30 years which allows us to determine hdretlistances between countries
have been reduced in terms of quality of life. Aistpoint, it should be stated that
inequality measures reflect the dispersion of diqdar indicator of well-being.
However, this methodology does not consider theobatity that we observed in
Figure 4.1. To analyze this feature of the globsirdbution of the HDI, we apply the
polarization measures developed by Esteban andE®¢). These authors consider
that polarization informs about the degree of catregion of the population in
question around different clusters. Using this emtc there would be maximum
polarization when there are two poles of an equra, ach one located at opposite

ends of the distribution.

According to Esteban and Ray (1994), the degregadérization of a specific
distribution around different poles is given by th#owing expression:

PER(F,a) =30 > Py - il (4.4)

where /Y is the average of the variable under study forgtwipi, i = 1, ...,m, at

yeart andp; is the share of the number of countries in theigi®®. The parametex

% In the original paper of Esteban and Ray (1984)vas the population share of the group. However,
as we focus on unweighted inequality measures, avepate unweighted polarization measures to
make both analyses comparable.
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ranges from 1 to 1.6 and reflects the degree obigety of this measure to

polarization.

Note that the computation of the previous measecuires definingex-antem

mutually exclusive groups which would representeaicthe clusters. In this study we
analyze the case of bipolarization given the patteat we observed from density
estimates of well-being distribution (Figure 4.Fpllowing Davies and Shorrocks
(1989), we define the optimal two-group partitiosing the average of the variable

under study.

As stated before, a necessary condition daronvergence is the existence @f
convergence patterns, thus implying that developmgntries increase their levels of
HDI relatively faster than the advanced nationse Thypothesis of absolutg-
convergence is evidenced when there is a negalaganship between the value of a
variable at the beginning of the period and itswghorate, which conventionally is

tested using the following model:
Y =a+pBy,te (4.5)

whereyj is the logarithm of the HDI or any intermediateex which are denoted as
Yi, ¥=@TINY,/Y,) is the growth rate ofY; and, finally, & is the unexplained
residual. Positive values of tffgparameter imply divergence, whereas negative salue
support the existence of a catching-up process detwdeveloping and developed
countries. Equation (4.5) assumes that all coustoiethe sample converge to the
same steady state. However, nations have diffatemttural features which lead to a
multiple steady state equilibrium (Sala-i-Martir§96). This assumption is related to
the so-called conditional convergence hypothesiadittonally specified as an
augmented regression of Equation (4.5):

Y =a+Byo+e o, (4.6)
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where the matrixo; contains the structural variables which are constathe steady
state. In this study, a set of regional dummy \meisi® are considered to represent
regional features that have influence on the grawath of the indicators included in

the analysi¥.

A number of studies, however, have challenged $iseraption of linearity for testing

income convergence. Using nonlinear specificatidinBas been concluded that the
catching-up process is not adequately representedl Imear trend, thus classifying
countries into different groups which exhibit a ety of convergence patterns
(Azomahou et al., 2011; Durlauf, 2001; Durlauf ket 2001; Liu and Stengos, 1999).
In this line, a generalization of the process ofv@gence in well-being is considered
in Mazumdar (2002), who includes quadratic and fitigaic terms to represent

nonlinearities in the convergence speed. Havinghed this point, it is important to

recall that parametric specifications require mgkanpriori assumptions about the
functional form of the relationship under study.eféfore, we consider a more
flexible model which allows the data to describetbgmselves the direction of the
convergence or divergence process. Following thatiom in Equations (4.5) and

(4.6), we specify a semiparametric partially linesgressioft for testing absolute and

conditionalp-convergence, given respectively by the followingressions:

% =f(%a)+11, (4.7)

¥ = f(Yio) +o'o+17, (4.8)

% This set of dummies is considered as a proxy roiciral variables given that no theory has been
developed for convergence in human developmente Nbat this is a common practice in the
convergence literature when conditional variables reot available (Azomahou et al., 2011; Dobson
and Ramlogan, 2002; de la Fuente, 2002). The datlyghat includes a set of conditional variables i
the analysis of well-being convergence is Noorbhk{006), concluding that only few of them are
significant. It could be possible to use the saate$variables in this study, however this wouttply

to restrict our sample considerably since, as dthtethe author, vVariables selected to represent the
structural conditions would be widely different fdhe high human development countties
(Noorbakhsh, 2006, pp. 8).

%" The regions included are the Western Europe, Nmtierica and Oceania (WENAO), East Asia, the
Arab States, Europe and Central Asia, Latin Ameaigd the Caribbean, South Asia and Sub-Saharan
Africa. A description of the countries included @éach region is provided in Appendix 5. To avoid
problems of perfect collinearity, we omit the WENAOmMmy which is considered as a base variable.
8 For a detailed explanation of the econometricrigpie, see Wand (2005) and Ruppert et al. (2003).
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whereyip denotesyY;p, expressed in natural logarithmg,is the error term identically

and independently distributed with mean 0 and méa,f , andf (yio) is an unknown

unidimensional smooth functio(y,) = E[)‘/]yo] represented by a linear combination
of polynomial functions, regression parameters eadial basis functiori& which

need to be chosen to be numerically stable. In shusly, the smooth function in

Equations (4.7) and (4.8) is expressed as a radsas$ function of degree three:
K 3
F(Yo) = B+ Bio + 2 U¥io ki (4.9)
k=1

wheref;, fori = 0, 1 are the so-called fixed effects. The unkneector of parameters

U=(U, y,...kk )" follows a Normal distribution with mean 0 and vaﬂaa&zl, being
K the number of bases, akgare fixed knot¥. Note that ifu, = 0 for allk, then the
semiparametric model used in this study turns ouie the linear specification ¢f

convergence, since the last term disappears.

The estimation is based on penalized spline smogthwhich minimizes the
following expression:

min ||y - H 6'||2 +A%9'D 4,

B.u
wheref = [f, U] is the parameter vecto is a matrix that contains the polynomial
basis functions and tHeradial basis functionsd®*4'D @ is called roughness penalty
since it penalizes fits that are too rough (Ruppesl., 2003). The first parameterQ
estimated by restricted maximum likelihood, detersi the amount of smoothing,
thus controlling the trade-off between roughness gmodness of fit. FinallyD is a

block identity penalty matrix whose first two elemt® are zero given that the fixed

effects {.e. intercept and linear term) are not penalized.

39 Other options would be B-splines, natural cubitings or truncated polynomials. All of these
alternatives would provide very similar results piRart et al., 2003).

““According to Ruppert (2002), overfitted or undeeiit estimates are likely to be obtained depending
on the number of knots specified. In this work, theots are calculated by default as
o = (k+VYK +2),0k =1... K, whereK = max p/4, 20].
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Alternatively, if we substitute Equation (4.9) #h.8), penalized spline regression can

be seen as a Linear Mixed Model (LMM) given by tbidowing expression,

y=XB+Zu+zg, (4.10)
where:
u 0 u G O
E = - Cov = ,
E 0 & 0 R
1 01 yy o
: Y1 _al_
01y, '
X= = =
0 0 1 ) y }fl ] ﬂ % ]
: ,Bo
: B
0 - 11 vy, LYn]

_(yO,l -q)°® . (Yo~ QK)?’_

Z= (YO,i_Ch)?’ (yO,i_qk)3; u=| : |,

| (Yon =@)° -+ (Yon —G)?]

G = 02X andR=0d,, are positive definite covariance matrices.

As demonstrated by Ruppert et al. (2003), the etédch best linear unbiased
predictions (EBLUP) of andu are:

EBLURB) = 8= (X'VIX)X'V1y,

EBLUP(U) = (i =GZ V(y-X3),

136



Chapter 4

whereV = ZGZ+R = |,+AZXZ'(Crainiceanu and Ruppert, 2004). The smoothing

parameter is expressed as=d?/d?, thus the ratio of the variance components

determines the amount of shrinkage in this case.

Matrices V and G are estimated using REML estimates of their patarse
Following this representation of the penalized esgion (Equation (4.10)) with

parameter#, 1 andg?, the log-likelihood is expressed as follows:

(Y=XBVHy-%B) ]|

L(8,02,4) = ~| nlog(a?) + log{det(V)} + >

Thus, the restricted log-likelihood function is:
REL(8,02,4) = L(8,02,1) - (p+1)log(0?) - log{ det(X 'V X)} .
The maximization of this function ovér 1, 02 provides the REML estimators.

We also compute a test to analyze the adequadyeoseémiparametric models with
respect to the linear specifications in Equatiorb)4and (4.6) (Crainiceanu and

Ruppert, 2004). Assuming that is identically and independently distributed with

mean 0 and varianéi;off.,“l testing the null hypothesig= u,= ...=u is equivalent
to:

H,:0?% =0,

H,:02 >0.

Note that if the null hypothesis is not rejecteginwergence in human development is
correctly represented by the conventional lineadehoOtherwise, a more flexible

semiparametric approximation is required.

We use the restricted log-likelihood ratio test HRIL) expressed as follows:

RLRT, = sup REL(0,02,1)- sup REL(8,02,1),
Ho

H,OHg

1 Note that the standard choiceXfs the identity matrix (Craniceanu and Rupper)£20
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where REL is the restricted maximum likelihood fbe non-restricted model (PLM)

and the restricted specification (linear modelpessively.

The computation of RLR'F is relatively simple, however the derivation o$ it
distribution under the null has to be bootstrapgatte the observations of the
dependent variable are not independent under thernative. Therefore, the

asymptotic probabilistic theory does not hold.

4.5. Well-being inequality and sigma-convergence

In this section we study whether a process-obnvergence in the HDI and each of its
intermediate indices took place in the last threeades. This concept of convergence
assumes that dispersion from the cross-country nieatls to decrease over time
(Barro, 1991, Barro and Sala-i-Martin, 1992). le #mpirical literature, the variance
of the logarithm of the variable under consideratis the most commonly used
measure of dispersion. We also have considerece thdditional measures of
inequality: the Gini (Equation (4.1)), the Theilqiation (4.2)) and the Atkinson
(Equation (4.3)) indices, whose evolution over ld& three decades is presented in
Figure 4.2. To facilitate the comparison of resutiequality has been normalized to
be 100 in 1980.

Table 4.1.Rate ofs-convergence

1980-1990 1990-2000 2000-2011 1980-2011

HDI -0.0723 -0.0270 -0.1197 -0.2054
Education Index -0.1379 -0.1030 -0.1483 -0.3414
Health Index -0.0451 0.0325 -0.1227 -0.1351
Income Index -0.0040 0.0201 -0.0853 -0.0706

“2 For a detailed explanation of the procedure feting the null hypothesis of non-significance dé th
variance component in linear mixed models with eagance component see Crainiceanu and Ruppert
(2004). In that paper, the finite and asymptotistritiutions of the RLRT are derived to provide
consistent results.
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In line with previous studies, our results revde presence of a global convergence
process in living quality of life the study peri¢decancq et al., 2009; Martinez, 2012;
McGillivray and Markova, 2010). It is observed tlaquality in human development
decreases about 20 percent according to the Gilexiand about 40 percent for the
Theil and Atkinson indices. Convergence patterns also observed for each
component of the HDI but the intensity of this pFss varies across dimensions. The
dispersion of the educational indicator decreasastimuously during the entire
period, thus experiencing the greatest fall of uraditly, ranged from 35 to 60 percent
depending on the inequality measure analyzed. Ttisn education inequality is
mainly driven by outstanding evolution of Asian oties (Morrison and Murtin,
2012; World Bank, 2006).

In line with previous investigations, the fall oéddth inequality has been remarkably
lower, ranging from 15 to 30 percent over the thsee decades (McGillivray and
Markova, 2010). A process of divergence is obseivethis dimension during the
nineties as a consequence of the rapid extensioAlS in Sub-Saharan Africa
(Becker et al.,, 2005; Neumayer, 2003). Conversa@lymuch more egalitarian
distribution is observed for the second half of #tedy period, mainly due to the
enhancement of life expectancy in East and South Asd in the North of Africa
(Goesling and Firebaugh, 2004).

Table 4.2.Bipolarization of the HDI and its components

HDI Income Health Education

o0=1 a=16a=1 a=16a=1 a=16a=1 a=1.6

1980 0.1468 0.0961 0.1526 0.1006 0.1379 0.0910 0.1750 0.1154
1985 0.1482 0.0976 0.1529 0.1009 0.1338 0.0882 0.1724 0.1137
1990 0.1499 0.0988 0.1587 0.1047 0.1335 0.0877 0.1739 0.1147
1995 0.1527 0.1006 0.1625 0.1072 0.1394 0.0913 0.1755 0.1157
2000 0.1561 0.1027 0.1661 0.1096 0.1460 0.0955 0.1768 0.1166
2005 0.1547 0.1018 0.1657 0.1093 0.1439 0.0943 0.1725 0.1137
2011 0.1493 0.0982 0.1617 0.1067 0.1324 0.0869 0.1678 0.1106
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The study of economic disparities has generatednameasing number of papers,
which generally point out that cross-country indiguancreased over the second half
of the last century (se=g Milanovic, 2005; Pritchett, 1997; World Bank, 200The
failure of Africa in the eradication of poverty reased income disparities in spite of
the success of Asia which rapidly converged to bpesl countries in the last 30
years. However, in the last decade, this tenderasy rfeversed, and consequently
income inequality across countries has been redbgeabout 10 percent over study

period.

Note however that the patterns described previodslynot apply for the variance
because, as an absolute indicator, it does notita@econsideration the mean of the
distribution. It should be stated that, for varegshlthat show sharply positive or
negative trends over time, the coefficient of vimia would provide more realistic
information of the convergence or divergence prec@géenny, 2005). In fact, a
number of papers consider relative measures of-lveatlg inequality to study-
convergence (Marchante et al., 2006; Ferrara astichj 2013; Konya and Guisan,
2008; Noorbakhsh, 2006), which is also convenierthis case since the mean of the
HDI has increased considerably over the last degddam 0.433 in 1980 to 0.621 in
2012 (UNDP, 2013).

We have calculated percentage of change of coefticdf variation which is called
the rate ofs-convergence (O’Leary, 200%) Therefore, negative values indicate
convergence in the sense of sigma, whereas pogrévels point out divergence
patterns. Table 4.1 shows the growth rate of thefficient of variation for the
countries included in the sample, calculated farthedimension of the HDI and the

index itself over the whole period and within eaetade.

As for other inequality measures, once the meataken into account, countries
converge in the sense of sigma, which implies thatdispersion tends to decrease
over the time. However, different patterns are olest across dimensions. Whereas a

continuous decrease is observed for the dispedditime education indicator, income

*3 This is a common measure in the study-ebnvergence used in several studies. For thefapease
of well-being convergence it has been used in Mamtthet al. (2006) and Ferrara and Nistic6 (2013).
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inequality and health disparities are characterizgédome fluctuations. Focusing on
the evolution of inequality in the composite indéxs concluded that, as in the case
of education, a smooth linear process of conveme¢ook place over the last three
decades. These dynamics point out that the uneskaviors of different aspects of
development are hidden when studying convergence composite indices.
Notwithstanding this fact, it is also importantreamark that some common trends are
observed. In fact, convergence in the considerditators of quality of life has taken

place mainly during the last decade in all cases.

As we concluded from Figure 4.1, even when a mqreledistribution of well-being
is observed at the end of the study period, twd-defined clusters of countries are
distinguished. This pattern is related to the deedaconvergence clubs which cannot
be measured using the traditional approach of ialdgu Therefore, we apply the
methodology proposed by Esteban and Ray (1994)tudysthe evolution of
bipolarization in well-being over the last 30 ye@Frable 4.2). This measure includes a
sensitivity parameter (see Equation (4.4)) that has been set to 1 &hoh Ihis study,

following Ezcurra and Pascual (2005).

Our results suggest that polarization has beerceztiaround 4 percent for the case of
non-income variables. In contrast, the economic mmment has increased its
polarization by slightly over than 6 percent. Thesdterns confirm again that the
distributions of social dimensions differ substalyi from those of economic
indicators. It should be worth noting that the poeg results reveal that inequality and
polarization assess completely different phenomdsa. instance, inequality in
education was substantially reduced over the lasttdecades while the change in
polarization levels has been hardly appreciablerevmtable is the case of the income
component whose inequality was slightly reducedrave study period but an
increase in polarization is observed. As a consarpje consistently with the
conclusions obtained from kernel density estimatespolarization in the distribution
of the HDI has increased by 2 percent over the3@stears even when the traditional

approach of inequality suggests a more equal bligtan of well-being.
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4.6. Beta-convergence in well-being

Table 4.3 presents the estimation results of absobonvergence according to
Equation (4.7) using as a dependent variable tlosvtyr rate of the HDI and its
intermediate indices. For comparative purposes,alge present the conventional
linear estimation of-convergence (Equation (4.5)). It is observed #hlatlimensions
show statistically significant negative coefficieranyjy, thus suggesting a negative
relationship between the growth rate of the considlendicators and their value in
1980.

It should be, however, noted that the speed of @gence differs across dimensions.
The highest speed is observed for the educatioerion, followed by health and
finally, income has seen the lowest reduction ia gap between developed and
developing countries. Consequently, even where latlvances have been achieved in
income levels, significant improvements in non-imedimensions and human well-
being have been accomplished. This result higldightain the relevance of
considering non-income dimensions in the studyhefdonvergence hypothesis, since
their distributional patterns differ substantiaftpm income. On the other hand, it
should be also noted that, in line with previousdss, the magnitude of the
coefficient is relatively low in all cases, thuslicating a weak absolute convergence
process in living standards over the last 30 ye@fiszumdar, 2002; 2003;
Noorbakhsh, 2006; Konya and Guisan, 2008).

According to the results of the RLRT test, the riylpothesis of linearity is rejected
for the income and education indices (see thertastin Table 4.3) given that the
bootstrappeg-values are practically equal to zero. As a resud, might conclude
that the convergence process has been nonline#othrindicators. This conclusion
would imply that, using parametric models, the agence speed is overestimated or
underestimated for some levels of income and educafThese dynamics are
observed from Figure 4.3 which shows the estimdtatttion f(yp) with the
corresponding 95 confidence interval for testingadinte convergence. The parametric

counterpartyp) is also plotted for comparative purposes.
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Table 4.3.Parametric and semiparametric estimations. Absaohvergence

Variable HDI Education Index Health Index Incomdér
Parametric specification

a -0.0196" -0.0407 -0.0147" -0.0126”
Yio (0.0017) (0.0037) (0.0023) (0. 0038)
0.019%1" 0.0334" 0.0154" 0.0119"
Constant
(0.0011) (0.0020) (0.0018) (0.0025)
Adjusted R 0.5325 0.6860 0.2732 0.1313

Semiparametric specification

f(Yio) Figure 4.3a Figure 4.3b Figure 4.3c Figure 4.3d
Smoothing parameter 564 2.084 2.497 1.014
RLRT test 0.0000 (1.0000) 19.7747 (0.0000) 0.2115 (0.19269.0775 (0.0000)

The dependent variables are the average growtlofasriables in columns.

*** gignificance at 1 percent level, ** significapaat 5 percent level, * significance at 10 percent
level. Standard errors in parenthesis.

(a) Bootstrapped standard errors (based on 999agions).

(b) Bootstrappeg-value in parenthesis (based on 10000 simulations).

Education shows a decreasing and convex patterohwduggests that the speed of
convergence is underestimated for less educateqtroesi given that the parametric
estimate lies below the confidence bands of the Phdlel. The income dimension
presents a high convergence speed for low and mmedaveloped countries, whereas
a stagnation phase is observed for highly develagmhomies, which turns into a
convergence process for the most advanced nafldresefore, an important part of
the estimated linear trend lies outside the nompeatac confidence interval, thus
indicating that the conventional specification ®sttf-convergence would mask
nonlinearities which are actually captured by temgparametric model. On the other
hand, semiparametric estimates reveal that thedspeeonvergence of the health
index and the HDI follow linear trends which areatstically equal to the
conventional convergence models since the paramesiimations lie inside the

confidence bands of the PLM estimates in both cases
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Table 4.4.Parametric and semiparametric estimations. Camdgiticonvergence

Variable HDI Education index Health index Incomder
oLS PLM oLS PLM oLs PLM oLs PLM
-0.03027 _. -0.0511" _. -0.03237 _. -0.02200 _.
f(yio) (0.0024) Figure 4.4a (0.0064) Figure 4.4b (0.0035) Figure 4.4c (0.0045) Figure 4.4d

0.0287" 0.0036  0.0434" 0.0057 0.0311" 0.0006  -0.0205" 0.0039
(0.0018)  (0.0027) (0.0043)  (0.0037) (0.0029)  (0.0006) (0.0033)  (0.0033)
-0.0023"  -0.0016 -0.0037 -0.0010  -0.0018 -0.0009 -0.0034"  -0.0025
(0.0007)  (0.0010) (0.0020)  (0.0015) (0.0007)  (0.0009) (0.0009)  (0.0016)
-0.0023 -0.0013 -0.0080" -0.0034 -0.0027"° -0.0017 -0.0008 0.0013
(0.0009)  (0.0011) (0.0019)  (0.0014) (0.0008)  (0.0009) (0.0020)  (0.0018)
-0.0025 -0.0020° -0.0033" -0.0013 -0.0031" -0.0025" -0.0015 -0.0002
(0.0009)  (0.0009) (0.0011)  (0.0012) (0.0006)  (0.0009) (0.0011)  (0.0016)
-0.0037"  -0.0028° -0.0073" -0.0030' -0.0021" -0.0011 -0.0047"  -0.0033
(0.0006)  (0.0009) (0.0016)  (0.0012) (0.0006)  (0.0008) (0.0010)  (0.0015)
-0.0022 -0.0015 -0.0054 -0.0010  -0.0031 -0.0024  -0.0029 -0.0009
(0.0013)  (0.0014) (0.0037)  (0.0019) (0.0016)  (0.0013) (0.0025)  (0.0023)
-0.0079"  -0.0073" -0.0089"  -0.0043" -0.0105  -0.0099" -0.0093"  -0.008G"
(0.0011)  (0.0011) (0.0027)  (0.0015) (0.0017)  (0.0011) (0.0020)  (0.0017)

Intercept

Arab States

East Asia

Europe and Central Asia
Latin America

South Asia

Sub-Saharan Africa

Smoothing parameter 1.048 1.545 477.8 1.284
Adjusted R 0.7026 0. 7362 0.6133 0.3399
RLRT test 12.3821 (0.0001) 12.0611 (0.0001) 0.0000 (1.0000) 14.0182 (0.0001)

The dependent variables are the growth rate o&bkes in columns.

*** significance at 1 percent level, ** significarat 5 percent level, * significance at 10 perdevel. Standard errors in parenthesis.
(a) Bootstrapped standard errors (based on 999agions)

(b) Bootstrappeg-value in parenthesis (based on 10000 simulations)
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We have augmented Equations (4.5) and (4.7) wigional dummies which capture
the existence of specific characteristics in eaghion, thus allowing for the existence
of different steady states. Estimated results fnddtional convergence (Equations
(4.6) and (4.8)) are presented in Table 4.4. Tadapooblems of prefect collinearity,
we have omitted the dummy variable of the Westeunoge, North America and
Oceania (WENAO). From the parametric models, mhserved that the estimates of
the speed of convergence increase substantially wégional dummy variables are
included. This raise is particularly evident in ttese of health and education, whose
speed of convergence under the conditional framlewsalmost double the rate of

absolute convergence.

Dummy variables are significant when looking at @S results and their negative
sign indicates that the steady state level of Wweilrg in these regions is lower than
that of WENAO, which includes most of the advaneambnomies. Therefore, a
significant heterogeneity in regional steady stasesbserved, thus suggesting the

existence of a conditional convergence process.

To analyze how conditional convergence speed esalith the level of development,
nonparametric estimates for each dimension areepted in Figure 4.4. Conditional
convergence patterns tend to be similar to thelatesones but with higher slopes. As
concluded by the RLRT test, the convergence proocésthe HDI seems to be
nonlinear in this case, presenting lower convergespeed for medium developed
countries. In fact, according to the results of RIERT test, the health component is
the sole dimension that is adequately representgdthe conventional linear
specification. Notwithstanding this fact, it should noted that the parametric trend
lies outside the confidence bands of PLM estimali®ugh both lines have the same
slope. This result would imply that even when tbewergence speed is the same in
both cases, the estimated steady states differoddiéferent estimates of the structural

parameters.
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4.7. Conclusions

In this chapter, we re-examine the hypothesig-obnvergence in well-being across
different economies during the period 1980-2011e HDI is used as an indicator of
such a process, which considers education andhhasliessential as income in the
measurement of quality of life. Specifically, we alyze the concepts ob-
convergence, which assumes that dispersion inglistandards tends to decrease over
time; andpg-convergence, which implies a negative relationdtgpween the initial
level of a particular indicator and its growth ra@onversely to previous studies
which estimate parametric models based on a litregad, we opt for a flexible
semiparametric approach. This specification does neguire makinga priori
assumptions about the model specification thusmtetihe data state by themselves
how the convergence rate evolves as the level ofamuwell-being increases. For
comparative purposes, the parametric model is edimated. Regional dummies are
included to capture differences in the steady-statieich is associated with the

concept of conditiongt-convergence.

As a preliminary analysis, nonparametric kernelsitgrestimates have been used to
analyze graphically the evolution of well-beingtdlsution. Our results suggest that
HDI distribution has completely moved to the rigiver the last 30 years. A bimodal
distribution is observed at the end of the permtiich indicates the existence of
convergence clubs. To quantify the variation inbgloinequality, we have computed
four inequality measures for the HDI and its thceenponents. Our results point out
that the gap between developed and developing KGesnhas been substantially
reduced in a wide range of indicators of qualitylitd. The educational dimension
shows the greatest reduction, around 60 percdidwied by health whose inequality
levels fell about 30 percent, and finally, the immo dimension only reduced its
inequality by 10 percent over the study period. SEhgends have resulted in a much
more egalitarian distribution of human well-beitgih 30 years ago. Given that the
concentration of the population around differenistérs cannot be measured using the

traditional approach of inequality, we have applidte polarization measures
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developed by Esteban and Ray (1994). This angbsigs out that bipolarization of
well-being has increased slightly over the lase¢hdecades. However this result
cannot be extrapolated to each dimension consider¢iie HDI separately. In fact,
non-income dimensions reduced their polarizationabgut 4 percent, whereas the
economic component increased it by slightly oveefcent.

Regardings-convergence, our results at least suggest wealubsconvergence in
living standards over the last 30 years. This figdis robust to the introduction of
regional dummies which leads to higher rates ofveogence speed. PLM models
reveal that whereas the absolute convergence proceshuman well-being is
adequately represented by a linear trend, the tiondl convergence process shows
nonlinear patterns. Our results point out that,newden little advances have been
achieved in income levels, significant improvemeantsion-income dimensions and
human well-being have been accomplished. This asiah highlights the relevance
of considering non-income dimensions in the studgvergence hypothesis, since
their distributional patterns differ substantiaglgm economic variables.

This study reveals that some degree of equalizatiavell-being levels took place in
the last decades. However, the convergence prasestther slow and hence the
action of international organizations is essertia@chieve faster rates of convergence.
International cooperation in social policies aléayp a crucial role in increasing well-
being levels in developing countries, thus movimgtiee direction of MDG. Given
that less developed countries have a scarcity adfnt@ogical and capital resources
(UNDP, 2003; 2005; World Health Organization, 2008pre efforts from donor
countries and international aid agencies are ne@dedrbakhsh, 2006). In fact, the
fulfillment of a global partnership seems to be kg in achieving the eight targets of
MDG by 2015 (United Nations, 2012). The role of tegional governments is also
important especially in expanding schooling rafHseir efforts to improve primary
care are also determinant to enhance the qualityjifef (Kenny, 2005), thus
encouraging a catching-up process between devegogiountries and leader

economies.
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Resultados

La presente tesis doctoral aborda el estudio diesagualdad en el bienestar desde
cuatro perspectivas diferentes, correspondientesada uno de los capitulos que
conforman este trabajo. La primera parte se bas estudio clasico de desigualdad
de renta en la que se consideran variables puramneenhdémicas. En los ultimos afios
se ha sefalado por parte de numerosos académicoscésidad de considerar

variables no monetarias, que representan aspegtaknente relevantes del bienestar
y que serian recogidos de forma imperfecta porl@l (Ben, 1985; Streeten, 1994;

Stiglitz et al., 2009).

En este contexto, ha habido numerosos intentostidizar la compleja realidad que
caracteriza el bienestar en un unico indicadorebee las diferentes propuestas, la
gue ha recibido mayor atencion por parte de losieseth comunidad cientifica y el
ambito politico es el IDH. Bajo el marco normati¥e este indicador, factores como
la salud o la educacién se postulan como aspeotudaimentales para medir los
niveles de calidad de vida. Siguiendo este enfotpesegunda parte este estudio
evalla la desigualdad del bienestar bajo una petrgganultidimensional, utilizando

para ello el nuevo paradigma del desarrollo sobge® se asienta el IDH.

Numerosos estudios han analizado la desigualdadigdesos ya sea a nivel global o

desde una perspectiva regional o nacional. En coeseia, se han propuesto una
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gran variedad de modelos paramétricos para estinatistribucion de la renta
subyacente, a partir de la cual se calculan lagsespondientes medidas de
desigualdad. Recientemente, se ha presentado ueaa nquopuesta denominada
distribucion Gaussiana modificadgue permite ajustar de forma satisfactoria datos
de ingreso a nivel individual para una muestracgritemente extensa (Guo y Gao,
2012). Pese a las ventajas que presenta estabulishm respecto a la clasica
distribucion Gaussiana, sus propiedades estadistioahan sido estudiadas en la
literatura. En el Capitulo 1 se obtienen las prdgikes probabilisticas de esta familia
asi como diversas medidas de desigualdad. Se parsademas dos métodos de
estimacion alternativos que permiten obtener loarpatros de esta distribucion de

forma consistente.

La relacion que guarda esta distribucion con daaslias pone de manifiesto algunos
resultados interesantes. Se ha demostrado quettidbucion Gaussiana modificada
puede expresarse en términos de la distribuciéwtuddrado teniendo en cuenta que
los grados de libertad deben ser multiplicadosgbartimero de observaciones de la
muestra. Asimismo, se ha investigado la relacidmmeela distribucion Gaussiana
modificada y la stretched exponential, modelo aampénte utilizado en ciencias
sociales. Este andlisis revela que la distribu@amnissiana modificada presenta colas
mas pesadas que la stretched exponential y par, stin modelo més adecuado para
modelizar datos con esta caracteristica como easel de las distribuciones de renta.
Por ultimo, se demuestra que el modelo estudiadestncapitulo se puede expresar
como una distribucion tipo Weibull si incluimos pardmetro de localizacion y se

imponen ciertas restricciones sobre el parametesdala.

A modo de ilustracion se han ajustado datos refiesemla renta individual en Espafia
para los afios 1994, 1996 y 1999. A partir de digdstisnaciones es posible calcular
las diferentes medidas de desigualdad previamehtenidas. Los resultados
referentes a los indices de desigualdad ponen ddfi@sto que ha habido pocos
avances en relacién a las diferencias de rente espanoles durante el periodo de
estudio. Por otro lado, sefialar que la curva demoen 1999 domina por completo a
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la curva de 1994, lo que indica que la distribucd® renta en Espafia es mas

equitativa al final del periodo de estudio.

En ocasiones, la informacion de la variable remtaéeminos de microdatos no esta
disponible. Asimismo, esta informacion puede nohsenogénea, lo que hace dificil
las comparaciones entre paises. Alternativamerdderpos utilizar varios de los
estadisticos descriptivos de las encuestas prismguea en la mayoria de los casos son
libremente accesibles. En este contexto, obtersrildiciones de renta a partir de
informacion parcial resulta crucial a la hora deu@disr patrones de desigualdad y
pobreza. El Capitulo 2 esta dedicado a la estimagé las distribuciones de renta
para 127 paises durante la década de los novelzando informacién limitada, en
concreto, el ingreso medio y el valor del indiceGiri. En este estudio se propone
como modelo paramétrico las llamadhstribuciones de Lam§ue representan dos
versiones curvadas de las distribuciones de Singtidslla y de Dagum. La principal
caracteristica de esta familia es que incluye nusdehrsimoniosos, capaces de ajustar
satisfactoriamente distribuciones de renta con dékbparametros y cuyas curvas de
Lorenz vienen caracterizadas por un unico paramgétrpartir de las estimaciones
nacionales y haciendo uso de los pesos poblac®mecada pais se obtienen las
distribuciones de renta en siete regiones asi amiwel mundial, calculandose para

cada una de ellas diferentes medidas de desiguypldaldreza.

Los resultados obtenidos muestran una disminucgtosl ratios de pobreza a nivel
global independientemente de la linea de pobremsiderada. No obstante, esta
tendencia puede ocultar dinamicas regionales dasguDe hecho, mientras que las
regiones asiaticas han experimentado avances dbscadurante la década de los
noventa, con reducciones de los ratios de pobrdranea superiores al 60 por ciento,
Africa Subsahariana no ha conseguido erradicarolaegza de forma significativa,
mostrando ratios cercanos al 36 por ciento a fglde todo el periodo. Por otro lado,
la transicion a la economia de mercado ha afectadtancialmente a la situacion
econdémica de los paises del este de Europa, qustraudes mayores incrementos
relativos en los ratios de pobreza, los cualesasednplicado en tan solo 10 afos.
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Respecto a la evolucién de las diferencias enileas de renta a nivel mundial, se
observa una caida significativa de las mismaslargp del periodo de estudio. Los
resultados obtenidos sugieren que esta tendeerai@ $u origen en la reduccion de la
desigualdad entre paises, gracias al crecimiemodaaico alcanzado por algunas de
las naciones mas pobladas, como China o Indiahgueido capaces de compensar la
caida de los ingresos en numerosos paises africdop®tro lado, las desigualdades
internas de los paises se han incrementado de footahle, si bien no lo suficiente
como para compensar la reduccion de las diferereciie paises. A nivel regional se
observan, en términos generales, tendencias opugdts globales, siendo Asia del
este y el Pacifico el Unico territorio que ha dismnilo sus niveles de desigualdad.

El capitulo anterior estudia la evolucién de laigiegsldad de renta a nivel mundial.
Sin embargo, en la evaluacion del bienestar debetemplarse otros aspectos como
son la educacion o la salud, cuyas distribuciolmesiguen necesariamente Ios mismos
patrones que el ingreso (Bourguignon y MorrisolQ20 En el Capitulo 3 se ha
investigado la evolucion de la distribucion de togeles nacionales de bienestar a
nivel global durante los ultimos treinta afios. Palta se ha desarrollado una nueva
herramienta metodoldgica basada en la extensiénahelepto de curva de Lorenz al
espacio multidimensional. Para modelizar la distiibn subyacente se considera la
distribucion de Sarmanov-Lee dado que presenta&stnactura de correlacion flexible
con marginales dadas. Se ha obtenido ademas lesexpidel indice de Gini asociado
a dicha curva que se descompone en términos deiidael interna de las variables, o
que se asocia al conceptodistributive sensitive inequali<olm, 1977), y el grado
de asociacion entre las dimensiones, lo que seesgonde con la denominada

association sensitive inequalifétkinson y Bourguignon, 1982).

La metodologia anterior se emplea para modelizarclavas de Lorenz bivariadas
para los componentes del IDH. Por tanto, se estlaliadesigualdad de las
distribuciones conjuntas de ingreso y salud, edanac salud y educacién e ingreso.
Las estimaciones sugieren que todas la variabbésidias en el IDH han reducido sus
niveles de desigualdad durante las Ultimas tresad#c Como consecuencia, la

desigualdad bidimensional también muestra tendgragarecientes que parecen ser
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mas acentuadas cuando se consideran conjuntanaeiables de educacion y salud.
De hecho, estas dos dimensiones son las que muestaamayor reduccion de las
disparidades de forma independiente, debido aVasces alcanzados por los paises
asiaticos. La distribucion bidimensional que présenna menor caida de las
disparidades es la de salud e ingreso. Las estimexidel indice de Gini para esta
distribucion muestran diferentes tendencias emitagra y segunda mitad del periodo
de estudio. Mientras que las disparidades presemtariendencia positiva de 1985 a
1995, la segunda parte del periodo se caractepraupa caida significativa de la

desigualdad.

Sefalar que el indice de Gini bivariado proporciof@macion sobre la evolucion de
las distribuciones en términos agregados. La esiimale las curvas de Lorenz para
las tres distribuciones bidimensionales indica ale resultado anterior debe
extrapolarse con cautela a todas las partes dstfdbdcion. De hecho, se observa que
los paises con menores niveles de renta, los quertiestandares educativos mas
bajos y reducidos niveles de salud, presentan itumacen mas desigual al final del
periodo de estudio. Esta tendencia pone de mawifiesimportancia de utilizar
medidas de desigualdad que reflejen la evoluciéta aistribucion en su conjunto y

permitan establecer conclusiones para las difesgrages de la misma.

La reduccién de la desigualdad en los niveles natés de bienestar, se asocia en la
literatura con la llamada convergencia Este resultado implica la existencia de
convergencigs, dado que se trata de una condicion necesaria dmterior. Sin
embargo, esta dependencia no implica que el raiecahvergencia tenga que ser
necesariamente lineal. El cuarto capitulo invedtdapotesis de convergengian el
bienestar utilizando un modelo semiparamétrico quermite introducir no

linealidades en el proceso de convergencia.

A partir de las estimaciones obtenidas es posibfeclair que la brecha entre los
paises desarrollados y en desarrollo se ha esttegtera cada uno de los indices
intermedios del IDH individualmente, asi como pardndice compuesto. Destacar

gue el proceso de convergencia ha sido especiantem a lo largo de las ultimas
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tres décadas. Los bajos ratios de convergencidgpodstar ocultando no linealidades
gue se compensasen a nivel agregado. Esta cusstig@imorda mediante la utilizacion
de contrastes de especificacion que revelan queoeleso de convergencia en el
bienestar ha sido lineal bajo el modelo incondigioRor otro lado, bajo la hipotesis
de convergencia condicional, que introduce en etletw factores regionales que
afectarian al estado estacionario de los paistss,pesceso presenta no linealidades

que serian ignoradas por las especificacionesdisne#isicas.

Asimismo, las estimaciones realizadas revelan gsi€limensiones no monetarias han
evolucionado de forma positiva, mientras que lasalles de renta apenas han
convergido. Este resultado sefiala la importancia cdasiderar variables no

economicas en el estudio de la convergencia eniVetes de bienestar, dado que las

diferentes dimensiones presentan patrones distrdsudlistintos.

Futuras lineas de investigacion

A partir de los diferentes enfoques y metodologtdzadas, los cuatro capitulos de la
presente tesis doctoral ofrecen una vision globdhavolucion de las disparidades en
el bienestar durante las ultimas décadas. Si béehasdado respuesta a algunas
preguntas importantes en el campo de la evaluatgda desigualdad, a lo largo del

trabajo surgen ciertas cuestiones que pueden aberda futuras investigaciones.

Respecto a la distribucion estudiada en el Capitués posible desarrollar un modelo
mas general que incluya como caso particular killigion Gaussiana modificada, y
que permita trabajar con tamafios muestrales masepes. Esta nueva propuesta

viene definida por la siguiente funcion de densidad

_ a _ B
K (xom) eXp{_A(x 3 } ‘>
g g 2 g

yf X u, o,a B) =0 six<yu, siendop, a, c >0y p0O0. El modelo anterior incluye

f(xu,0,a,B)

como casos particulares las distribuciones gammanta generalizada, Weibull y
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Gaussiana modificada. A partir del modelo planteaslgosible contrastar diversos

submodelos mediante el test de razon de verosichdli

En el Capitulo 2, se ha demostrado que el modelpleatio ofrece resultados
satisfactorios en términos de bondad de ajuste. eBibargo, el estudio de la
distribucion de la renta mundial esta limitado alézada de los noventa debido a la
escasa disponibilidad de datos en afos posteridi@sismo, se ha estudiado la
dindmica distributiva del ingreso en tres momen®msiempo, 1990, 1995 y 2000, por
lo que, el andlisis a partir de datos quinquenatesnostraria las tendencias a corto
plazo. La ampliacion de la base de datésrld Income Inequality Databag&NU-
WIDER, 2008) contribuira a extender este andlisisadte un periodo temporal mas
largo, que incluya la primera década del siglo XXdemas, se plantea la posibilidad
de estimar la distribucion de la renta anualmdotgue permitird investigar de forma

mas detallada las dinamicas distributivas del WEmalurante los afos noventa.

En los dos ultimos capitulos de este trabajo sdizana&l bienestar desde una
perspectiva multidimensional, utilizando el mararmativo propuesto por el IDH.
Destacar que este indicador ha sido ampliamenteactdo desde sus inicios en lo
relativo a su construccion (Grimm et al., 2008;1&gl1991), a las variables utilizadas
(Srinivasan, 1994), a las dimensiones considergdliage, 2002), a la redundancia
con sus componentes (Cahill, 2005; McGillivray, 19McGillivray y White, 1993;
Ravallion, 1997) y a la arbitrariedad de los peasginados a cada una de las
dimensiones (McGillivray y White, 1993; Noorbakh4998). Si bien el IDH es uno
de los indicadores mas populares para realizar amujpnes en los niveles de calidad
de vida a nivel nacional, la consideracién de ofrakces podria revelar resultados
complementarios sobre la evolucion de la desigdadaalos niveles de bienestar. En
concreto, se propone emplear el denomirfalancomedesarrollado por Becker et al.
(2005), que contempla cuestiones monetarias yldd,gaara estudiar la evolucién de
la desigualdad en el bienestar utilizando las h@matas desarrolladas en este estudio.
Asimismo, se propone extender la curva de Loreniimgnsional a mas de dos
dimensiones, modelizada a partir de la distribuagi@nSarmanov-Lee. A partir de
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dicha curva es posible obtener un indice de Gitiimensional descomponible en la

desigualdad interna de las dimensiones y el gradgsdciacion entre ellas.

En el primer y segundo capitulo se ha estudiadaesigualdad de renta entre
personas. Las estimaciones realizadas considesitu#rion econdémica de cada uno
de los individuos del analisis y por tanto los heslos que se obtienen a partir de
dicho estudio presentan la evolucion completa deldsigualdad de ingreso. Sin
embargo, la disponibilidad de datos individualesvdeiables como la salud o la
educacion es relativamente escasa, especialmerdeppises en desarrollo durante
largos periodos temporales. Dadas las limitacigmesentes en los datos, en los dos
ultimos capitulos los sujetos del analisis sorplaises en lugar de los individuos. Por
tanto, cuando las variables no monetarias entrgnego, la desigualdad se mide en
términos nacionales, de modo que los indicadordenalns informan sobre las
diferencias entre los niveles de bienestar medtd®s paises incluidos en el analisis.
A partir de la informacién disponible en la encaddmographic and Health Survey
(DHS), sera posible estudiar la evolucion de lagieddad del bienestar a nivel global
contemplando tanto las disparidades internas da cad de los paises como las
diferencias entre ellos, ofreciendo asi un analg#tallado y exhaustivo de la

evolucién de la distribucién de los niveles dedzddi de vida.
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Main results

This doctoral thesis studies inequality in welldgeusing four different approaches,
corresponding to each of the chapters of this waithke first part focuses on the
classical study of income inequality, consideringyopurely economic variables.
However, over the last decades there has beenvangr@onsensus that other non-
income variables represent aspects as relevanealshwn the measurement of well-
being, which would be imperfectly represented by GBDP (Sen, 1985; Streeten,
1994; Stigitz et al., 2009).

In this context, there have been many attemptgrithesize different aspects of well-
being in a composite index which offers a more cahensive perspective of such a
process than per capita income alone. Among tHerdift proposals, the HDI is the
indicator that receives most attention from the megolicy-makers and academics.
Under the framework provided by this indicator,téas such as health and education
are postulated as essential aspects when evaluagnpvels of quality of life in a
particular country. Following this approach, them®l part of this study assesses
inequality in well-being using a multidimensionakrppective, under the new

paradigm of development.

Several studies have analyzed income inequalityn ftlmoth global and regional

perspectives. Consequently, a large number of petrasimodels have been proposed
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to estimate the underlying income distribution framiich to calculate different
inequality measures. Recently, a new proposal e¢atledified Gaussian distribution
has been presented. It has been demonstratechibahaodel fits data on individual
incomes for large samples satisfactorily (Guo anab,G2012). In spite of the
advantages of this model whith respect to the idaksGaussian distribution, its
statistical properties have not been studied iditbture. In Chapter 1, we obtain the
probabilistic properties of this family as well several inequality measures. We also
describe two alternative estimation methods, wipibvide feasible estimates of the

parameters of this distribution.

The relationship between this model and other famsifreveals some interesting
findings. Regarding its relationship with the chuare distribution, it has been
demonstrated that the modified Gaussian distributem be expressed in terms of this
model, multiplying the degrees of freedom by thembar of observations of the
sample. The connection of this distribution witle stretched exponential, which is a
widely used model in the field of social scienckas been also investigated. This
analysis reveals that the modified Gaussian didioh presents fatter tails than the
stretched exponential. This is, therefore, a malegaate model to fit data with this
characteristic as in the case of income distrimgtioFinally, this model can be
expressed in terms of the Weibull distribution ioaation parameter is included and

some restrictions are imposed on the scale paramete

To illustrate all the results derived from the poas analysis, we have fitted data on
individual incomes in Spain for the years 1994,8.88d 1999. Using these estimates,
it is possible to compute the inequality measuregelbped in this chapter. The
computed inequality measures point out that liittyances have been achieved in
terms of inequality in Spain during the study périblowever, the Lorenz curve in
1999 dominates the curve completely in 1994, wimaplies that income distribution

in Spain is more equal at the end of the studyogeri

On the other hand, it should be mentioned thatviddal data are generally hard to

find. Moreover, this information could be heterogeus in some occasions, which
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makes it difficult to perform cross-country comgans. Alternatively, we could use
the information provided by summary statistics loé tprimary surveys, which are
available in most cases. In this context, the egtion of income distribution from

such pieces of information is crucial when studyingquality and poverty patterns.
Chapter 2 focuses on the estimation of nationalnme distributions for 127 countries
during the nineties, using the mean income andvtdae of the Gini index. In

particular, we consider the so-calledmé family of distributionswhich are curved

versions of the Singh-Maddala and Dagum distrim#tiorhe main characteristic of
these distributions is that they represent parsiousnmodels which fit income data
with just two parameters and whose Lorenz curvescharacterized by only one
parameter. Using national estimates and populatiights for each country, regional
and global income distributions are computed ancers¢ inequality and poverty

measures are calculated.

Our results show a decrease in global poverty latespective of the line considered
given that income distribution in 2000 stochasticdbminates income distribution in

1990 up to the last poverty line considered in thapter. However, this global trend
could hide uneven regional dynamics. In fact, whie Asian regions have seen
notable advances during the course of the ninetigls,reductions in extreme poverty
of over 60 percent, Sub-Saharan Africa has failedhie eradication of poverty,

presenting poverty rates close to 36 percent dvemhole period. On the other hand,
the transition to a market economy has substanaédfécted the economic situation of
the Eastern European countries, showing the higirestth in poverty rates, which

doubled in just one decade.

Regarding the evolution of income disparities aibgl level, we observe a fall of
global inequality over the study period. Our reswtiggest that this trend is mainly
due to the reduction of disparities between coesfrderived from the outstanding
economic growth of some of the most populous caesin the world, such as China
and India, which have eclipsed the fall of incomemost African countries. On the
other hand, internal inequalities of the countres/e increased notably over the

nineties but not enough to offset the decreasehéndifferences across countries.
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Conversely, ascending patterns are observed atrr&gievel, except in the case of
East Asia and the Pacific, which is the sole teryitthat has reduced its inequality

levels.

Even when income has been the preferred indicatondasure disparities in well-
being, other equally relevant factors should bduimhed in the definition of this
phenomenon such as health or education, whosdabdistns do not necessarily
follow the same patterns of economic indicatorsufigaignon and Morrison, 2002).
In Chapter 3, we have investigated the evolutiothefnational levels of well-being
over the last 30 years. To achieve this goal, wee lteveloped a new tool based on
the extension of the Lorenz curve to the multidisienal space. The Sarmanov- Lee
distribution is considered to model the underlymgariate distribution since it has a
flexible correlation structure with given marginaldhe expression of the Gini index
associated with that curve has also been obtaifi@d.indicator can be decomposed
in terms of equality within variables, which is asted with the concept of
distribution sensitive inequalitgKolm, 1977), and the degree of association batwee
dimensions (which corresponds to the so-calsociation sensitive inequality

(Atkinson and Bourguignon, 1982)).

The described methodology has been used to modatidtie Lorenz curves for the
components of the HDI. Therefore, we study inedquédivels in the joint distributions
of income and education, health and education aedltth and income. Our
estimations suggest that all the variables incluoshedhe HDI have reduced their
inequality levels in the last three decades. Asrssequence, bidimensional inequality
also shows decreasing patterns, which seem toarspestwhen variables of health and
education are jointly considered. In fact, sepdyatbese two dimensions have seen
the greatest reduction in their internal dispasitienainly driven by the advances
achieved by Asian countries. The bidimensionalrithgtion of income and health
presents the lowest fall of disparities mainly daethe increase in inequality from
1985 to 1995. Despite the fact that this trend seenbe compensated in the second
half of the study period, it should be noted ti&t &scending pattern observed in this

period has slowed the fall of inequalities in na#iblevels of income and health.
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It should be recalled that the bivariate Gini inderly provides summarized
information about the evolution of well-being dibtrtion. The estimation of the
Lorenz curves for the three bidimensional distidmg reveals that the previous result
cannot be applied to all countries. In fact, ibiserved that countries with low levels
of income, poor educational standards and redueeeld of health present a more
unequal situation at the end of the study peridds Trend emphasizes the importance
of using inequality measures that reflect the evmfuof the whole distribution, thus

providing conclusions for its different parts.

The reduction of inequality in well-being is assded with the concept of

convergence in economics literature. This resulildramply the existence of the so-
called § convergence as a necessary condition. Howeverddpendence between
these two concepts does not imply that the convweryeatio is necessarily linear.
Chapter 4 investigates the hypothesispotonvergence in quality of life using a
semiparametric model that allows us to introducelinearities in the process of

convergence.

According to our estimates, it is possible to cadel that the gap between developed
and developing countries has narrowed for the Hd aach of its intermediate
indices. Nevertheless, a slow process of convemyean be observed over the last
three decades. It could be possible that the lawsraf convergence are hiding
nonlinearities in this process. To study this hiests, we use specification tests
which reveal that the process of convergence in-me2hg has been linear in the
unconditional framework. On the other hand, under hypothesis of conditional
convergence, this process presents nonlinearities would be ignored by the

classical lineal specifications.

It should also be remarked that our estimates tethad non-income aspects have
improved considerably, while the economic dimendias slightly converged. This
result highlights the relevance of considering eeonomic variables in the study of
convergence in well-being, since different dimensidollow distributional patterns

that vary significantly.
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Future research

Using different approaches and methodologies, dhe ¢hapters offer an overview of
the evolution of inequality in well-being duringethpast decades. Whereas many
important issues in the field of evaluation of @digpes have been addressed, different
questions arise during this work. We present hetg important ones which could

lead to future research.

Regarding the distribution studied in Chapter 1lisitpossible to develop a more
general model that includes as a particular casenttdified Gaussian distribution
allowing us to deal with smaller sample sizes. Timesv proposal is given by the

following density function:

a B
f()(;/'[,a',a,ﬁ):ﬁ(x;_—’u) exp{—l(u) }, X= U

g 2 g

andf (X, i, o, @, p) = 0 if x <y, beingp, a, 0 > 0and x0O0. The previous model
includes as special cases the distributions gangereralized gamma, Weibull and
modified Gaussian. Using the general distributibms possible to test different sub-

models using the likelihood ratio test.

In Chapter 2, it has been shown that the modelideresd provides satisfactory results
in terms of goodness of fit. However, the studywofld income distribution focuses
on the nineties due to the restricted availabditglata in subsequent years. Moreover,
the study of the distributional dynamics of incommdimited to three points of time,
1990, 1995 and 2000. It is possible that the amlgsrformed using 5-year data
would hide short-term dynamics. The future improeatmrand extension of th&'orld
Income Inequality Databag&/NU-WIDER, 2008) will contribute to the expansioh
this analysis over a longer period of time, alsduding the first decade of the XXI
century. Moreover, annual income distributions dobe estimated, allowing us to

investigate the distributional dynamics of wealtinidg the nineties in more detail.
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In response to the growing discontent with the ofseolely economic variables to
assess well-being levels, in the last two chaptkis work analyzes well-being from a
multidimensional perspective using the normatiamiework proposed by the HDI.
However, it should be noted that this indicator ha&en highly criticized on the
grounds of construction (Grimm et al., 2008; Kelldp91), selection of variables
(Srinivasan, 1994), arbitrary weighting scheme (Mlo@Gay and White, 1993;
Noorbakhsh, 1998), and redundancy with its compng@dahill, 2005; McGillivray,
1991; Ravallion, 1997). Even when the HDI is ondéhaf most popular indicators for
making comparisons of levels of quality of lifegthonsideration of other composite
indices could reveal complementary results aboaitetfolution of inequality in well-
being. In particular, we propose to use the sceddillll incomedeveloped by Becker
et al. (2005), which includes income aspects andlttnhevariables, to study the
evolution of inequality in well-being using the tealeveloped in this study. On the
other hand, we propose to extend the bidimensidtaknz curve to higher
dimensions using the Sarmanov-Lee distribution.Wdeld also obtain its associated
n-dimensional Gini index, which could be decomposedthe inequality within-

variables and the degree of association among d@iioes

In addition, note that Chapters 1 and 2 investigagguality between individuals,
which implies that we are considering the particldaonomic background of each
person included in the analysis. As a consequeheeagsults derived from that study
would offer complete conclusions about the evolutid income inequality. However,
the availability of individual data on non-incomariables such as health and
education is relatively limited, especially in deymng countries over long periods of
time. Due to the restrictions of the data, the ecilsj of the analysis in the last two
chapters are countries instead of individuals. &toee, when non-income dimensions
are included in the analysis, inequality measumésm about the differences in well-
being levels across the countries considered in stinely. Using data from the
Demographic and Health Surv€pHS), it could be possible to examine the global

evolution of inequality in well-being, considerigth the internal disparities of each
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country and the differences between them, thusioffea detailed and comprehensive

analysis of well-being distribution.
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Appendix

Appendix 1.

Regions and countries included in Chapter 2

Western Europe, North America, and Oceania: Australia, Austria, Belgium, Canada,
Czech Republic, Denmark, Finland, France, Germ&rgece, Iceland, Ireland, Italy,
Japan, Korea (republic of), Luxembourg, Netherladsw Zealand, Norway, Portugal,
Spain, Sweden, Switzerland, United Kingdom, Uni¢ates.

Middle East and North Africa: Algeria, Iran, Egypt, Israel, Jordan, Morocco, Riaj
Yemen.

East Asia and the Pacific China, Hong Kong, Indonesia, Lao People’s Demacrat
Republic, Malaysia, Philippines, Singapore, TaiwHmailand, Viet Nam.

Eastern Europe and Central Asia Armenia, Azerbaijan, Belarus, Bosnia and
Herzegovina, Bulgaria, Croatia, Cyprus, Estonia,o@&, Hungary, Kazakhstan,
Kyrgyzstan, Latvia, Lithuania, Macedonia, MoldovRepublic of), Poland, Romania,
Russian Federation, Serbia, Slovak Republic, Slayérajikistan, Turkey, Turkmenistan,
Ukraine, Uzbekistan.

Latin America and the Caribbean: Argentina, Bahamas, Barbados, Bolivia (Plurinationa
State of), Brazil, Chile, Colombia, Costa Rica, @ubominican Republic, Ecuador, El
Salvador, Guatemala, Guyana, Haiti, Honduras, Janavlexico, Nicaragua, Panama,
Paraguay, Peru, Puerto Rico, Trinidad and Tobagaguiay, Venezuela

South Asia: Bangladesh, India, Nepal, Pakistan, Sri Lanka.

Sub-Saharan Africa: Botswana, Burundi, Cameroon, Cape Verde, Centrfnican
Republic, Cote d’lvoire, Ethiopia, Gabon, Gambid&aBa, Guinea, Guinea-Bissau, Kenya,
Lesotho, Madagascar, Malawi, Mali, Mauritania, Maus, Mozambique, Namibia, Niger,
Nigeria, Rwanda, Senegal, Sierra Leone, South &fi@anzania, Uganda, Zambia.
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Appendix 2.

Observed income shares for selected countries inded in Chapter 2

Table A2.1.0bserved income shares in 1990
dl d2 d3 d4 d5 dé6 d7 ds d9 dio

Argentina 2334 40 51 63 7.7 9.1 114155 353
Brazil 08 16 23 31 42 55 74 10516.6 47.9
Burundi 34 45 55 6.6 7.6 87 10.1 12.0 15.0 26.6
Central African Republic 0.71.3 2.0 29 40 55 7.6 10917.3 47.7
Chile 1324 31 40 49 6.1 7.7 102153 45.1
Costa Rica 1.43.0 43 54 66 80 99 124164 32.7
Czech Republic 5.56.6 7.3 8.0 87 9.6 10.8 12.0 13.7 17.9
El Salvador 1530 42 52 65 80 9.7 12.016.4 33.6
Finland 4965 74 82 9.0 99 108 11.8 134 18.1
Gambia 0308 1.4 20 29 40 58 9.2 15758.0
Germany 3352 6.1 7.1 80 9.2 105 12.2 14.8 235
Guinea 0821 32 44 59 75 96 12316.9 37.2
Honduras 0818 2.6 3.6 47 6.2 82 11.317.1 43.9
Indonesia 2942 50 59 6.8 80 9.3 11.314.7 31.8
Jamaica 0922 32 43 58 73 94 123175 37.1
Netherlands 3.459 6.8 7.6 86 9.6 10.8 12.3 14.4 20.7
Niger 3045 54 63 73 84 97 115145 294
Norway 3555 6.7 7.8 89 100 11.1 124 14.2 19.8
Pakistan 3547 54 6.2 69 78 9.0 10.7139 32.1
Paraguay 2237 47 58 6.8 81 99 12.716.6 295
Poland 3851 6.2 7.2 82 9.3 105 12.1 14.7 22.8
Portugal 3446 59 7.0 8.0 9.2 104 12.3 15.0 24.2
Romania 456.1 71 79 87 95 10.6 12.0 14.0 19.6
Senegal 0614 22 3.0 39 51 65 91 144538
Spain 3148 59 70 81 93 10.6 124 15.1 23.7
Tunisia 2336 47 58 7.0 83 10.0 12.2 15.6 30.7
United Kingdom 2945 55 6.6 7.7 9.0 105 12.3 15.0 26.0
Venezuela 1.63.1 42 53 6.6 80 9.7 122164 32.9
Yemen, Republic of 2437 48 6.0 7.1 83 9.8 11.815.2 30.9

Source: UNU-WIDER World Income Inequality Databasesion 2.0c
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Table A2.2.0bserved income shares in 1995

dl d2 d3 d4 d5 d6 d7 d8 d9 dio
Algeria 2941526375 88 10.312.3 15.7 26.9
Argentina 1727 39 496.1 74 9.0 11.3154 37.3
Belarus 4359 69 7.7 85 9.4 10.511.9 14.0 20.9
Belgium 3.05.0 6.0 7.0 8.0 9.0 11.012.0 14.0 23.0
Brazil 0917 253444 57 75 10.416.3 47.3
Bulgaria 345364 7484 94 10.612.1 144 225
China 3449 58 6.7 7.6 86 9.8 115144 274
Colombia 1.022 3.0 39 49 6.0 7.7 10.014.4 47.0
Costa Rica 1327 38 49 6.1 75 94 12.116.5 35.7
Cote d’lvoire 3.141 51 6172 84 99 12.015.5 28.8
Czech Republic 49.2 7.2 7.8 8.7 9.7 10.812.0 13.8 18.7
Dominican Republic1.5 2.5 3.4 43 54 6.7 85 11.116.2 40.7
Ecuador 1.62.9 3.7 46 56 6.7 8.3 10.815.7 40.3
El Salvador 1.024 35 46 58 7.2 9.0 11.616.4 38.7
Estonia 2141 54 6.7 7.8 9.0 10.512.5 16.0 25.9
Ethiopia 3.04.2 5058 6.7 7.7 9.0 10.813.9 33.8
Finland 486.4 7.3 8.0 8.8 9.6 10.511.7 134 19.6
France 3.05.0 6.0 7.0 8.0 9.0 11.012.0 15.0 23.0
Germany 3.05.0 7.0 8.0 8.0 10.0 11.0 12.0 14.0 22.0
Greece 2.04.0 5.0 7.0 8.0 9.0 11.013.0 16.0 25.0
Honduras 1.02.0 2.8 3.8 49 6.3 8.0 10.816.2 44.2
Hungary 4158 6.9 79 88 9.7 10.7 11.9 13.8 20.5
Ireland 3.05.0 5.0 6.0 7.0 9.0 10.012.0 15.0 26.0
Israel 0818 3.0 4357 7.3 93 12217.2 38.2
Jamaica 0.61.7 25 34 43 56 7.2 9.7 13.651.4
Republic of Korea 1.84.2 5.9 7.3 8.6 9.7 10.912.6 15.0 23.9
Latvia 3350637485 95 10.712.2 14.7 22.4
Lesotho 0.20.8 1.4 2.2 3.3 47 6.6 10.217.4 53.3
Luxembourg 4.05.0 6.0 7.0 8.0 9.0 10.012.0 15.0 23.0
Macedonia, FYR 1.73.2 46 6.5 8,5 10.0 11.9 13.9 15.8 24.0
Malaysia 1626 35 4556 69 8.7 11416.2 39.1
Mauritania 2537 4859 7.1 84 99 12.015.6 30.0
Morocco 22384859 7.0 83 99 12116.0 30.1
Netherlands 3.65.8 6.8 7.7 8.7 9.7 10.912.3 14.3 20.3
Niger 0817 29 4460 79 10.213.2 17.8 35.3
Norway 3959 6.8 76 84 93 104119 14.1 21.6
Panama 0.61.8 2.8 3.9 52 6.6 8.6 11.616.9 41.9
Paraguay 0.81.8 3.0 34 5.1 6.0 8.2 11.215.7 44.8
Poland 3.04.8 59 6.9 79 9.0 10.311.9 14.6 25.8
Portugal 2.04.0 5.0 6.0 8.0 9.0 10.012.0 16.0 28.0
Romania 3.148 6.0 7.1 8.1 9.2 10.512.1 145 24.7
Russian Federation 1.B.1 45 5.7 6.9 8.3 10.012.3 16.2 31.9
Slovenia 436.0 7.1 7.8 8.7 9.7 10.812.0 13.8 19.9
Spain 2.05.0 6.0 7.0 8.0 9.0 11.013.0 16.0 25.0
Sweden 3.65.7 6.8 7.7 8.7 9.7 11.012.4 14.4 20.1
Taiwan 3952 6.1 7.0 8.0 9.0 10.312.0 14.7 23.7
Ukraine 2236 48 57 6.8 80 95 11.8152 32.3
United Kingdom 3.14.8 5.7 6.6 7.7 8.9 10.312.1 14.9 26.0
Uruguay 1.83.2 44 55 6.8 82 99 124165 31.3
Venezuela 1529 395062 76 94 119163 354

Source: UNU-WIDER World Income Inequality Databasesion 2.0c
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Table A2.3.0bserved income shares in 2000

dl d2 d3 d4 d5 d6 d7 d8 d9 di10
Argentina 1223 33 44 56 72 91 122174 374
Austria 3352 6.2 7.2 82 9.3 10.6 12.3 14.8 23.0
Belarus 4460 70 78 86 95 105 11.7 13.8 20.9
Belgium 40 50 6.0 7.0 80 9.0 10.0 11.0 14.0 25.0
Bolivia 1.1 22 32 42 54 6.7 8.6 11.416.7 40.6
Bulgaria 2949 6.1 7.2 82 9.2 105 12.1 147 24.2
Canada 2746 58 69 8.0 9.1 10.6 124 151 2438
Chile 1324 31 39 49 60 7.6 10.115.2 453
Colombia 1224 32 40 49 6.2 7.7 10.2149 455
Costa Rica 1.429 40 51 6.2 7.7 9.6 121165 34.4
Czech Republic 4659 6.8 7.6 86 9.4 10.8 12.1 14.2 20.1
Denmark 1943 54 64 76 9.0 11.2 136 16.1 24.6
Dominican Republic 1224 33 43 53 6.8 86 11.216.0 40.8
Ecuador 1.020 29 39 49 6.3 8.0 10.6 155 449
El Salvador 0.721 33 45 57 71 9.0 11.817.0 38.8
Estonia 2443 55 65 74 85 99 120152 285
Finland 406.0 70 80 9.0 10.0 11.0 12.0 14.0 20.0
France 4050 6.0 7.0 80 9.0 11.0 12.0 15.0 22.0
Germany 3.35.2 6.2 7.2 82 9.3 10.6 12.3 14.9 229
Greece 3.04.0 6.0 7.0 80 9.0 11.0 13.0 16.0 24.0
Guatemala 1.123 32 41 51 6.4 79 104152 442
Hungary 4058 6.9 7.8 87 95 105 11.8 13.8 21.3
Ireland 3.05.0 6.0 7.0 8.0 10.0 11.0 12.0 15.0 23.0
Kyrgyz Republic 2739 49 59 7.1 85 10.0 124 164 28.3
Latvia 1.7 47 6.1 71 79 87 9.7 114145 28.2
Lithuania 2044 57 6.8 79 9.1 104 12.3 15.2 26.3
Luxembourg 406.0 7.0 7.0 80 9.0 11.0 12.0 14.0 22.0
Macedonia, FYR 1.729 47 6.5 85 10.8 125 14.1 15.4 23.0
Mexico 1.0 23 33 42 53 6.7 85 10.8159 42.0
Netherlands 4.06.0 7.0 8.0 9.0 9.0 11.0 12.0 14.0 21.0
Norway 3957 6.6 74 82 9.1 10.3 11.7 139 234
Panama 0.71.6 25 35 47 6.1 81 112169 44.6
Peru 1224 35 46 58 74 93 12016.6 37.2
Poland 2145 57 6.8 79 9.1 105 12.2 151 26.1
Portugal 3.04.0 50 7.0 80 9.0 10.0 12.0 15.0 27.0
Romania 3.150 6.1 7.1 81 9.2 105 12.2 14.8 23.9
Russian Federation 184 46 58 69 83 9.7 11.8154 326
Serbia and Montenegro 3.9 58 6.8 7.7 87 99 116149 26.3
Slovak Republic 4559 68 7.8 85 9.3 104 119 14.2 20.8
Slovenia 4158 69 76 86 9.6 10.6 11.9 14.2 20.7
Spain 3.34.8 58 6.7 7.7 87 10.0 11.8 14.8 26.3
Sweden 3.755 6.5 7.4 83 9.3 105 12.2 144 22.2
Taiwan 3549 59 68 7.8 89 10.2 12.1 15.0 24.9
Uganda 2132 41 49 59 7.0 85 10.8153 383
United Kingdom 2846 56 65 76 87 10.0 11.8 145 27.9
United States 1.835 48 6.0 7.3 8.7 10.3 12,5 16.1 29.0
Uruguay 1730 41 52 65 79 9.7 12216.7 33.0
Venezuela 1.63.1 42 53 65 80 9.8 124165 32.7

Source: UNU-WIDER World Income Inequality Databasesion 2.0c
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Estimated income shares and chi-square statisticeif selected countries included

in Chapter 2

Table A2.4.Estimated income shares in 1990 (Lamé | distrdm)ti

dl d2 d3 d4 d5 d6 d7 d8 d9 di10X?stat p-value
Argentina 1530 42 54 66 81 9.9 12.316.4 32.8 0.9389 0.9958
Brazil 0.6 1.5 24 35 47 62 83 11.316.8 447 0.6982 0.9983
Burundi 2.6 44 56 6.7 7.8 9.0 10.5 12.4 153 257 0.3535 0.9998
Central African Republic 0.51.4 2.3 3.3 45 6.1 81 11.216.7 459 0.3816 0.9998
Chile 0921 32 4356 71 91 11.916.8 39.1 2.0244 0.9585
Costa Rica 1.63.1 43 55 6.8 82 9.9 12.316.3 32.0 0.0426 1.0000
Czech Republic 3.25.0 6.2 7.2 82 9.3 10.6 12.3 14.8 23.2 3.8459 0.7974
El Salvador 1225 3.7 49 6.1 7.6 95 12.216.6 357 0.4497 0.9996
Finland 2240 52 6.3 75 88 10.4 12.4 157 27.5 10.2159 0.1767
Gambia 0819 3.0 41 54 6.9 89 11.816.8 40.4 14.6181 0.0412
Germany 1429 41 52 65 80 9.8 12.316.4 33.4 9.8408 0.1978
Guinea 1124 35 47 6.0 75 9.4 121167 36.6 0.1589 1.0000
Honduras 0.82.0 3.1 42 55 7.0 9.0 11.816.8 39.9 0.8847 0.9965
Indonesia 2138 51 6.2 7.4 87 103 12.4 158 28.2 1.2064 0.9908
Jamaica 1.12.4 35 47 59 75 9.4 12.116.7 36.9 0.1371 1.0000
Netherlands 1.835 47 59 7.1 85 101 12.4 16.1 30.1 8.1919 0.3160
Niger 19 35 47 59 7.1 85 10.1 12.4 16.0 29.9 1.3513 0.9870
Norway 1.7 33 45 57 69 83 10.1 12.4 16.2 30.9 10.3669 0.1687
Pakistan 1.73.2 45 56 6.9 83 10.0 124 16.2 31.2 3.6477 0.8193
Paraguay 2239 52 6.3 75 88 10.3 12.4 15.7 27.7 0.3935 0.9998
Poland 2643 56 6.7 7.8 9.0 105 12.4 154 258 1.2982 0.9885
Portugal 1125 36 48 6.1 7.6 95 12.116.6 359 13.6026 0.0587
Romania 2745 57 68 7.9 9.1 10.5 124 152 251 3.6488 0.8192
Senegal 0.61.6 2.6 3.6 49 6.4 85 11.416.8 43.6 4.3234 0.7419
Spain 2239 51 63 75 88 10.3 12.4 157 27.9 15701 0.9798
Tunisia 2239 51 63 7.4 88 103 12.4 157 27.9 0.4606 0.9996
United Kingdom 1327 3.9 50 6.3 7.8 96 12216.5 346 7.4642 0.3822
Venezuela 1733 45 57 69 83 10.0 12.4 16.2 31.0 0.2279 1.0000
Republic of Yemen 2037 49 61 7.3 86 10.2 12.4 159 29.0 0.3171 0.9999
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Table A2.5.Estimated income shares in 1995 (Lamé | distradmti

dl d2 d3 d4 d5 dé6 d7 d8 d9 dl0X?stat p-value
Algeria 24 41 54 65 76 89 104 12.4 155 26.7 0.1185 1.0000
Argentina 1428 40 52 64 7.9 97 123165 33.8 0.7145 0.9982
Belarus 3553 65 75 84 95 10.7 12.2 145 22.0 0.3452 0.9998
Belgium 16 31 43 55 6.8 82 99 12.316.3 32.0 6.8018 0.4498
Brazil 06 16 26 3.6 49 64 8.4 11.416.8 43.7 0.7989 0.9975
Bulgaria 2239 51 63 75 88 10.3 124 15.7 27.8 3.0514 0.8802
China 1935 48 59 7.1 85 10.2 12.4 16.0 29.7 2.4981 0.9272
Colombia 0820 3.1 42 55 7.0 9.0 11.816.8 39.8 2.4650 0.9297
Costa Rica 1531 43 55 6.7 82 99 12.316.3 32.2 0.7144 0.9982
Cote d’lvoire 2138 50 6.2 74 8.7 103 12.4 15.8 28.3 0.5157 0.9994
Czech Republic 2543 55 6.6 7.8 9.0 105 12.4 154 26.1 6.4225 0.4914
Dominican Republic 1225 37 49 6.1 76 95 12.216.6 357 1.3015 0.9884
Ecuador 1530 42 54 66 81 9.9 12316.4 32.8 2.7549 0.9067
El Salvador 1125 3.6 48 6.1 7.6 95 12.116.7 36.2 0.2723 0.9999
Estonia 1632 44 56 6.8 82 10.0 12.4 16.2 31.6 2.1007 0.9541
Ethiopia 1.7 33 46 57 70 84 10.1 12.4 16.1 30.7 2.1532 0.9509
Finland 1.9 36 48 59 7.2 85 10.2 12.4 16.0 29.6 13.0396 0.0712
France 1225 37 48 6.1 76 95 12.116.6 35.9 13.7951 0.0549
Germany 1327 38 5.0 63 78 9.6 12.216.6 34.8 15.3797 0.0314
Greece 1733 46 57 70 84 10.1 12.4 16.1 30.7 1.8786 0.9663
Honduras 0921 31 4355 71 91 11916.8 39.3 1.1180 0.9927
Hungary 153.0 42 54 6.7 81 99 12316.3 32.4 154670 0.0305
Ireland 1.6 3.2 44 56 6.8 82 10.0 12.3 16.3 31.7 3.5990 0.8246
Israel 1.6 3.1 43 55 6.8 82 100 12.3 16.3 31.9 3.2614 0.8598
Jamaica 0615 24 35 47 63 83 11.316.8 44.6 2.1385 0.9518
Republic of Korea 2.643 55 6.7 78 9.0 105 12.4 154 259 0.6275 0.9988
Latvia 18 34 47 58 7.1 84 10.1 124 16.1 30.2 5.5677 0.5910
Lesotho 0310 18 28 39 54 7.4 10.616.5 50.3 0.8439 0.9970
Luxembourg 2441 53 65 76 89 104 124 15.6 26.9 2.1247 0.9526
Macedonia, FYR 3.048 6.0 7.1 81 9.3 10.6 12.3 15.0 23.8 1.9504 0.9625
Malaysia 1327 39 51 64 78 9.7 122165 34.3 1.2044 0.9908
Mauritania 1834 46 58 7.0 84 10.1 124 16.1 30.5 0.3911 0.9998
Morocco 1935 47 59 71 85 10.2 124 16.0 29.8 0.1220 1.0000
Netherlands 1.73.3 45 57 6.9 83 10.1 12.4 16.2 30.9 10.4342 0.1653
Niger 10 23 34 46 59 74 93 12.016.7 37.2 0.7093 0.9983
Norway 1327 395164 79 97 12216.5 34.3 18.1204 0.0114
Panama 0.82.0 3.0 42 54 70 9.0 11.816.8 40.1 0.2059 1.0000
Paraguay 0.71.8 2.8 39 52 6.8 88 11.716.8 41.4 0.5841 0.9991
Poland 1327 39 50 63 7.8 97 122165 34.6 8.7892 0.2681
Portugal 0616 25 36 48 6.4 8.4 11.416.8 44.0 20.5778 0.0044
Romania 1732 45 56 6.9 83 10.0 124 16.2 31.2 4.7914 0.6854
Russian Federation 022 33 44 57 7.2 9.2 12.016.8 38.4 2.9224 0.8921
Slovenia 1834 46 58 70 84 10.1 12.4 16.1 30.3 11.9535 0.1021
Spain 1327 39 50 63 7.8 9.6 122165 34.6 7.9394 0.3380
Sweden 1125 36 48 6.1 76 95 12.116.7 36.2 23.7308 0.0013
Taiwan 26 44 56 6.7 7.8 9.0 105 12.4 154 25.7 1.0980 0.9931
Ukraine 16 3.1 43 55 6.7 82 99 123163 32.1 0.5082 0.9994
United Kingdom 1226 3.7 49 6.2 7.7 9.6 12.216.6 354 9.8192 0.1991
Uruguay 1834 47 58 7.1 84 10.1 12.4 16.1 30.2 0.1185 1.0000
Venezuela 1529 39 50 6.2 7.6 94 11.916.3 354 0.2464 0.9999
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Table A2.6.Estimated income shares in 2000 (Lamé | distrdmti

dl d2 d3 d4 d5 dé6 d7 d8 d9 di0X?stat p-value
Argentina 1.125 36 48 6.1 76 95 12.116.6 36.1 0.2167 1.0000
Austria 1530 42 54 6.7 81 99 12316.3 324 8.5843 0.2839
Belarus 3554 65 75 85 95 10.7 12.2 145 21.8 0.4204 0.9997
Belgium 16 3.1 43 55 6.8 82 99 12316.3 32.0 8.2897 0.3077
Bolivia 06 16 25 36 48 6.4 84 11.416.8 440 1.2696 0.9892
Bulgaria 3251 6.2 73 83 94 10.6 12.3 14.7 229 0.1305 1.0000
Canada 1.63.1 43 55 6.8 82 99 12316.3 31.9 4.4072 0.7319
Chile 0921 32 43 56 7.1 9.1 11916.8 39.2 21324 0.9522
Colombia 0820 3.0 42 54 70 90 11.816.8 40.1 1.7388 0.9729
Costa Rica 1428 40 52 65 79 98 12.316.5 33.6 0.0435 1.0000
Czech Republic 1.834 46 58 7.0 8.4 10.1 124 16.1 30.5 12.3967 0.0882
Denmark 1327 39 51 64 7.8 9.7 122165 34.3 5.6354 0.5829
Dominican Republic 1.125 3.6 48 6.1 76 95 12.116.7 36.2 1.0116 0.9946
Ecuador 0819 29 40 53 6.8 8.8 11.716.8 40.9 0.8249 0.9972
El Salvador 1.023 3.4 45 58 7.3 9.3 12.016.7 37.6 0.1562 1.0000
Estonia 1834 46 58 7.0 84 10.1 124 16.1 30.5 0.9494 0.9956
Finland 1328 39 51 64 79 97 122165 34.1 21.1411 0.0036
France 1327 3.8 50 6.3 7.8 9.6 12.216.6 349 15.9224 0.0258
Germany 1.022 33 44 57 73 9.2 12.016.8 38.2 22.2345 0.0023
Greece 1.023 34 46 58 7.4 9.3 12.016.7 37.5 14.9593 0.0365
Guatemala 0.71.7 2.8 3.8 51 6.7 87 11.616.8 42.1 1.0207 0.9945
Hungary 1328 39 51 64 79 9.7 122165 34.1 18.8709 0.0086
Ireland 1732 44 56 6.9 83 10.0 124 16.2 31.3 5.9431 0.5464
Kyrgyz Republic 1936 48 6.0 7.2 85 10.2 124 16.0 29.5 0.4480 0.9996
Latvia 1327 38 50 6.3 78 9.6 12.216.6 34.8 6.1150 0.5264
Lithuania 1327 39 51 64 78 9.7 122165 34.3 5.2576 0.6286
Luxembourg 1733 45 57 6.9 83 10.0 124 16.2 31.0 10.3195 0.1712
Macedonia, FYR 2745 57 6.8 79 9.1 105 124 153 25.3 2.2452 0.9450
Mexico 11 24 35 47 59 75 94 12116.7 36.9 1.1486 0.9921
Netherlands 1.834 46 58 7.0 8.4 10.1 12.4 16.1 30.4 10.6862 0.1529
Norway 1327 39 51 64 79 97 122165 34.2 15.7213 0.0278
Panama 0.82.0 3.1 42 55 70 9.0 11.816.8 39.8 1.2506 0.9897
Peru 1.023 34 45 58 7.3 93 12016.7 37.7 0.0407 1.0000
Poland 2138 50 6.2 74 87 103 12.4 158 28.3 0.5491 0.9992
Portugal 0718 28 39 52 6.7 8.7 11.716.8 41.6 21.7188 0.0028
Romania 1834 47 58 7.1 84 10.1 124 16.1 30.1 3.9883 0.7811
Russian Federation 1.25 3.7 49 6.2 7.7 95 12216.6 356 1.2580 0.9895
Serbia and Montenegro  2.4.5 5.7 6.8 7.9 9.1 105 124 15.2 251 0.4471 0.9996
Slovak Republic 2542 54 6.6 7.7 9.0 104 12.4 155 26.4 4.2981 0.7449
Slovenia 1935 47 59 71 85 10.2 124 16.0 29.8 9.1269 0.2437
Spain 2036 49 6.0 7.2 8.6 10.2 124 159 29.1 1.8770 0.9663
Sweden 1226 3.7 49 6.2 7.7 95 12.216.6 355 18.7027 0.0092
Taiwan 2340 53 6.4 7.6 89 104 124 156 27.1 1.1273 0.9925
Uganda 1429 41 52 65 80 9.8 12316.4 33.4 1.7333 0.9731
United Kingdom 1226 3.7 49 6.2 7.7 9.6 12.216.6 354 7.6310 0.3663
United States 1.22.6 3.8 50 6.2 7.7 9.6 12.216.6 35.1 2.4953 0.9274
Uruguay 1733 45 57 6.9 83 10.1 12.4 16.2 30.8 0.3496 0.9998
Venezuela 1.429 41 53 65 80 9.8 12.316.4 33.3 0.0453 1.0000
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Table A2.7.Estimated income shares in 1990 (Lamé Il distrdm)t

dl d2 d3 d4 d5 d6 d7 d8 d9 d10 *Xtat p-value

Argentina 1429 42 55 6.7 82 99 12216.1 329 1.1216 0.9926
Brazil 04 14 24 36 49 6.4 84 113164 447 1.0315 0.9943
Burundi 2544 56 6.8 79 9.1 105 12.3 15.2 25.8 0.4192 0.9997
Central African Republic 0.41.3 2.3 3.4 47 6.3 83 11.216.3 45.9 0.6854 0.9984
Chile 0.8 20 3.2 44 57 73 9.2 11.816.4 39.2 2.2458 0.9450
Costa Rica 1531 44 56 6.9 83 10.0 12.3 16.0 32.1 0.0526 1.0000
Czech Republic 3.15.0 6.2 7.3 83 9.4 10.6 12.2 147 23.3 3.9755 0.7826
El Salvador 1.025 3.7 50 6.3 7.7 9.6 12.116.3 35.8 0.5259 0.9993
Finland 2140 53 64 76 89 104 12.3 155 27.6 10470 0.1635
Gambia 0.719 3.0 42 55 7.1 9.0 11.716.4 40.5 14.690 0.0402
Germany 1328 41 53 6.6 81 9.8 12.216.2 335 10.292 0.1726
Guinea 1.024 36 48 6.1 7.6 9.5 12.016.3 36.8 0.1532 1.0000
Honduras 0719 3.1 43 56 7.1 9.1 11.816.4 40.0 1.0122 0.9946
Indonesia 203.8 51 6.3 7.5 8.8 10.3 12.3 15.6 28.3 1.2726 0.9892
Jamaica 0923 35 48 6.1 76 9.4 12016.4 37.0 0.2012 1.0000
Netherlands 1734 47 59 7.2 85 10.1 12.3 15.8 30.2 8.3416 0.3034
Niger 1.7 35 48 6.0 7.2 85 10.2 12.3 15.8 30.0 1.4738 0.9832
Norway 1.6 3.3 46 58 7.0 84 10.1 12.3 159 31.0 10566 0.1587
Pakistan 1632 45 57 70 84 10.0 12.3 16.0 31.3 3.9680 0.7835
Paraguay 2.139 52 6.4 76 88 10.3 12.3 155 27.8 0.4558 0.9996
Poland 2543 56 6.7 7.9 9.1 105 12.3 15.2 259 1.3934 0.9858
Portugal 1.025 3.7 49 6.2 7.7 95 12.116.3 36.1 14.446 0.0438
Romania 2645 58 69 80 9.1 105 123 15.1 25.2 3.7592 0.8071
Senegal 0515 26 3.7 5.0 6.6 8.6 11.416.4 43.6 44301 0.7291
Spain 2139 52 6.3 75 88 10.3 12.3 155 28.0 1.6574 0.9764
Tunisia 2139 52 63 7.5 88 10.3 12.3 155 28.0 0.4874 0.9995
United Kingdom 1226 39 51 64 79 97 12.116.2 34.8 7.8900 0.3424
Venezuela 1.63.3 46 58 7.0 84 10.1 12.3 15.9 31.1 0.2564 0.9999
Yemen, Republic of 1937 49 6.1 7.3 87 10.2 12.3 15.7 29.1 0.3554 0.9998
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Table A2.8.Estimated income shares in 1995 (Lamé Il distrdm)t

dl d2 d3 d4 d5 dé6 d7 d8 d9 di0X?stat p-value

Algeria 2341 54 66 7.7 9.0 104 12.3 154 26.8 0.1846 1.0000
Argentina 1228 40 53 6.6 80 9.8 12216.2 34.0 0.7741 0.9977
Belarus 3453 65 75 85 95 10.7 12.1 144 22.0 0.3686 0.9998
Belgium 1531 44 56 69 83 10.0 12.3 16.0 32.1 6.9976 0.4291
Brazil 05 15 26 3.7 5.0 66 8.6 11.416.4 43.7 1.0912 0.9932
Bulgaria 2139 52 6.4 75 88 10.3 12.3 155 27.9 3.1378 0.8720
China 1.8 35 48 6.0 7.2 8.6 10.2 12.3 15.8 29.8 2.6746 0.9134
Colombia 0719 31 43 56 7.2 91 11.816.4 39.8 2.5435 0.9238
Costa Rica 1.43.1 43 56 6.8 82 99 12.216.0 32.3 0.7226 0.9982
Cote d’lvoire 2038 51 6.3 75 8.8 10.3 12.3 15.6 28.5 0.6372 0.9988
Czech Republic 2443 56 6.7 7.8 9.0 105 12.3 15.3 26.2 6.6259 0.4688
Dominican Republic 1.125 3.7 50 6.3 7.8 9.6 12.116.3 35.8 1.4309 0.9846
Ecuador 1429 42 55 6.7 82 99 12216.1 329 27959 0.9032
El Salvador 1.024 3.6 49 6.2 7.7 95 12.016.3 36.3 0.2814 0.9999
Estonia 1532 44 57 6.9 83 10.0 12.3 16.0 31.7 2.1243 0.9526
Ethiopia 1.6 3.3 46 58 7.1 84 10.1 12.3 159 30.8 2.2968 0.9416
Finland 1.8 35 48 6.0 7.3 8.6 10.2 12.3 15.8 29.7 13.4659 0.0615
France 1.025 3.7 49 6.2 7.7 95 121 16.3 36.0 14.3921 0.0446
Germany 1126 39 51 64 79 9.7 121 16.3 35.0 15.6747 0.0283
Greece 1633 46 58 7.1 8.4 10.1 12.3 159 30.8 1.8878 0.9658
Honduras 0820 3.2 44 57 7.2 9.1 11.816.4 39.4 1.2429 0.9899
Hungary 1430 43 55 6.8 82 9.9 12.216.1 32,5 16.0257 0.0249
Ireland 1531 44 56 69 83 10.0 12.3 16.0 31.8 3.8911 0.7922
Israel 1531 44 56 6.9 83 10.0 12.3 16.0 32.0 3.2647 0.8595
Jamaica 0514 25 3.6 49 64 8.4 11.316.4 446 21775 0.9494
Korea, Republic of 2543 56 6.7 79 9.1 105 12.3 15.2 26.0 0.5575 0.9992
Latvia 17 34 47 59 7.2 85 10.1 12.3 15.8 30.3 5.7200 0.5728
Lesotho 0209 1.8 2.8 41 56 7.6 10.616.1 50.2 1.0091 0.9947
Luxembourg 2341 54 65 7.7 89 104 123 15.4 27.0 2.2985 0.9415
Macedonia, FYR 2948 6.1 71 82 9.3 10.6 12.2 14.8 23.9 1.9617 0.9619
Malaysia 1227 40 52 65 7.9 9.7 121 16.2 345 1.3184 0.9879
Mauritania 1734 46 59 7.1 85 10.1 12.3 159 30.7 0.4942 0.9995
Morocco 1.8 35 48 6.0 72 8.6 10.2 12.3 15.8 29.9 0.1873 1.0000
Netherlands 1.63.3 46 58 7.0 84 10.1 12.3 15.9 31.0 10.6815 0.1531
Niger 09 23 35 47 60 75 94 12.016.4 37.4 0.7180 0.9982
Norway 12 27 40 52 65 80 9.7 12.216.2 34.4 18.9361 0.0084
Panama 0.719 3.1 43 56 7.1 9.0 11.716.4 40.2 0.2247 1.0000
Paraguay 061.7 29 41 54 69 89 11.616.4 41.5 0.6832 0.9985
Poland 1227 39 51 64 79 97 12.116.2 34.7 9.2266 0.2368
Portugal 0515 25 3.7 5.0 65 8.5 11.416.4 44.0 21.8322 0.0027
Romania 1632 45 57 7.0 84 10.0 12.3 16.0 31.3 4.9655 0.6642
Russian Federation 0.82.1 33 45 58 74 9.2 11916.4 385 2.8683 0.8969
Slovenia 1734 47 59 71 85 10.1 12.3 15.9 30.4 12.3434 0.0898
Spain 1227 39 5164 79 97 12116.2 348 8.0120 0.3315
Sweden 1.024 36 49 6.2 7.7 9.5 12.016.3 36.3 24.6727 0.0009
Taiwan 2544 56 6.8 7.9 9.1 10.5 12.3 15.2 25.8 1.1999 0.9909
Ukraine 1431 43 56 6.8 82 99 12.216.0 32.3 0.5873 0.9991
United Kingdom 1.125 38 50 6.3 7.8 9.6 12.116.3 355 10.4349 0.1652
Uruguay 1734 47 59 7.1 85 10.1 12.3 15.8 30.3 0.1609 1.0000
Venezuela 1.329 42 54 6.7 81 9.8 12216.1 33.3 0.2976 0.9999
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Table A2.9.Estimated income shares in 2000 (Lamé Il distrdo)t

dl d2 d3 d4 d5 dé6 d7 d8 d9 di0(?stat p-value
Argentina 1.024 3.7 49 6.2 7.7 95 12.016.3 36.3 0.3270 0.9999
Austria 14 30 43 55 68 82 99 12216.1 325 89216 0.2583
Belarus 3554 65 75 85 95 10.7 12.1 144 219 0.4385 0.9996
Belgium 1531 44 56 69 8.3 10.0 12.3 16.0 32.1 8.8140 0.2663
Bolivia 05 15 25 37 50 65 85 11.416.4 441 1.6183 0.9779
Bulgaria 3251 6.3 73 83 94 10.6 12.2 14.6 23.0 0.1115 1.0000
Canada 1531 44 56 6.9 83 10.0 12.3 16.0 32.0 4.5390 0.7160
Chile 0.8 20 3.2 44 57 7.2 9.2 11.816.4 39.3 2.3667 0.9368
Colombia 0719 31 43 56 7.1 9.0 11.716.4 40.1 1.9157 0.9644
Costa Rica 1.32.8 41 53 6.6 80 9.8 12.216.2 33.7 0.0920 1.0000
Czech Republic 1.73.4 47 59 7.1 85 10.1 12.3 159 30.6 12.9461 0.0734
Denmark 1227 40 52 65 7.9 97 12216.2 344 57214 0.5726
Dominican Republic 1.02.4 3.7 49 6.2 7.7 9.5 12.016.3 36.3 1.0849 0.9933
Ecuador 0618 29 41 54 7.0 89 11.716.4 41.0 0.9592 0.9955
El Salvador 0922 34 46 6.0 75 9.3 11.916.4 37.7 0.1486 1.0000
Estonia 1734 47 59 7.1 85 101 12.3 159 30.6 0.9910 0.9950
Finland 1227 40 52 65 80 9.7 12.216.2 34.2 21.8884 0.0027
France 1126 39 51 64 79 9.7 121 16.3 35.0 16.9738 0.0176
Germany 0821 33 46 59 74 93 11916.4 38.3 23.5211 0.0014
Greece 0922 34 47 6.0 75 94 12.016.4 37.6 15.7801 0.0272
Guatemala 0.61.7 2.8 40 53 6.8 88 11.616.4 42.2 1.2833 0.9889
Hungary 1227 40 52 65 80 9.7 12.216.2 34.3 19.6588 0.0064
Ireland 1532 45 57 7.0 84 10.0 12.3 16.0 31.5 6.1086 0.5271
Kyrgyz Republic 1.836 49 6.1 73 8.6 10.2 12.3 15.8 29.6 0.6018 0.9990
Latvia 11 26 39 51 64 79 9.7 12116.3 350 6.0068 0.5390
Lithuania 1227 40 52 65 79 9.7 12216.2 34.4 5.2740 0.6266
Luxembourg 1633 46 58 7.0 84 10.1 12.3 159 31.1 10.7401 0.1504
Macedonia, FYR 2645 57 6.8 79 9.1 105 123 15.1 254 2.2429 0.9452
Mexico 09 23 35 48 6.1 7.6 94 12.016.4 37.0 1.1780 0.9914
Netherlands 1734 47 59 7.1 85 10.1 12.3 15.9 30.5 10.9833 0.1393
Norway 1227 40 52 65 80 9.7 12.216.2 34.4 16.5262 0.0207
Panama 0.719 3.1 43 56 7.2 91 11.816.4 399 1.3182 0.9879
Peru 0922 34 46 59 75 93 119164 37.8 0.1088 1.0000
Poland 2038 51 6.3 75 88 10.3 12.3 15.6 28.5 0.5165 0.9994
Portugal 0617 28 40 53 6.9 8.8 11.616.4 41.7 23.6401 0.0013
Romania 1734 47 59 7.2 85 10.1 12.3 15.8 30.3 4.1248 0.7653
Russian Federation 1.5 3.7 50 63 78 9.6 12.116.3 357 1.2257 0.9903
Serbia and Montenegro  2.8.5 5.8 6.9 8.0 9.1 10.5 12.3 15.1 25.2 0.4921 0.9995
Slovak Republic 2442 55 6.6 7.8 9.0 10.4 12.3 15.3 26.5 4.4634 0.7251
Slovenia 1.835 48 6.0 7.2 8.6 10.2 12.3 15.8 30.0 9.4270 0.2234
Spain 1936 49 6.1 73 8.7 10.2 12.3 15.7 29.2 2.0171 0.9589
Sweden 1.125 38 50 6.3 7.8 9.6 12.116.3 35.6 19.6269 0.0064
Taiwan 2240 53 65 7.6 89 104 12.3 154 27.3 1.2375 0.9900
Uganda 1328 41 53 6.6 81 9.8 12216.2 33,5 1.8821 0.9661
United Kingdom 1.125 38 50 6.3 7.8 9.6 12.116.3 355 8.0808 0.3255
United States 1.126 38 5.1 64 78 9.6 121163 352 25716 0.9216
Uruguay 1633 46 58 7.0 84 10.1 12.3 159 31.0 0.4047 0.9997
Venezuela 1.329 41 54 66 81 9.8 12.216.1 334 0.1115 1.0000
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Table A2.10.Estimated income shares in 1990, 1995 and 2008 ¢fhservations)

Observed Estimated (Lamé I) Estimated (Lamé II)

country yvear ql g2 g3 g4 g5 9glg2 93 g4 g5 Xstat pvalue ql g2 g3 g4 q5 Xstat p-value
Bulgaria 1990 10.5 15.2 17.1 22.6 34.6 9.1 14.2 18.1 22.8 35.8 0.3909 0.8225 9.1 14.3 18.1 22.8 35.7 0.3992 0.8190
China 1990 7.0 11.9 16.1 24.0 41.0 6.7 12.0 16.7 22.8 41.9 0.1132 0.9450 6.6 12.1 16.8 22.7 41.8 0.1411 0.9319
Guinea-Bissau1990 2.1 6.5 12.0 20.6 58.9 2.8 7.1 12.4 20.7 57.0 0.3140 0.8547 2.6 7.3 12.7 20.8 56.7 0.3106 0.8562
India 1990 9.1 13.1 16.9 21.8 39.1 7.2 12.5 17.0 22.9 40.4 0.6350 0.7280 7.1 12.6 17.1 22.8 40.4 0.6678 0.7161
Lao 1990 9.6 12.9 16.3 21.0 40.2 7.8 13.0 17.4 22.9 38.9 0.6984 0.7053 7.7 13.1 17.4 22.8 38.9 0.7402 0.6907
New Zealand 1990 4.6 10.5 16.3 23.9 44.7 4.9 10.1 15.2 22.4 47.5 0.3856 0.8246 4.8 10.2 15.3 22.3 47.4 0.3319 0.8471
Sweden 1990 7.4 12.7 16.7 25.0 38.2 4.2 9.2 14.4 22.0 50.3 7.5919 0.0225 4.0 9.3 14.6 21.9 50.2 7.6669 0.0216
Taiwan 1990 7.5 13.2 17.5 23.2 38.6 7.7 12.9 17.3 22.9 39.2 0.0276 0.9863 7.6 13.1 17.4 22.8 39.1 0.0203 0.9899
Thailand 1990 4.0 8.3 12,5 20.0 55.2 3.2 7.8 13.0 21.2 54.9 0.3481 0.8402 3.0 7.9 13.3 21.2 54.6 0.4800 0.7866
Ukraine 1990 10.4 14.3 17.5 22.8 35.0 9.7 14.6 18.3 22.8 34.6 0.0902 0.9559 9.7 14.7 18.4 22.7 34.5 0.1043 0.9492
United States 1990 3.9 9.6 15.9 24.0 46.6 4.7 9.8 14.9 22.3 48.3 0.3910 0.8224 45 9.9 15.1 22.2 48.2 0.3392 0.8440
Australia 1995 3.6 9.3 15.2 24.0 479 46 9.8 14.9 22.3 48.4 0.4031 0.8175 45 9.9 15.1 22.2 48.3 0.3693 0.8314
Egypt 1995 9.8 13.2 16.6 21.4 39.0 6.0 11.3 16.1 22.7 43.9 3.4286 0.1801 5.9 11.4 16.3 22.6 43.8 3.5308 0.1711
Italy 1995 6.8 12.3 17.0 23.2 40.7 3.8 8.7 14.0 21.8 51.7 6.8088 0.0332 3.7 8.9 14.2 21.7 51.5 6.8464 0.0326
United States 1995 3.7 9.1 15.2 23.3 48.7 40 9.0 14.2 21.9 50.8 0.2712 0.8732 3.9 9.2 14.4 21.9 50.6 0.2156 0.8978
Australia 2000 3.8 9.0 15.0 23.8 48,5 45 9.6 14.8 22.2 48.8 0.2817 0.8686 4.4 9.8 15.0 22.1 48.7 0.2685 0.8744
Bangladesh 2000 9.0 12.5 15.9 21.2 41.3 7.2 12,5 17.0 22.9 40.3 0.6601 0.7189 7.1 12.7 17.1 22.8 40.3 0.7119 0.7005
Ethiopia 2000 9.1 13.2 16.8 21.5 39.4 6.7 12.0 16.7 22.8 41.8 1.2049 0.5475 6.6 12.1 16.8 22.8 41.7 1.2444 0.5368
Italy 2000 6.9 12.3 17.2 23.1 40.5 4.3 9.4 146 22.1 49.6 4.6146 0.0995 4.2 9.5 14.8 22.0 49.5 4.6198 0.0993
Jamaica 2000 6.7 10.7 15.0 21.7 46.0 4.0 8.9 14.1 21.9 51.0 2.7319 0.2551 3.8 9.1 14.4 21.8 50.9 2.9059 0.2339
Mauritania 2000 6.2 10.6 15.2 22.3 45.7 5.7 11.0 15.9 22.6 44.8 0.1131 0.9450 5.6 11.1 16.0 22.6 44.7 0.1630 0.9217
Philippines 2000 5.4 8.8 13.1 20.5 52.3 40 8.9 14.1 21.9 51.2 0.7011 0.7043 3.8 9.0 14.3 21.8 51.0 0.8859 0.6421
Rwanda 2000 5.0 9.0 14.0 20.0 52.0 4.2 9.2 14.4 22.0 50.3 0.4175 0.8116 4.0 9.3 14.6 21.9 50.2 0.5154 0.7728
South Africa 2000 3.5 6.3 10.0 18.0 62.2 0.9 3.5 7.7 16.2 71.7 11.6900 0.0029 0.7 3.5 8.1 16.6 71.2 14.5090 0.0007
Thailand 2000 55 8.8 13.2 21.551.0 41 9.1 143 22.0 505 0.5778 0.7491 4.0 9.2 14.5 21.9 50.4 0.7539 0.6860
Tunisia 2000 6.0 10.3 14.8 21.7 47.3 5.3 10.5 15.5 22,5 46.1 0.1974 0.9060 5.2 10.7 15.7 22.5 46.0 0.2609 0.8777
Turkey 2000 6.1 10.6 14.9 21.8 46.7 5.5 10.8 15.7 22.6 45.5 0.1754 0.9160 5.4 10.9 15.9 22.5 45.4 0.2293 0.8917
Uzbekistan 2000 9.2 14.1 17.9 22.6 36.3 6.1 11.4 16.2 22.7 43.5 3.4708 0.1763 6.0 11.6 16.4 22.7 43.4 3.4878 0.1748




Appendix

Appendix 3. Parameter estimates for individual coutries included in
Chapter 2

Table A3.1.Parameter estimates, mean and Gini index in 1990

Country Gini a4y a Mean
Algeria 38.62 0.68 1.53 5021.86
Argentina 44.240.65 1.65 6927.9
Armenia 32.570.73 1.42 2937.89
Australia 43.760.65 1.64 26120.66
Austria 53.1 0.591.88 27500.61
Azerbaijan 36.890.7 1.5 3101.15
Bahamas 49.520.61 1.78 27985.66
Bangladesh 31.30.74 1.4  759.2
Barbados 42.910.65 1.62 26127.73
Belarus 27.160.77 1.33 6434.06
Belgium 32.46 0.73 1.42 26096.48
Bolivia 49.96 0.61 1.79 2713.33
Bosnia and Herzegovina 40.3@.67 1.57 1144.21
Botswana 56.890.56 1.99 6672.89
Brazil 58.3 0.552.04 6144.66
Bulgaria 26.510.77 1.32 6820.55
Burundi 33.810.72 1.44 591.68
Cameroon 47.3 0.63L.72 1786.24
Canada 39.090.68 1.54 27576.96
Cape Verde 43.840.65 1.64 1587.4
Central African Republic59.55 0.55 2.08 680.2
Chile 52.11 0.59 1.85 5519.53
China Version 1 34.990.71 1.46 1154.3
Colombia 47.630.62 1.73 5410.4
Costa Rica 43.150.65 1.63 7330.48
Cote d’lvoire 40.330.67 1.57 1549.43
Croatia 28.760.75 1.36 12800.79
Cyprus 36.81 0.7 1.5 13999.56
Czech Republic 29.69.75 1.37 15741.7
Denmark 48.660.62 1.76 26144.12
Dominican Republic 47.59.62 1.73 4709.11
Ecuador 45.840.63 1.69 4407.21
Egypt 33.290.72 1.43 2538.12
El Salvador 47.990.62 1.74 3902.96
Estonia 32.5 0.731.42 9300.06
Ethiopia 38.230.69 1.53 414.07
Finland 36.65 0.7 1.5 24624.12
France 41.060.67 1.58 25813.2
Gambia 53.62 0.58 1.89 1274.09
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Table A3.1.Continued

Georgia
Germany
Ghana
Greece
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran

Ireland
Israel

Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Korea, Republic of
Kyrgyzstan
Laos

Latvia
Lesotho
Lithuania
Luxembourg
Macedonia
Madagascar
Malawi
Malaysia
Mali
Mauritania
Mauritius
Mexico
Moldova
Morocco
Nepal
Netherlands
New Zealand

33.840.72 1.44
45.070.64 1.67
38.160.69 1.52
46.3 0.631.7
57.2 0.56 2
49.170.61 1.77
53.30.59 1.88
43.010.65 1.62
55.67 0.57 1.95
53 0.591.87
48.080.62 1.74
40.040.67 1.56
35,58 0.7 1.48
33.050.72 1.43
37.730.69 1.52
45.51 0.64 1.68
44.780.64 1.66
41.030.67 1.58
43.73 0.65 1.64
49.480.61 1.78

6138.17
26516.53
1273.42
17334.06
4659.94
726.91
1108.18
1994.37
1325.6
3076.08
22241.2
12481.44
35758.27
1430.57
2162.2
5809.5
18682.24
17747.67
24792.45
8445.21

36 0.7 1.487717.52

43.610.65 1.64
29.360.75 1.37
58.550.55 2.05
35.380.71 1.47
27.770.76 1.34
31 07414
33.220.72 1.43
61.070.54 2.14
35.110.71 1.47
34.380.71 1.45
29.360.75 1.37
45.59.64 1.68
66.13 0.5 2.35
44.270.65 1.65
39.53 0.68 1.55
46.750.63 1.71
4452 0.64 1.66
49.28 0.61 1.77
30.670.74 1.39
36.41 0.7 1.49
36.36 0.7 1.49
40.480.67 1.57
42.17 0.66 1.61

3015.1
7089.13
1181.29

11643.21
1972.06
984.72
10108.68
816.17
12499.66
44678.74
6406.67
886.9

512.28
5789.19

651.81
1594.66

5168.4
9392.83
2245.83
2336.78

718.22

27258.31
19782.65
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Table A3.1 Continued

Nicaragua
Niger
Nigeria
Norway
Pakistan
Panama
Paraguay
Peru
Philippines
Poland
Portugal
Puerto Rico
Romania
Russia
Rwanda
Senegal
Serbia
Sierra Leone
Singapore
Slovak Republic
Slovenia
South Africa
Spain

Sri Lanka
Sweden
Switzerland
Taiwan
Tajikistan
Tanzania
Thailand

Trinidad &Tobago

Tunisia
Turkey
Turkmenistan
Uganda
Ukraine
United Kingdom
United States
Uruguay
Uzbekistan
Venezuela
Vietnam
Yemen
Zambia

55.650.57 1.95
40.23 0.67 1.57
46.270.63 1.7
41.64 0.66 1.59
42.050.66 1.6
52.910.59 1.87
37.030.69 1.5
44.930.64 1.67
57.830.56 2.03
34.020.72 1.45
48.3 0.621.75
54.840.58 1.93
32.930.72 1.43
31.890.73 1.41
31.970.73 1.41
57.110.56 2

39.860.68 1.56
62.23.53 2.19
45.660.64 1.68
26.740.77 1.33
31.570.73 1.41
65.220.51 2.31
37.250.69 1.51
39.120.68 1.54
45.620.64 1.68
39.450.68 1.55
31.350.74 1.4
33.710.72 1.44
43.650.65 1.64
50.98 0.6 1.82
39.190.68 1.54
37.310.69 1.51
446 0.641.66
30.670.74 1.39
41.690.66 1.6
24.750.78 1.3
46.660.63 1.71
43.23.65 1.63
39.910.67 1.56
31.920.73 1.41
41.790.66 1.6
35.83 0.7 1.48
38.9 0.681.54
56.040.57 1.97

2090.53
551.58
1167.91

32591.76

1552.03

5508.98
3661.36

3821.67

2336.82

7642.91

15200.98
17828.28
6452.79
12607.88
714.52
1200.02
10631.29
958.02
23624.49
11938.08
15493.75
5400.58
20264.09
1848.19
26300.01
34385.18

13637.65

2960.79
745.14

4403.78

10537.52

4073.09

6664.95

3749.04
568.88
8062.6

23154.23
31388.79

6108.13
1940.11
8082.04
900.48
1471.36
900.08
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Country Gini a a Mean

Algeria 35.48 0.71 1.47 4566.97
Argentina 45.620.64 1.68 8323.1
Armenia 45.470.64 1.68 1915.74
Australia 43.350.65 1.63 29476.39
Austria 43.550.65 1.64 29359.64
Azerbaijan 46.80.63 1.71 1802.73
Bahamas 51.04 0.6 1.82 25667.96
Bangladesh 34.520.71 1.46 817.07
Barbados 40.550.67 1.57 23630.35
Belarus 27.550.76 1.34 4227.79
Belgium 43.16 0.65 1.63 27828.04
Bolivia 54.28 0.58 1.91 2946.63
Bosnia and Herzegovina 36.240.7 1.49 1596.41
Botswana 55.750.57 1.96 6659.06
Brazil 5723056 2 6646.4
Bulgaria 37.190.69 1.51 6688.9
Burundi 37.10.69 15 460.87
Cameroon 46.030.63 1.69 1445.03
Canada 40.640.67 1.57 28486.23
Cape Verde 50.6 0.6 1.81 1809.2
Central African Republic 57.3 0.56 2.01  602.07
Chile 52.28 0.59 1.85 7970.51
China Version 1 39.870.68 1.56 1931.26
Colombia 52.870.59 1.87 6166.68
Costa Rica 43.390.65 1.63 8076.2
Cote d’Ivoire 37.940.69 1.52 1377.63
Croatia 35.250.71 1.47 9186.35
Cyprus 39.190.68 1.54 15605.85
Czech Republic 34.49.71 1.46 15079.02
Denmark 47.640.62 1.73 28938.57
Dominican Republic 47.960.62 1.74 5603.84
Ecuador 44.240.65 1.65 4798.52
Egypt 37.650.69 1.51 3119.02
El Salvador 48.640.62 1.76 4992.75
Estonia 42.60.66 1.62 7632.24
Ethiopia 41.340.66 1.59 387.78
Finland 39.730.68 1.56 22939.54
France 48.220.62 1.75 26497.32
Gambia, The 54.70.58 1.92 1089.73
Algeria 35.48 0.71 1.47 4566.97
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Table A3.2. Continued

Georgia
Germany
Ghana
Greece
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran

Ireland
Israel

Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Korea, Republic of
Kyrgyzstan
Laos

Latvia
Lesotho
Lithuania
Luxembourg
Macedonia
Madagascar
Malawi
Malaysia
Mali
Mauritania
Mauritius
Mexico
Moldova
Morocco
Nepal
Netherlands

46.480.63 1.7
46.90.63 1.71
36.1 0.7 1.49
41.390.66 1.59

56.10.57 1.97
43.330.65 1.63
46.02.63 1.69
44.920.64 1.67
55.64 0.57 1.95
52.360.59 1.86
51.08 0.6 1.82
43.730.65 1.64
35.62 0.7 1.48
35.220.71 1.47
38.180.69 1.52
45.08 0.64 1.67
42.730.66 1.62
42.990.65 1.62
47.23 0.63 1.72

58.20.55 2.04
38.710.68 1.54
42.160.66 1.61
36.03 0.7 1.48
50.35 0.6 1.8
34.140.72 1.45
50.67 0.6 1.81
34.930.71 1.46
40.62 0.67 1.57
63.930.52 2.26
49.280.61 1.77
35.77 0.7 1.48
30.780.74 1.39
43.09.65 1.62
56.42 0.57 1.98
46.280.63 1.7
50.27 0.61 1.8
41.160.67 1.58
46.84 0.63 1.71
50.94 0.6 1.82
42.040.66 1.6
40.110.67 1.56
42.10.66 1.6
41.660.66 1.6

1928.27
28486.29
1283.39
17877.86
4970.21
718.48
1091.63
2786.87
1298.7
2956.29
26606
11367.92
35337.54
1611.27
2891.47
6351.69
22249.03
20819.27
26158.75
9258.83
28970.08
3433.41
4571.57
1120.15
15889.18
1324.63
1168.21
5995.18
894.93
7314.53
51287.71
5476.95
776.7
497.54
8486.74
705.68
1469.12
6076.27
9122.99
1701.29
2157.22
797.88
29483.84
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Table A3.2 Continued

Nicaragua
Niger
Nigeria
Norway
Pakistan
Panama
Paraguay
Peru
Philippines
Poland
Portugal
Puerto Rico
Romania
Russia
Rwanda
Senegal
Serbia
Sierra Leone
Singapore
Slovak Republic
Slovenia
South Africa
Spain

Sri Lanka
Sweden
Switzerland
Taiwan
Tajikistan
Tanzania
Thailand

Trinidad &Tobago

Tunisia
Turkey
Turkmenistan
Uganda
Ukraine
United Kingdom
United States
Uruguay
Uzbekistan
Venezuela
Vietnam
Yemen
Zambia

55.220.57 1.94
49.9 0.61 1.79
50.54 0.6 1.81
46.160.63 1.7
35.220.71 1.47
53.240.59 1.88
54.780.58 1.93
48.390.62 1.75
58.190.55 2.04
46.60.63 1.71
57.520.56 2.01
57.260.56 2.01
42.080.66 1.6
51.34 0.6 1.83
38.80.68 1.54
42.40.66 1.61
36 0.7 1.48
55.210.57 1.94
45.580.64 1.68
30.810.74 1.39
40.780.67 1.58
63.590.52 2.24
46.640.63 1.71
44.040.65 1.65
48.630.62 1.76
40.440.67 1.57
33.940.72 1.45
33.790.72 1.44
39.10.68 1.54
53.050.59 1.88
38.590.68 1.53
41.070.67 1.58
43.330.65 1.63
30.570.74 1.39
36.71 0.7 1.5
43.340.65 1.63
47.630.62 1.73
46.190.63 1.7
40.670.67 1.57
37.620.69 1.51
44.780.64 1.66
35.85 0.7 1.48
35.63 0.7 1.48
52.460.59 1.86

1823.15
503.01
1047.76
38399.04
1705.53
6330.19
3491.06
4553.34
2362.01
8772.29
16318.6
19370.45
5623.87
8084.51
615.67
1139.83
5152.83
800.02
31249.67
10217.67
15481.71
5388.69
21487.35
2288.25
25665.2
33006.92
18542.18
1070.48
671.03
6104.65
12081.17
4463.13
7100.2
7240.78
707.09
3781.31
24686.31
33560.13
7975.77
1399.86
8873.39
1188.24
1636.68
962.18
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Table A3.3.Parameter estimates, mean and Gini index in 2000

Country Gini a a Mean

Algeria 36.16 0.7 1.49 4987.65
Argentina 48.540.62 1.75 8908.61
Armenia 47.090.63 1.72 2517.15
Australia 43.830.65 1.64 34071.96
Austria 43.710.65 1.64 33625.05
Azerbaijan 36.54 0.7 1.49 2521.38
Bahamas 55.510.57 1.95 31362.62
Bangladesh 32.910.72 1.43 907.67
Barbados 5.060.95 1.05 28235.56
Belarus 27.340.76 1.34 6154.75
Belgium 43.16 0.65 1.63 31700.88
Bolivia 57.58 0.56 2.02 3118.39
Bosnia and Herzegovina 31.18.74 1.4 4403.68
Botswana 55.350.57 1.94 8701.78
Brazil 57.25 0.56 2.01 6839
Bulgaria 29.250.75 1.37 6589.07
Burundi 38.690.68 1.53 389.5
Cameroon 44.370.64 1.65 1636.18
Canada 43.040.65 1.62 33574.98
Cape Verde 57.380.56 2.01 2352.28
Central African Republic48.68 0.62 1.76 605.94
Chile 52.2 0.59 1.85 9339.26
China Version 1 41.250.67 1.59 2822.38
Colombia 53.210.59 1.88 5793.84
Costa Rica 45.330.64 1.68 8863.89
Cote d’Ivoire 45.820.63 1.69 1475.91
Croatia 32.560.73 1.42 11307.67
Cyprus 44.270.65 1.65 17089.32
Czech Republic 41.09.67 1.58 16594.92
Denmark 46.240.63 1.7 33124.24
Dominican Republic 48.590.62 1.76 7287.06
Ecuador 54.190.58 1.91 4626.64
Egypt 37.160.69 1.51 3657.68
El Salvador 50.320.61 1.8 5324.55
Estonia 41.090.67 1.58 10983.75
Ethiopia 34.870.71 1.46 414.99
Finland 45.960.63 1.69 28939.91
France 46.920.63 1.71 29667.54
Gambia, The 49.060.61 1.77 1224.92
Algeria 36.16 0.7 1.49 4987.65
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Table A3.3 Continued

Georgia
Germany
Ghana
Greece
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran

Ireland
Israel

Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Korea, Republic of
Kyrgyzstan
Laos

Latvia
Lesotho
Lithuania
Luxembourg
Macedonia
Madagascar
Malawi
Malaysia
Mali
Mauritania
Mauritius
Mexico
Moldova
Morocco
Nepal
Netherlands

47.490.62
51.02 0.6
39.780.68
50.220.61
55.510.57
42.930.65
38.5@).68
42.360.66
55.62 0.57
51.8 0.6
56.860.56
46 0.63
40.940.67
34.350.71
33.680.72
4458 0.64
42.270.66
44.630.64
44.77 0.64
46.470.63
40.280.67
39.710.68
34.260.71
49.790.61
33.910.72
39.60.68
36.18 0.7
46.9 0.63
58.390.55
46.170.63
41.810.66
33.20.72
43.43).65
45.63 0.64
47.320.62
41.43 0.66
38.810.68
47.98 0.62
49.48 0.61
42.26 0.66
40.420.67
46.430.63
40.930.67

1.73
1.82
1.56

1.8
1.95
1.62
1.53
1.61
1.95
1.84
1.99
1.69
1.58
1.45
1.44
1.66
1.61
1.66
1.66

1.7
1.57
1.55
1.45
1.79
1.45
1.55
1.49
1.71
2.04

1.7

1.6
1.43
1.63
1.68
1.72
1.59
1.54
1.74
1.78
1.61
1.57

1.7
1.58

2904
30997.95
1477.92
21041.73
5375.13
799.6
824.35
3161.59
1387.83
2996.55
28011.21
13261.15
37759.56
1921.9
2749.85
7334.96
34198.59
23249.05
28677.14
8743.89
29789.76
3380.75
4910.57
11125
18728.63
1635.52
1368.81
7990.29
1079.91
8927.62
65125.53
6107.92
787.26
465.33
9481.72
728.45
1593.02
7590.09
11382.83
1558.65
2446.35
833
35192.22
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Table A3.3 Continued

Nicaragua
Niger
Nigeria
Norway
Pakistan
Panama
Paraguay
Peru
Philippines
Poland
Portugal
Puerto Rico
Romania
Russia
Rwanda
Senegal
Serbia
Sierra Leone
Singapore
Slovak Republic
Slovenia
South Africa
Spain

Sri Lanka
Sweden
Switzerland
Taiwan
Tajikistan
Tanzania
Thailand

Trinidad &Tobago

Tunisia
Turkey
Turkmenistan
Uganda
Ukraine
United Kingdom
United States
Uruguay
Uzbekistan
Venezuela
Vietnam
Yemen
Zambia

53.220.59 1.88
45.78 0.64 1.69
47.80.62 1.74
46.12 0.63 1.69
31.380.74 1.4
52.890.59 1.87
53.420.58 1.89
50.44 0.6 1.8
46.660.63 1.71
37.950.69 1.52
54.940.58 1.93
58.790.55 2.06
40.570.67 1.57
47.860.62 1.74
45.630.64 1.68
41.80.66 1.6
32.970.72 1.43
48.190.62 1.75
47.950.62 1.74
34.920.71 1.46
40.140.67 1.56
69.010.48 2.5
39.10.68 1.54
52.770.59 1.87
47.770.62 1.73
42.340.66 1.61
36.14 0.7 1.49
34.250.71 1.45
35.150.71 1.47
45.890.63 1.69
38.070.69 1.52
40.430.67 1.57
39.64 0.68 1.55
33.120.72 1.43
45.040.64 1.67
35.94 0.7 1.48
47.650.62 1.73
47.190.63 1.72
41.570.66 1.59
37.080.69 1.5

44.90.64 1.67
37.430.69 1.51
34.320.71 1.45
49.90.61 1.79

2067.68
491.5
1107.7
45346.25
1779.83
6959.55
3286.12
4780.82
2461.68
11283.72
19831.95
25285.74
5828.16
8521.85
632.74
1282.19
5528.9
476.65
37210.59
12287.96
19189.33
5874.92
26043.01
2735.26
29992.96
35797.31
23064.55
1027.31
724.75
5651.09
15763
5381.11
8168
8752.23
843.5
3730.92
30155.49
39668.69
8622.27
1561.09
8658.2
1538.14
2046.72
973.49
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Table A3.4.Inequality measures for each country in 1990 (L&mé

Country Theil GE(1.5)GE(0.5) GE(0.75)
Algeria 0.2675 0.3081 0.256  0.2588
Argentina 0.362 0.4393 0.3414 0.3464
Armenia 0.1851 0.2039 0.1795 0.1809
Australia 0.3531 0.4264 0.3335 0.3382
Austria 0.5547 0.7521 0.5079 0.5189
Azerbaijan 0.2421 0.2751 0.2327 0.235
Bahamas 0.46960.6058 0.4356 0.4437
Bangladesh 0.17040.1863 0.1657 0.1668
Barbados 0.338 0.4047 0.32 0.3243
Belarus 0.1263 0.1349 0.1236 0.1243
Belgium 0.1838 0.2023 0.1782 0.1796
Bolivia 0.4795 0.622 0.444  0.4525
Bosnia and Herzegovina 0.2949.3442 0.2806 0.284
Botswana 0.65720.9483 0.5927 0.6077
Brazil 0.6992 1.0356 0.6267 0.6436
Bulgaria 0.1201 0.1278 0.1177 0.1183
Burundi 0.2006 0.2228 0.194  0.1956
Cameroon 0.42190.5295 0.3942 0.4008
Canada 0.27480.3177 0.2627 0.2656
Cape Verde 0.35460.4284 0.3347 0.3395
Central African Republic0.7379 1.1198 0.6576 0.6762
Chile 0.5301 0.7084 0.4872 0.4973
China Version 1 0.21590.2418 0.2083 0.2101
Colombia 0.4288 0.5403 0.4002 0.407
Costa Rica 0.34210.4105 0.3236  0.328
Cote d’Ivoire 0.2944 0.344 0.2805 0.2839
Croatia 0.1423 0.1533 0.139  0.1398
Cyprus 0.2409 0.2735 0.2315 0.2338
Czech Republic 0.15230.1648 0.1484 0.1494
Denmark 0.4507 0.575 0.4192 0.4267
Dominican Republic 0.42720.5378 0.3988 0.4056
Ecuador 0.3926 0.4847 0.3685 0.3743
Egypt 0.194 0.2147 0.1879 0.1894
El Salvador 0.43650.5524 0.4069 0.414
Estonia 0.1843 0.203 0.1787 0.1801
Ethiopia 0.2617 0.3004 0.2507 0.2533
Finland 0.2387 0.2706 0.2295 0.2317
France 0.30630.3603 0.2913 0.295
Gambia, The 0.56790.7761 0.519  0.5305
Algeria 0.2675 0.3081 0.256  0.2588
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Table A3.4.Continued

Georgia
Germany
Ghana
Greece
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran

Ireland
Israel

Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya

Korea, Republic of

Kyrgyzstan
Laos

Latvia
Lesotho
Lithuania
Luxembourg
Macedonia
Madagascar
Malawi
Malaysia
Mali
Mauritania
Mauritius
Mexico
Moldova
Morocco
Nepal
Netherlands

0.201 0.2233
0.3776 0.4622
0.2607 0.2991
0.4016 0.4983
0.66610.9664
0.4617 0.5928
0.56140.7644
0.3397 0.4071
0.6224 0.8791
0.552 0.7472
0.4384 0.5554
0.2897 0.3378
0.2239 0.2518
0.191 0.2111
0.25430.2908
0.3862 0.475
0.3722 0.4541
0.3057 0.3595
0.3526 0.4256
0.46870.6042
0.2296 0.259
0.3506 0.4226
0.14870.1606
0.7069 1.0519
0.22110.2483
0.1323 0.1418
0.1668 0.1819
0.1931 0.2136
0.7881 1.2352
0.2175 0.2439
0.2079 0.2319
0.14870.1607
0.38760.4771
0.9776 1.7403
0.3626 0.4401
0.2815 0.3267
0.4107 0.5123
0.3674 0.4471
0.4641 0.5968
0.163 0.1775
0.2353 0.2663
0.2345 0.2653
0.29680.3473

0.1944
0.3552
0.2497
0.3764
0.5999
0.4287
0.5136
0.3215
0.5642

0.5056
0.4086
0.2763
0.2158

0.185
0.2439
0.3628
0.3504
0.2908

0.333

0.4347
0.221

0.3311
0.145

0.6328
0.2131
0.1294
0.1622
0.187

0.6973
0.2099
0.2009
0.145

0.3641
0.8418
0.3419
0.2688
0.3844
0.3461
0.4308

0.1587
0.2263
0.2256
0.2827

0.196
0.3606
0.2524
0.3824
0.6154
0.4366
0.5249
0.3259
0.5778

0.5165
0.4157
0.2796
0.2177

0.1865
0.2464
0.3684
0.3556
0.2944
0.3377
0.4428
0.2231
0.3358
0.1459

0.65
0.2151
0.1301
0.1633
0.1885
0.7182
0.2117
0.2026
0.1459
0.3697
0.8726
0.3469
0.2719
0.3907
0.3512
0.4387

0.1597
0.2285
0.2278
0.2861
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Table A3.4 Continued

Nicaragua
Niger
Nigeria
Norway
Pakistan
Panama
Paraguay
Peru
Philippines
Poland
Portugal
Puerto Rico
Romania
Russia
Rwanda
Senegal
Serbia
Sierra Leone
Singapore
Slovak Republic
Slovenia
South Africa
Spain

Sri Lanka
Sweden
Switzerland
Taiwan
Tajikistan
Tanzania
Thailand

Trinidad &Tobago

Tunisia
Turkey
Turkmenistan
Uganda
Ukraine
United Kingdom
United States
Uruguay
Uzbekistan
Venezuela
Vietnam
Yemen
Zambia

0.62190.8781
0.2927 0.3418
0.4011 0.4976
0.316 0.3737
0.32290.3834
0.54970.7432
0.24410.2776
0.375 0.4583
0.685 1.0056
0.2033 0.2261
0.4428 0.5624
0.59990.8359
0.18950.2093
0.177 0.1941
0.178 0.1954
0.66370.9614
0.2868 0.3338
0.8284 1.333
0.38890.4791
0.12220.1302
0.1732 0.1897
0.9405 1.6316
0.2472 0.2815
0.2752 0.3183
0.3882 0.478
0.2803 0.3251
0.1707 0.1867
0.1993 0.2212
0.35120.4236
0.5029 0.6614
0.27630.3198
0.248 0.2826
0.3688 0.4492

0.163 0.1774 0.1586

0.3169 0.375
0.1041 0.1099
0.4089 0.5095
0.34360.4126
0.2876 0.3349
0.17730.1946
0.31860.3773
0.2272 0.2561
0.2718 0.3138
0.6328 0.8994

0.5638
0.279
0.376

0.3001

0.3064

0.5037

0.2345

0.3529
0.6152

0.1966

0.4123

0.5456

0.1837

0.1718
0.1728

0.5979

0.2736

0.7287

0.3652

0.1197

0.1683

0.8141

0.2373

0.2631

0.3646
0.2677
0.166
0.1928
0.3317
0.4641
0.2641

0.2381

0.3474

0.3009
0.1023
0.3828
0.3249
0.2744
0.1722
0.3025
0.2189
0.26
0.5727

0.5774
0.2823
0.382
0.3039
0.3104
0.5146
0.2368
0.3582
0.6315
0.1982
0.4196
0.5584
0.1851
0.1731
0.1741
0.6133
0.2768
0.7516
0.3709
0.1203
0.1695
0.8429
0.2397
0.266
0.3703
0.2708
0.1671
0.1944
0.3364
0.4733
0.2671
0.2405
0.3526
0.1597
0.3048
0.1028
0.3891
0.3294
0.2776
0.1734
0.3064
0.2209
0.2629
0.5868
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Table A3.5.Inequality measures for each country in 1995 (L&mé

Country Theil GE(1.5)GE(0.5) GE(0.75)
Algeria 0.2225 0.2501 0.2144 0.2164
Argentina 0.3882 0.478 0.3646 0.3703
Armenia 0.3854 0.4737 0.3621 0.3677
Australia 0.3459 0.4159 0.327 0.3315
Austria 0.3495 0.4211 0.3302 0.3348
Azerbaijan 0.4116 0.5136 0.3852 0.3915
Bahamas 0.50440.6639 0.4654 0.4746
Bangladesh 0.20980.2341 0.2026  0.2043
Barbados 0.29790.3488 0.2837 0.2872
Belarus 0.1301 0.1392 0.1273 0.128
Belgium 0.3423 0.4108 0.3238 0.3283
Bolivia 0.5851 0.8079 0.5333 0.5455
Bosnia and Herzegovina 0.233 0.2634 0.2242 0.2264
Botswana 0.62470.8837 0.5661 0.5798
Brazil 0.667 0.9683 0.6007 0.6161
Bulgaria 0.2463 0.2804 0.2365 0.2389
Burundi 0.2451 0.2788 0.2354 0.2378
Cameroon 0.39630.4902 0.3717 0.3776
Canada 0.29920.3506 0.2849 0.2884
Cape Verde 0.494 0.6463 0.4565 0.4654
Central African Republic0.6692 0.9727 0.6024 0.618
Chile 0.534 0.7153 0.4905 0.5008
China Version 1 0.287 0.3341 0.2738 0.277
Colombia 0.5488 0.7416 0.503 0.5138
Costa Rica 0.34650.4168 0.3275 0.3321
Cote d’Ivoire 0.2574 0.2948 0.2467 0.2493
Croatia 0.2193 0.2461 0.2115 0.2134
Cyprus 0.2763 0.3197 0.2641  0.267
Czech Republic 0.20930.2336 0.2022 0.2039
Denmark 0.429 0.5406 0.4004 0.4072
Dominican Republic 0.43570.5512 0.4062 0.4132
Ecuador 0.362 0.4393 0.3414 0.3464
Egypt 0.253 0.2891 0.2427 0.2452
El Salvador 0.45020.5743 0.4188 0.4263
Estonia 0.33250.3968 0.315 0.3192
Ethiopia 0.3109 0.3667 0.2956 0.2993
Finland 0.2847 0.331 0.2718 0.2749
France 0.4411 05597 0.4109 0.4181
Gambia, The 0.59620.8288 0.5425 0.5551
Algeria 0.2225 0.2501 0.2144 0.2164
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Table A3.5.Continued

Georgia
Germany
Ghana
Greece
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran

Ireland
Israel

Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya

Korea, Republic of

Kyrgyzstan
Laos

Latvia
Lesotho
Lithuania
Luxembourg
Macedonia
Madagascar
Malawi
Malaysia
Mali
Mauritania
Mauritius
Mexico
Moldova
Morocco
Nepal
Netherlands

0.4052 0.5038
0.4137 0.5169
0.2309 0.2607
0.31170.3678
0.63450.9028
0.3454 0.4152
0.39610.4899
0.3748 0.458
0.6217 0.8778
0.53610.7189
0.5053 0.6655
0.3527 0.4257
0.2243 0.2524
0.219 0.2457
0.26090.2994
0.3778 0.4625
0.3348 0.4001
0.3394 0.4066
0.4205 0.5274
0.69621.0292
0.269 0.31
0.3248 0.386

0.23 0.2596

0.4883 0.6368
0.2048 0.228
0.4956 0.6491
0.2152 0.2409
0.2989 0.3502
0.8905 1.4933
0.4641 0.5968
0.2264 0.255
0.1643 0.179
0.34060.4083
0.6436 0.921
0.4012 0.4977
0.4864 0.6336
0.3078 0.3624
0.4125 0.5149
0.5021 0.66
0.3228 0.3832
0.2909 0.3393
0.3238 0.3845
0.31630.3742

0.3796
0.387
0.2223
0.2963
0.5741
0.3266
0.3715
0.3527
0.5636
0.4922
0.4662
0.333
0.2162
0.2112
0.2499
0.3554
0.3171
0.3211
0.393
0.6242
0.2573
0.308
0.2214
0.4516
0.198
0.4579
0.2076
0.2847
0.7763
0.4308
0.2181
0.1598
0.3222
0.5816
0.376
0.45
0.2927
0.3859
0.4634
0.3063
0.2774
0.3071
0.3004

0.3857
0.3934
0.2244
0.3
0.5882
0.3311
0.3774
0.358
0.5773
0.5026
0.4754
0.3378
0.2182
0.2131
0.2526
0.3608
0.3213
0.3255
0.3996
0.641
0.2602
0.3121
0.2235
0.4603
0.1996
0.4669
0.2095
0.2881
0.8024
0.4388
0.2201
0.1609
0.3266
0.5961
0.3821
0.4587
0.2964
0.3923
0.4726
0.3103
0.2807
0.3111
0.3042
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Table A3.5 Continued

Nicaragua
Niger
Nigeria
Norway
Pakistan
Panama
Paraguay
Peru
Philippines
Poland
Portugal
Puerto Rico
Romania
Russia
Rwanda
Senegal
Serbia
Sierra Leone
Singapore
Slovak Republic
Slovenia
South Africa
Spain

Sri Lanka
Sweden
Switzerland
Taiwan
Tajikistan
Tanzania
Thailand

Trinidad &Tobago

Tunisia
Turkey
Turkmenistan
Uganda
Ukraine
United Kingdom
United States
Uruguay
Uzbekistan
Venezuela
Vietnam
Yemen
Zambia

0.61030.8558
0.4781 0.6198
0.4927 0.6442
0.3988 0.494

0.219 0.2457

0.55820.7585
0.5984 0.833
0.4448 0.5656
0.6958 1.0283
0.4076 0.5074
0.6758 0.9864
0.6679 0.97
0.32350.3842
0.5114 0.6759
0.2703 0.3118
0.32910.3921
0.2296 0.2591
0.61020.8555
0.3875 0.477
0.16460.1794
0.3015 0.3538
0.8778 1.4594
0.4085 0.5088
0.3585 0.4341
045 0.574
0.2962 0.3465
0.2022 0.2248
0.2003 0.2225
0.275 0.318
0.5534 0.7498
0.26710.3075
0.3065 0.3606
0.3454 0.4152
0.16190.1761
0.2396 0.2718
0.3457 0.4156
0.4289 0.5404
0.39940.4949
0.2998 0.3514
0.2526 0.2886
0.3721 0.454
0.2276 0.2565
0.2245 0.2526
0.5385 0.7232

0.5542
0.4429
0.4554
0.3739
0.2112
0.5108
0.5444
0.4141
0.6239
0.3817
0.6078
0.6013
0.3069
0.4713
0.2586
0.3119
0.2211
0.5541
0.364
0.1602
0.287
0.7666
0.3825
0.3382
0.4186
0.2822
0.1956
0.1938
0.2628
0.5068
0.2556
0.2915
0.3265
0.1575
0.2303
0.3268
0.4003
0.3744
0.2854
0.2423
0.3503
0.2192
0.2163
0.4943

0.5674
0.4513
0.4643
0.3799
0.2131
0.522
0.5571
0.4215
0.6407
0.3879
0.6236
0.6169
0.3109
0.4808
0.2614
0.3161
0.2232
0.5673
0.3696
0.1613
0.2906
0.7921
0.3887
0.3431
0.4261
0.2856
0.1972
0.1954
0.2658
0.5178
0.2584
0.2951
0.3311
0.1586
0.2326
0.3313
0.4071
0.3804
0.2889
0.2449
0.3555
0.2212
0.2183
0.5047
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Table A3.6.Inequality measures for each country in 2000 (L&mé

Country Theil GE(1.5)GE(0.5) GE(0.75)
Algeria 0.2318 0.2619 0.2231 0.2252
Argentina 0.448 0.5708 0.4169 0.4243
Armenia 0.4177 0.523 0.3905 0.397
Australia 0.3544 0.4282 0.3346 0.3393
Austria 0.3523 0.4252 0.3327 0.3374
Azerbaijan 0.23710.2686 0.228  0.2302
Bahamas 0.61810.8708 0.5607 0.5742
Bangladesh 0.18930.209 0.1834 0.1848
Barbados 0.00420.0042 0.0042 0.0042
Belarus 0.128 0.1368 0.1253 0.126
Belgium 0.3424 0.411 0.3239 0.3284
Bolivia 0.6775 0.9899 0.6091 0.6251
Bosnia and Herzegovina 0.1689.1836 0.1635 0.1647
Botswana 0.61370.8621 0.557 0.5703
Brazil 0.6678 0.9699 0.6013 0.6168
Bulgaria 0.1474 0.1592 0.1439 0.1447
Burundi 0.2686 0.3095 0.257  0.2598
Cameroon 0.36450.4429 0.3436 0.3486
Canada 0.34030.4079 0.322 0.3264
Cape Verde 0.67090.9763 0.6038 0.6195
Central African Republic 0.451 0.5755 0.4195 0.427
Chile 0.5321 0.7119 0.4888 0.4991
China Version 1 0.30940.3646 0.2941 0.2978
Colombia 0.5575 0.7572 0.5102 0.5214
Costa Rica 0.38260.4696 0.3596 0.3651
Cote d’lvoire 0.39220.4841 0.3681 0.3739
Croatia 0.185 0.2038 0.1794 0.1808
Cyprus 0.3627 0.4402 0.3419 0.3469
Czech Republic 0.306 0.3599 0.2911 0.2947
Denmark 0.4004 0.4964 0.3753 0.3813
Dominican Republic 0.44910.5726 0.4179 0.4253
Ecuador 0.5826 0.8034 0.5313 0.5434
Egypt 0.2459 0.2799 0.2361 0.2385
El Salvador 0.48760.6356 0.451  0.4597
Estonia 0.3068 0.361 0.2918 0.2954
Ethiopia 0.2144 0.2399 0.2069 0.2087
Finland 0.3949 0.4881 0.3705 0.3763
France 0.41420.5176 0.3875 0.3939
Gambia, The 0.45940.5891 0.4268 0.4345
Algeria 0.2318 0.2619 0.2231 0.2252
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Table A3.6.Continued

Georgia
Germany
Ghana
Greece
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran

Ireland
Israel

Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Korea, Republic of
Kyrgyzstan
Laos

Latvia
Lesotho
Lithuania
Luxembourg
Macedonia
Madagascar
Malawi
Malaysia
Mali
Mauritania
Mauritius
Mexico
Moldova
Morocco
Nepal
Netherlands

0.4259 0.5358
0.5039 0.663
0.2856 0.3322
0.48530.6318

0.618 0.8705 0.5606

0.3382 0.405
0.2667 0.307
0.3283 0.391
0.6211 0.8765
0.52240.6949
0.6562 0.9463
0.3958 0.4894
0.3042 0.3574
0.2075 0.2314
0.19890.2208
0.3684 0.4486
0.3268 0.3888
0.3693 0.4498
0.372 0.4538
0.40510.5036
0.29360.3429
0.2844 0.3305
0.20640.2299
0.4756 0.6156
0.20180.2243
0.2827 0.3282
0.2321 0.2622
0.4137 0.5169
0.7018 1.0411
0.3991 0.4944
0.31880.3777
0.19280.2133
0.34730.4179
0.3884 0.4783
0.4224 0.5303
0.3124 0.3687
0.2705 0.312
0.4363 0.5521
0.4685 0.604
0.3266 0.3886
0.2959 0.3461
0.4043 0.5024
0.30410.3573

0.3977
0.4649
0.2725
0.4491

0.3201
0.2553
0.3112
0.5631
0.4806
0.5919
0.3713
0.2894
0.2005
0.1925
0.347
0.3098
0.3478
0.3502
0.3794
0.2798
0.2714
0.1994
0.4407
0.1952
0.2699
0.2234
0.387
0.6288
0.3741
0.3027
0.1868
0.3282
0.3647
0.3946
0.2969
0.2587
0.4067
0.4346
0.3097
0.2819
0.3788
0.2893

0.4044
0.4741
0.2757
0.4577
0.574
0.3245
0.258
0.3154
0.5767
0.4905
0.6069
0.3771
0.293
0.2023
0.1941
0.3522
0.3139
0.353
0.3554
0.3856
0.2831
0.2746
0.2011
0.449
0.1968
0.273
0.2255
0.3934
0.6457
0.3801
0.3066
0.1882
0.3328
0.3704
0.4012
0.3006
0.2616
0.4138
0.4427
0.3138
0.2853
0.3849
0.2929
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Table A3.6 Continued

Nicaragua
Niger
Nigeria
Norway
Pakistan
Panama
Paraguay
Peru
Philippines
Poland
Portugal
Puerto Rico
Romania
Russia
Rwanda
Senegal
Serbia
Sierra Leone
Singapore
Slovak Republic
Slovenia
South Africa
Spain

Sri Lanka
Sweden
Switzerland
Taiwan
Tajikistan
Tanzania
Thailand

Trinidad &Tobago

Tunisia
Turkey
Turkmenistan
Uganda
Ukraine
United Kingdom
United States
Uruguay
Uzbekistan
Venezuela
Vietnam
Yemen
Zambia

0.55770.7575
0.3914 0.4828
0.4324 0.546
0.3981 0.493
0.17110.1871
0.54930.7425
0.56270.7667
0.4906 0.6406
0.4088 0.5092
0.2576 0.295
0.6027 0.8411
0.71421.0678
0.2981 0.3491
0.4336 0.5478
0.3884 0.4784
0.31860.3774
0.19 0.2099
0.44050.5588
0.43550.5508
0.21490.2406
0.2913 0.3399
1.1041 2.1519
0.2749 0.3179
0.5464 0.7372
0.43170.5449

0.328 0.3906

0.2315 0.2615
0.2062 0.2297
0.21810.2445
0.3935 0.486
0.25920.2972
0.2961 0.3463
0.2833 0.3291
0.19180.2121
0.37710.4615
0.2288 0.2581
0.4293 0.541
0.41960.5259
0.3147 0.372
0.24480.2785
0.37450.4576
0.2497 0.2849
0.2071 0.2309
0.478 0.6196

0.5104
0.3674
0.4034
0.3733
0.1663
0.5034
0.5146
0.4536
0.3827
0.2469
0.5479
0.6387
0.2839
0.4044
0.3648
0.3025
0.1841
0.4104
0.406
0.2074
0.2777
0.9341
0.2628
0.5009
0.4027
0.311
0.2229
0.1992
0.2103
0.3693
0.2484
0.2821
0.2705
0.1858
0.3548
0.2203
0.4006
0.3921
0.299
0.2351
0.3525
0.2397
0.2001
0.4428

0.5216
0.3732
0.4103
0.3793
0.1674
0.5142
0.526
0.4623
0.3889
0.2495
0.5608
0.6563
0.2874
0.4114
0.3705
0.3064
0.1856
0.4176
0.413
0.2093
0.281
0.9722
0.2657
0.5117
0.4097
0.3151
0.225
0.2009
0.2122
0.3751
0.2511
0.2855
0.2736
0.1873
0.3601
0.2224
0.4075
0.3987
0.3028
0.2375
0.3578
0.2421
0.2018
0.4511
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Table A3.7.Inequality measures for each country in 1990 (Léné

Country Theil GE(1.5)GE(0.5) GE(0.75)
Algeria 0.2733 0.3217 0.2601 0.2633
Argentina 0.372 0.4686 0.3476 0.3534
Armenia 0.1883 0.2099 0.182  0.1835
Australia 0.3627 0.4539 0.3395 0.3451
Austria 0.5763 0.8519 0.519  0.5323
Azerbaijan 0.247 0.2858 0.2362 0.2389
Bahamas 0.48550.6661 0.4445 0.4541
Bangladesh 0.17320.1912 0.1678 0.1691
Barbados 0.34680.4292 0.3256 0.3307
Belarus 0.12790.1375 0.125 0.1258
Belgium 0.1869 0.2081 0.1807 0.1822
Bolivia 0.496 0.6861 0.4532 0.4632
Bosnia and Herzegovina 0.3018.3614 0.2853 0.2891
Botswana 0.68721.1225 0.6065 0.625
Brazil 0.7329 1.252 0.6416 0.6624
Bulgaria 0.1216 0.1302 0.119 0.1196
Burundi 0.2042 0.2298 0.1968 0.1986
Cameroon 0.435 0.5739 0.4019 0.4097
Canada 0.28090.3323 0.2669 0.2703
Cape Verde 0.36420.4563 0.3409 0.3464
Central African Republic0.7755 1.3838 0.6737 0.6967
Chile 0.55 0.795 0.4976 0.5098
China Version 1 0.2199 0.25 0.2113 0.2134
Colombia 0.4422 0.5867 0.408 0.4161
Costa Rica 0.35110.4358 0.3294 0.3346
Cote d’lvoire 0.30120.3612 0.2852  0.289
Croatia 0.1443 0.1566 0.1406 0.1415
Cyprus 0.2458 0.2841 0.2351  0.2377
Czech Republic 0.15450.1687 0.1503 0.1513
Denmark 0.4655 0.6286 0.4277 0.4366
Dominican Republic 0.44060.5837 0.4066 0.4146
Ecuador 0.40410.5211 0.3755 0.3823
Egypt 0.1974 0.2213 0.1905 0.1922
El Salvador 0.45030.6011 0.4149 0.4232
Estonia 0.1874 0.2088 0.1812 0.1827
Ethiopia 0.2673 0.3133 0.2546  0.2577
Finland 0.2434 0.281 0.2329 0.2355
France 0.31370.3794 0.2963 0.3005
Gambia, The 0.59050.8836 0.5304 0.5443
Algeria 0.2733 0.3217 0.2601 0.2633
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Table A3.7.Continued

Georgia
Germany
Ghana
Greece
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran

Ireland
Israel

Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya

Korea, Republic of

Kyrgyzstan
Laos

Latvia
Lesotho
Lithuania
Luxembourg
Macedonia
Madagascar
Malawi
Malaysia
Mali
Mauritania
Mauritius
Mexico
Moldova
Morocco
Nepal
Netherlands

0.2046 0.2303
0.3883 0.495
0.2662 0.3119
0.4136 0.537
0.6969 1.149
0.4771 0.6503
0.5836 0.868
0.34850.4318
0.6495 1.0242
0.57340.8454
0.4523 0.6047
0.2964 0.3543
0.2282 0.2608
0.1943 0.2174
0.2596 0.3029
0.3973 0.5098
0.3826 0.4856
0.3131 0.3785
0.3621 0.453
0.48450.6642
0.234 0.2685
0.3599 0.4496
0.15080.1643
0.7414 1.2773
0.2253 0.257
0.1341 0.1446
0.1694 0.1866
0.1965 0.2201
0.8308 1.5737
0.2216 0.2523
0.2117 0.2395
0.15080.1643
0.39880.5123
1.0434 2.5973
0.3725 0.4695
0.2879 0.3422
0.4232 0.5535
0.3775 0.4775
0.4797 0.6551
0.1656 0.182
0.24 0.2764
0.2392 0.2753
0.30370.3648

0.1971
0.3619
0.2537
0.3836
0.614

0.4375
0.5249
0.3271
0.5772
0.5166
0.4166
0.2809
0.2189
0.1876
0.2477
0.3696
0.3569
0.2958
0.3391
0.4436

0.2243
0.3371
0.1468
0.6481
0.2163
0.1309
0.1643
0.1896
0.7147
0.2129
0.2037
0.1468
0.3709
0.8645
0.3481
0.2732
0.3919
0.3525
0.4396
0.1607
0.2298

0.229

0.2874

0.1989
0.3682
0.2567
0.3907
0.6329
0.4468
0.5385
0.3323
0.5938
0.5298
0.425
0.2846
0.2212
0.1892
0.2506
0.3762
0.363
0.2999
0.3446
0.4532
0.2267
0.3426
0.1478
0.6692
0.2185
0.1317
0.1655
0.1913
0.7407
0.215
0.2057
0.1478
0.3776
0.9035
0.354
0.2768
0.3993
0.3585
0.449
0.1619
0.2323
0.2315
0.2913
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Table A3.7 Continued

Nicaragua
Niger
Nigeria
Norway
Pakistan
Panama
Paraguay
Peru
Philippines
Poland
Portugal
Puerto Rico
Romania
Russia
Rwanda
Senegal
Serbia
Sierra Leone
Singapore
Slovak Republic
Slovenia
South Africa
Spain

Sri Lanka
Sweden
Switzerland
Taiwan
Tajikistan
Tanzania
Thailand

Trinidad &Tobago

Tunisia
Turkey
Turkmenistan
Uganda
Ukraine
United Kingdom
United States
Uruguay
Uzbekistan
Venezuela
Vietnam
Yemen
Zambia

0.64891.0229
0.2995 0.3587
0.4131 0.5362
0.3238 0.3943
0.331 0.4051
0.57110.8402
0.24910.2886
0.3855 0.4904
0.7175 1.207
0.207 0.2334
0.4571 0.6134
0.625 0.964
0.1928 0.2155
0.1799 0.1995
0.181 0.2008
0.69421.1417
0.2933 0.3499
0.8756 1.746
0.40020.5146
0.12380.1327
0.1761 0.1948
1.0012 2.3455
0.2523 0.2929
0.2813 0.3329
0.39950.5134
0.2866 0.3403
0.1735 0.1916
0.2029 0.2282
0.3606 0.4507
0.521 0.7353
0.28250.3345
0.2532 0.294
0.3791 0.48
0.16550.1819
0.3247 0.3957
0.1053 0.1117
0.4213 0.5502
0.35260.4382
0.2942 0.3512
0.18030.1999
0.32650.3984
0.2316 0.2654
0.2778 0.328
0.6607 1.0527

0.5767
0.2836
0.3832
0.3053
0.3117
0.5147
0.2381
0.3594
0.6298
0.1993
0.4207
0.5579
0.1862
0.1742
0.1751
0.612
0.2781
0.7472
0.3721
0.1211
0.1706
0.8357
0.241
0.2673
0.3715
0.2721
0.1681
0.1955
0.3378
0.4739
0.2684
0.2418
0.3538
0.1606
0.3061
0.1034
0.3902
0.3308
0.2789
0.1745
0.3077
0.2221
0.2642
0.5859

0.5933
0.2874
0.3903
0.3097
0.3163
0.5278
0.2408
0.3656
0.6498
0.2012
0.4292
0.5734
0.1878
0.1756
0.1766
0.6307
0.2818
0.7758
0.3788
0.1217
0.1719
0.872
0.2437
0.2707
0.3781
0.2756
0.1694
0.1973
0.3432
0.4849
0.2718
0.2445
0.3598
0.1618
0.3106
0.1039
0.3976
0.336
0.2826
0.1759
0.3122
0.2244
0.2675
0.6031
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Table A3.8.Inequality measures for each country in 1995 (Léné

Country Theil GE(1.5)GE(0.5) GE(0.75)
Algeria 0.2267 0.2589 0.2176 0.2198
Argentina 0.3995 0.5133 0.3715 0.3781
Armenia 0.3965 0.5084 0.3689 0.3754
Australia 0.355 0.4419 0.3328 0.3381
Austria 0.3588 0.4478 0.3361 0.3416
Azerbaijan 0.4241 0.5551 0.3927 0.4001
Bahamas 0.52260.7385 0.4752 0.4863
Bangladesh 0.21360.2419 0.2055 0.2075
Barbados 0.30490.3665 0.2884 0.2924
Belarus 0.1318 0.142 0.1287 0.1295
Belgium 0.3514 0.4362 0.3296 0.3348
Bolivia 0.609 0.9261 0.5452 0.5599
Bosnia and Herzegovina 0.2376.2732 0.2275 0.23
Botswana 0.652 1.0306 0.5791 0.5959
Brazil 0.6978 1.1517 0.6148 0.6337
Bulgaria 0.2514 0.2916 0.2402 0.2429
Burundi 0.2501 0.29 0.239  0.2417
Cameroon 0.40790.5275 0.3788 0.3857
Canada 0.30640.3687 0.2898 0.2938
Cape Verde 0.51150.7164 0.4661 0.4767
Central African Republic0.7002 1.1582 0.6166 0.6357
Chile 0.5542 0.804 0.5011 0.5134
China Version 1 0.29360.3502 0.2783  0.282
Colombia 0.57 0.838 0.5139 0.5269
Costa Rica 0.35570.4429 0.3334 0.3388
Cote d’Ivoire 0.2628 0.3072 0.2506 0.2535
Croatia 0.2235 0.2546 0.2146 0.2167
Cyprus 0.2825 0.3345 0.2684 0.2718
Czech Republic 0.21320.2413 0.2051  0.207
Denmark 0.4424 0.5871 0.4082 0.4163
Dominican Republic 0.44950.5996 0.4142 0.4225
Ecuador 0.372 0.4686 0.3476 0.3534
Egypt 0.2583 0.301 0.2465 0.2493
El Salvador 0.465 0.6277 0.4273 0.4362
Estonia 0.341 0.4203 0.3205 0.3254
Ethiopia 0.3186 0.3866 0.3006 0.3049
Finland 0.2912 0.3469 0.2762 0.2798
France 0.45540.6103 0.4192 0.4277
Gambia, The 0.621 0.9544 0.5547 0.57
Algeria 0.2267 0.2589 0.2176 0.2198
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Table A3.8.Continued

Georgia
Germany
Ghana
Greece
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran

Ireland
Israel

Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya

Korea, Republic of

Kyrgyzstan
Laos

Latvia
Lesotho
Lithuania
Luxembourg
Macedonia
Madagascar
Malawi
Malaysia
Mali
Mauritania
Mauritius
Mexico
Moldova
Morocco
Nepal
Netherlands

0.4174 0.5435
0.4264 0.5589
0.2354 0.2704
0.31940.3878
0.66251.0574
0.3545 0.4411
0.40780.5272
0.3854 0.4901
0.6488 1.0224
0.5564 0.8086
0.5236 0.7405
0.3622 0.4531
0.2287 0.2614
0.2232 0.2543
0.26650.3122
0.3885 0.4953
0.3435 0.424
0.3481 0.4312
0.4335 0.5714
0.72971.2424
0.27480.3238
0.333 0.4081
0.23450.2691
0.5054 0.7044
0.20850.2354
0.5133 0.7199
0.2192 0.2491
0.3061 0.3682
0.9449 2.0525
0.4797 0.6551
0.2308 0.2642
0.16680.1835
0.34940.4331
0.6724 1.0833
0.4131 0.5363
0.5034 0.7005
0.3153 0.3818
0.425 0.5566
0.5201 0.7335
0.3309 0.405
0.2976 0.356
0.3319 0.4065
0.32410.3948

0.3869
0.3945
0.2256
0.3014
0.5874
0.3324
0.3786
0.3593
0.5766
0.5028
0.476
0.3391
0.2194
0.2143
0.2539
0.362
0.3227
0.3268
0.4007
0.6392
0.2615
0.3134
0.2248
0.461
0.2008
0.4675
0.2107
0.2895
0.7966
0.4396
0.2214
0.1619
0.3279
0.5951
0.3832
0.4594
0.2978
0.3934
0.4732
0.3116
0.282
0.3125
0.3056

0.3941
0.4021
0.228
0.3057
0.6046
0.3377
0.3855
0.3655
0.5932
0.5153
0.4871
0.3446
0.2216
0.2165
0.2569
0.3683
0.3276
0.3319
0.4084
0.6597
0.2647
0.3181
0.2271
0.4714
0.2027
0.4782
0.2127
0.2935
0.8293
0.449
0.2236
0.1631
0.333
0.6128
0.3903
0.4697
0.302
0.4009
0.4841
0.3162
0.2857
0.3171
0.31
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Table A3.8 Continued

Nicaragua
Niger

Nigeria
Norway
Pakistan
Panama
Paraguay
Peru
Philippines
Poland
Portugal
Puerto Rico
Romania
Russia
Rwanda
Senegal
Serbia

Sierra Leone
Singapore
Slovak Republic
Slovenia
South Africa
Spain

Sri Lanka
Sweden
Switzerland
Taiwan
Tajikistan
Tanzania
Thailand
Trinidad &Tobago
Tunisia
Turkey
Turkmenistan
Uganda
Ukraine
United Kingdom
United States
Uruguay
Uzbekistan
Venezuela
Vietnam
Yemen
Zambia

0.63620.9912
0.4946 0.6834
0.5102 0.7138
0.4106 0.532

0.22320.2542

0.58010.8602

0.62340.9601
0.4593 0.6174
0.7292 1.2411
0.4199 0.5478
0.7074 1.1784

0.69881.1543
0.3316 0.4061
0.5299 0.7534
0.2762 0.3258

0.33750.4149
0.2341 0.2686

0.636 0.9908 0.5666

0.39870.5121
0.1672 0.184
0.3088 0.3722
0.9306 1.9849
0.4209 0.5494
0.3682 0.4626
0.46480.6274
0.3031 0.3639
0.2059 0.232
0.2039 0.2295
0.28110.3325
0.575 0.8488
0.27290.3211
0.3139 0.3797
0.3545 0.4411
0.16430.1805
0.2444 0.2823
0.3548 0.4416
0.4423 0.5869
0.4112 0.533
0.307 0.3695
0.25790.3005
0.38250.4855
0.232 0.2658
0.2288 0.2616
0.559 0.8141

0.5667
0.452
0.465

0.3811

0.2143
0.522

0.5566

0.4225

0.6388
0.389

0.6221

0.6155

0.3123

0.4812

0.2627

0.3174

0.2244

0.3708
0.1622
0.292
0.7865
0.3898
0.3444
0.4271
0.2869
0.1983
0.1965
0.2671
0.5179
0.2597
0.2965
0.3324
0.1595
0.2338
0.3327
0.4081
0.3816
0.2903
0.2461
0.3568
0.2224
0.2195
0.505

0.5827
0.462
0.4756
0.3881
0.2165
0.5355
0.572
0.4312
0.6594
0.3963
0.6416
0.6345
0.3169
0.4926
0.266
0.3222
0.2268
0.5826
0.3775
0.1634
0.296
0.8184
0.3972
0.35
0.436
0.2908
0.2002
0.1983
0.2705
0.5311
0.2629
0.3007
0.3377
0.1607
0.2364
0.338
0.4162
0.3886
0.2943
0.2489
0.3629
0.2248
0.2218
0.5175
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Table A3.9.Inequality measures for each country in 2000 (L&né

Country Theil GE(1.5)GE(0.5) GE(0.75)
Algeria 0.2363 0.2716 0.2264 0.2288
Argentina 0.4627 0.6235 0.4253 0.4341
Armenia 0.4306 0.5662 0.3981 0.4058
Australia 0.364 0.4559 0.3407 0.3463
Austria 0.3618 0.4525 0.3388 0.3443
Azerbaijan 0.2418 0.2788 0.2315 0.234
Bahamas 0.64491.0127 0.5736 0.5899
Bangladesh 0.19250.2152 0.1859 0.1876
Barbados 0.00420.0042 0.0042 0.0042
Belarus 0.1297 0.1395 0.1267 0.1275
Belgium 0.3515 0.4364 0.3297 0.3349
Bolivia 0.7093 1.1835 0.6235 0.6431
Bosnia and Herzegovina 0.1708.1884 0.1656 0.1669
Botswana 0.64011.0007 0.5698 0.5859
Brazil 0.6987 1.1541 0.6154 0.6344
Bulgaria 0.1496 0.1628 0.1456 0.1466
Burundi 0.2744 0.3233 0.2611 0.2643
Cameroon 0.37460.4728 0.3499 0.3558
Canada 0.34910.4327 0.3276 0.3328
Cape Verde 0.70211.1635 0.618 0.6372
Central African Republic0.4658 0.6292 0.428  0.4369
Chile 0.5521 0.7995 0.4994 0.5116
China Version 1 0.31690.3841 0.2992 0.3034
Colombia 0.5794 0.8585 0.5214 0.5349
Costa Rica 0.39350.5036 0.3664 0.3728
Cote d’lvoire 0.4037 0.5204 0.3751 0.3819
Croatia 0.1882 0.2097 0.1819 0.1834
Cyprus 0.3726 0.4696 0.3482  0.354
Czech Republic 0.31340.379 0.2961 0.3002
Denmark 0.4123 0.5348 0.3825 0.3896
Dominican Republic 0.46390.6257 0.4263 0.4352
Ecuador 0.6064 0.92 0.5431 0.5577
Egypt 0.2509 0.2911 0.2398 0.2425
El Salvador 0.5046 0.7029 0.4604 0.4707
Estonia 0.3142 0.3801 0.2968 0.301
Ethiopia 0.2183 0.248 0.2099 0.2119
Finland 0.4065 0.525 0.3775 0.3844
France 0.42690.5598 0.395 0.4025
Gambia, The 0.47470.6458 0.4354 0.4447
Algeria 0.2363 0.2716 0.2264 0.2288
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Table A3.9.Continued

Georgia
Germany
Ghana
Greece
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran

Ireland
Israel

Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya

Korea, Republic of

Kyrgyzstan
Laos

Latvia
Lesotho
Lithuania
Luxembourg
Macedonia
Madagascar
Malawi
Malaysia
Mali
Mauritania
Mauritius
Mexico
Moldova
Morocco
Nepal
Netherlands

0.4392 0.5813

0.522 0.7373 0.4747

0.2921 0.3481
0.50220.6982
0.64471.0123

0.347 0.4295

0.27250.3205
0.3367 0.4137
0.648 1.0206
0.54180.7778
0.6861 1.1196
0.4074 0.5266
0.3115 0.3762
0.2113 0.239

0.20250.2277
0.3786 0.4793

0.335 0.4112

0.3795 0.4807
0.3824 0.4853
0.41720.5432
0.3003 0.36
0.2908 0.3463
0.21010.2374
0.4919 0.6782
0.20540.2315
0.2891 0.3438
0.2366 0.2719
0.4263 0.5589
0.736 1.261
0.4109 0.5324
0.3268 0.3988
0.19620.2198
0.35650.4442
0.3996 0.5136
0.4355 0.5748
0.3201 0.3888
0.2764 0.326
0.4501 0.6007
0.4844 0.6639
0.3349 0.411
0.3028 0.3635
0.4164 0.5419
0.3114 0.376

0.4055

0.277
0.4584
0.5734

0.3258
0.2593
0.3167

0.576
0.4909
0.6057
0.3783
0.2944
0.2034
0.1952
0.3535

0.3152
0.3542
0.3567
0.3867
0.2844
0.2759
0.2023

0.4498
0.1979
0.2743
0.2267
0.3945

0.6439

0.3813
0.3079
0.1894
0.3341
0.3716
0.4023

0.302
0.2629
0.4147
0.4435
0.3151
0.2866
0.3861
0.2943

0.4134
0.4858
0.2806
0.4686
0.5898
0.3309
0.2625
0.3215
0.5926
0.5028
0.6241
0.3852
0.2985
0.2053
0.197
0.3594
0.32
0.3603
0.3628
0.394
0.2882
0.2795
0.2042
0.4596
0.1998
0.2779
0.2291
0.4021
0.6648
0.3883
0.3125
0.191
0.3395
0.3783
0.4102
0.3063
0.2662
0.423
0.4531
0.3198
0.2905
0.3933
0.2984
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Table A3.9. Continued

Nicaragua
Niger
Nigeria
Norway
Pakistan
Panama
Paraguay
Peru
Philippines
Poland
Portugal
Puerto Rico
Romania
Russia
Rwanda
Senegal
Serbia
Sierra Leone
Singapore
Slovak Republic
Slovenia
South Africa
Spain

Sri Lanka
Sweden
Switzerland
Taiwan
Tajikistan
Tanzania
Thailand

Trinidad &Tobago

Tunisia
Turkey
Turkmenistan
Uganda
Ukraine
United Kingdom
United States
Uruguay
Uzbekistan
Venezuela
Vietnam
Yemen
Zambia

0.5796 0.859
0.4028 0.5189
0.4461 0.5935
0.4099 0.5308
0.1738 0.192
0.57060.8393
0.585 0.8711
0.5077 0.709
0.4211 0.5499
0.263 0.3075
0.628 0.9711
0.74941.3016
0.3052 0.367
0.4473 0.5957
0.3997 0.5137
0.32660.3985
0.1934 0.2162
0.45480.6092
0.44920.5992
0.21890.2488
0.298 0.3566
1.1885 3.7779
0.281 0.3325
0.5674 0.8324
0.44530.5921
0.3364 0.4132
0.2361 0.2712
0.2099 0.2372
0.2222 0.253
0.405 0.5226
0.2648 0.3099
0.303 0.3637
0.2897 0.3448
0.19520.2185
0.3878 0.4941
0.2333 0.2675
0.4427 0.5876
0.43250.5696
0.3225 0.3924
0.24980.2895
0.38510.4897
0.255 0.2965
0.2109 0.2384
0.4944 0.6831

0.5216
0.3744
0.4113
0.3804
0.1685
0.5144
0.526
0.4629
0.3901
0.2508
0.5602
0.6541
0.2888
0.4123
0.3717
0.3078
0.1867
0.4187
0.414
0.2104
0.2823
0.9602
0.267
0.5118
0.4106
0.3164
0.2262
0.2021
0.2134
0.3763
0.2524
0.2867
0.2749
0.1884
0.3614
0.2236
0.4085
0.3998
0.3042
0.2388
0.359
0.2435
0.203
0.4519

0.535
0.3811
0.4195
0.3874
0.1698
0.5274

0.5396
0.4734
0.3974

0.2537

0.5758
0.6757
0.2927
0.4206
0.3783
0.3123
0.1883
0.4272
0.4223
0.2125

0.2861

1.009

0.2704
0.5247
0.4188
0.3212
0.2286

0.204

0.2155
0.3831
0.2554
0.2906
0.2785
0.1901
0.3677

0.226
0.4166
0.4075
0.3086
0.2414
0.3652

0.2462
0.2049
0.4619
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Table A3.10.Poverty rates for each country (Lamé I)

Country

$1.25 a day $ 1.45 a day $ 2 aday

1990 1995 2000 1990 1995 2000 1990 1995 2000

Algeria
Argentina
Armenia
Australia
Austria
Azerbaijan
Bahamas
Bangladesh
Belarus
Belgium
Bolivia

Bosnia and Herzegovina

Botswana
Brazil
Bulgaria
Burundi
Cameroon
Canada
Cape Verde

Central African Republic

Chile

China Version 1
Colombia
Costa Rica
Cote d’lvoire
Croatia

Cyprus

Czech Republic
Denmark
Dominican Republic
Ecuador

Egypt

El Salvador
Estonia
Ethiopia
Finland

France
Gambia, The

0.0081 0.0056 0.0052 0.0110 0.0079 0.0073 0.0222 0.0172 0.0156
0.01090.0097 0.0134 0.0140 0.0124 0.0168 0.0253 0.0219 0.0282
0.00970.1144 0.0848 0.0140 0.1426 0.1054 0.0331 0.2326 0.1721
0.00090.0006 0.0005 0.0011 0.0008 0.0007 0.0021 0.0015 0.0013
0.00500.0007 0.0005 0.0061 0.0009 0.0007 0.0097 0.0016 0.0013
0.01770.1382 0.0268 0.0243 0.1700 0.0368 0.0504 0.2683 0.0761
0.00260.0039 0.0062 0.0032 0.0048 0.0074 0.0054 0.0079 0.0115
0.2559.2574 0.1898 0.3408 0.3329 0.2553 0.5812 0.5465 0.4612
0.00020.0010 0.0003 0.0004 0.0016 0.0004 0.0010 0.0045 0.0013
0.0000 0.0007 0.0005 0.0000 0.0009 0.0007 0.0001 0.0016 0.0013
0.0961 0.1195 0.1405 0.1172 0.1421 0.1642 0.1835 0.2099 0.2331
0.1902.0719 0.0024 0.2404 0.0975 0.0035 0.3930 0.1918 0.0088
0.05400.0483 0.0328 0.0641 0.0578 0.0394 0.0954 0.0872 0.0602
0.0681 0.0560 0.0543 0.0802 0.0664 0.0644 0.1169 0.0985 0.0954
0.0001 0.0033 0.0004 0.0002 0.0045 0.0007 0.0007 0.0095 0.0018
0.4404 0.6254 0.7235 0.5372 0.7069 0.7899 0.7501 0.8561 0.9016
0.14490.1828 0.1359 0.1775 0.2235 0.1697 0.2773 0.3449 0.2761
0.00020.0003 0.0005 0.0003 0.0005 0.0006 0.0006 0.0009 0.0011
0.1379.1749 0.1891 0.1722 0.2094 0.2194 0.2817 0.3105 0.3053
0.586%.6134 0.5496 0.6348 0.6634 0.6130 0.7407 0.7701 0.7499
0.0428 0.0259 0.0204 0.0521 0.0316 0.0250 0.0821 0.0502 0.0399
0.1303).0696 0.0386 0.1754 0.0914 0.0506 0.3292 0.1684 0.0938
0.02650.0397 0.0448 0.0332 0.0482 0.0543 0.0561 0.0754 0.0844
0.00820.0072 0.0083 0.0107 0.0093 0.0106 0.0197 0.0171 0.0189
0.11040.1142 0.1750 0.1427 0.1504 0.2147 0.2508 0.2734 0.3338
0.00000.0010 0.0003 0.0001 0.0014 0.0004 0.0002 0.0031 0.0009
0.00060.0008 0.0021 0.0008 0.0011 0.0027 0.0016 0.0022 0.0050
0.000®.0002 0.0011 0.0001 0.0003 0.0015 0.0002 0.0008 0.0029
0.00240.0017 0.0010 0.0031 0.0021 0.0013 0.0052 0.0037 0.0023
0.0328.0260 0.0186 0.0411 0.0326 0.0232 0.0692 0.0548 0.0389
0.02990.0210 0.0666 0.0379 0.0270 0.0799 0.0656 0.0483 0.1215
0.01610.0196 0.0127 0.0230 0.0266 0.0174 0.0527 0.0542 0.0362
0.04650.0339 0.0371 0.0579 0.0422 0.0457 0.0959 0.0699 0.0739
0.00040.0070 0.0026 0.0007 0.0091 0.0034 0.0016 0.0169 0.0066
0.69050.7287 0.6831 0.7623 0.7902 0.7629 0.8867 0.8962 0.8959
0.00010.0004 0.0012 0.0002 0.0006 0.0015 0.0004 0.0011 0.0027
0.00050.0022 0.0014 0.0006 0.0028 0.0018 0.0012 0.0047 0.0031
0.3053).3700 0.2658 0.3523 0.4204 0.3146 0.4759 0.5472 0.4481
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Table 3.10.Continued

Georgia
Germany
Ghana
Greece
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran

Ireland
Israel

Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya

Korea, Republic of

Kyrgyzstan
Laos

Latvia
Lesotho
Lithuania
Luxembourg
Macedonia
Madagascar
Malawi
Malaysia
Mali
Mauritania
Mauritius
Mexico
Moldova
Morocco
Nepal
Netherlands
New Zealand

0.00190.1221 0.0703 0.0027 0.1509 0.0874 0.0063 0.2418 0.1434
0.00110.0015 0.0029 0.0015 0.0019 0.0036 0.0026 0.0033 0.0059
0.13560.1136 0.1155 0.1771 0.1521 0.1497 0.3138 0.2855 0.2640
0.00310.0010 0.0046 0.0039 0.0014 0.0057 0.0069 0.0026 0.0094
0.085M.0721 0.0620 0.1012 0.0857 0.0740 0.1479 0.1275 0.1112
0.47180.4211 0.3649 0.5345 0.4928 0.4340 0.6791 0.6627 0.6068
0.349D.2707 0.3012 0.3999 0.3245 0.3732 0.5295 0.4721 0.5655
0.08760.0588 0.0355 0.1117 0.0745 0.0461 0.1925 0.1278 0.0841
0.3165 0.3226 0.3019 0.3619 0.3686 0.3461 0.4803 0.4878 0.4626
0.10280.1031 0.0969 0.1233 0.1241 0.1171 0.1861 0.1884 0.1795
0.00290.0037 0.0088 0.0036 0.0046 0.0105 0.0061 0.0075 0.0160
0.00160.0040 0.0046 0.0021 0.0052 0.0059 0.0042 0.0096 0.0104
0.00000.0000 0.0002 0.0001 0.0001 0.0003 0.0001 0.0001 0.0005
0.0661 0.0632 0.0377 0.0929 0.0869 0.0527 0.1978 0.1766 0.1133
0.04390.0249 0.0141 0.0591 0.0336 0.0200 0.1167 0.0672 0.0454
0.0178 0.0144 0.0103 0.0227 0.0184 0.0133 0.0400 0.0326 0.0238
0.00200.0009 0.0004 0.0026 0.0012 0.0005 0.0047 0.0023 0.0009
0.00100.0011 0.0013 0.0013 0.0015 0.0017 0.0025 0.0027 0.0031
0.0010 0.0018 0.0009 0.0012 0.0023 0.0012 0.0023 0.0040 0.0022
0.01660.0414 0.0102 0.0206 0.0490 0.0129 0.0342 0.0724 0.0225
0.00010.0002 0.0003 0.0001 0.0003 0.0004 0.0003 0.0005 0.0007
0.04470.0297 0.0222 0.0574 0.0387 0.0295 0.1016 0.0711 0.0573
0.00040.0063 0.0037 0.0005 0.0087 0.0052 0.0015 0.0187 0.0118
0.38670.3110 0.3070 0.4333 0.3627 0.3592 0.5494 0.4990 0.4970
0.0006.0002 0.0001 0.0008 0.0003 0.0002 0.0018 0.0006 0.0004
0.01210.2592 0.0938 0.0188 0.3051 0.1225 0.0524 0.4309 0.2213
0.13700.1264 0.0997 0.1921 0.1705 0.1340 0.3847 0.3218 0.2554
0.0004 0.0079 0.0126 0.0006 0.0105 0.0160 0.0015 0.0204 0.0276
0.53710.5345 0.4144 0.5844 0.5788 0.4625 0.6919 0.6801 0.5802
0.00050.0202 0.0094 0.0006 0.0251 0.0119 0.0014 0.0417 0.0209
0.00000.0000 0.0001 0.0000 0.0000 0.0001 0.0000 0.0001 0.0002
0.00050.0012 0.0016 0.0007 0.0017 0.0024 0.0020 0.0044 0.0056
0.3470.3802 0.3778 0.4103 0.4501 0.4467 0.5701 0.6225 0.6174
0.7174 0.6765 0.6545 0.7538 0.7243 0.7175 0.8289 0.8212 0.8391
0.01510.0104 0.0101 0.0194 0.0132 0.0128 0.0349 0.0231 0.0220
0.4353 0.4948 0.3948 0.5160 0.5561 0.4690 0.7016 0.6952 0.6488
0.16520.1296 0.0921 0.2021 0.1656 0.1212 0.3132 0.2825 0.2223
0.01910.0198 0.0160 0.0245 0.0250 0.0201 0.0438 0.0429 0.0341
0.0137 0.0180 0.0104 0.0170 0.0221 0.0130 0.0284 0.0359 0.0216
0.01420.1069 0.1267 0.0211 0.1366 0.1608 0.0525 0.2347 0.2708
0.03130.0575 0.0464 0.0429 0.0755 0.0611 0.0886 0.1403 0.1140
0.34740.3569 0.3841 0.4303 0.4270 0.4479 0.6388 0.6036 0.6056
0.00040.0004 0.0002 0.0005 0.0005 0.0003 0.0009 0.0010 0.0006
0.00100.0013 0.0018 0.0013 0.0017 0.0023 0.0025 0.0031 0.0040
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Table 3.10.Continued

Nicaragua
Niger
Nigeria
Norway
Pakistan
Panama
Paraguay
Peru
Philippines
Poland
Portugal
Puerto Rico
Romania
Russia
Rwanda
Senegal
Serbia
Sierra Leone
Singapore
Slovak Republic
Slovenia
South Africa
Spain

Sri Lanka
Sweden
Switzerland
Taiwan
Tajikistan
Tanzania
Thailand

Trinidad &Tobago

Tunisia
Turkey
Turkmenistan
Uganda
Ukraine
United Kingdom
United States
Uruguay
Uzbekistan
Venezuela
Vietnam
Yemen
Zambia

0.19560.2227 0.1726 0.2283 0.2592 0.2043 0.3208 0.3606 0.2962
0.5365 0.6396 0.6294 0.6160 0.6975 0.6941 0.7811 0.8141 0.8218
0.25000.3372 0.2859 0.3007 0.3910 0.3387 0.4425 0.5296 0.4813
0.0003 0.0008 0.0006 0.0004 0.0010 0.0007 0.0009 0.0017 0.0013
0.12560.0555 0.0304 0.1597 0.0765 0.0442 0.2700 0.1571 0.1044
0.0466).0398 0.0336 0.0564 0.0483 0.0409 0.0880 0.0752 0.0642
0.01295.1004 0.0975 0.0171 0.1195 0.1168 0.0356 0.1774 0.1761
0.03420.0380 0.0441 0.0436 0.0474 0.0542 0.0763 0.0786 0.0872
0.19550.1971 0.0846 0.2263 0.2278 0.1054 0.3128 0.3139 0.1731
0.00110.0103 0.0012 0.0016 0.0131 0.0017 0.0037 0.0227 0.0034
0.00550.0191 0.0104 0.0069 0.0227 0.0126 0.0117 0.0342 0.0196
0.01190.0149 0.0132 0.0143 0.0177 0.0156 0.0223 0.0268 0.0232
0.00130.0115 0.0083 0.0019 0.0150 0.0111 0.0046 0.0281 0.0215
0.00020.0226 0.0131 0.0002 0.0277 0.0164 0.0006 0.0447 0.0279
0.29870.4613 0.5052 0.3890 0.5445 0.5743 0.6280 0.7297 0.7270
0.36500.2145 0.1711 0.4122 0.2658 0.2153 0.5311 0.4161 0.3515
0.00210.0047 0.0020 0.0028 0.0065 0.0029 0.0056 0.0141 0.0069
0.4959.4893 0.6546 0.5414 0.5435 0.7139 0.6485 0.6687 0.8304
0.00160.0010 0.0012 0.0020 0.0012 0.0015 0.0036 0.0022 0.0026
0.00000.0002 0.0005 0.0000 0.0003 0.0006 0.0001 0.0008 0.0014
0.00010.0012 0.0007 0.0001 0.0016 0.0009 0.0003 0.0031 0.0018
0.13540.1207 0.1631 0.1541 0.1384 0.1830 0.2069 0.1889 0.2373
0.00030.0023 0.0003 0.0004 0.0029 0.0004 0.0008 0.0051 0.0007
0.07050.0758 0.1178 0.0931 0.0962 0.1411 0.1738 0.1648 0.2116
0.00130.0025 0.0016 0.0017 0.0031 0.0021 0.0030 0.0053 0.0036
0.00020.0002 0.0003 0.0002 0.0003 0.0004 0.0004 0.0006 0.0008
0.0001 0.0001 0.0001 0.0002 0.0002 0.0002 0.0004 0.0004 0.0004
0.01170.1402 0.1586 0.0167 0.1903 0.2129 0.0380 0.3603 0.3912
0.40650.4149 0.3285 0.4767 0.4957 0.4127 0.6460 0.6854 0.6290
0.05250.0410 0.0197 0.0642 0.0497 0.0250 0.1021 0.0777 0.0436
0.00190.0012 0.0006 0.0025 0.0017 0.0008 0.0051 0.0034 0.0017
0.01030.0154 0.0096 0.0140 0.0203 0.0128 0.0291 0.0387 0.0247
0.01230.0090 0.0035 0.0158 0.0117 0.0047 0.0283 0.0214 0.0094
0.00330.0005 0.0006 0.0050 0.0007 0.0009 0.0126 0.0019 0.0021
0.52970.3602 0.3635 0.6062 0.4433 0.4284 0.7679 0.6494 0.5914
0.00000.0288 0.0099 0.0001 0.0372 0.0138 0.0002 0.0670 0.0295
0.00200.0022 0.0016 0.0026 0.0028 0.0020 0.0045 0.0048 0.0034
0.0009.0010 0.0009 0.0007 0.0012 0.0012 0.0013 0.0022 0.0020
0.00680.0045 0.0046 0.0090 0.0060 0.0060 0.0178 0.0116 0.0115
0.02610.1077 0.0819 0.0378 0.1425 0.1098 0.0885 0.2623 0.2100
0.00540.0076 0.0081 0.0071 0.0097 0.0104 0.0135 0.0175 0.0186
0.22820.1310 0.0872 0.2950 0.1748 0.1163 0.4912 0.3231 0.2198
0.10850.0638 0.0322 0.1419 0.0872 0.0452 0.2555 0.1756 0.0980
0.45320.3903 0.3577 0.5056 0.4450 0.4140 0.6300 0.5802 0.5568
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Table A3.11.Poverty rates for each country (Lamé II)

Country

$ 1.25aday $ 1.45 aday $ 2 aday

1990 1995 2000 1990 1995 2000 1990 1995 2000

Algeria
Argentina
Armenia
Australia
Austria
Azerbaijan
Bahamas
Bangladesh
Belarus
Belgium
Bolivia

Bosnia and Herzegovina

Botswana
Brazil
Bulgaria
Burundi
Cameroon
Canada
Cape Verde

Central African Republic

Chile

China Version 1
Colombia
Costa Rica
Cote d’Ivoire
Croatia

Cyprus

Czech Republic
Denmark
Dominican Republic
Ecuador

Egypt

El Salvador
Estonia
Ethiopia
Finland

France
Gambia, The
Georgia
Germany
Ghana

0.0111 0.0077 0.0073 0.0145 0.0104 0.0098 0.0268 0.0208 0.0192
0.01530.0142 0.0194 0.019 0.01750.0234 0.0315 0.0283 0.0361
0.01210.1190 0.0918 0.0169 0.1453 0.1112 0.0368 0.2293 0.1732
0.00180.0014 0.0012 0.0022 0.0017 0.0015 0.0038 0.0029 0.0025
0.00930.0014 0.0012 0.0110 0.0018 0.0015 0.016 0.003 0.0025
0.02160.1417 0.0312 0.0286 0.1712 0.0413 0.0550 0.2632 0.0798
0.00510.0073 0.0116 0.0061 0.0087 0.0135 0.0093 0.013 0.0191
0.2519.2527 0.1875 0.3352 0.3267 0.2508 0.5797 0.5432 0.4561
0.00040.0014 0.0004 0.0006 0.0022 0.0007 0.0015 0.0058 0.0018
0.00010.0014 0.0012 0.0001 0.0018 0.0014 0.0002 0.0030 0.0025
0.1038 0.128 0.14940.1235 0.1487 0.1709 0.1848 0.2107 0.2333
0.1885.0756 0.0034 0.2363 0.1001 0.0048 0.3853 0.1896 0.0109
0.06710.0606 0.0441 0.0772 0.0702 0.0511 0.1073 0.0987 0.0723
0.0820 0.0694 0.0676 0.0938 0.0797 0.0777 0.1283 0.1103 0.1075
0.00020.0049 0.0007 0.0004 0.0065 0.001 0.001 0.01250.0025
0.43480.6244 0.7259 0.5338 0.7088 0.7941 0.7535 0.8605 0.9054
0.14810.1828 0.1387 0.1783 0.2209 0.1702 0.2718 0.3368 0.2705
0.00050.0007 0.0010 0.0007 0.0009 0.0013 0.0012 0.0017 0.0022
0.1400.1771 0.1933 0.1724 0.2089 0.2208 0.2759 0.3035 0.2995
0.5764.6055 0.5422 0.6272 0.6584 0.6084 0.7401 0.7720 0.7523
0.0529 0.0350 0.0288 0.0624 0.0412 0.0340 0.0917 0.0606 0.0500
0.13100.0745 0.0445 0.1739 0.0953 0.0564 0.3229 0.1679 0.0981
0.03390.0501 0.0556 0.0410 0.0589 0.0652 0.0642 0.0857 0.0945
0.01190.0106 0.0124 0.0149 0.0133 0.0153 0.0252 0.0223 0.0249
0.11350.1164 0.1756 0.1439 0.1506 0.2126 0.2462 0.2680 0.3260
0.00010.0017 0.0005 0.0001 0.0023 0.0007 0.0003 0.0045 0.0015
0.00100.0015 0.0039 0.0014 0.0020 0.0048 0.0027 0.0036 0.0079
0.000D1.0005 0.0021 0.0001 0.0006 0.0027 0.0003 0.0013 0.0047
0.00480.0034 0.0021 0.0057 0.0042 0.0026 0.0088 0.0065 0.0042
0.04060.0335 0.0255 0.0492 0.0405 0.0307 0.077 0.06320.0474
0.03700.0269 0.0779 0.0453 0.0334 0.0908 0.0728 0.0552 0.1298
0.01930.0238 0.0162 0.0266 0.0312 0.0214 0.0563 0.0589 0.0409
0.05480.0422 0.0462 0.0662 0.0507 0.0551 0.1027 0.0782 0.0829
0.00080.0102 0.0043 0.0011 0.0129 0.0054 0.0024 0.0220 0.0096
0.69180.7311 0.6845 0.7659 0.7944 0.7665 0.8908 0.9004 0.8994
0.00030.0009 0.0025 0.0004 0.0011 0.003 0.00080.0020 0.0049
0.001 0.0043.0029 0.0012 0.0052 0.0035 0.0022 0.0081 0.0056
0.2989.3605 0.2611 0.3435 0.4096 0.3074 0.4650 0.5375 0.4384
0.00290.1265 0.078 0.00400.1534 0.0944 0.0083 0.2382 0.1468
0.00230.0030 0.0058 0.0029 0.0037 0.0069 0.0047 0.0059 0.0103
0.13670.1154 0.1181 0.1759 0.1519 0.1503 0.3073 0.2799 0.2588
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Table A3.11.Continued

Greece
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran

Ireland
Israel

Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya

Korea, Republic of

Kyrgyzstan
Laos

Latvia
Lesotho
Lithuania
Luxembourg
Macedonia
Madagascar
Malawi
Malaysia
Mali
Mauritania
Mauritius
Mexico
Moldova
Morocco
Nepal
Netherlands
New Zealand
Nicaragua
Niger
Nigeria

0.00550.002 0.00820.0067 0.0025 0.0098 0.0108 0.0044 0.0148
0.0983.0845 0.0742 0.1129 0.0976 0.0859 0.1559 0.1365 0.1211
0.46230.4128 0.3569 0.5264 0.4854 0.4258 0.6778 0.6620 0.6036
0.340%.2654 0.2950 0.3896 0.3170 0.3659 0.5198 0.4635 0.5618
0.09280.0658 0.0417 0.1155 0.0810 0.0524 0.1912 0.1313 0.0893
0.3097 0.3155 0.296 0.35280.3591 0.3377 0.4690 0.4766 0.4512
0.11170.1116 0.1055 0.1307 0.1311 0.1243 0.1884 0.1902 0.1818
0.00530.0070 0.0158 0.0064 0.0084 0.0182 0.0100 0.0125 0.0254
0.00280.0066 0.0077 0.0035 0.0082 0.0094 0.0064 0.0137 0.0151
0.00010.0001 0.0005 0.0001 0.0001 0.0006 0.0003 0.0003 0.0011
0.0693 0.067 0.04170.0951 0.0898 0.0566 0.1952 0.1751 0.1148
0.04870.0295 0.0171 0.0637 0.0385 0.0235 0.1187 0.0717 0.0492
0.0237 0.0197 0.0148 0.0292 0.0242 0.0183 0.0473 0.0395 0.0301
0.00370.0019 0.0008 0.0046 0.0023 0.0010 0.0075 0.0040 0.0018
0.00180.0022 0.0026 0.0024 0.0027 0.0032 0.0041 0.0046 0.0053
0.0019 0.0036 0.0019 0.0024 0.0044 0.0024 0.0040 0.0070 0.0039
0.02350.0549 0.0150 0.0281 0.0628 0.0183 0.0429 0.0862 0.0292
0.00020.0004 0.0006 0.0003 0.0006 0.0008 0.0005 0.0010 0.0014
0.05140.0356 0.0270 0.0639 0.0448 0.0347 0.1063 0.0768 0.0626
0.00060.0085 0.0052 0.0009 0.0114 0.0071 0.0021 0.0225 0.0147
0.37650.3040 0.3002 0.4217 0.3537 0.3503 0.5383 0.4895 0.4877
0.001(.0004 0.0002 0.0014 0.0005 0.0003 0.0028 0.0011 0.0007
0.01420.2552 0.0975 0.0213 0.2984 0.1247 0.0548 0.4208 0.2180
0.13680.1273 0.1022 0.1896 0.1692 0.1348 0.3791 0.3156 0.2506
0.0008 0.0112 0.0181 0.0011 0.0143 0.0220 0.0023 0.0254 0.0348
0.52470.5210 0.4033 0.5735 0.5664 0.4505 0.6872 0.6732 0.5703
0.00080.0275 0.0139 0.0011 0.0330 0.0170 0.0023 0.0505 0.0273
0.00000.0001 0.0003 0.0001 0.0001 0.0003 0.0001 0.0001 0.0005
0.00080.0018 0.0025 0.0011 0.0025 0.0035 0.0028 0.0059 0.0074
0.339®.3719 0.3695 0.4014 0.4420 0.4385 0.5645 0.6199 0.6145
0.7123 0.6726 0.6528 0.7517 0.7235 0.7189 0.8324 0.8257 0.8442
0.02030.0152 0.0151 0.0251 0.0186 0.0183 0.0416 0.0298 0.0289
0.4281 0.4853 0.3868 0.5104 0.5483 0.4618 0.7031 0.6945 0.6479
0.16680.1318 0.0957 0.2010 0.1656 0.1233 0.3061 0.2767 0.2189
0.02490.0263 0.0223 0.0308 0.0320 0.0270 0.0508 0.0508 0.0421
0.0199 0.0255 0.0160 0.0239 0.0303 0.0191 0.0366 0.0453 0.0292
0.01680.1107 0.1294 0.0241 0.1386 0.1613 0.0555 0.2310 0.2654
0.03570.0628 0.052 0.04740.0803 0.0664 0.0917 0.1415 0.1169
0.34070.3491 0.3752 0.4238 0.4189 0.4389 0.6384 0.6005 0.6013
0.0008.0009 0.0006 0.0010 0.0011 0.0007 0.0018 0.0020 0.0012
0.00200.0026 0.0035 0.0025 0.0032 0.0043 0.0043 0.0053 0.0069
0.19830.2228 0.1761 0.2281 0.2562 0.2051 0.3138 0.3514 0.2903
0.5313 0.6359 0.6265 0.6139 0.6970 0.6943 0.7852 0.8189 0.8267
0.24580.3291 0.2799 0.2941 0.3813 0.3307 0.4335 0.5209 0.4723
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Table A3.11.Continued

Norway
Pakistan
Panama
Paraguay
Peru
Philippines
Poland
Portugal
Puerto Rico
Romania
Russia
Rwanda
Senegal
Serbia
Sierra Leone
Singapore
Slovak Republic
Slovenia
South Africa
Spain

Sri Lanka
Sweden
Switzerland
Taiwan
Tajikistan
Tanzania
Thailand

Trinidad &Tobago

Tunisia
Turkey
Turkmenistan
Uganda
Ukraine
United Kingdom
United States
Uruguay
Uzbekistan
Venezuela
Vietnam
Yemen
Zambia

0.0008 0.0017 0.0013 0.0010 0.0021 0.0016 0.0017 0.0034 0.0026
0.12830.0595 0.0337 0.1603 0.0798 0.0476 0.2647 0.1565 0.1057
0.05720.0505 0.0437 0.0672 0.0591 0.0514 0.0977 0.0857 0.0748
0.0159.1105 0.1070 0.0209 0.1283 0.1250 0.0402 0.1813 0.1794
0.04120.0464 0.0535 0.0507 0.0559 0.0637 0.0828 0.0864 0.0956
0.19940.2011 0.0914 0.2273 0.2288 0.1110 0.3066 0.3077 0.1740
0.00180.0152 0.0021 0.0025 0.0185 0.0027 0.0053 0.0295 0.0052
0.00920.0294 0.0175 0.0111 0.0338 0.0203 0.0172 0.0468 0.0289
0.01930.0241 0.0225 0.0225 0.0277 0.0257 0.0320 0.0384 0.0351
0.00210.0156 0.0117 0.0029 0.0197 0.0149 0.0062 0.0339 0.0265
0.00030.0310 0.0188 0.0004 0.0367 0.0227 0.0010 0.0545 0.0355
0.29340.4546 0.4975 0.3832 0.5400 0.5689 0.6279 0.7323 0.7288
0.35570.2118 0.1709 0.4012 0.2606 0.2126 0.5200 0.4080 0.3439
0.00350.0066 0.0030 0.0045 0.0089 0.0041 0.0082 0.0175 0.0089
0.4824.4781 0.6523 0.5287 0.5334 0.7146 0.6403 0.6648 0.8355
0.00310.0020 0.0026 0.0038 0.0025 0.0031 0.0062 0.0041 0.0049
0.00000.0004 0.0008 0.0001 0.0005 0.0011 0.0002 0.0012 0.0023
0.00020.0022 0.0013 0.0002 0.0028 0.0017 0.0005 0.0050 0.0030
0.15130.1363 0.1806 0.1682 0.1523 0.1981 0.2150 0.1976 0.2455
0.00060.0043 0.0006 0.0007 0.0052 0.0008 0.0014 0.0084 0.0014
0.07520.0819 0.1255 0.0968 0.1013 0.1470 0.1729 0.1655 0.2117
0.00260.0048 0.0033 0.0032 0.0058 0.0041 0.0053 0.009 0.0064
0.00040.0005 0.0008 0.0005 0.0007 0.0010 0.0009 0.0012 0.0017
0.00020.0002 0.0003 0.0003 0.0003 0.0004 0.0007 0.0007 0.0008
0.01450.1402 0.1578 0.0199 0.1880 0.2098 0.0418 0.3541 0.3849
0.39800.4076 0.3222 0.4690 0.4897 0.4064 0.6444 0.6864 0.6284
0.06230.0516 0.0259 0.0738 0.0605 0.0318 0.1099 0.0880 0.0511
0.00310.0021 0.0011 0.0041 0.0028 0.0015 0.0074 0.0051 0.0028
0.01340.0199 0.0131 0.0177 0.0254 0.0168 0.0337 0.0445 0.0299
0.01710.0129 0.0054 0.0212 0.0161 0.0070 0.0349 0.0271 0.0127
0.00450.0008 0.0011 0.0065 0.0012 0.0015 0.0151 0.0027 0.0032
0.52390.3534 0.3552 0.6033 0.4369 0.4196 0.7715 0.6493 0.5870
0.00010.0350 0.0128 0.0001 0.0437 0.0171 0.0003 0.0732 0.0338
0.00390.0043 0.0033 0.0047 0.0052 0.0039 0.0076 0.0081 0.0062
0.001D.0021 0.002 0.00150.0025 0.0025 0.0025 0.0041 0.0039
0.00960.0069 0.0070 0.0124 0.0088 0.0089 0.0223 0.0155 0.0155
0.02950.1102 0.0855 0.0413 0.1431 0.1120 0.0906 0.2572 0.2070
0.00820.0114 0.0121 0.0103 0.0141 0.0149 0.0179 0.0231 0.0244
0.22440.1319 0.0907 0.2892 0.1735 0.1184 0.4860 0.3168 0.2165
0.11130.0677 0.0362 0.1428 0.0902 0.0492 0.2507 0.1742 0.1002
0.44170.3804 0.3489 0.4944 0.4344 0.4041 0.6235 0.5727 0.5492
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Appendix 4

Countries included in Chapter 3

Afghanistan Egypt
Albania El Salvador
Algeria Estonia
Argentina Fiji
Armenia Finland
Australia France
Austria Gabon
Bahrain Gambia
Bangladesh Germany
Belgium Ghana
Belize Greece
Benin Guatemala
Bolivia Guyana
Botswana Haiti

Brazil Honduras
Brunei Darussalam Hong Kong
Bulgaria Hungary
Burundi Iceland
Cameroon India
Canada Indonesia

Central African Republic

Chile Ireland

China Israel
Colombia Italy

Congo Jamaica
Congo (Democratic Rep.)  Japan
Costa Rica Jordan

Céte d'lvoire Kenya

Cuba Rep. of Korea
Cyprus Kuwait
Denmark Democratc Rep.
Dominican Republic Latvia
Ecuador Lesotho

Liberia
Lithuania
Luxembourg
Malawi
Malaysia
Mali
Malta
Mauritania
Mauritius
Mexico
Moldova (Rep. of)
Mongolia
Morocco
Mozambique
Myanmar
Namibia
Nepal
Netherlands
New Zealand
Nicaragua

Iran (Islamic Rep.) Niger

Norway
Pakistan
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Poland
Portugal

Qatar

Romania
Russian Federation
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Rwanda
Saudi Arabia
Senegal
Sierra Leone
Slovakia
Slovenia
South Africa
Spain
Sri Lanka
Sudan*
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Tajikistan
Tanzania (UnRep.)
Thailand
Togo
Tonga
Trinidad and Tobago

Tunisia

Turkey
Uganda
Ukraine

United Arab Emirates
United Kingd
United States
Uruguay
Venezuela
Viet Nam

Yemen

Zambia
Zimbabwe



Appendix

Parameter estimates of the bidimensional distributins included in Chapter 3

Table A.4.1.Parameter estimates for the Sarmanov-Lee disimibwith classical
beta marginals

Education Health Income w parameters

a b a b a b  Educ/Inc Health/Inc Educ/Health
1980 2.1630 2.7261 5.7030 2.8515 3.2529 2.8149 2.6902  3.3501 3.2944
1985 2.4723 2.6910 5.9646 2.6583 3.5715 3.1289 2.7738  3.6091 3.1524
1990 2.6331 2.5126 5.5423 2.2991 3.4830 2.9740 2.8975 3.8143 3.1350
1995 2.6808 2.1603 4.9960 1.9703 3.3117 2.7090 3.1247  4.0405 3.1268
2000 2.7446 1.8708 4.7117 1.7127 3.2128 2.4244 3.3639 4.0024 3.1542
2005 2.9151 1.6569 4.5615 1.4723 3.3059 2.3022 3.6501  3.9061 3.2032
2010 3.1493 1.5754 4.6958 1.3079 3.4623 2.2527 3.8344  3.8838 3.2258
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Appendix 5

Regions and countries included in Chapter 4

Western Europe, North America, and Oceania: Australia, Austria, Belgium,
Canada, Denmark, Finland, France, Germany, Grddaagary, Iceland, Ireland,
Italy, Japan, Korea (republic of), Luxembourg, MaltNetherlands, New Zealand,
Norway, Portugal, Spain, Sweden, Switzerland, WhiKengdom, United States.

Arab States: Algeria, Bahrain, Egypt, Israel, Jordan, Morocc@at&, Saudi Arabia,
Sudan, Syrian Arab Republic, Tunisia, Yemen, UnAeab Emirates.

East Asia and the Pacific Brunei Darussalam, China, Fiji, Hong Kong, Indoags
Kiribati, Lao People’s Democratic Republic, MalasMongolia, Myanmar, Papua
New Guinea, Philippines, Thailand, Tonga, Viet Nam.

Europe and Central Asia: Albania, Armenia, Bulgaria, Cyprus, Estonia, Latvia
Lithuania, Moldova (Republic of), Montenegro, Ron@nRussian Federation,
Slovenia, Slovakia, Tajikistan, Turkey, Ukraine.

Latin America and the Caribbean: Argentina, Belize, Bolivia (Plurinational State
of), Brazil, Chile, Colombia, Costa Rica, Cuba, Doitan Republic, Ecuador, El

Salvador, Guatemala, Guyana, Haiti, Honduras, Jan®exico, Nicaragua, Panama,
Paraguay, Peru, Trinidad and Tobago, Uruguay, MexiaZBolivarian Republic of).

South Asia: Afghanistan, Bangladesh, India, Iran (Islamic Rejpulof), Nepal,
Pakistan, Sri Lanka.

Sub-Saharan Africa: Benin, Botswana, Burundi, Cameroon, Central Africa
Republic, Congo, Democratic Republic of the Cor@ote d’lvoire, Gabon, Gambia,
Ghana, Kenya, Lesotho, Liberia, Malawi, Mali, Maania, Mauritius, Mozambique,
Namibia, Niger, Nigeria, Rwanda, Senegal, Sierraneg South Africa, Swaziland,
Tanzania (United Republic of), Togo, Uganda, ZamBimbabwe.
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