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An alternative check of the validity of Kuznets’ hypothesis

Lotte ten Barge

Executive summary
The original Kuznets curve displays the shift from agriculture to industry during economic
development to propose a pattern of change for income distribution. Rural agricultural
incomes are lower and more equally distributed than urban industrial incomes. A shift into
industry, causes a (temporary) mismatch between the demand and the supply of occupations.
With a shift into industry, income inequality increases, since surplus labor in agriculture
moves to the industry sector, and a higher fraction of workers earn higher industrial wages.
Beyond a tipping point, the predominance of industrial employment will improve income
distribution, since most workers earn similar industrial wages. Also the supply of labor in
agriculture becomes scare such that the available land per worker and the marginal
productivity of labor in agriculture rises, which implies higher wages in the agricultural
sector. The mismatch will decrease or disappear. This marks the trend towards income
equality. This theory predicts an inverted U-shaped relationship between occupational
structure and inequality.

Many researchers have examined this relationship in the last decade. Most studies found
robust support for the Kuznets curve, but some did not. None of this research tested the
Kuznets hypothesis with another proxy for economic development. Therefore this thesis is
used to measure the validity of the Kuznets curve with another proxy for economic
development, namely the occupational structure. The famous economists Colin Clark (1940)
and S. Kuznets (1955) regard this proxy as a criterion for the measurement of economic
development.

To determine which variables should be considered for the measurement of income inequality
in this thesis, an overview of the advantages and disadvantages of different measures of
income inequality has been created. The best measure is the Gini coefficient, which is based
on the possession of assets. Also, an extensive overview of other possible factors that could
cause the mismatch is given. The most important individual factors are education,
urbanization and health.

The results of the regression analysis are based on a cross-sectional analysis performed for the
year 2000 at the sub-national level and including 17 developing countries (154 regions). The
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original Kuznets idea is investigated, as are models with control variables and interaction
terms. These data are checked for outliers, influential cases, heteroscedasticity and
multicollinearity. Since the data has missing values, three different methods are used to deal
with missing values. The same analysis is also performed on a sample from the year 2006.

Analysis shows that the original Kuznets idea holds. A significant inverted-U curve is found.
By adding control variables and interaction terms, the fit of the model (R-square) increases,
but the linear term turns insignificant, which means that it there is no credible evidence for the
inverted-U curve, but that there is also no proof that it cannot be true. Some control variables
have a direct significant influence on inequality and none of the interaction terms have a
significant effect.

This thesis determines whether the Kuznets curve holds with another proxy for economic
development. In doing so, it tests the validity of the Kuznets curve and provided new insight
to the literature about the Kuznets curve.
All in all, the question remains: Is the Kuznets curve a good framework? Though the
results with control variables and interaction terms do not guarantee success, the answer
might be a cautious yes, given that the original Kuznets idea holds.
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1. Introduction
Research into the topic of income inequality is not new. Over the past two decades, almost no
topic has been more discussed than inequality. Omnipresent in the media and in debates, the
Kuznets curve framework has been a major object of study for researchers. This framework
explains that the relationship between inequality and growth has the shape of an inverted Ucurve (called 'the Kuznets curve'). Kuznets had income inequality data for a few countries: the
United States (US), United Kingdom (UK) and two states in Germany. He observed that
inequality rises with growth and then, at later stages, inequality starts to decrease with further
development of the economy. Kuznets combined this observation with the historical shift
from agriculture to industry during economic development (Gallup, 2012). Various
researchers have measured the Kuznets curve with the GDP per capita as a proxy for
economic development. For example Anand and Kanbur (1993), Bourguignon (1994), Chang
and Ram (2000) and Fields and Jakubson (1994). But despite much research, not all studies
find support for the Kuznets curve (Anand and Kanbur, 1993; Fields and Jakubson, 1994).
None of this research tested the Kuznets hypothesis with the occupational shift from
agriculture to industry as a proxy for economic development. Kuznets only related it to the
pattern he found, he never tested it statistically. So, whereas all studies look at the link
between income inequality and per capita GDP, it might be worthwhile to check the validity
of the Kuznets hypothesis and to see whether information about occupational structure reveals
the same pattern as GDP per capita. So, the objective of the study is to test the validity of the
Kuznets hypothesis.

In addition, all previous studies have either considered developed countries alone or
developing and developed countries together. But the occupational structure does not change
as much in the developed world as it does in the developing world. Developed countries
already have a high proportion of people in secondary and tertiary activities, already have
good education and are mostly fully industrialized. Thus they do not differ much from each
other country and are all on the end of the Kuznets curve. It is more reasonable to look to
countries that are developing because these countries differ more from each other. Therefore,
the focus in this study is on developing countries (Kniivila, 2007).
A natural experiment is performed by selecting developing countries. Natural
experiments are observational studies that can be undertaken to assess the outcomes and
impacts of, for example, economic development. In natural experiments, researchers do not
8
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design or influence the situation, since the occupational structure changes through
industrialization, urbanization, etc. Divergences in the occupational structure can offer the
opportunity to analyse the households in the developing world as if they belonged to an
experiment (Michael, 2006; Petticrew et al., 2005).

Evidence shows that factors such as employment, health care and access to education are
regional issues (Piacentini, 2014). For example, researchers have found that, in urban areas,
people have better access to education and health care. The occupational structure can also be
a regional issue. If this is the case, the policy responses must also be locally targeted. Policies
that take better account of regional problems and needs may have a greater impact on
improving education and occupations and thus on income inequality for a country as a whole
by tackling the sources of inequality more directly. Therefore, this thesis considers the
subnational level instead of the national level.

All of this leads to the following research question: Is there a Kuznets curve with the
occupational structure as proxy for economic development? So far as we know, no systematic
cross-country investigation of the impact of the changing occupational structure on income
inequality has been performed. This thesis intends to fill this gap and is thereby extending the
literature by including another proxy for economic development.
This thesis also offers an academic contribution if the Kuznets curve hypothesis holds
with another proxy for economic development. Much research has already been done on the
Kuznets curve, but research that links the occupational structure with inequality has never
been investigated. To advance the academic literature in this respect would be to acknowledge
the effect of occupational structure on inequality and to thereby urge more scholars to conduct
research into this area to check the Kuznets curve hypothesis. Thus the findings of this study
contribute to the available literature on the Kuznets curve by using another proxy for
economic development and provide implications for policy responses. Therefore, this thesis
has both academic and policy relevance.

To answer the research question, this thesis investigates the changing occupational structure
on income inequality in 154 regions of 17 developing countries for the year 2000. A second
sample considers 154 regions of 18 developing countries for the year 2006. Moreover, a
distinction is made between occupations because of the heterogeneity of activities:
agriculture, lower non-agriculture and upper non-agriculture. The distinction between lower
9
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and upper non-agriculture is made on the basis of education. To the lower non-agriculture
belongs manual, service, sales and clerical occupations. To the upper non-agriculture belongs
professional, managerial and technical occupations. Also, the agriculture sector should be
considered heterogeneous, as there is no representative farm. But, it is not possible to make a
distinction in this sector. This set-up allows us to investigate the effects of lower and upper
non-agriculture on inequality.
Variables such as education and health status may also influence income inequality.
Thus, in addition to the occupational structure variable, all variables must be considered for a
correct model specification.

The setup of the rest of the thesis is as follows. The next section presents the theoretical
framework that is used to explain how income inequality is measured and how to distinguish
reasons for income inequality. Also, the motivation for using control variables is presented in
this section. Next, the data and methods used are presented. Section 4 is devoted to results.
Section 5 discusses and concludes.
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2. Theoretical review
This section provides a theoretical review which is divided in four parts. The first part consist
of an explanation of what income inequality is, what the different ways to measure income
inequality are and what the best way to measure income inequality in this thesis will be. The
second part consist of the reasons for income inequality. The third part continues with a
review of the empirical relation between the income sources and income inequality. The last
part consist of the conclusion.

2.1.1 Measuring income inequality
Income inequality is the uneven distribution of income in a population (Cowell, 2007, Page
9). It is the gap between those with a high income and those with a middle or lower income.
A variety of strategies exist for the operationalisation of income inequality. Each has its own
advantages and disadvantages. This chapter discusses the most important and most used
strategies and explains the strategy that best fits in this thesis.
The simplest way to measure income inequality is to calculate decile ratios. Decile ratios are
easy to understand. They are calculated by taking, for example, the income earned by the top
10% of households (90th percentile) and dividing that by the income earned by the poorest
10% of households (10th percentile). This is the 90/10 ratio. Decile ratios were used in a study
of income inequality and teen birth rates in the US (Gold et al., 2001) and in a study of
income inequality and mortality in 14 countries (Lobmayer and Wilkinson, 2002). An
advantage of the decile ratio is that it facilitates sensitivity analyses. This means, for example,
that the relation between a factor and the 20/80, 10/90 decile ratios can be compared. This
allows researchers to examine which sections of the income spectrum are most important. A
disadvantage of this measure is that is does not include the full population. The 90/10 ratio
tells us nothing about what happens amongst the remaining 80% of households in the middle
(Burkhauser et al., 2009). This could be problematic because, if the incomes earned increases
or decreases by the same amount in both groups (i.e., the 10th and 90th percentile), the ratio
will remain the same.
Another simple measure is the Coefficient of Variation (CV). This measure is also easy to
understand and is calculated by dividing the standard deviation of the income distribution by
its mean. More equal income distributions have smaller standard deviations and thus the CV
is smaller in more equal societies (Champernowne and Cowell, 1998). Despite being one of
11
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the simplest measures, the CV has been criticized because it has important limitations. There
is no upper bound, which makes interpretation and comparison more difficult. And the mean
and standard deviation may be extremely influenced by anomalously low or high income
values. So, if the income data is skewed, the CV is not an appropriate measure (Camparo and
Salvatore, 2006).
Another widely used used way to measure
inequality is the Gini coefficient, which is
based on the Lorenz curve. Figure 1 plots a
Lorenz curve. The percentage of the
population is plotted along the horizontal
axis, which runs from 0 to 100% of people.
The percentage of income in the society is
plotted along the vertical axis, this too runs
from 0% to 100%. The 45 degree line shows
what ‘perfect’-equality looks like, along this
line every person has the same income. The
more a Lorenz curve drops below the 45
degree line, the higher the level of inequality

Figure 1 Lorenz Curve (Abbet, 2010)

in a society becomes. The Gini coefficient is calculated by dividing area A in Figure 1 by the
total area under the 45 degree line (area A+B). It varies from 0 (perfect equality) to 1
(complete inequality, in which one individual holds 100% of the income).
An advantage of the Gini coefficient is that it is a ratio analysis type of measure rather
than a non-representative measure such as per capita income or any other measure that
averages income in the population. Another advantage of the Gini coefficient is that it can be
used to compare different income distributions of different populations (different countries,
regions or any geographical area). The main weakness of the Gini coefficient is that it cannot
differentiate between different kinds of inequalities. Theoretically, two Lorenz curves could
intersect one another, showing different patterns of income inequality even though they result
in a similar Gini coefficient. The Gini is often criticized because it is over-sensitive to
changes in the middle of the distribution and insensitive to changes at the top and bottom of
the distribution. This criticism is justified, as inequality is driven mostly by the tails rather
than the middle. However, it is still the most widely used indicator. The popularity of the Gini
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index might be explained by the fact that it is easily understood. It makes explanation and
dissemination relatively easy because it includes the whole population.
Because the Gini coefficient has been criticized, researchers sometimes use another way to
measure income inequality. The Atkinson Index allows for different parts of the income
distribution to have certain levels of sensitivity to inequality. The Atkinson Index is a very
complex subjective inequality measure. It explicitly incorporates a sensitivity parameter that
allows the researcher to weigh inequality at different points (De Maio, 2007). It represents the
percentage of total income that a given society would have to forego to have more equal
shares of income between its citizens. The value of the Atkinson Index can vary between 0
and 1. A lower Atkinson value represents an income distribution that is more equal. An
advantage of this measure is that it incorporates a sensitivity parameter. It can range from 0
(which means that the researcher is indifferent about the nature of the income distribution) to
infinity (which means that the researcher is concerned only with the income position of the
very lowest income group).
The main difference between the Gini coefficient and the Atkinson Index is the
sensitivity parameter. This parameter makes the Atkinson Index subjective whereas the Gini
coefficient is objective. The Atkinson Index is subjective because the user can choose which
subgroups to count more heavily than others, this cannot be chosen with the Gini coefficient.

Recent studies in developing countries have used yet another way to measure inequality,
namely the Gini coefficient based on the possession of assets (Fox, 2012; La Ferrara, 2002;
Van Deurzen, 2014). They base the Gini coefficient on the distribution of the wealth of
households as measured by an asset-based household wealth index, the International Wealth
Index (IWI). Researchers base it on the possession of assets for two reasons.
First, it is hard to compare income distributions among countries because benefit
systems differ. For example, some countries offer benefits in the form of money while, others
use food stamps, which may not be counted as income (measured in currency). Because of
this, it is hard to collect accurate information about the income of the households expressed in
some form of currency. Information about possession of assets is easier to collect and more
accurate.
Second, when measuring income, unregistered wealth or income cannot be considered.
Also, seasonal work is not correctly taken into account (Dixon et al., 2002). The normal Gini
coefficient and other measures lead to inaccurate inequality because in Low- and Middle13
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Income Countries (LMICs) (and thus developing countries), the structure of the economy is
based largely on informal work contracts, seasonal work and agricultural practices.

A challenge to using asset indicators to measure inequality is in ensuring that sufficiently
broad class of asset indicators is collected to allow for differentiation across households. This
is a fundamental condition for using this type of index (Minujin and Bang, 2002). If an
insufficient number of asset indicators is used, then households will be combined together in a
small number of groups. It could be that there is a group of owners and a group that does not
own this asset (if there is only one asset indicator), which limits the amount of useful
information about inequality that can be inferred from the asset index.
IWI is calculated using data on a broad class of asset indicators: i.e., possession of
household durables (TV, refrigerator, phone, bicycle, car, a cheap utensil and an expensive
utensil, the housing characteristics), the number of sleeping rooms, quality of the floor
material, quality of the toilet facility and access to two public services (i.e., access to clean
water and electricity). Principal component analysis is used to derive asset-specific weights
that show the relative contribution of each asset to a household’s wealth score. This score is
used to derive an IWI score for each household. The IWI scale runs from 0 to 100.
Households that own more expensive durables, are considered to have a higher level of
material well-being (IWI score around 100) than households with less expensive durables
(IWI score around 0).
IWI is regarded as a valid, stable and reliable yardstick of the long-term economic
standing of households (Smits & Steendijk, 2015). Recent studies have explored the effects of
income inequality by computing a Gini coefficient that is based on the possession of assets
(La Ferrara, 2002 and Fox, 2012).

In summary, many measures are used to measure income inequality. A summary of the
different measures and their advantages and disadvantages can be found in Table 1 below.
The best inequality measure for a thesis that includes developing countries is the Gini
coefficient based on the possession of assets, because this measure includes unregistered
wealth or income. It includes assets from self-employed workers and seasonal work. It also
takes other benefit systems into account. Whether assets are a good implicit measure for
income, will be discussed in the next section.
The CV and decile ratios are not appropriate choices of income inequality, because of
their disadvantages. The Gini and Atkinson Index are both good measures that are used
14
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repeatedly. The Gini is an objective measure and the AI is a subjective measure. The Gini will
be computed rather than the AI, because, by subjective measures, the user can choose what
subgroups count more heavily than others and we already made subgroups in the occupational
structure. This will be discussed in the Data and Methods section in Chapter 3. If we again
make subgroups in the Gini coefficient, the interpretation will be much more complex.
Table 1: Summary income inequality measures

Decile ratios

Advantages

Disadvantages

- Simple

- Does not include all data

- Easy to understand

(not the full population)

- Enables sensitivity analyses
CV

- Simple

- No upper bound

- Easy to understand

- Only appropriate when

- Includes all data

income data is normal
distributed

- Includes all data

- Over-sensitive to middle

- Easy to understand

incomes

- Comparison between different

- Cannot differentiate

income distributions is feasible

between different kinds of

- Objective

inequalities

-Includes sensitivity parameter

-Complex

- Includes all data

-Subjective

Gini based on

-Unregistered income included

-Broad class of assets needed

assets

-Different benefit systems included

Gini

Atkinson Index

-Easier to collect information

2.1.2 Assets implicit measure of income
Asset-based inequality indexes are regarded to be more accurate than measures of income
inequality in the developing world. This is why recent studies that explore the effects of
income inequality among developing countries have used inequality measures that are based
on possession of assets.
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There are some theoretical reasons to believe that the asset-based inequality measure may
better capture income inequality than other measures of income inequality and can be seen as
an implicit measure of income inequality. First, empirically cross-country studies that
examine the relationship between initial inequality and subsequent growth have found a
stronger effect of land and human capital inequality than of income inequality (Bardhan et al.,
1999; Birdsall and Londono, 1997). Land and human capital are forms of assets, which
suggests that asset inequality matters more. Another reason is that the income distribution
determines investment in physical and human capital in economies (Banerjee and Newman,
1993; Galor and Zeira, 1993). The income distribution is thus correlated with the investment
in assets.
There is a practical reason for using asset indicators in addition to these theoretical reasons for
using inequality based on assets. There is likely to be much less recall bias or
mismeasurement in questions such as whether the household owns a phone than there is in
recalling income over the past week, which leads to less endogeneity. Because of bias, it is
much harder to provide a correct estimation of household income than it is to accurately
answer questions about their assets. Measurement of income for self-employed and
agricultural workers is difficult due to seasonality. Deaton (2003) notes that endogeneity is
problematic because even if measurement error has little effect on the measurement of
income, it will inflate the measured variance and measured income inequality. Measuring the
quality of housing and ownership of particular assets does not face these measurement
problems.

2.2.1 Reasons for income inequality
There are different reasons why income inequality exists. The inequality could be related to
individuals, because people have different characteristics. Differences could be due to
education, occupation, how people live (in the city or in the countryside) or skills. All of these
differences can be related with each other. A country may have a high degree of inequality
because a large disparity in characteristics exists, it could be that some people in the country
have schooling and some have no schooling at all. It is also possible that these characteristics
are rewarded differently. For example, ten years of education usually gives a higher income
than four years of education.
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Other reasons why there is income inequality include exogenous drivers (i.e., drivers that are
outside the purview of domestic policy) and endogenous drivers (i.e., drivers that are mainly
determined by domestic policy). These reasons are not related to the individual and will
discussed in a later part of this chapter.

First of all, a lot of research has
been done on economic
development as a reason for income
inequality. The Kuznets curve is
considered an important approach
to explaining how economic
development affects inequality. The
curve hypothesizes that income
inequality increases over time and

Figure 2: Illustrative representation of Kuznets
Curve, with GDP per capita

Illustrative
representation
Kuznets See Figure 2.
then becomes more equal after a threshold
as income
per capitaofincreases.
Curve, with the occupational structure
Industrialization and urbanization are two key processes of economic development.
Industrialization creates economic growth and job opportunities that draw people to cities.
Urbanization is the population shift from rural to urban areas (Oyvat, 2010).
Kuznets combined his observations of the curve with the historical shift from
agriculture to industry during economic development. He motivated his proposed empirical
story (rising than falling inequality) with the dual sector model of Lewis (Ranis, 2004). This
model has two sectors: agriculture and industry. Kuznets argued that rural agricultural
incomes are more equally distributed than urban industrial incomes, but industrial incomes are
much higher on average. In that case, the increasing part of the inverted U-curve is created
during industrialization if workers move from agricultural to industrial labor. Inequality falls
beyond a certain point, however, as the majority of workers receive a constant industrial
wage.
The Kuznets curve is measured in per capita income, which is a proxy for the stage of
development. Income per capita is not deemed appropriate by some economists. Jacob Viner
and Herbert Frankel believe that it is not an ideal index of economic development for two
reasons (Jain and Ohri, 2014). First, even an increase in per capita income does not
appropriately reflect the increase in the living standard. This is a problem because, if the
income distribution is skewed, then despite a rise in income per capita, the rich would still
17
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become richer and the poor would still become poorer. Second, unemployment, poverty and
maldistribution of income in consonance with the rising income per capita have been growing
in less developed countries. India, Brazil and Pakistan may be cited as examples of countries
in which unemployment and poverty are growing alongside per capita income increases.

Another proxy for stage of development is change in occupational structure. The literature,
however, has neglected to test the Kuznets curve with using changing occupational structure
as a proxy for the development. The changing distribution of working population in different
occupations is nevertheless regarded as a criterion for economic development by the famous
economists Colin Clark (1940) and Simon Kuznets (1955). They are of opinion that a relation
exists between occupational structure and economic development (Kenessey, 1987). They
divide the occupational sector into three sectors: primary (includes agriculture, mining, paper,
fishing and similar industries), secondary (includes construction, trade and manufacturing)
and tertiary (includes services, retail, banking etc.). They found that a higher per capita
income is always associated with a higher proportion of the working population employed in
tertiary industries, while a low per capita income is always associated with a low proportion
of working force employed in the tertiary sector. For instance, the per capita income of India
was 70 dollar in 1960 and out of total work force 74% was engaged in agriculture, 11% in
industry and 15% in the service sector. In 2010, the per capita income rose to 1410 dollars and
people employed in agriculture decreased to 51.1% (Dadihavi, 1987).
In this case, the Kuznets curve could also be interpreted with the change in
occupational structure on the xaxis. See Figure 3. The x-axis
ranges from agrarian to nonagrarian in times of
development. In
underdeveloped countries, the
majority of the working
population is engaged in the
primary sector. On the other
hand, the majority works in the

Figure 3: Illustrative representation of Kuznets Curve, with occupational
structure

secondary and tertiary sectors in
developed countries.
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The start of industrialization results in the start of development. Industrialization changes the
occupational structure. A shift in occupational structure from primary to secondary
(industrialization) and tertiary (post-industrialization) sectors indicates a movement towards
economic development. This is because much more work is technical and done with machines
under industrialization. This results in a greater demand for skilled labour (more educated or
more experienced) than unskilled labor (Kuznets, 1955).
When people’s needs become less material, the demand for services increases. The
labour productivity in services does not grow as fast as it does in agriculture and industry,
because most service jobs simply cannot be filled by machines. This is also why services are
more expensive. This is explained by Baumol’s cost disease model, which argues that rising
prices result from productivity lag. Increases in productivity occur for the following reasons:
(1) increased capital per worker, (2) improved technology, (3) increased labour skill, (4)
better management and (5) economies of scale as output rises. This list suggests that increases
in productivity are mostly achieved in industries that use machinery and equipment. In
industry, the output per worker can be increased by using more machinery or by investing in
new equipment (with better technology). As a result of these changes, the amount of labour
time needed to produce a physical unit of output declines. The service sector is a sector in
which machinery, equipment and technology play only a small role in the production process,
it therefore experiences little change over time (Baumol, 1996).
Every country has a limited amount of land to cultivate. Land can thus be seen as a fixed
factor (Hall, 2012). When there are enough farmers, the marginal product of an additional
farmer is assumed to be zero (as the law of diminishing marginal returns says) due to the fixed
input of land. This means that, because of the fixed input of land, the agricultural sector has a
quantity of farm workers that do not contribute to the agricultural output. This group is called
surplus labor because it could be moved to another sector with no effect on agricultural
output.
So because the agricultural sector has an initial surplus of labor, the industry sector
attracts workers from the agricultural sector by paying a wage that is slightly higher than the
wage in the agricultural sector, which leads to income inequality. When surplus labor in
agriculture ceases to exist, further increases in demand for labor by industrial and service
sectors leads to even higher wages in these sectors.
There is a tipping point at which the predominance of industrial workers improve
income distribution and supply labor in agriculture becomes scarce. This marks the start of a
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trend towards income equality. As the development continues, the demand for workers in the
industrial and service sectors is driven down because additional workers enter the industrial or
service sectors, which means that lower incomes are offered. And because of the decreasing
supply of labor in agriculture, the available land per worker in the agricultural sector is rising
and thus the marginal productivity of labor in the agricultural sector also rises. Increasing
marginal productivity in the agricultural sector implies that wages in this sector are rising
(Easterlin, 2004). This improves the income distribution, since most workers earn similar
industrial wages and agriculture wages are rising. All wages become more equal.
So, the share of occupations in the industrial and service sectors is positively related to the
level of income inequality. At some point in the development process, the share of
occupations in the industrial and service sectors is negatively related to the level of income
inequality. This is consistent with the inverted-U pattern and could be tested with a crosssectional pattern. The inequality exists through a (temporary) mismatch, because the demand
for occupations from the (growing) sectors do not match to the supply of occupations (from
people). If there is a mismatch between supply and demand, the incomes in the demand
(industrial) sectors will increase, as just explained by the framework above. This process
causes (temporary) income inequality. The present section discusses individual and nonindividual reasons for income inequality related to this framework. It emphasizes studies
based on the Gini index (or computed Gini), as it is the measure we use in our research.

2.2.2 Individual reasons
The mismatch between supply and demand can be related to three individual factors that
determine occupational structure: talent, preferences and possibilities.
First, talent is an individually determined set of personal characteristics that enhance one’s
ability to achieve expertise in an accelerated manner. People say they are ‘born with a talent’.
Someone who has talent is able to do something more quickly and with less effort than
someone who does not have that talent. This is because talent is the ability to adapt training
and to develop skills in a specialized field (Gallardo et al., 2013). Talent often becomes
apparent only after a moderate amount of practice (education). People may have a talent, or
many talents, for music, acting, sports, economics, or other skills. Even those who have talent
usually have to work hard if they want to be very good at something.
The mismatch between supply and demand can be explained by the (high) demand for
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workers with talent (education) and the (low) supply of workers with talent (education). The
industry and service sectors attract workers from the agricultural sector, but there are entry
barriers: namely, the population in this sector usually does not have the skills required to work
in these sectors. This can be seen as a temporary cause of income inequality, because after a
period, workers are retrained and have the skills to work in the industry or service sector
(Sylwester, 2000). So in the long term, education is mostly seen as a way to reduce inequality,
because it provides greater economic opportunities, especially to the poor (who usually have
not received much education) and because of that the gap between the poor and rich will be
smaller (Blanden and Machin, 2004). However, in the short term, higher levels of education
increase inequality because of entry barriers, therefore the mismatch between demand and
supply cannot be resolved as soon as possible.
A large theoretical and empirical literature has explored the effects of education on inequality.
Education shifts the composition of the labor force away from unskilled to skilled (Schultz,
1963). The educational degree plays a key role as a signal of ability and productivity in the
job market. It is an effective signal of achievement. It is found that success in school is related
to productivity, because better educated individuals are better able to cope with technological
and environmental changes that influence productivity. Individuals with higher education are
rewarded with higher earnings as payment for their productivity (Knight and Sabot, 1990).
In China, earnings in the nonfarm sector depend primarily on the education and
experience of the individual workers, whereas it was found that education does not influence
earnings in the farm sector (Janvry et al., 2005). In Japan, education also infleunces the
adoption of nonfarm occupations. Nonfarm income increases with the increase in education.
This is in line with the temporary mismatch (Arif et al., 2000).

The second individually determined factor, preferences, also influences income inequality and
the supply of people. Talent can exist only along with a deliberate interest. If anyone has the
talent to become a surgeon, but prefers to be a farmer, that person will become a farmer if this
is possible. Preferences depend on the interests of a person, which is related to the willingness
to work hard or not. If you must do work that you are not interested in, your energy,
enjoyment and performance decrease. Your enthusiasm will also be low, which can have a
negative effect on the success of your company (Milward et al., 2006).
It is not necessary to have talent for something, anyone can become quite good at
something even without talent, but that person must be willing to work hard and have interest
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enough to gain the necessary skill.

The third factor, possibilities, influences talent and preferences and thus the occupational
structure and income inequality. This factor can be individually determined and/or determined
through the environment.
For example, if anyone is not interested in a particular job, that person will typically
not choose it. But this is not always a free choice, sometimes people are forced to do jobs they
would rather not do. This happens when there is no work in a particular sector and is thus
determined through the environment.

The area in which a person lives (rural or urban) can also influence possibilities. Rural areas
are less modern, settled places outside towns and cities, and nearly all the agricultural
activities are done in rural areas as a source of income. Urban areas are much more modern
and have more possibilities. There are schools, banks, hospitals and therefore also better jobs.
It has been found that urban communities have higher literacy and education levels than rural
communities and correspondingly better jobs. The supply of skilled workers is higher in urban
areas than in rural areas (Meludu, 2005). This is because schools are mostly located in urban
areas and because rural communities live on small and meagre incomes and cannot pay for
education and transport to schools. Also, the industry and service sectors are located in the
urban areas. This leads to a high income inequality between rural and urban areas (Kolenikov
and Shorrocks, 2005; Meludu, 2005).

The fertility rate and household size can also influence the possibilities. The fertility rate
represents the number of children that would be born to a woman if she were to live to the end
of her childbearing years and bear children in accordance with age-specific fertility rates (The
World Bank, 2016). A higher fertility rate means mostly a larger household size. In large
families (high fertility rate and household size), it is usually impossible to send all children to
school because it is expensive to do so. The educational degree is then lower and there is less
chance of an industrial or service job. In larger families, the supply of skilled workers is thus
low (Buchmann & Hannum, 2001, Emerson & Portela Souza, 2008 and Pong, 1997). In small
families (with one or two children), parents can invest more in each child’s education, thereby
increasing skills and human capital. The supply of skilled people is then higher, better
matches the demand and causes less inequality.
In the empirical literature, it is well known that there is a close relationship between
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fertility rate and income: the fertility rate decreases as the income increases (Easterlin, 1966;
Qi and Kanaya, 2010). A higher fertility rate (higher rate of population growth) increases
inequality (Grundler and Scheuermeyer, 2014).

Health also influences possibilities. Bad health can make it more difficult for workers to
search for jobs and employers are less likely hire people with bad health. An ill person will be
more absent than someone who is not ill. Illness may harm job performance, which in turn
affects earnings, increases the probability of dismissal and reduces chance of promotion.
Some employers discriminate against workers who are ill or have a physical or mental
disability, even if their performance is satisfactory (Leigh et al., 2009). Bad health can also
affect educational outcomes and thereby influence talent and how talent is reflected. It can
affect brain development and school attendance in case of illness (Haas, 2006). Bad health
causes a low supply of fit and healthy workers. When there is a high demand for fit workers
but many ill workers, there is a mismatch.
It has been found that bad health leads to greater income inequality. Frequently used
measures for health are mortality rate and spread of HIV/AIDS or other diseases (Kennedy et
al., 1998; Mullahy et al., 2004). The study from van Deurzen et al. (2014), which used the
Gini coefficient based on possession of assets, also finds a negative relation between health
and inequality. A higher chance of Anemia and a higher child mortality rate is significantly
associated with a higher Gini Index of assets.

2.2.3 Not individually related reasons
Some reasons for income inequality are not be related to the individual, these are exogenous
and endogenous drivers. It is hard to draw a clear line between exogenous and endogenous
drivers because even drivers that may look exogenous at first sight are often the outcome of
policy decisions or political decisions to create certain institutions.

Drivers of inequality include monetary, exchange rate and fiscal policies. These policies are
under the aegis of the Washington Consensus (WC), which has been adopted to reduce
inequality by increasing growth, investment and employment (Taylor, 2004; Van der Hoeven
and Saget, 2004). Monetary policy used the interest rate as a policy instrument to curb
inflation below the 5 percent guideline. This policy induced a recession in developing
countries by increasing the cost of capital and thereby lowering investment and growth. It also
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led to a surge in unemployment and even to an increase in informal employment. Companies
shed labor, which means less demand of sectors and cut wage costs. This caused a loss of
income and income inequality worsened.

Another driver is the minimum wage. Freeman (1996) presents the redistribution theory,
which discusses how the minimum wage shifts earning distribution towards the lower end.
Minimum wage increases the costs of production, which in turn increases price. Therefore,
the wage of the low wage worker increases while the purchasing power of the other people
decreases, thereby altering equality. But by increasing the wages of the workers, profits
decrease due to the increased cost of production. Lower profits decrease the income of the
stakeholders, which are usually at the higher end of the wage distribution, while an increased
minimum wage raises the incomes of the low wage workers (Litwin, 2015). This process
should lead to less income inequality, because the gap between the poor and rich is thereby
lowered (Butcher et al., 2012; Fortin and Lemieux, 2000; Saget, 2001).
A problem in the developing world is that a large segment of the workforce is not
covered by minimum wage legislation. Minimum wage is also complicated because of large
informal sectors and frequent noncompliance with labor policy (Cunningham, 2007).

Another important driver is openness. By opening capital accounts (financialization), firms
gain more options for investing: they can invest in financial assets as in real assets and they
can invest at home as well as abroad (Stockhammer, 2013). Capital openness has caused the
real exchange rate to rise in many countries. This, in turn, has shifted aggregate demand
towards imports, which has led to a restructuring of production with reduced absorption of
unskilled labor and a raise in income inequality (Taylor, 2004).
Another form of openness is international trade, openness to world markets. The
standard model economists use to analyse the effect of trade on the relative returns to different
factors of production is the Heckscher-Ohlin model (HO model). This model builds on the
Ricardian theory of comparative advantages by predicting patterns of trade and production
based on the factor endowments of a trading region. The model assumes two factors of
production (skilled and unskilled labor), two countries (developing countries and developed
countries) each producing two goods (skilled and unskilled labor-intensive). According to the
HO model, greater openness should increase the demand for a country’s abundant factors.
This increases the price of these factors, hence it increases the returns to the owners of the
factors. Taking into account that most developing countries are relatively abundant in
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unskilled labor and so have a comparative advantage in this production factor, international
trade should increase the demand for unskilled workers and their wages, ending up with a
decrease in wage dispersion in low-skilled labor (Kremer & Maskin, 2006).
However, this model has been criticized. Allowing for capital deepening,
technological change opens the way to important counter-effects. In such frameworks,
increased openness may raise the relative wages of skilled labor and consequently income
inequality in both developed and developing countries.
For example, the HO model assumes that technologies are identical among countries,
but in fact technology differs between developed and developing countries. In this case,
openness facilitates technology diffusion from developed to developing countries. The final
impact of trade in terms of demand for labor also depends on the skill intensity of the
transferred technology relative to that currently in use. Many empirical studies show the skillbiased nature of technological change in developed economies (see for instance Berman et al.,
1994 and Machin and Van Reenen, 1998). Developed countries transfer their best and newest
technologies (which are relatively skill-intensive) to developing countries. Surely, to the
extent that the transfer of technologies is linked to international openness, trade liberalization
may increase the demand for skilled labor in developing countries, thus reversing the
prediction of the HO model. This result has recently been confirmed by Berman and Machin
(2004).

2.3 Review of empirical relation between income source and income inequality
There is a considerable body of literature of empirical investigations testing the Kuznets
curve. All these studies looked at the link between the Gini index and per capita income.
Some of these studies, however, look at the effect of per capita income source on the Gini
index. It is difficult to say whether the countries followed the trend discussed above, but these
studies can reveal some interesting patterns about the nature and character of income source
on income inequality. Because income source and occupational structure are both proxy’s for
economic development, these studies will be discussed.
There is evidence that different income sources have different influences on income
inequality, for example, in Egypt in 1997 (Croppenstedt, 2006), and in Ethiopia in 1996 (Berg
and Kumbi, 2006). In these countries, the income from agriculture has contributed to income
inequality. In Ethiopia, 90% of total inequality was due to farming as a source of income. The
main cause for this is that agricultural workers have had no education and cannot afford
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education. This cause fits with the mismatch between supply and demand.
The majority of people in the developing world live in rural areas and rural areas are
majorly agrarian. So nearly all agricultural activities are done in rural areas as a source of
income. But the farmers own just a small piece of land on which they grow crops, which is
hardly sufficient to feed themselves, let alone to generate income. So many farm households
complement their farm income with income from (unskilled) nonfarm sources. Their
agricultural resources are often too limited to allow the productive use of all household labor,
especially because it is mostly seasonal work, and in that case nonfarm activities offer an
alternative. Moreover, income from agriculture is subject to high risk due to climatic factors,
price fluctuations and diseases. Earnings from nonfarm employment may help to buffer the
resulting income fluctuations (Lanjouw and Lanjouw, 2001).

During industrialization and economic development, nonfarm activities play a more and more
important role. There are mixed results about the effect of nonfarm income on income
inequality. Studies in China (Barham and Boucher, 1998; Elbers and Lanjouw, 2001; Escobal,
2001; Khan and Riskin, 2001), Egypt (Adams, 2001) and Ecuador (Elbers and Lanjouw,
2001) find that nonfarm income increases income inequality in a country. They explain this
by noting that nonfarm income is more unequally distributed than farm income. This is in line
with the increasing part of the Kuznets curve. In Ghana and Uganda (Canagarajah et al.,
2001), the same effect of the nonfarm sector is found and the same explanation (heterogeneity
of the nonfarm sector) is given.

On the other hand, studies by Janvry et al. (2005), Lanjouw and Feder, (2001), Reardon et al.
(1998) and Zhu and Luo (2006), contradict these findings. These studies suggest that nonfarm
income has a decreasing effect on inequality. This can be seen as the decreasing part of the
Kuznets curve. All of the authors just named offer the same explanation for this finding,
namely nonfarm income favours the poorest (farm) households. This is because there is
employment in the nonfarm sector. The nonfarm sectors attract these poor households and
therefore come closer to the nonfarm households.
Lanjouw and Feder (2001), however, emphasize the need to distinguish between non-farm
activities (high-productivity or low-productivity) in ascertaining the effect of non-farm
income on income inequality in Ecuador. They observe that high productivity activities
generally accrue to wealthier households such that income from this source tends to increase
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inequality because the poor usually do not have the skills, contacts and assets required for
accessing such jobs. Low productivity activities tends to decrease inequality, since everybody
can do these activities.
Inequality has been analyzed relative to different sources of income in Pakistan (Adams and
He, 1995). The authors divide rural income in Pakistan into five main sources: farm, nonfarm, livestock, transfer and rental sources. Farm income has the largest influence on overall
income inequality and livestock income has the smallest. The main reason for this difference
is land, because landownership is distributed unevenly in Pakistan. Farm income is highly
correlated with land, and livestock income is not. Farm income is divided in two parts: cash
crops (sugarcane) and food crops (wheat and rice). Both affect inequality differently. Income
from cash crops has a large and negative effect on income distribution and income from food
crops has an equalizing effect. The explanation offered for this difference is that sugarcane is
more profitable due to government pricing policies and because sugarcane is monopolized by
rich farmers. The authors find that unskilled non-farm and livestock has a decreasing
influence on inequality. However, among non-farm sources, skilled employment (for example
government employment) increases inequality because only richer households can afford
education. The transfer of income in this study comes by way of remittances, either from
internal migrants or from external migrants working abroad. These remittances have different
effects on inequality, external remittances play an inequality increasing role and internal
remittances play an inequality decreasing role. The last income source, rental income has an
increasing influence on inequality. This is because the bulk of rental income in Pakistan
comes from land rent (Adams and He, 1995).

2.4 Conclusion
With this literature study, the original Kuznets curve is explained as a curve in which income
inequality increases over time of development and then after a threshold becomes more equal.
The Kuznets curve is normally tested with the GDP per capita as proxy for economic
development. This paper seeks to test the Kuznets curve, using another proxy for economic
development, namely the changing occupational structure. The inequality is explained as a
(temporary) mismatch between the demand for occupations from the (growing) sectors and
the supply of occupations (from people). When a country develops, the occupational structure
changes from agricultural to non-agricultural. Surplus labor moves to the non-agricultural
sector, because these sectors attract workers by paying a wage higher than the wage in the
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agricultural sector. This leads to the increasing part of the Kuznets curve.
At a tipping point, the marginal productivity of workers in non-agricultural sectors is
driven down by additional workers entering the non-agricultural sectors. Less higher wages
than before the tipping point are used to attract workers from the agricultural sectors. Also the
supply labor in agriculture becomes scarce and therefore the available land per worker and the
marginal productivity of labor in agriculture rises, which implies higher wages in this sector.
This marks the trend towards income equality. So the impact of the changing occupational
structure (economic development) on income inequality depends on the stage of development.
The first hypothesis is as follows:

H1. When the percentage of people who work in non-agricultural occupations increases,
income inequality also increases and when the percentage of people who work in nonagricultural occupations further increases, income inequality decreases.

This hypothesis will be tested against two non-agricultural variables, namely lower and upper
non-agricultural occupations. This distinction is made on the basis of education. To the upper
non-agricultural occupations belong professional, managerial and technical occupations and
to lower non-agricultural occupations belong manual, service, sales and clerical occupations.
For both lower and upper non-agricultural occupations, the same hypothesis as H1 is
expected, because both upper and lower non-agricultural occupations increase in by economic
development. However, the effect of more workers in upper non-agricultural sectors on
income inequality is expected to be greater than that of more workers in lower nonagricultural sectors, because there are entry barriers to upper non-agricultural occupations.
Only the richer households can afford education. In that case, the mismatch between supply
and demand cannot be solved as quickly as in the lower non-agricultural occupations, and
therefore the income inequality should be greater.

In each sector, a distinction in sex is also made. The analysis will be performed for men only.
This is because the percentage of employed women in the developing countries is still much
lower than the percentage of employed men, because the traditional distribution between men
and women is more common in developing countries (United Nations Publications, 2010).
But because women’s occupational structure influence the Gini coefficient, the occupational
structure of women is added as a control variable.
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As we have seen, however changing occupational structure is not the only factor that has an
influence on income inequality. Countries with the same occupational structure could still
have different levels of income inequality. Other factors like education can influence income
inequality. To show the robustness of other differences between regions that can influence
inequality, control variables are included in the analysis. By adding control variables,
multicollinearity may become an issue. Multicollinearity is a phenomenon in which two or
more independent (or control) variables are highly correlated. This means that one can be
linearly predicted from the other(s). In this situation, the coefficient estimates may change in
response to small changes in the data. Multicollinearity does not reduce the predictive power
or reliability of the model, it only affects calculations regarding independent variables
(O’brien, 2007). This will be discussed in Chapter 3.

As shown above, educational level is an important control factor. Educational level will
accordingly be measured as the mean years of education of men and women aged 20-49 in the
region. Also, the attendance of children in primary and secondary education is added as a
control. Education has been theoretically and empirically linked with inequality. The
educational level has a direct influence on income inequality, because there are differences
between regions in educational level. But educational level can also be seen as a moderator;
the relationship between the percentage of non-agricultural workers and income inequality
can be different for different levels. With a higher educational level, greater economic
opportunities are provided. But a low level of educational attendance (lower skills) is an entry
barrier to the industry and service sector, which leads to a temporary mismatch between
skilled demand and non-skilled supply and thus to income inequality. A negative value for the
interaction effect implies that the higher the educational level, the greater (more positive) the
effect of the non-occupational structure on income inequality. This is because, with a higher
educational level, the supply of skilled workers increases and the mismatch decreases, which
shall have a reducing effect on income inequality. It is expected that this is the case in all
stages of development, so both before and after the threshold. The second hypothesis is:

H2. When a region has a higher educational level, the effect of the percentage of people
working in non-agricultural occupations on income inequality decreases.

Another important control factor is the health of the population. The mortality rate is a
frequently used proxy for health, so children’s mortality rate will be included as a control in
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our investigation (Kennedy et al., 1998; Mullahy et al., 2004). A direct effect between the
health and inequality is found empirically. But, health can also be seen as a moderator: the
relationship between the percentage of non-agricultural workers and income inequality can be
different for different health levels. Bad health influences the productivity of workers,
because of absentia. This in turn affects earnings of the person. Bad health can also affect
educational outcomes. For example, it can affect brain development and school attendance in
case of illness (Haas, 2006). All of this causes a low supply of fit and healthy workers. When
there is a high demand for fit workers from sectors, this leads to an mismatch. A second
interaction term is added between the health and the non-agricultural structure. This
interaction term is expected to have a positive sign, because a higher mortality rate represents
a worse health in a region. Poor health affects educational outcomes, namely brain
development and school attendance (Haas, 2006). Bad health makes it harder for workers to
get jobs, because they are likely to be absent, which may cause a mismatch (Leigh et al.,
2009). It is expected that this is the case during all stages of development. The third
hypothesis is as follows:

H3. When more people have good health (low mortality rate), the effect of the percentage of
people working in non-agricultural occupations on income inequality decreases.

Since the urbanization level has also proven to have an direct influence on inequality, the
percentage of the population living in urban area is added as a control. It is found that there is
high income inequality between rural and urban areas. When a region is more urban, lower
income inequality is found. Because urbanization level can interact with occupational
structure, an interaction term between these variables is added. This interaction term is used to
determine whether the effect of the percentage of people working in non-agricultural
occupations on income inequality is lower or higher when more people live in urban areas. It
is expected to have a negative sign, because it is found that urban countries have a higher
literacy and education level and better jobs than rural countries (Kolenikov and Shorrocks,
2005; Meludu, 2005). This is because urban countries have better schools and rural countries
live on small and meagre incomes and because the poor cannot pay for education and
transport to the schools. More people living in urban areas, means that more people can work
in non-agricultural occupations, and this has an reducing effect on the mismatch. Also this is
expected to be the case during all stages of development. Because of this, the last hypothesis
is as follows:
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H4. When more people live in urban areas, the effect of the percentage of people working in
non-agricultural occupations on income inequality decreases.

Other variables to be controlled for are average household size and total fertility rate. A
higher fertility rate means a higher household size. In big families (high fertility rate and
household size), it is usually not possible to send all children to school because school is
expensive. The educational degree is then lower and thus less change of getting an industrial
or service job, which again can cause the mismatch.
Controlling for minimum wage will be difficult, because in the developing world a large
segment of the workforce is not covered by minimum wage legislation. Controlling for
monetary, exchange and fiscal policies and openness factors on a regional level is also
difficult, since these factors differ often only between countries, and not between regions.
And if they differ between regions, no data is available. Therefore, these factors are not
included in the analysis.
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3. Data and methods
This section discusses, the data and methods used to test the hypotheses. The data sources,
dependent and independent variables are also discussed, as are the empirical model, the
quadratic method and estimation methods.

3.1.1 Data
Only a few organisations have consistently constructed data concerning inequality for a large
number of countries and regions. For example Eurostat for European Union members and
SEDLAC for Latin America and the Caribbean. These organizations provide only statistics
for Europe, Latin American, and several additional high-income countries. Asia and Africa
are major parts of the world that still lack organizations to collect statistics on inequality and
other matters.
But the Global Data Lab (GDL) (Area Database), which is the source of this study, is a quite
new database that measures socio-economic and health indicators of countries and regions
across the developing world. The database provides statistics at the national and sub-national
level. All statistics are derived from survey datasets by aggregating to the national or subnational level. The major sources are the Demographic and Health Surveys (DHS,
www.dhsprogram.com) and UNICEF Multiple Indicator Cluster Surveys (MICS,
www.childinfo.org).
This data source is used to test the Kuznets’ curve with an cross-sectional empirical analysis
of developing countries in the year 2000. The analysis is performed at the sub-national
(regional) level. As a test, the same analysis will also be performed for the year 2006. The
data and results for the year 2006 are discussed in chapter 4.2. Everything discussed in this
chapter and chapter 4.1, is about the year 2000.

An overview of all variables, plus definitions and descriptive statistics can be found in
Appendix 1. The data is checked for outliers, unusual and influential cases. To test for these
items, graphical and numerical instruments are used. The results of these tests can be found in
Appendix 2. Though some regions are influential or outliers, is it not acceptable to drop an
observation just because it is an outlier or an influential case. After removing these cases,
there is a marginal improvement of the R-square. The nature of the outliers was investigated.
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None of them were removed from the subsample, because a theoretical justification cannot be
found to remove them. We cannot be sure if there is measurement error or something else
(Stevens, 1984).
The data is also checked for normality with the Kolmogorov-Smirnov test. This test
and its results are explained in Appendix 3. Normality is important from statistical inference
point of view for the calculation of p-values of significance testing (Lumley et al., 2002). All
of the data seems to be normally distributed except three control variables, which are skewed
(URBAN, HHSIZE and TFR). Transforming these variables into does not improve the
skewness. With large enough sample sizes (>30 or 40), the violation of the normality
assumption should not cause major problems (Pallant, 2007). This implies that the variables
will be included in the model even if they are not normally distributed (Elliott and Woodward,
2007).
In total, data is used for 154 regions of 17 countries in the year 2000. A list with the
included countries and regions can be found in Appendix 4.

3.1.2 Dependent variable
The Gini coefficient is based on the possession of assets and forms the dependent variable of
this study. The possession of assets is measured by the household’s International Wealth
Index (IWI) obtained from the Global Data Lab. The household’s IWI value indicates to what
extent the material basic needs of the households are met. The Gini coefficient tells us how
equally assets are distributed across the region. It is derived from the Lorenz curve. The
coefficient is calculated as the ratio of the area that lies between the 45 degree line of perfect
equality and the Lorenz curve over the total area under the line of perfect equality. It ranges
between zero and one: the closer the coefficient is to one, the higher the degree of inequality.
The IWI is based on information concerning e.g. possession of consumer durables and
housing characteristics. For example possession of a TV or bicycle and number of sleeping
rooms. Data was entered into a principal component analysis (PCA), from which the asset
weights of the first component is derived. The asset weights were subsequently brought
together into the IWI value (Smits & Steendijk, 2015).

3.1.3 Independent variable
The independent variable is economic development in our investigation. The proxy for
economic development is occupational structure. Data for occupational structure is also taken
from the Global Data Lab (Area Database). The occupational structure is distinguished in 3
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‘sectors’: agriculture, upper and lower non-agriculture. The agricultural sector gives the
percentage of employed men aged 20-49 who are working in agricultural occupations. To the
lower non-agricultural occupations belongs manual, service, sales and clerical occupations.
To the upper non-agricultural occupations belongs professional, managerial and technical
occupations. The distinction between lower and upper nonfarm is made on the basis of
education. The lower (upper) non-agricultural variable gives us the percentage of employed
men aged 20-49 who are working in lower (upper) non-agricultural occupations. When the
percentage of employed men with non-agricultural occupations increases, the percentage of
employed men with agricultural occupations falls. So an increasing percentage of employed
men with non-agricultural occupations (both lower and upper non-agricultural occupations) is
consistent with the changing occupational structure from agriculture to non-agriculture.

As explained, a vector of control variables is included in addition to the occupational structure
that would reasonably be expected to influence income inequality. The control variables are
percentage of population living in urban area; mean years education of women and men aged
20-49 in region; educational attendance of children aged 6-8, 9-11, 12-14, 15-17 and 18-21;
average household size in region; total fertility rate; child mortality rate and occupational
structure of the women.

Also interaction terms (ITs) are added, as explained, first the interaction term between the
mean years of education of men and the percentage of employed men aged 20-49 working in
lower non-agricultural occupations (IT EDUC); second, the interaction term between the child
mortality rate and the percentage of employed men aged 20-49 working in lower nonagricultural occupations (IT MORTRATE). The mortality rate measures the health of the
region. The third to be added is the interaction term between the percentage of population
living in urban areas in the region and the percentage of employed men aged 20-49 working
in lower non-agricultural occupations (IT URBAN). These interaction terms are also added in
the upper non-agricultural regressions, but in this case the interaction terms will interact with
the percentage of employed people aged 20-49 working in upper non-agricultural
occupations.
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3.2.1 Empirical model
Kuznets’ hypothesis is about the change in inequality as the GDP per capita changes.
Inequality increases at a decreasing rate up to some level of GDP and then decreases at an
increasing rate. The slope of the curve can be expressed as follows:
(1) 𝑓(𝐺𝐷𝑃𝑖 ) =

𝑑𝐺𝐼𝑁𝐼𝑖
𝑑𝐺𝐷𝑃𝑖

where f(GDP) ≥ 0 for GDP < GDPx and f(GDP) < 0 for GDP > GDPx. The slope of the
Kuznets curve dGINI/dGDP increases up to some income, GDPx, and then decreases.
Quadratic equations are consistent with the original idea in Kuznets’ inverted-U relationship,
which provides a general framework to explain inequality unconditional on variables other
than the level of economic development. The quadratic equation implies that:
(2) 𝐺𝐼𝑁𝐼𝑖 = β0 + β1 (𝐺𝐷𝑃𝑖 ) + β2 (𝐺𝐷𝑃𝑖 )2 + ε𝑖
where GINIi is the GINI coefficient based on the possession of assets in region i; GDPi is the
GDP per capita in region i and ε𝑖 is the error term.
The Kuznets hypothesis is that β1 > 0 and β2 < 0. The β1 indicates the overall linear term in
the relationship between GINI and GDP across the observed data. Since the overall linear tend
in an inverted U curve is positive, β1 must have a positive sign. The quadratic term indicates
which way the curve is bending, it tells us about the direction and steepness of the curve. The
interpretation of the quadratic term depends on whether the linear term is positive or negative.
The linear term in an inverted U curve is positive. And the increase is less than linear because
the quadratic term exerts a downward force on the equation such that β2 should have a
negative value. The linear and quadratic terms compete with one another. When the linear and
quadratic terms are both positive, then the net effect is greater than the linear increase, which
does not result in an inverted U curve (Reinard, 2006, Page 200-206).

Equation (2) is the Kuznets hypotheses tested with the GDP per capita as proxy for the
economic development. The Kuznets hypotheses tested with the occupational structure as
proxy for economic development can be expressed as follows.
(3) 𝐺𝐼𝑁𝐼𝑖 = β0 + β1 (𝐿𝑁𝐴𝐺𝑅𝐼𝑖 ) + β2 (𝐿𝑁𝐴𝐺𝑅𝐼𝑖 )2 + ε𝑖
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where LNAGRIi is the percentage of employed men working in lower non-agricultural
occupations in region i.
Because a different effect is expected for lower and upper non-agricultural occupations, this
equation and the following equations are implemented also with the percentage of employed
men working in upper non-agricultural occupations in region i (UNAGRI):
(4) 𝐺𝐼𝑁𝐼𝑖 = β0 + β1 (𝑈𝑁𝐴𝐺𝑅𝐼𝑖 ) + β2 (𝑈𝑁𝐴𝐺𝑅𝐼𝑖 )2 + ε𝑖
Quadratic equations (3) and (4) are consistent with the original idea in Kuznets’ inverted-U
relationship, which provides a general framework to explain inequality unconditional on other
variables other than level of economic development. However, recent studies using
econometric models consider determinants of inequality with control variables and interaction
terms to study the Kuznets inverted-U relationship, because that can provide, ceteris paribus,
an analysis of the causality from economic development to inequality (Panayotou, 1997).
Equation (5) adds these control variables:
(5) 𝐺𝐼𝑁𝐼𝑖 = β0 + β1 (𝐿𝑁𝐴𝐺𝑅𝐼𝑖 ) + β2 (𝐿𝑁𝐴𝐺𝑅𝐼𝑖 )2 + δ𝑍𝑖 + ε𝑖
where Zi is a vector of control variables in region i.
And equation (6) adds control variables and interaction terms (ITs):
(6) 𝐺𝐼𝑁𝐼𝑖 = β0 + β1 (𝐿𝑁𝐴𝐺𝑅𝐼𝑖 ) + β2 (𝐿𝑁𝐴𝐺𝑅𝐼𝑖 )2 + δ𝑍𝑖 + 𝜇𝐼𝑇𝑖 + ε𝑖
where ITi is a vector of interaction terms in region i. All the variables and interaction terms
included in the model can be found in Appendix 1.

3.2.2 Estimation method
Cross-sectional analysis is performed using Ordinary Least Squares (OLS), as we want to
estimate the effect of occupational structure on inequality, measured by the GINI coefficient
based on the possession of assets. Because non-linearity is expected in the relationship
between occupational structure and inequality, a quadratic term of the occupational structure
is included.
Furthermore, the independent and some control variables suffer from a small number
of missing values. Appendix 1 shows which variables have missing values. In the year 2000,
the variables LNAGRI, UNAGRI, WOMLOWNAGRI, WOMUPNAGRI, TFR and
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MORTRATE have missing values. Three different ways to deal with missing values are
tested. First, listwise deletion (LD), also named complete-case analysis, removes all data for a
region that has one or more missing values. It is often disadvantageous to use listwise deletion
because it produces biased parameter estimates whether the data is not missing at random and
thereby leaves you with a smaller sample (Carter Hill et al., 2010).
The second method, the mean imputation method (MID), takes advantage of the fact
that the missing values are recoded with the mean value of the whole sample. A dummy value
for each variable is added to signal that the observation originally had a missing value. The
dummy is coded 1 is the variable has missing data and 0 otherwise. This is done because it
guarantees comparability across regressions as the number of observations remains constant
(Humpries, 2013). The coefficient for the dummy indicates the predicted value of the
dependent variable for those with missing data on the independent variable minus the
predicted value of the dependent variable for those at the mean of Y, controlling for other
variables in the model. It thus indicates the effect of being missing on the dependent variable.
And the coefficient for the variable that has missing values indicates the estimate of the effect
among those that have observed data on the independent variable (Piquero and Weisburd,
2010).
The third method is the k-Nearest Neighbour method (NN) of imputing missing data.
In this method, each missing value is recoded with the mean value of the nearest country. In
most cases, it would be the mean of the neighbour country. Also a dummy for each variable is
added to signal that the observation originally had a missing value. It works by finding the
complete case nearest to the incomplete case where similarity is measured by the distance
parameter. This method should give a better value to the missing data than the second method,
as it looks to the nearest country, which should have a country structure similar to that of the
neighbour. In the MID method, the country gets the mean of the whole sample, which should
not reflect a representative value for a specific country. A list with the countries that had
missing values is included with the k-nearest neighbour country of that country in Appendix
5.

Several statistical tests must be performed to determine and ensure the validity of the
estimated models.
First, the White test is performed when we estimate the regression by OLS. This test
detects the presence of heteroscedasticity. Heteroscedasticity is present when the size of the
error term differs across values of an independent variable. Heteroscedasticity could be a
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problem because the cases with larger disturbances have more ‘pull’ than other observations.
Since OLS seeks to minimize residuals and in turn produce the smallest possible standard
errors, OLS gives equal weight to all observations. The coefficients from OLS where
heteroscedasticity is present are therefore inefficient but remain unbiased (Cribari-Neto &
Zarkos, 1999). Another problem is the fact that the standard errors are biased. Because the
standard error is central to conducting significance tests and calculating confidence intervals,
biased standard errors lead to incorrect conclusions about the significant of the regression
coefficients. If the White test detects heteroscedasticity, the equation will be re-estimated
using the White Heteroscedasticity-Consistent Standard Errors and Covariance’s to correct for
this problem (Hausman & Paulmer, 2012). If heteroscedasticity is still present after this,
Weighted Least Squares (WLS) regression would be more appropriate, as it down-weights
observations that exhibit larger disturbances (Romano & Wolf, 2015).

Second, the models with control variables are checked for multicollinearity, using Variance
Inflation Factors (VIFs). VIFs provides an index that measures how much the variance (the
square of the estimate’s standard deviation) of an estimated regression coefficient is increased
because of collinearity. The square root of the VIF tells how much larger the standard error is
compared with what it would be if that variable was uncorrelated with the other predictor
variables in the model. Many analysts rely on VIFs to detect multicollinearity, because it
consider linear dependence among two, three or even more variables and not via correlations
among mere pairs of predictors (as is the case with a t-test). VIFs check the degree to which
multicollinearity might create a problem. If the correlation between explanatory variables is
high, it poses several statistical problems by affecting each other’s explanatory power.
Multicollinearity almost always exists in statistical regressions. However, the issue is not of
its existence, but its degree. Therefore, a rule of thumb states that when the VIF is less than
ten then the issue of multicollinearity is not considered to be a serious problem (O’brien,
2007).
VIFs of quadratic terms and interaction terms always will be very high. This is
because the quadratic term and interaction terms are correlated with the main effect and
because it includes the main effects term. To remove multicollinearity in this case, these
variables will be centred (subtracting the mean). This method removes the multicollinearity
produced by the higher-order term as effectively as the other standardization methods, but it
has the benefit of not changing the interpretation of the coefficients. If the mean is subtracted,
each coefficient continues to estimate the change in the mean response per unit increase in X
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when all other predictors are held constant. Researchers do not have to worry about a single
pair of predictors with a high VIF. If the collinear variables are used as control variables,
there is no big problem. This is because the coefficients of the variables of interest are not
affected and the performance of the control variables as controls is not impaired (Dewberry,
2004).

4. Results
4.1 Results year 2000
To test the first hypothesis, OLS regressions were conducted. The coefficients and standard
errors of the predictors included are presented on the next page, in Table 2. The regression
analysis was run for two models. Model 1 reports equation (3) from chapter 3.2.1 with the
lower non-agricultural occupations and Model 2 reports equation (4) with the upper nonagricultural occupations. Since three methods are used to deal with missing values, three
versions of each model are shown. Version 1 uses listwise deletion (LD), version 2 uses the
mean imputation dummy (MID) and version 3 uses the k-nearest neighbour method (NN).
There are six versions altogether, three for Model 1 and three for Model 2. All of the models
were checked for heteroscedasticity, and the White test detects that heteroscedasticity is not
present in the models, so no Heteroscedasticity-Consistent Standard Errors and Covariance’s
are used.
The results in this table provide evidence for an inverted U-shaped curve between
inequality and the lower and upper non-agricultural percentages. The coefficient on the linear
term is significantly positive and significantly negative on the squared term, which means that
there is an inverted-U curve. This inverted-U curve can also be seen in the graphs in
Appendix 6. As can be seen in Table 2, the coefficients of the linear term in Model 2 are all
somewhat higher than they are in Model 1 and the coefficients of the quadratic term in Model
2 are all somewhat smaller than in Model 1. This is as expected. A larger effect was expected
for upper non-agricultural occupations, as they are faced with entry barriers to education and
therefore, the mismatch between supply and demand cannot be solved as quickly as in lower
non-agricultural occupations.
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0.3067
116
0.2678

N

White test P-value

-0.0001
(0.0000)*

0.0114
(0.0016)*

-0.0325
(0.0361)

R2

(4) Dummy missings on (2)

(3) Quadratic term of (2)

(2) % of non-agricultural
occupations

(1) Constant

Model 1 LD

0.2684

154

0. 2214

-0.0608
(0.0211)*

-0.0001
(0.0000)*

0.0115
(0.0016)*

-0.0332
(0.0354)

Model 1 MID

0.3006

154

0.2620

-0.0509
(0.0199)*

-0.0001
(0.0000)*

0.0099
(0.0015)*

-0.0086
(0.0015)

Model 1 NN

0.1150

116

0.1148

-0.0003
(0.0001)*

0.0148
(0.0050)*

0.0759
(0.0357)*

Model 2 LD

0.1453

154

0. 3219

-0.0269
(0.0240)

-0.0003
(0.0001)*

0.0148
(0.0048)*

0.0754
(0.0342)*

Model 2 MID

0.0990

154

0.3976

-0.0304
(0.0321)

-0.0002
(0.0001)*

0.0105
(0.0043)*

0.1040
(0.0323)*

Model 2 NN
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Table 2: Model 1 and Model 2

*p<0.05

As explained, control variables and interaction terms are included. Model 3 reports equation

(5) from chapter 3.2.1 with only the control variables and the lower non-agricultural structure.

And model 4 reports equation (6) with control variables and interaction terms with the lower

non-agricultural structure. Model 5 reports equation (5) with only the control variables and

40

An alternative check of the validity of Kuznets’ hypothesis

Lotte ten Barge

the upper non-agricultural structure. And model 6 reports equation (6) with control variables
and interaction terms with the upper non-agricultural structure. Each model is again estimated
with the three methods for dealing with missing values (LD, MID and NN).

The models are checked for multicollinearity with VIFs. Tables A7 and A8 in Appendix 8
show the VIFs for the models. By observing the VIFs, we can assess the multicollinearity
issue. Statistically it might not be considered to be a severe problem. The VIFs of the
quadratic terms and the interaction terms are, as expected, very high. This is not a problem, as
these are correlated with the main effects. To remove multicollinearity in this case, these main
effects, quadratic and interaction terms will be centred. The VIFs on the woman occupational
structure (WOMLOWNAGRI and WOMUPNAGRI) are very high. They are high because
they are correlated with the agricultural structure of the men. Removing the woman
agricultural variables from the model, drastically reduces its collinearity and improves the Rsquare. It will therefore not be included in the analysis. Since education is measured twice, as
educational attendance (LPRIMARY, UPRIMARY, LSECONDARY, USECONDARY and
TERTIARY) and mean years of education (MENEDYR and WOMEDYR), this also causes
high correlation. Therefore the educational attendance variables are removed from the
analysis, with a resulting reduction in collinearity. New tables with VIFs after centring and
removing variables can be found in Appendix 9. As can be seen, the VIFs are much smaller
and most are below the threshold of 10, so multicollinearity should not be an issue anymore.

For illustrative purposes, only the results of Models 3, 4, 5 and 6 of the NN method to deal
with missing data are presented here. See Table 3 on the next page. This method is chosen
because it gives the highest R-square. The other results acquired with the other missing-data
methods can be found in Appendix 7. All of these models were checked for
heteroscedasticity, and, as can be seen, the p-value of the White test is larger than 0.05, which
indicates no heteroscedasticity in all the models. If we control for some variables (Models 3
and 5) and add interaction terms (Models 4 and 6), the linear and quadratic terms have the
expected signs for the inverted U hypothesis, but in all the models only the quadratic term is
significant. Adding interaction terms to the models, improves the R-square in all versions.
The interaction terms have the expected sign, but none are significant. The hypothesis about
the mortality rate (Hypothesis 3) was expected to have a positive sign, and we found positive
coefficients in our models that are all not statistically significant. The interaction term with
educational attendance, gives a negative coefficient. This is in line with the second
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-0.0339
(0.0430)
-0.0204
(0.0118)*
0.0005
(0.0005)
-0.0021
(0.0002)
0.0203
(0.0000)

(7) HHSIZE

(8) TFR

(9) MORTRATE

(10) Dummy for missings TFR

(11) Dummy for missings MORTRATE

0.0164
(0.0392)

-0.0015
(0.0005)*

0.0007
(0.0005)

-0.0221
(0.0115)*

-0.0368
(0.0162)

0.0167
(0.0063)*

0.4830
154
0.6947

R2

N

*p<0.05

4.2 Results year 2006

The Kuznets curve is again tested by doing the same analysis again, but with data from the

year 2006. In this model, there is also missing data (LNAGRI, UNAGRI, WOMLOWNAGRI,
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White test

0.9877

154

0.5459

-0.0000
(0.0000)

0.0158
(0.0070)*

(6) MENEDYR

-0.0016
(0.0006)*

(14) IT URBAN

-0.0014
(0.0005)*

(5) URBAN

-0.0230
(0.0149)

-0.0002
(0.0003)

-0.0007
(0.0005)

(4) Dummy for missings on (2)

-0.0001
(0.0000)*

(13) IT EDUCATION

-0.0001
(0.0000)*

(3) Quadratic term (centred)

0.0006
(0.0005)

0.0000
(0.0000)

0.0005
(0.0005)

(2) % of non-agricultural occupations

0.4903
(0.0858)*

Model 4 NN

(12) IT MORTRATE

0.4489
(0.0854)*

(1) Constant

Model 3 NN

0.6947

154

0.4230

0.0027
(0.0028)

-0.0101
(0.0125)

0.0003
(0.0005)

-0.0203
(0.0116)*

-0.0352
(0.0148)

0.0155
(0.0064)*

-0.0015
(0.0006)

-0.0017
(0.0004)*

-0.0001
(0.0000)*

0.0005
(0.0005)

0.4489
(0.0854)*

Model 5 NN

0.4955

154

0.4440

-0.0001
(0.0001)

-0.0002
(0.0002)

0.0001
(0.0000)

0.0154
(0.0063)*

-0.0105
(0.0108)

0.0013
(0.0007)

-0.0234
(0.0117)*

-0.0390
(0.0189)

0.0185
(0.0073)*

-0.0015
(0.0083)

-0.0016
(0.0005)*

0.0001
(0.0000)*

0.0005
(0.0005)

0.5059
(0.1012)*

Model 6 NN
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hypotheses. The result also indicates no significance. The interaction term with the

urbanization degree gives a negative coefficient in three versions, which is in line with the

hypothesized effect (Hypothesis 4). The effect is also not statistically significant.

Table 3: Models 3, 4, 5 and 6 (All NN method)
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WOMUPNAGRI, TFR and MORTRATE). To deal with the missing data, the third method
(k-nearest neighbour) is used. This method is used because it gave the most significant results
and the highest R-square in the sample of the year 2000.
The data is again checked for outliers, unusual and influential cases with graphical and
numerical instruments The results of these can be found in Appendix 10. No region is
removed from the subsample, since no theoretical reason can be found that there was
measurement error or something else.
Also, the data from this year is checked for normality with the K-S test and the results
can be found in Appendix 11. Three control variables are skewed (URBAN, HHSIZE and
MORTRATE). Again the violation of the normality assumption should not cause major
problems and therefore all the variables will be included in the model. An overview of the
descriptive statistics of the variables and a list of included countries and regions can be found
in respectively Appendices 12 and 13, respectively. In Appendix 14, the nearest neighbour
countries that are used to impute the missing data can be found. In total, data is used for 18
countries that contain 154 regions in the year 2006.

Again a check for multicollinearity is done. Appendix 15 shows the VIFs for all models. The
same variables as in the sample of 2000 were collinear, so again the main effects, quadratic
and interaction terms were centred. And for the same reason as in the sample of year 2000, the
woman occupational-structure variables and the educational-attendance variables were
removed from the sample. A new table with VIFs can be found in Appendix 16. As can be
seen, the VIFs are much smaller: almost all are below the threshold of 10.

OLS Regressions were conducted for the models. Table 4, at the end of this section, shows the
results of these models. The White test detects that heteroscedasticity is not present in all the
models. The results of Model 1 and Model 2 again provide evidence for an inverted-U shaped
curve. The coefficient on the linear term is positive and significant and the quadratic term is
significant and negative. In Appendix 17, the graphs of these models can be seen.
In these models, the coefficients on the linear term variable and quadratic term in
Model 2 are not higher than in Model 1. So there is no greater effect from upper nonagricultural occupations.

Also the other hypotheses are tested and control variables and interaction terms were added.
As we can see in Table 4, adding interaction terms to the model, improves the R-square. If we
43

An alternative check of the validity of Kuznets’ hypothesis

Lotte ten Barge

control for some variables, the linear and quadratic terms have the expected sign for the
inverted U hypothesis, but only the quadratic term is significant. The linear term has a
negative insignificant sign and the quadratic term has a positive significant sign.
The interaction terms all have a negative sign and are not significant. The interaction term
with educational attendance, gives a negative coefficient in both Models 5 and 6. This is in
line with the second hypotheses. But in none of the models is the effect statistically
significant. The hypothesis about the mortality rate (Hypothesis 3) was expected to have a
positive sign, nevertheless we found negative signs in our models. The interaction term about
the urbanization degree gives a negative sign in both models, which is in line with the
hypothesized effect (Hypothesis 4). None of the interaction terms are statistically significant.

So, the results are almost the same for the years 2000 and 2006. The original Kuznets
hypothesis holds in both years. Meaning that regions are lying all over the curve. Also, in both
years, upon adding control variables and interaction terms, the economic development
variables still shows the expected signs, but only the quadratic terms are significant. A
difference Between the years 2000 and 2006 is that the interaction terms with the mortality
rate differ in their signs. Another difference is that in 2006, the coefficients on the linear term
variable and quadratic term variable in Model 2 are not higher in Model 1, but in 2000 they
are. Also, in the year 2000, more control variables are significant than in the year 2006.
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N
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-0.0011
(0.0004)
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(14) IT URBAN
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(0.0153)

(11) Dummy for missings MORTRATE

-0.0124
(0.0071)

-0.0004
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(0.0006)
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(9) MORTRATE

-0.0163
(0.0119)
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(0.0000)

-0.0112
(0.0099)

(8) TFR

-0.0076
(0.0062)

-0.0105
(0.0045)*

-0.0003
(0.0004)

-0.0352
(0.0344)

-0.0001
(0.0000)*

0.0022
(0.0024)

0.3362
(0.0551)*

Model 4 NN

(12) IT MORTRATE

-0.0046
(0.0059)

-0.0075
(0.0066)

(7) HHSIZE

-0.0520
(0.0289)*

-0.0001
(0.0000)*

-0.0066
(0.0043)

-0.0408
(0.0311)*

(4) Dummy for missings on (2)

-0.0001
(0.0002)*

0.0014
(0.0022)

(6) MENEDYR

-0.0001
(0.0000)*

(3) Quadratic term
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(0.0003)*

0.3016
(0.0518)*

Model 3 NN

-0.0004
(0.0003)

0.0116
(0.0028)*

(2) % of non-agricultural occupations

0.2223
(0.0267)*

Model 2 NN

(5) URBAN

0.3582
(0.0694)*

(1) Constant

Model 1 NN

0.4538

154

0.1264

0.0006
(0.0004)

-0.0004
(0.0006)

0.0006
(0.0005)

-0.0181
(0.0093)*

-0.0025
(0.0063)

-0.0028
(0.0045)

-0.0007
(0.0003)*

-0.0066
(0.0060)

-0.0001
(0.0002)*

0.0006
(0.0007)

0.2942
(0.0552)*

Model 5 NN
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0.2029

-0.0001
(0.0011)

-0.0008
(0.0009)

-0.0001
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0.0014
(0.0023)

-0.0026
(0.0019)

0.0005
(0.0010)

-0.0195
(0.0106)

-0.0052
(0.0077)

-0.0104
(0.0043)*

-0.0004
(0.0004)

-0.0219
(0.0260)

-0.0001
(0.0000)*

0.0004
(0.0007)

0.3126
(0.0578)*

Model 6 NN
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Table 4: Models 1,2, 3, 4, 5 and 6 (*p<0.05)
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5. Conclusion
5.1 Discussion and conclusion
In the present study, we set out to investigate the relationship between economic development
and income inequality, a relationship which is explained by S. Kuznets. We extended the
previous literature by looking for a Kuznets curve with another proxy for economic
development namely, the occupational structure instead of GDP per capita, and by analysing
the relationship between the percentage of workers in lower or upper non-agricultural
occupations and inequality. The study was carried out for 17 developing countries in the year
2000 and 18 in the year 2006, using different models. The first models (Models 1 and 2)
examined whether there is a Kuznets curve, no control variables were added. The second
models (Models 3 and 5) also took other potential influences on income inequality into
account, and included them as control variables in the analysis. The last models (Models 4
and 6) were carried out to see if there were interaction effects. Based on our analysis, the
following conclusions were derived.
First, in the models without control variables, evidence was found supporting the Kuznets
curve. The linear term was significantly positive and the quadratic term was significantly
negative. This conclusion is thus in line with the inverted U curve and with hypothesis 1
‘When the percentage of people working in non-agricultural occupations increases, income
inequality will increase too and when the percentage of people working in non-agricultural
occupations further increases, income inequality decreases’. Thus the original idea of the
Kuznets curve holds also with using another proxy for economic development.
The regions are lying all over the curve, which means that they are developing, that
some regions are further along in the development process than others, and that there are great
differences between regions in occupational structure.

Second, by adding control variables and interaction terms to the models, they were able to
find the correct signs for the linear and quadratic terms, but in all the models, only the
quadratic term was significant, which means that we cannot be sure if it holds. Insignificant
results mean that the null hypothesis (no relationship) cannot be rejected. In this case, there is
not enough evidence available to suggest that the null hypothesis is false, and it is not possible
to tell if there is really a relationship. By not rejecting the null hypothesis, the possibility of
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Type II error (not rejecting H0, even if it is false) cannot be ruled out (Krueger, 2001).

A test for linear dependence of the occupational structure was performed, but the result was a
worse fit than the quadratic specification. This is also logical, since the quadratic term was
significant, which means that there is curvature in the relationship. So, it could be claimed
that a quadratic fit is a better representation of the relation than only a linear one.
Despite that the linear term insignificant was, it should be included in the regression.
In Faraway (2002) and Fox (2002), it is stated that the lower order polynomial should always
be included when fitting higher order polynomials. By not including certain terms in the
model, parts are forced to be exactly zero. The quadratic equation could be written in two
ways, the general form or the vertex form: 𝑦 = 𝑎𝑥 2 + 𝑏𝑥 + 𝑐 = 𝑎(𝑥 − ℎ)2 + 𝑘. Where b =
−2ah and 𝑐 = 𝑎ℎ2 + 𝑘. The value of 𝑥 = 𝑏 corresponds to the axis of symmetry. If the linear
term (𝑏𝑥) is not included, the equation is reduced to: 𝑦 = 𝑎𝑥 2 + 𝑐 = 𝑎𝑥 2 + 𝑎ℎ2 + 𝑘. In this
case, h is forced to be zero and therefore the equation will be: 𝑦 = 𝑎𝑥 2 + 𝑐 = 𝑎𝑥 2 + 𝑘. Now
it is assumed that the model contains a constant term c= 𝑘. The linear term may be safely
omitted if it is certain that the axis of symmetry must occur at x = 0. Otherwise, it must be
included. So, since this is not the case, the linear term must be included (Vyrastekova, 2011,
Page 100).

Adding control variables and interaction terms to the regression improves the fit, since the Rsquare increases and more significant variables were found. Removing non-significant control
(HHSIZE and MORTRATE) variables from the regression does not improve the fit. Testing
for non-linearity of the control variables does also not improve the fit. The insignificant
control variables mean that we do not have enough evidence to suggest that the control
variables are a source of the variation in inequality in developing countries.
This is surprising, since Qi and Kanaya (2010) and Grundler and Scheuermeyer (2014)
have found that variables like MORTRATE and HHSIZE have an significant influence on
inequality. They are insignificant mostly because not enough information is collected to
provide sufficient evidence (Sullivan and Feinn, 2012). The difference in significance could
also be explained by the fact that, in this study, another sample is used, namely developing
countries. Qi and Kanaya (2010) and Grundler and Scheuermeyer (2014) used only a single
country to test the relation. In these countries, then there was more evidence available to
suggest that the variable had an influence on inequality.
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In the models with interaction terms, the second hypothesis ‘when a region has a higher
educational level, the effect of the percentage of people working in non-agricultural
occupations on income inequality decreases’ is not confirmed, since no model specification
gives significant results. But in the models, it has the expected negative sign. These findings
suggest that there is no credible evidence for the negative moderating effect of education, but
there is also no proof against it.
The third hypothesis ‘when more people have a good health (low mortality rate), the effect of
the percentage of people working in non-agricultural occupations on income inequality
decreases’, is also not confirmed since no model specification gives significant results. Again
the expected positive signs were found.
The fourth hypothesis ‘when more people live in urban areas, the effect of the percentage of
people working in non-agricultural occupations on income inequality decreases’ was also not
confirmed, since it gives no significant results and the interaction term sometimes lacked the
expected sign. This was quite surprising as it occurred when the MID method for missing data
was used. No direct link can be found to explain why the sign differs when another missing
value method is used.

It is logical that the most results of the years 2000 and 2006 are almost the same and
comparable, since development is not a process of six years, it is a process that takes much
more time. So, to see if the countries have developed over some time, a sample from the year
2050 would be more worthwhile. Then it can be expected that more countries lie to the right
of the curve.
However, some differences are found between the years 2000 and 2006. The
interaction term with the mortality rate (IT MORTRATE) gives the expected signs in the year
2000, but it did not give the expected signs in the year 2006. This difference can be explained
by the fact that different countries were selected for the years 2000 and 2006. So, it is possible
that countries with really different health characteristics were selected.
It is also possible that the health has changed a lot in developing countries, during the
6-year period of development. More money is spent on health, world spending on HIV and
AIDS increased from $300 million in 1999 to $5 billion in 2003. Also President Bush’s
Emergency Plan for AIDS Relief delivered $15 billion during the 5 years after 2004 (Csaszar
and Bhavya, 2004). So after 2000, more money was available for health, which could explain
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the change in results between the years 2000 and 2006.

Another difference between the years 2000 and 2006 is that the coefficients on the linear and
quadratic term variable for the upper non-agricultural occupations for the year 2006 were not
higher than the lower non-agricultural occupations. In the year 2000, they were higher. This
difference again could be explained by the fact that different countries were selected for the
years 2000 and 2006. In the year 2006, countries were selected from which the upper nonagricultural structure has a lower effect on income inequality than the lower non-agricultural
structure.
It is also possible that, for these countries selected in the year 2006, through the
development, the entry barriers for upper non-agricultural occupations were less an issue than
in 2000 since now more people were educated. The mismatch between demand and supply of
educated people now is lower, since now more people have had the time to retrain themselves
(during the 6-year period of development).

To sum up, our contributions show that, upon using another proxy for economic development
(occupational structure), the original Kuznets idea holds. Though the results with control
variables and interaction terms do not guarantee success. This was measured at the regional
level, because it is useful to policymakers to help identify the nature and character of income
inequality. Most control variables are not significant, but some are significant (URBAN and
MENEDYR). This is an important finding for policy makers, since these variables differ
between regions and seem to influence income inequality. Policy responses must be locally
targeted. Targeted policies aimed at improving literacy and developing infrastructure -which
increase the connections between rural and urban areas- have the long-term potential to
improve of the incomes of the poor.

5.2 Limitations and future research
Due to the scope of this research, there are several limitations that should be considered for
future research. Theoretical and data limitations will be discussed.
A first limitation of this analysis concerns the reverse effect that inequality could have on
economic development. Economists have theorized that greater inequality, for example more
money in the hands of the rich, would lead to increased investments and thus growth and
development. An unequal society can also cause a demotivated society. Demotivated people
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do not invest in their own human capital, do not go to school (related to talent), and do not
give 100% effort. This can have an effect on the occupation of the individual. Individuals who
do not go to school, have a lower educational degree and are less likely to get a well-paid job.
Not going to school can also lead to the anticipation of motherhood choices and thus a high
fertility rate. Less effort of can mean an decrease in productivity and success of the company
and thus in the earnings of the company. The company has to dismiss workers, who have to
search for other jobs or stay unemployed. In other words, inequality is a result of economic
development, but can also be a cause. Further research should deal with this.
Economic development cannot fully explain changes in income inequality. Development does
not in itself change the income of the poor, rather it presents opportunities to improve the
population’s income through the policies adopted. The development drives structural
transformations that alter the development process itself (Chenery and Syrquin, 1989). This
might occur through policy responses, for example. Not all developing countries have the
same policies. Consider for example, urbanization policies in India, China and Sub-Saharan
Africa (Hanson, 2007), or the education and food programs from the ‘Canadian Feed the
Children organisation’ in Bolivia, Ethiopia, Ghana, Canada and Uganda
(www.canafianfeedthechildren.ca). This could be why some countries or regions are more to
the right of the curve and some not. Analysing the relationship requires a better understanding
of specific policies and their effects. Only then is it possible to see which regions or countries
need more policy interventions. Therefore, future research should focus on how much of the
development is due to policy.

Another limitation is that this study looked only at the parametric method. The parametric
method forces the model to have a quadratic structure, it cannot depart from it. Nonparametric
estimation is much less rigid than parametric estimation. This is because nonparametric
estimation imposes fewer restrictions on the fundamental relationship between the covariates
and the outcome variable (Li and Zhou, 2009). A test for linear dependence was performed,
but the result was a worse fit than the quadratic specification. It could thus be claimed that a
quadratic fit is a better representation of the relation than a linear one. But we could not
confirm that there is an inverted U-curve, since the linear term was not significant in the
model. Maybe another curvilinear specification is possible and more polynomials should be
included in the model, for example a cubic relation.
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The data also has some limitations. First, not all reasons that explain the mismatch were taken
into account. Some other reasons that could explain the mismatch, which were explained in
the literature study, could not be pursued due to data limitations, for example minimum wage
or regional import. The inclusion of these reasons might give more significant results. Future
research must be encouraged to systematically examine the role of these other explanations.
Secondly, the Kuznets curve holds for the whole population: men and women. In this
study, the investigated population was restricted only to men, thus it cannot be certain if the
results also hold for females or whole population. Data limitations were the reason for this.
Since the percentage of employed women in the developing world is still much lower than the
percentage of employed men, only men were included. Women’s occupational structure was
added as a control, but it was highly collinear and therefore was removed.
Finally, the data had missing values. Some countries lack data on the explanatory
variables and control variables. To deal with this missing data, three methods were used. Our
estimates will be less precise due to the reduced sample, or they can be biased.
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Appendix 1
Variable definitions and descriptive statistics (Year 2000)
Table A1: Variable definitions and descriptive statistics (Year 2000)
Variable
GINI
UNAGRI

LNAGRI

URBAN
WOMEDYR
MENEDYR
LPRIMARY
UPRIMARY

LSECONDARY
USECONDARY
TERTIARY
WOMLOWNAGRI

WOMUPNAGRI

MORTRATE

HHSIZE
TFR
IT MENEDYR*LNAGRI
IT URBAN*LNAGRI
IT
MORTRATE*LNAGRI
IT MENEDYR*UNAGRI

Definition
Gini coefficient based on the
possession of assets (on IWI)
% employed men aged 20-49
working in an upper nonagricultural occupation
% employed men aged 20-49
working in an lower nonagricultural occupation

Mean
0.20

Min
0.003

Max
0.54

Missings?
No

14.24

1.5

37.1

Yes

46.61

6.4

94.8

Yes

% of population living in
urban area in region
Mean years education of
women aged 20-49 in region
Mean years education of men
aged 20-49 in region
Educational attendance
children 6-8
Educational attendance
children 9-11

35.86

0

100

No

5.79

0.5

12.5

No

5.74

1.4

12.9

No

52.27

2.2

96.7

No

44.21

18.8

100

No

Educational attendance
children 12-14
Educational attendance
children 15-17
Educational attendance
children 18-21
% employed woman aged
20-49 working in an lower
non-agricultural occupation
% employed woman aged
20-49 working in an upper
non-agricultural occupation
Child mortality rate: Number
of children dying between 1
and 5 year of age, per 1000
live births in a given year
Average household size in
region
Total fertility rate
Interaction term between
MENEDYR and LNAGRI
Interaction term between
URBAN and LNAGRI
Interaction term between
MORTRATE and LNAGRI
Interaction term between
MENEDYR and UNAGRI

41.29

16.2

100

No

40.03

19.6

95.9

No

28.62

0

65.5

No

43.87

3.5

88.2

Yes

31.29

0.5

79.6

Yes

34.65

0

89.3

Yes

5.06

3.8

17.6

No

4.32
343.31

1.28
12.45

Yes
Yes

1891.0
3
1636.5
0
111.40

0

7.47
840.
8
8554
.26
7669
.08
367.
80

0
2.25

Yes
Yes
Yes
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IT URBAN*UNAGRI
IT
MORTRATE*UNAGRI

Interaction term between
URBAN and UNAGRI
Interaction term between
MORTRATE and UNAGRI

Lotte ten Barge
591.48

0

3470

Yes

398.48

0

1614
.18

Yes

NOTE: All data available at www.globaldatalab.org. Except data for the occupational
structure and IWI, received from director GDL.
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Appendix 2
Outliers and influential cases (Year 2000)
Graph A1: Graphical instrument: Residual vs. Fitted plot. Used to detect outliers.

.2

Other central (Nkhota Kota, Mchinji, Dowa, Ntchisi, Dedza, Ntcheu)

Kalyubia
Omaheke
Menoufia
Oriental
Yerevan
Mangochi
Armavir
Oshikoto
North-East Khomas
Behera
Tavush Lori
Beni
Suef
North-West
Sharkia
Ben-Gumz Suez
Moyen OgooueEast
Other
northern
(Chitipa,
Karonga,
Rumphi, Nkhata Bay)
(Madre de Dios,
Cusco, Puno,
Apurimac)
Dire Dawa
Banteay MeanDakahlia
Chey
Gegharkunik
Amhara
Hardap
Kasungu
North Oromiya
Gambela
Siem Reab/Otdar
Mean
Chey
Ntem
Kampong
Caprivi
West
(Ancash, Lima,
Callao)
South Woleu
Other
southern
(Balaka, Mwanza, Phalombe, Chiradzulu, Chikwawa, Nsanje, neno)
Kampong
Cham
(incl
Tboung
Khmum)
Somali Thum
Otjozondjupa
Phnom
Ngounie
Penh
Svay
Rieng
Estuaire
Preah
Vihear/Stueng
Traeng/Kracheh
Nyanga
Grande-Anse
Haut
Ogooue
Kaeb/Krong
Preah
Sihanouk
Vayots
Dzor
Aragatsotn
Bogota Kampot/Krong
Mzimba Fayoum
Ogooue Maritime
Central
West (inclChhnang
Metropolitain
area)
Takaev
Kampong
Damietta
Syunik
Artibonite
Salima
Frontier
North
governorates
East (Amazonas,
(Red
Sea,
Loreto,
New San
Valley,
Martin,
Matroh,
Ucayali)
North Sainai, South Sainai)
Alexandria
Bat
Dambang/Krong
Pailin
Lilongwe
Thyolo
West
Aswan
Prey Veaeng Qena
Atlantica
Cairo
Gharbia
Ogooue
Ivindo
Shirak Arequipa, Ica, Ayacucho)
East Karas
Zomba
South (Tacna, Moquegua,
SNNP
Pousat
Giza
Pacifica
North
Kotayk
Machinga
Kampong Spueu
Ismailia
Ogooue
South Lolo
South-East
Tigray
Centre
Kavango
Kafr El-Sheikh
Souhag
Mulanje
Erongo Kandal
Kunene
Menya City of Kigali
Oshana
North (Tumbes, Piura, Lambayeque, Cajamarca, La Libertad)
Central (Huancavelica, Huanuco, Junin, Pasco)
Affar

-.2

-.1

0

Residuals

.1

Blantyre
Mondol Kiri/Rotanak Kiri

Assuit
Harari
Kaoh Kong

0

.1

.2
.3
Fitted values

.4

.5

Numerical instruments (all information retrieved from Carter Hill et al., 2010 and Blatna, 2006):
o

o

o

o

The Lever indicates influential cases. It measures the distance of the value of an individual
case on a predictor to the centre of the values of the other individual cases on that predictor,
together with the influence resulting from this distance. So it describes how far away the
independent variable values of an observation are from those of the other observations. In the
case of a lever, greater influence can be generated at a point far removed from the fulcrum.
High values of Lever indicate a larger distance from the centre and stronger influence on the
own fit of the case. Leverage is considered large if it is bigger than twice the mean leverage
value: 2p/n. So the critical value is as follows: Lever > or < 2*p/n (with p number of
predictors and n number of cases).
DfFit indicates, if there are influential cases, the difference between betas estimated with and
without individual regions. It measures the influence of an observation on its own fitted value.
So it measures the difference between the prediction of itself with and without using
observation in the computation. Large absolute values (bigger than 1) suggest that an
observation has a lot of influence on its own prediction. Therefore, the critical value for DfFit
is 1.
Cook also indicates if there are influential cases. It measures the influence of an observation
on all fitted values, so it assess the influence of a data point in all predicted values. Large
values suggest that an observation has a lot of influence. A value is considered large if it is
bigger than 4/p. So the critical value is as follows: Cook > or < 4/p
Standardized Residual (Rstandard) indicates outliers. A standardized residual is a ratio: it is
the residual divided by the standard deviation. It is the relative size of error. Large
standardized residuals (bigger or smaller than 2.58) indicate that that the model fits badly. So
the critical value is as follows: Rstandard > or < 2.58.
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Table A2: Numerical instruments
DfFit
Cook
Affar
0.1246731
Other Central
1.292262
0.0778328
Harari
1.196584
0.0687029
Blantyre
2.782143
0.3661495
City of Kigali
0.1739808
 Only the regions which exceeds the critical values are shown.
 No region has a Lever > or < than 2*p/n

Rstandard
-2.606334
2.728468
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Appendix 3
K-S test (Year 2000)
The Kolmogorov-Smirnov test (K-S) is designed to test normality by comparing the data to a
normal distribution with the same mean and standard deviation of the sample. If the test is not
significant, then the test fails to reject the null hypothesis and it may be assumed that the
assumption of normality is reasonably satisfied. Any value above 0.05 indicates normality
(Steinskog et al., 2007).
Tabel A3: Test for Normality
Variable

K-S Sig.

GINI
UNAGRI
LNAGRI
URBAN
WOMEDYR
MENEDYR
LPRIMARY
UPRIMARY
LSECONDARY
USECONDARY
TERTIARY
WOMLOWNAGRI
WOMUPNAGRI
MORTRATE
HHSIZE
TFR

0.102
0.130
0.384
0.023
0.122
0.573
0.161
0.182
0.367
0.290
0.230
0.639
0.112
0.032
0.003
0.098
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Appendix 4
List with countries and regions (Year 2000)
List with countries and regions (year 2000)
Angola

Armenia

Capital

Ismailia

Artibonite

Norte

Giza

Centre

Este

Beni Suef

South

Oeste

Fayoum

Grande-Anse

Centro Sul

Menya

North-West

Sul

Assuit

Aragatsotn

Souhag

Kampong Cham

Armavir

Qena

Kampong Chhnang

Gegharkunik

Aswan

Kampong Spueu

Lori

Frontier governorates

Kampong Thum

Tigray

Kandal

Shirak

Affar

Kaoh Kong

Syunik

Amhara

Phnom Penh

Vayots Dzor

Oromiya

Prey Veaeng

Tavush

Somali

Pousat

Yerevan

Ben-Gumz

Svay Rieng

Kotayk

Ethiopia

Azerbaijan Baku

SNNP

Takaev

Gambela

Bat Dambang

Ganja Gazakh

Harari

Kampot/Krong Kaeb

Shaki Zaqatala

Dire Dawa

Preah Vihear

Estuaire

Mondol Kiri

Guba Khachmaz

Haut Ogooue

Siem Reab

Aran

Moyen Ogooue

Dakhlik Shirvan

Ngounie

Khangai

Region 9

Nyanga

Central

Atlantica

Ogooue Ivindo

Other Central

Oriental

Ogooue Lolo

Eastern

Central

Ogooue Maritime

Ulaanbaatar

Pacifica

Woleu Ntem

Bogota
Egypt

Banteay Mean Chey

Absheron

Lankaran

Colombia

Cambodia

Gabon

Malawi

Western

Kasungu

Banjul

Machinga

Cairo

Kanifing

Blantyre

Alexandria

Brikama

Mangochi

Suez

Mansakonko

Mzimba

Damietta

Kerewan

Salima

Dakahlia

Kuntaur

Thyolo

Sharkia

Janjabureh

Zomba

Kalyubia

Basse

Lilongwe

West

Mulanje

Gharbia

South-East

Other northern

Menoufia

North

Other southern

Behera

North-East

Kafr El-Sheikh

Gambia

Mongolia

Haiti

Namibia

Caprivi
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Peru

North
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Swaziland

Hhohho

Hardap

North East

Manzini

Karas

East

Shiselweni

Khomas

South

Lubombo

Kunene

West

Kavango

Central

Khatlon

City of Kigali

Sughd

Omusati

South

DRS

Oshana

West

GBAO

Oshikoto

North

Otjozondjupa

East

Omaheke

Rwanda

Tajikistan

Duchanbe
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Appendix 5
k-Nearest Neighbour (Year 2000)
Tabel A4 : k-nearest Neighbour
Countries with missing data

K-nearest neighbour

Angola
Azerbaijan
Mongolia
Swaziland
Tajikistan

Namibia
Armenia
Egypt
Namibia
Egypt
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Appendix 6
Graphs Model 1 and Model 2 (Year 2000)
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Graph A4: Model 1 NN
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Graph A6: Model 2 MID
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NOTE: the vertical accumulation of data points in the graph is the mean value of the population.
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Graph A7: Model 2 NN
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-0.0236
(0.0323)
-0.0200
(0.0115)*
0.0003
(0.0005)

(7) HHSIZE

(8) TFR

(9) MORTRATE

73

-0.0002
(0.0003)
-0.0000
(0.0000)
0.4559

0.4230
116
0.6947

(13) IT EDUCATION

(14) IT URBAN

R2

N

White test

0.9877

116

0.0000
(0.0000)

0.6947

154

0.4240

0.0032
(0.0025)

(11) Dummy for missings
MORTRATE

(12) IT MORTRATE

-0.0013
(0.0004)*

0.0007
(0.0005)

-0.0203
(0.0116)*

-0.0239
(0.0159)

(10) Dummy for missings TFR

0.0006
(0.0005)

-0.0241
(0.0121)*

-0.0268
(0.0162)

0.0156
(0.0069)*

0.0153
(0.0065)*

(6) MENEDYR

0.0169
(0.0070)*

-0.0015
(0.0004)*

-0.0238
(0.0136)*

-0.0001
(0.0000)*

-0.0015
(0.0005)*

-0.0001
(0.0000)*

0.0007
(0.0005)

(5) URBAN

-0.0001
(0.0000)*

(3) Quadratic term

0.0008
(0.0020)

0.3769
(0.1189)*

Model 3 MID

-0.0002
(0.0000)*

0.0007
(0.0005)

(2) % of non-agricultural
occupations

-0.3672
(0.1177)*

Model 4 LD

(4) Dummy for missings on (2)

0.3770
(0.1189)*

(1) Constant

Model 3 LD

0.8805

154

0.4498

0.0000
(0.0000)

-0.0002
(0.0003)

0.0000
(0.0000)

0.0232
(0.0240)

-0.0159
(0.0063)*

0.0006
(0.0005)

-0.0241
(0.0121)*

-0.02677
(0.0162)

0.0163
(0.0071)*

-0.0015
(0.0006)*

-0.0001
(0.0000)*

-0.0001
(0.0000)*

0.0031
(0.0026)

0.2437
(0.0160)*

Model 4 MID

0.6947

154

0.4830

0.0203
(0.0000)

-0.0021
(0.0002)

0.0005
(0.0005)

-0.0204
(0.0118)*

-0.0339
(0.0430)

0.0158
(0.0070)*

-0.0014
(0.0005)*

-0.0007
(0.0005)

-0.0001
(0.0000)*

0.0005
(0.0005)

0.4489
(0.0854)*

Model 3 NN

0.9877

154

0.5459

-0.0000
(0.0000)

-0.0002
(0.0003)

0.0000
(0.0000)

0.0164
(0.0392)

-0.0015
(0.0005)*

0.0007
(0.0005)

-0.0221
(0.0115)*

-0.0368
(0.0162)

0.0167
(0.0063)*

-0.0016
(0.0006)*

-0.0230
(0.0149)

-0.0001
(0.0000)*

0.0006
(0.0005)

0.4903
(0.0858)*

Model 4 NN
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Appendix 7
Tables of results (Year 2000)

Table A5: Model 3 and Model 4 (*p<0.05)

-0.0256
(0.0200)
-0.0099
(0.0117)
0.0004
(0.0005)

(7) HHSIZE

(8) TFR

(9) MORTRATE

74

-0.0011
(0.0011)
-0.0000
(0.0001)
0.3499

0.3314
116
0.1257

(13) IT EDUCATION

(14) IT URBAN

R2

N

White test

0.3665

116

0.0001
(0.0001)

0.1257

154

0.3318

0.0389
(0.038)

(11) Dummy for missings
MORTRATE

(12) IT MORTRATE

-0.0221
(0.0012)

0.0038
(0.0005)

-0.0101
(0.0120)

-0.0258
(0.0201)

(10) Dummy for missings TFR

0.0010
(0.0007)

-0.0065
(0.0121)

-0.0343
(0.0227)

0.0300
(0.0076)*

0.0310
(0.0067)*

(6) MENEDYR

0.0350
(0.0083)*

-0.0018
(0.0005)*

-0.0016
(0.0005)*

-0.0001
(0.0000)*

-0.0018
(0.0003)*

-0.0017
(0.0006)*

0.0018
(0.0026)

(5) URBAN

-0.0017
(0.0005)*

(3) Quadratic term

0.0095
(0.0088)

0.1977
(0.0181)*

Model 5 MID

-0.0110
(0.0121)

0.0018
(0.0026)

(2) % of non-agricultural occupations

0.1854
(0.1584)

Model 6 LD

(4) Dummy for missings on (2)

0.2172
(0.1513)

(1) Constant

Model 5 LD

0.3550

154

0.3290

0.0041
(0.0022)

-0.0014
(0.0011)

0.0011
(0.0001)

0.0034
(0.0024)

-0.0326
(0.0040)

0.0009
(0.0007)

-0.0070
(0.0129)

-0.0322
(0.0207)

0.0342
(0.0080)*

-0.0018
(0.0006)*

-0.0256
(0.0202)

-0.0002
(0.0000)*

0.0028
(0.0028)

0.2098
(0.0192)*

Model 6 MID

0.6947

154

0.4230

0.0027
(0.0028)

-0.0101
(0.0125)

0.0003
(0.0005)

-0.0203
(0.0116)*

-0.0352
(0.0148)

0.0155
(0.0064)*

-0.0015
(0.0006)*

-0.0017
(0.0004)*

-0.0001
(0.0000)*

0.0005
(0.0005)

0.4489
(0.0854)*

Model 5 NN

0.4955

154

0.4440

-0.0001
(0.0001)

-0.0002
(0.0002)

0.0001
(0.0000)

0.0154
(0.0063)*

-0.0105
(0.0108)

0.0013
(0.0007)

-0.0234
(0.0117)*

-0.0390
(0.0189)

0.0185
(0.0073)*

-0.0015
(0.0083)

-0.0016
(0.0005)*

0.0001
(0.0000)*

0.0005
(0.0005)

0.5059
(0.1012)*

Model 6 NN
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Table A6: Model 5 and 6 (*p<0.05)

14.23
4.55

48.92
38
16.94
19.23
19.68
4.18
3.31
4.22
1.22
2.28
12.01
13.54
10.65
9.35
10.98
4.96
4.12
1.91

% of non-agricultural occupations

Quadratic term

MENEDYR

UPRIMARY

LSECONDARY

MORTRATE

URBAN

Dummy missings % non-agriculture
occ.
Dummy missings TFR

Dummy missings MORTRATE

Dummy missings WOMLOWNAGRI

Dummy missings WOMUPNAGRI

WOMEDYR

LPRIMARY

USECONDARY

TERTIARY

TFR

HHSIZE

82.44
12.80
54.88

IT EDUC

IT MORTRATE

IT URBAN

2.01

4.42

5.42

11.02

10.95

12.13

13.78

12.89

3.86

35.37

13.35

19.83

21.58

37.14

50.96

90.19

191652.05

184343.27

WOMUPNAGRI

321003.22

309024.09

Model 4 LD

WOMLOWNAGRI

Model 3 LD

1.83

4.11

4.82

10.61

9.20

12.69

13.23

11.84

2.43

1.03

6.72

2.97

4.22

19.38

19.22

17.82

36.08

47.20

185744.13

308299.24

Model 3 MID

75

87.34

18.89

77.37

1.99

4.24

5.17

10.86

12.23

13.88

13.98

12.53

3.32

4.98

15.98

14.92

15.42

20.28

22.20

41.31

58.37

107.21

192443.77

317596.03

Model 4 MID

1.68

4.02

4.78

10.73

9.01

11.67

12.90

12.08

2.28

1.27

5.44

2.78

3.78

18.98

18.33

15.32

39.43

92.42

187323.37

323993.32

Model 3 NN

63.4

16.59

81.27

3.79

5.04

5.08

11.00

9.98

12.76

13.97

12.69

3.82

3.99

14.65

13.76

13.32

20.33

24.32

39.22

45.95

89.19

173289.03

323498.29

Model 4 NN
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Appendix 8
Tables with VIFs (Year 2000)

Table A7: VIFs of Model 3 and Model 4

1189193.70
36.07
25.55
17.32
18.97
19.61
4.27
3.24
5.32
2.98
3.84
13.49
14.43
11.04
7.68
10.52
4.55
4.04
2.24

WOMUPNAGRI

% of non-agricultural occupations

Quadratic term

MENEDYR

UPRIMARY

LSECONDARY

MORTRATE

URBAN

Dummy missings % non-agriculture occ.

Dummy missings TFR

Dummy missings MORTRATE

Dummy missings WOMLOWNAGRI

Dummy missings WOMUPNAGRI

WOMEDYR

LPRIMARY

USECONDARY

TERTIARY

TFR

HHSIZE

7.31
27.55

IT URBAN

190.54

2.54

4.18

4.81

11.10

8.24

12.37

16.83

17.93

11.32

6.83

15.83

18.51

10.95

20.67

20.93

44.15

56.60

85.17

191581.84

321360.47

Model 6 LD

IT MORTRATE

IT EDUC

317170.97

WOMLOWNAGRI

Model 5 LD

2.24

4.04

4.55

10.52

7.68

11.04

14.39

13.59

3.76

3.20

5.28

4.27

4.27

19.65

18.79

17.32

25.55

37.54

189193.70

317170.97

Model 5 MID

76

77.47

7.29

181.92

2.53

4.10

4.77

10.73

7.96

13.49

16.80

18.31

11.39

6.93

15.39

11.30

11.30

20.12

20.75

41.85

56.17

113.18

194808.38

321900.25

Model 6 MID

2.12

4.01

4.24

10.23

7.03

11.00

13.25

8.53

3.59

3.11

5.38

2.96

4.12

19.88

18.76

16.52

29.33

33.03

111323.09

398493.33

Model 5 NN

43.41

6.89

183.43

2.85

4.77

4.56

10.90

8.03

12.89

15.92

18.27

11.92

6.73

14.79

14.56

11.32

20.73

19.32

37.87

55.95

94.14

134389.67

329828.33

Model 6 NN
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Table A8: VIFs of model 5 and Model 6

26.25

2.25
1.15
1.91

1.6

3.93

2.11

3.27
3.16

1.67
1.33
2.22
1.13
1.78

% of non-agricultural occupations
(centred)

MENEDYR (centred)

URBAN (centred)

TFR

MORTRATE (centred)

Quadratic term (centred)

HHSIZE

Dummy % non-agriculture occupations

Dummy TFR

Dummy MORTRATE
7.98
22.23
6.83

IT URBAN (centred)

IT EDUCATION (centred)

IT MORTRATE (centred)

1.42

2.17

3.46

3.69

3.49

4.20

Model 4 LD

Model 3 LD

1.76

1.14

2.24

1.33

1.63

3.28

3.33

2.08

3.73

1.63

Model 3 MID

1.91

4.79

2.58

1.92

1.18

2.28

1.34

2.18

3.56

3.57

2.55

4.22

3.46

Model 4 MID

1.77

1.13

2.23

1.32

1.87

3.18

3.01

2.00

3.84

1.53

Model 3 NN

1.97

21.81

3.51

1.93

1.17

2.27

1.42

2.17

3.51

3.69

337

4.28

25.45

Model 4 NN
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Appendix 9
Tables with VIFs after centring and removing (Year 2000)

Table A9: VIFs of Model 3 and Model 4 after removing and centring

77

65.94

3.83
1.28
1.17

5.56

4.08
2.00
3.05
3.24
2.25
1.83
3.74
1.23
1.11

% of non-agricultural occupations
(centred)

MENEDYR (centred)

URBAN (centred)

TFR

MORTRATE (centred)

Quadratic term (centred)

HHSIZE

Dummy % non-agriculture occupations

Dummy TFR

Dummy MORTRATE

11.57

56.20

IT EDUCATION (centred)

IT MORTRATE (centred)

7.68

IT URBAN (centred)

1.94

3.58

5.65

3.52

2.34

4.94

Model 6 LD

Model 5 LD

1.12

1.26

3.67

1.83

2.26

3.24

3.04

2.01

4.08

5.58

Model 5 MID

3.99

3.33

2.73

1.14

1.27

3.89

1.87

3.69

5.46

3.36

2.68

4.95

6.26

Model 6 MID

1.13

1.23

3.72

1.33

1.67

3.16

3.27

2.08

3.93

1.53

Model 5 NN

4.33

3.27

2.02

1.17

1.25

3.83

1.89

1.79

6.61

3.41

2.45

4.48

1.62

Model 6 NN
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Table A10: VIFs of Model 5 and Model 6 after removing and centring
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Appendix 10
Outliers and influential cases (Year 2006)
Graph A8: Graphical instrument: Residual vs. Fitted plot. Used to detect outliers.
Manipur

.1

New Delhi

0
-.05
-.1
-.15

Residuals

.05

Eastern (Eastern, East Central)
Uttar Pradesh (incl Uttaranchal)
Khomas
South (Tacna,Central
Moquegua,
Arequipa,
Ica,2,Ayacucho)
(Central
1,
Central
Kampala)
Tamil
Nadu
Gujarat
Sikasso
Omusati
Orissa
Sikkim
Andhra
Pradesh
Bamako
Kunene
Northern
(North, Karamoja, West
Nile) Maharashtra
Manzini
Rajasthan
East (Madre
de Karas
Dios, Cusco,
Apurimac)
Ohangwena
Diffa Puno,
Mizoram
Madhya
Pradesh (incl Chhattisgarh)
Matebeleland South Oshana
Western (Western,
Southwest)
Himachal
Pradesh
Omaheke
Nagaland
Karnataka
Central
(Huancavelica,
Huanuco,
Junin,
Pasco)
Lankaran
Tripura
Bihar
(incl
Caprivi
Koulikoro
West BengalJharkhand)
Otjozondjupa
Kavango
Absheron Shiselweni North (Tumbes,
Piura, Lambayeque, Cajamarca, La Libertad)
Yukhari
Karabakh
Tahoua
Borgou (incl Alibori)
Zinder
MaradiAssam
Hardap
Oshikoto
Dosso
Gao
and
Kidal
Atlantique (incl Littoral
(Cotonou))
Guba
Khachmaz
Haryana
Queme
Plateau)
Atacora (incl Donga)
WestKayes
(Ancash,
Lima, (incl
Callao)
Tombouctou
ShakiEastern
Zaqatala
Segou
Dakhlik
Shirvan
Erongo
Hhohho
Goa
North East (Amazonas, Loreto, San Martin, Ucayali)
Masvingo
Lubombo
Central
Baku
Western
Mashonaland Central
Mono (inclMopti
Couffo)
Tillabery
(incl Niamey)
Punjab
Zou (incl
Collines)
Harare
Meghalaya
Kerala
Far-western
Ganja
Gazakh Jammu
Matebeleland
North
Arunachal Pradesh
Mid-western
Mashonaland East
Bulawayo
Aran
Agadez
Mashonaland West

Manicaland
Midlands

0

.1

.2
Fitted values

.3

.4

Table A11: Numerical instruments:
DfFit
Rstandard
Midlands
-2.86658
Manicaland
-2.714712
Eastern
1.050292
Bamako
1.115641
New Delhi
1.156901
Manipur
1.311707
 Only the regions which exceeds the critical values are showed.
 No region has a Lever > or < than 2*p/n or Cook > or < than 4/p
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Appendix 11
K-S Test (Year 2006)
Table A12: K-S Test for Normality
Variable

K-S Sig.

GINI
UNAGRI
LNAGRI
URBAN
WOMEDYR
MENEDYR
LPRIMARY
UPRIMARY
LSECONDARY
USECONDARY
TERTIARY
WOMLOWNAGRI
WOMUPNAGRI
MORTRATE
HHSIZE
TFR

0.504
0.483
0.503
0.009
0.430
0.093
0.122
0.062
0.083
0.095
0.132
0.122
0.224
0.032
0.019
0.098

80

An alternative check of the validity of Kuznets’ hypothesis

Lotte ten Barge

Appendix 12
Variable definitions and descriptive statistics (Year 2006)
Table A13: Variable definitions and descriptive statistics (year 2006)
Variable
GINI

UNAGRI

LNAGRI

URBAN
WOMEDYR

MENEDYR
LPRIMARY
UPRIMARY

LSECONDARY
USECONDARY
TERTIARY
WOMLOWNAGRI

WOMUPNAGRI

MORTRATE

HHSIZE
TFR
IT
MENEDYR*LNAGRI
IT URBAN*LNAGRI

Definition
Gini coefficient based on
the possession of assets (on
IWI)
% employed men aged 2049 working in an upper
non-agricultural occupation
% employed men aged 2049 working in an lower
non-agricultural occupation

Mean
0.21

Min
0.001

Max
0.53

Missings?
No

16.58

0.9

35.8

Yes

41.74

8.9

91.5

Yes

% of population living in
urban area in region
Mean years education of
women aged 20-49 in
region
Mean years education of
men aged 20-49 in region
Educational attendance
children 6-8
Educational attendance
children 9-11

38.46

0

100

No

6.16

0.4

13.9

No

7.42

0.9

13.7

No

41.45

23

98.7

No

44.52

29.4

87.3

No

Educational attendance
children 12-14
Educational attendance
children 15-17
Educational attendance
children 18-21
% employed woman aged
20-49 working in an lower
non-agricultural occupation
% employed woman aged
20-49 working in an upper
non-agricultural occupation
Child mortality rate:
Number of children dying
between 1 and 5 year of
age, per 1000 live births in
a given year
Average household size in
region
Total fertility rate
Interaction term between
MENEDYR and LNAGRI
Interaction term between
URBAN and LNAGRI

43.13

24.9

99.7

No

52.71

8

98.4

No

27.12

3.8

66

No

50.89

3.2

95.2

Yes

22.89

0.6

60

Yes

37.72

1.48

176.75

Yes

5.58

3.5

10.2

No

3.96
421.77

1.73
23.8

8
910.26

Yes
No

2218.9
9

0

8650

No
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IT
MORTRATE*LNAGRI
IT
MENEDYR*UNAGRI
IT URBAN*UNAGRI

Interaction term between
MORTRATE and LNAGRI
Interaction term between
MENEDYR and UNAGRI
Interaction term between
URBAN and UNAGRI
IT
Interaction term between
MORTRATE*UNAGRI MORTRATE and
UNAGRI

Lotte ten Barge
1460.3
7
94.20

103.75

6946.28

Yes

1.08

336.38

No

508.33

0

2780

No

232.63

0

2780

Yes

NOTE: All data available at www.globaldatalab.org. Except data for the occupational
structure and IWI, received from director GDL.
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Appendix 13
List with countries and regions (Year 2006)
List with countries and regions (year 2006)
Azerbaijan

Benin

India

Iraq

Baku
Absheron
Ganja Gazakh
Shaki Zagatala
Lankaran
Guba Khachmaz
Aran
Yukhari
Karabakh
Region 9
Dakhlik Shirvan
Atacora
Atlantique
Borgou
Mono
Queme
Zou
Andhra Pradesh
Assam
Bihar
Goa
Gujarat
Haryana
Himachal Pradesh
Karnataka
Kerala
Madhya Pradesh
Manipur
Maharashtra
Mizoram
Nagaland
Orissa
Punjab
Rajasthan
Sikkim
Tamil Nadu
West Bengal
New Delhi
Uttar Pradesh
Arunachal
Pradesh
Tripura
Dohouk
Nenava
Suleimaniya
Ta-amem
Erbil

Kazakhstan

Kyrgystan

Mali

Namibia

Niger

Diala
Baghdad
Babylon
Kerbela
Wasit
Salaheldeen
Najaf
Qadisiya
Muthanna
Thi-Qar
Maysan
Basra
Almaty city
South region
West region
Central region
North region
East region
Bishkek
North
East
South
Kayes
Koulikoro
Sikasso
Segou
Mopti
Tombouctou
Gao and Kidal
Bamako
Nortwest
South
Norteast
Central
Caprivi
Erongo
Hardap
Khomas
Kunene
Ohangwena
Kavango
Omaheke
Omusati
Oshana
Oshikoto
Otjozondjupa
Agadez

Nepal

Peru

Somalia

Swaziland

Syria

Togo

Uganda

Diffa
Dosso
Maradi
Tillabery
Tahoua
Zinder
Eastern
Central
Western
Mid-western
Far-western
North
North East
East
South
West
Central
North West
North East
Central South
Hhohho
Manzini
Shiselweni
Lubombo
Damascus
Rural Damascus
Homs
Hamaa
Tartous
Al Latakia
Edlab Idleb
Halab - Aleppo
Der El Zour
Al Raka-Raqqa
Al Hasaka
Al Swida- Sweida
Al Qunitara
Daraa
Lome
Maritime
Plateaux
Centrale
Kara
Savanes
Central
Eastern
Northern
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Vietnam

Western
Red River Delta
North Central
North East
Central Highlands
South East

Zimbabwe

Mekong R. Delta
Mashonaland East
Manicaland
Mashonaland West
Mashonaland
Central

Lotte ten Barge
Matebeleland North

Midlands
Masvingo
Harare
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Appendix 14
k-Nearest Neighbour (Year 2006)
Table A14: k-nearest Neigbour
Countries with missing data

K-nearest Neighbour

Iraq
Kazakhstan
Somalia
Syria
Togo
Vietnam

Azerbaijan
Kyrgyzstan
Uganda
Azerbaijan
Niger
India

85

161.21
81.63
75.29
37.73
40.26
20.06
27.74
16.32
2.54
13.32

15.49
23.08
8.86
19.41
4.11
11.75

49.70
42.46
21.59
32.89
38.29
7.23
2.07
4.62
1.83
2.80
10.93
15.76
22.09
8.77
19.11
3.94
9.60
4.04

% of non-agricultural occupations

Quadratic term

MENEDYR

UPRIMARY

LSECONDARY

MORTRATE

URBAN

Dummy % missings non-agriculture

Dummy missings TFR

Dummy missing MORTRATE

Dummy missings WOMLOWNAGRI

Dummy missings WOMUPNAGRI

WOMEDYR

LPRIMARY

USECONDARY

TERTIARY

TFR

HHSIZE

91.44
51.39
33.15

IT EDUC

IT MORTRATE

IT URBAN

4.18

11.27

1427634.90

123454.03

WOMUPNAGRI

384346.34

214873.02

Model 4 NN

WOMLOWNAGRI

Model 3 NN

3.98

8.09

4.19

18.70

8.79

22.29

15.83

10.63

2.54

1.89

5.02

1.86

9.27

38.72

33.31

20.80

24.02

45.03

147732.74

154993.03

Model 5 NN
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34.05

12.96

162.77

4.24

9.99

4.55

19.03

8.89

23.24

16.21

10.94

14.38

2.45

16.28

28.52

17.83

40.89

37.53

41.86

24.73

45.56

1193054.45

328364.13

Model 6 NN
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Appendix 15
Table with VIFs (Year 2006)

Table A15: VIFs of Model 3, Model 4, Model 5 and Model 6 (year 2006)

2.26

3.51
1.25
1.76

2.06

2.76
1.36
6.32
5.84
1.35
1.24
2.28
1.17
1.38

% of non-agricultural occupations (centred)

MENEDYR (centred)

URBAN (centred)

TFR

MORTRATE (centred)

Quadratic term (centred)

HHSIZE

Dummy % missings non-agriculture

Dummy missings TFR

Dummy missing MORTRATE

1.54
5.07
8.57

IT URBAN (centred)

IT EDUCATION (centred)

IT MORTRATE (centred)

1.43

2.71

11.74

9.29

1.58

3.17

Model 4 NN

Model 3 NN

1.27

1.14

2.35

1.31

1.78

7.20

5.01

1.35

2.76

3.05

Model 5 NN

11.07

4.42

2.06

1.83

1.26

3.85

1.95

2.42

24.26

6.47

1.67

3.78

3.51

Model 6 NN
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Appendix 16
Table with VIFs after centring and removing (Year 2006)

Table A16: VIFs of model 3, Model 4, Model 5 and Model 6 after removing and centring (year 2006)
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Appendix 17
Graphs Model 1 and 2 (Year 2006)
Graph A9: Model 1 with lower non-agricultural occupation (2006)
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Graph A10: Model 2 with upper non-agricultural occupations (year 2006)
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