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Abstract

Using the inter-regional economic inequality index and the
gross state product per capita for the Mexican states over
the period 1940-2015, we apply regime dynamics and hier-
archical cluster analysis for segmenting the sample into
regimes of Mexican states with similar performance. Robust
econometric models are studied showing the direction of
causality between economic inequality and income per
capita, and the existence of a U-shaped curve for the
interdependence  between  economic  growth vs
economic inequality, and threshold levels. We additionally
demonstrate the existence of inequality traps. The
education literacy rate as a control variable indicates an

inverted U-shaped curve.
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1 | INTRODUCTION

Research studies on economic growth and inequality follow the seminal works by Lewis (1954) and Kuznets (1955).
The Kuznets model pointed out that inequality follows a U- shaped inverse driven by economic, political and demo-
graphic factors. Kuznets argued that the rise in inequality is due to the tendency of the wealthy to both save and
invest more of their income in the early stages of economic industrialization when the modern sector comprised a
small but growing share of the economy. He further suggested that the subsequent decrease in inequality is caused
by the expansion of the modern sector throughout the economy, and political reactions against the growing inequal-
ity of wealth.

The research literature on economic inequality in Latin America (LA) is so extensive because it is one of the most
important and intriguing issues in LA economies. For instance, Engerman and Sokoloff (1997) argue that high levels
of inequality have their roots in institutions and power structures that date back to the colonial period.
Reygadas (2010) highlighted that the cultural and social mechanisms in LA give rise to the origin of economic
inequality. These studies aim to explain the persistence of inequality. Other research aims to explain the dynamics of
inequality.®

On the other side, spatial inequalities (regional or state) have been established in different ways within the
regions of the countries. Since the 1990s, a large body of empirical papers have analysed the beta convergence,
although only later contributions, namely the New Economic Geography models, have introduced the notion of spa-
tial dimension into the formulation of convergence or divergence and inequality between regions (Baumont
et al., 2003). The seminal model that explains the underlying mechanisms is that of Krugman (1991), on the origin of
new economic geography (NEG). For LA economies, the issue about the interplay between regional inequality and
national growth, has been analysed by Mendoza-Velazquez et al. (2020). The convergence of Mexican states
(MS) has also been studied by several researchers (for instance, Carrion-i-Silvestre & German-Soto, 2009; Cabral &
Mollick, 2012).

In this vein, the present research paper aims to relate the NEG approach to the Mexican economy. Our goal is to
establish whether there is a connection and/or formation of economic regimes at the regional level corresponding
to economic concentration (interregional inequality), and regional economic growth. In this research work we con-
sider the database built by German-Soto (2016, 2019). Such data represent regional economic growth, and levels of
multidimensional economic inequality for the 32 Mexican states (MS) in Mexico. Two important series are generated
in such a database: (i) the regional real gross state product (GSP) per capita as a proxy for income per capita or
regional economic growth; and (ii) the inter-regional distribution of income. This latter is multidimensional in the
sense that it is based on four socio-economic variables, namely: product per capita, education, health and agglomera-
tion, which measure the distance between the Mexican states during a specific period. That is, it provides a database
of interregional economic distance and its evolution over time. Although the heterogeneity of the sample is an essen-
tial aspect for the quantitative analysis, it is convenient to find homogeneous groups of states that adequately
respond to the inquiry. To this end and following Brida et al. (2013) and Brida et al. (2020), the study applies the
notion of economic regime from which symbolic sequences are constructed and a metric is defined to compare the
dynamic behaviour between the different states. This allows for a hierarchical analysis of clusters, thus determining
the existence of homogeneous groups of MS. Once the groups are defined, an econometric model is specified for
each group using a panel data structure and the results are compared.

The remainder of the paper is organized as follows. Section 2 presents a brief review of the main empirical works
that analyse the relationship between economic growth and inequality in the Mexican context. Section 3 presents
the data to be used in the notion of regimes, and applies the symbolic analysis of time series, and the grouping/clus-
tering methodology by considering the minimum spanning tree, all aiming at obtaining homogeneous groups of MS
in terms of inequality and growth. Once the clusters are obtained, in section 4 an econometric exercise is developed,
thus making an inference of causality and effect (in term of elasticities) on the variables analysed. Finally, a conclud-

ing section is presented with the final comments, reflections, work limitations and possible future developments.
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2 | LITERATURE REVIEW: THE MEXICAN CONTEXT

Mexico is one of the most unequal countries in the world, characterized by a high and persistent income-distribution
inequality (see for instance, Reyes et al., 2017; Risso et al., 2013). The Mexican economy has experienced domestic
macroeconomic crisis (1982, 1986, 1995) and foreign origin crisis (2001, 2008) damaging its wealth and income dis-
tribution to the extent that those crises have influenced the inequality currently existing in Mexico. As pointed out
by Esquivel (2011), the Mexican Gini coefficient during the period 1984 to 2006 is represented by an inverted U-
shape that peaks in the 1994 Mexican economic crisis, and steadily declines thereafter. However, Risso et al. (2013)
show that there is a long-term negative relationship throughout 1968-2010 between income inequality, measured
by the Gini coefficient, and per capita GDP (Mexican economic growth). Moreover, unidirectional causality goes from
economic growth to income inequality in Mexico since the domestic crisis and reform period includes the major eco-
nomic crises of 1982 and 1994. Mexico went through a critical period in 1982 (namely a debt crisis) and 1994. Fol-
lowing devaluations in 1982, the Mexican government declared it could not pay part of the debt, thus triggering the
debt crisis, which was preceded by an increase in the primary deficit followed by an increase in inflation and
the monetary base. Subsequently the 1994 crisis hit the economy. While this crisis was not preceded by large fiscal
deficits, it took place after a large increase in one type of dollar-denominated debt, that is, the dollar-indexed
tesobono debt. In fact, except for the transitory impact of the 1994 crisis, inflation had a downward trend from
1988 until 2006. Between 2007 and 2016, inflation remained stable, having an average value of 4% per year. Finally,
the Mexican economy experienced a period of slow growth and macroeconomic stability, interrupted by the global
recession of 2008-2010. Faced with the international financial crisis of 2008, the Mexican economy aimed at
implementing a deficit in 2009 to bring about a change in Mexico's fiscal response to such an economic crisis. Hence,
the Mexican response was to switch from surplus to deficit in 2009 as a result of countercyclical fiscal policies aimed
at responding to the 2008 financial crisis in the United States (Meza, 2021).

Thus, Mexico offers a very interesting setting to investigate such an income inequality at a regional or state
level. Important research works have already done so. For instance, Aguilar-Retureta (2016) describes various dimen-
sions of regional income disparities in Mexico from 1895 to 2010 showing that, despite a persistent north-south
divide (reflected in indicators of very low mobility), regional income inequality has followed an N-shaped trend
(increasing-decreasing-increasing) in the long-run. This has been closely related to the different developmental
models adopted in Mexico. Therefore, regional disparity grew during periods of increased international integration
(the growth model led by primary exports from 1895 to the 1930s, and the most recent period of economic opening
that began in the 1980s), to then decline during the state-led industrialization period that took place between 1930
and 1970. In contrast to the experience of high-income countries, regional convergence in Mexico was accompanied
by a process of spatial concentration of industrial activity. On the other hand, the results of a spatial correlation anal-
ysis of income levels suggest a statistically significant grouping of the poor southern states, while the richest regions
(Mexico City and the northern states) develop a group of high income (Campos-Vazquez, Lustig, & Scott, 2018). This
reflects the close connections between the growth of the northern states and the United States market, as well as
the powerful capital effect associated with the growth of Mexico City.

German-Soto (2016, 2019) is a pioneer who has studied the evolution of Mexican interregional income inequal-
ity extensively from the 1940s until 2010. This author shows that states in the northern and central regions of
Mexico have the highest levels of per capita income, along with the oil-rich states of Tabasco and Campeche in the
south. He also pointed out that the regional distribution of income is heterogeneous and varies over time.
He revealed that the Mexican states with the highest and lowest income levels are also the most unequal, while
states with income levels close to the average tend to have smaller inequality values, as would be expected from
the theory. The author points out that since the 1940s, Mexican states have been highly heterogeneous, and this
heterogeneity is somewhat linked to geographic location: inequalities are observable in the north, centre, and south
of the country. Moreover, until the early 1980s, inequalities in those geographic areas gradually decreased, mainly in

the northern and central areas. However, recently since the 2010s, regional differences have become marked once
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again and are very similar to those of the 1940s. Therefore, in the last three decades Mexico has underperformed in
terms of growth, inclusion and poverty reduction compared to similar countries.

Campos-Vazquez et al. (2018) summarized the Mexican evolution of income inequality during the period
1989-2014 as follows: between 1989 and 1994, there was an increase of inequality; inequality decreased
between 1994 and 2006, and between 2006 and 2014 inequality rose once again. The key component underly-
ing the “increase-decrease-increase” pattern was the evolution of labour income inequality. By contrast, Mexico's
economic growth averaged just over 2% per year between 1980 and 2018, limiting progress in convergence in
relation to high-income economies. On a per capita basis, average growth was close to 1.0%. The country's GDP
per capita today represents 34% of the US GDP per capita, compared to 49% in 1980. In this context, progress
towards poverty reduction has been lost. The total proportion of the population living below the monetary pov-
erty threshold in 2018 was 48.8%, close to the level observed in 2008. The average per capita income (APCI) has
recently recovered after several years of decline. After a decrease between 2010 and 2014, the annualized
growth rate of APCI in Mexico was 1.8% between 2016 and 2018, still well below the average for the LA region.
Low growth rates and significant inequalities continued to raise the question of how Mexico could grow faster
and be more inclusive. These are the central themes covered in the recent systematic country diagnostic of
Mexico (World Bank Group, 2018).

After the introduction of economic liberalization and trade promotion policies in the late 1980s, the Mexican
economy experienced major structural changes. These changes have had different spatial dimensions, characterized
by increasing regional inequality (Rodriguez-Pose & Villareal, 2015). Studies examining the factors that have acted as
important drivers of regional growth during this period have concentrated on identifying the effects of growth on
regional endowments of physical and human capital (Chiquiar, 2005; Rodriguez-Oreggia, 2005). However, since
1989, inequality in Mexico has increased, decreased and increased again. Where the evolution of labour income
inequality is at the core of this pattern (Cabral & Mollick, 2017). To reverse the current trend of increasing inequality,
access to secondary and tertiary education must continue to expand, minimum wages must be increased, and the tax
and cash transfer system must be redesigned (see, for instance, the proposals developed by Campos-Vazquez
et al., 2018; Esquivel & Rodriguez-Lopez, 2003).

Recently, Mendoza-Velazquez et al. (2019) and Mendoza-Velazquez et al. (2020) have studied the club conver-
gence hypothesis for the real regional gross domestic product (GDPR) per capita, as an indicator of income, and the
ENI index as a measure of the interregional distribution of income. They examine the possibility that some Mexican
states may have slow economic growth, limiting their ability to reach other states which are achieving a higher stable
state, so not converge to the same steady state. The authors introduce four factors that make Mexico a natural
experiment to analyse inequality: (i) Mexico is one of the most unequal countries in the OECD;(ii) its economy has
undergone political, economic, demographic and institutional changes that affect regional inequality and income;
(iii) the inequality trends have been substantially different from those observed in other developing countries; and
(iv) the internationalization of the economy could have had heterogeneous effects at the regional level. The eco-
nomic inequality data in Mexico indicate that a significant percentage of the states have an asymmetric income dis-
tribution, which negatively affects the level of economic growth (Ayvar-Campos et al., 2019; Quiroz &
Salgado, 2016).

Therefore, our research question asks how the regimes that are formed for the 32 states of the Mexican Repub-
lic are dynamically influenced by their economic growth and their performance in terms of economic inequalities
between 1940 and 2015. The empirical results allow us to quantify the dynamic regimes during the period examined,
hence this study contributes to the design of strategies and policies that stimulate the behaviour of the dimension of
per capita income and economic inequalities at the regional level in Mexico. In addition, once the dynamic regimes or
clusters have been identified, we can make robust statistical inference and show either the causality and the impact
of one variable on the other (inequality versus economic growth). Moreover, we claim that inequality traps may exist
in the Mexican states.

Let us now move onto the next part of our work.
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3 | DATA, REGIMES METHODOLOGY, AND EMPIRICAL RESULTS

The dataset is the one built by German-Soto (2005, 2016, 2019). The measure of interregional inequality in Mexico
developed by German-Soto (2019) is based on homogeneous and comparable information about the GDP per capita
constructed by German-Soto (2005), and on the concept of economic distance derived from the Euclidean norm
index (ENI) and proposed by German-Soto (2016, 2019) for the Mexican states. Using the regional GDP as input, the
ENI is a measure of the economic distance of a region with respect to all the other regions that make up the regional
system. Therefore, it provides a measure of the interregional distribution of income and its evolution over time. Note
that this index is different from the traditional inequality indices available in the literature (Gini, Theil or Atkinson,
among other measures). Taking into account the idea that inequality is multifaceted and responds to a process of
multiple factors, German-Soto constructs a multidimensional index (by applying ENI) that considers different socio-
economic variables: agglomeration, education, per capita income and health. Therefore, it is possible to establish a
measure of interregional inequality not exclusively referred to income, but which includes other relevant aspects. It
is also important to note that in the construction of the index no weight is assumed for the four variables considered,
thus avoiding the use of arbitrary assumptions regarding the weight of each of the variables. In particular, note that
in Mexico's national accounts data, Campeche and Tabasco's GDP tends to be overestimated due to offshore oil and
gas production accounting as part of the states' total production, but the data constructed by German-Soto (2005)
does not have this problem.

The construction of the index is as follows. If x is one of the variables used (i.e., agglomeration, education, per
capita income and health) to measure the performance of the regions, then for a system of n regions (i.e., 32 in this
case), the relative distance of the region i with respect to the remaining j regions at each moment of time, in terms of
the variable x is:

dii) = />, (e —x¢) witht=1,..,T. (1)

To obtain the multidimensional index, the interregional distances (d;) are calculated independently for each variable
considered. To avoid the possible problem of the difference in the units of measurement, it is relativized using the
average. And finally, all these weighted expressions are added, as many as the variables which are considered, thus

generating the multidimensional interregional inequality index (with k dimensions):
K P
ENle= 05 2)

where dt(i)f is the average of dt(i)'t‘. A detailed description of the procedure is in German-Soto (2016, 2019).

A novel feature of the use of the ENI in the analysis of regional inequality is that it allows an evaluation of the
change in the distribution of income of a given region over time. Therefore, it is particularly suitable for convergence
analysis. The regional gross state product per capita (or economic growth) measurements used in our analysis are also
those developed by German-Soto (2019) as a proxy for income per capita. Our time series covers the time period
from 1940 to 2015 for all the 32 states of Mexico.

3.1 | Regime methodology and data symbolization

The dynamic performance of growth and inequality observed in the Mexican states for the period of time
isconsidered in the sample studied. Specifically, given two states i and j, a notion of distance d(i,) is introduced for

quantifying the similarity in its dynamics to compare its performance. Indicators of inequality and economic growth
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are considered in order to locate the states in different regions where a qualitatively different economic dynamic is
observed. Next, data is encoded and a symbolic sequence is obtained that represents the dynamics of each state in
the two variables. This symbolization of the data allows us to define a metric to compare the dynamics. From this, a
cluster analysis is carried out to see if there are homogeneous groups. Although the heterogeneity of the sample is
a fundamental aspect for the quantitative analysis, it is convenient to find a group that adequately responds to the
analysis, so that the groups obtained are more homogeneous within it.

To capture the qualitatively relevant properties, the concept of regime and the dynamics of regimes are intro-
duced as suggested in Brida et al. (2013, 2020). Each regime corresponds to a performance model in the inequality
and economic growth variables which is qualitatively different from the others. The partition chosen for this exercise
is determined by the annual averages of both, the ENI Index (u,) and the growth rate of the regional Gross State
Product (income) per capita (u,) for all the Mexican states. Through the chosen partition, four regions are obtained
according to the quadrant, and segmented according to the annual averages:

R1={(X,Y¢) : Xt > s> Ve <py, } (highinequality,low growth rate),
Ro={(Xt.yt) : X > > Ye 21y, }  (highinequality,high growth rate),
Ra={(Xt,Y) : Xt Spy» Ye 2y, } (lowinequality,high growth rate),

Ra={(xe.Yt) :Xe Sy, Ye<py, } (lowinequality,low growth rate).

As an example, Figure 1 shows the values of the ENI and the growth rate of the GDP for the 32 Mexican states.
The lines indicated in the values show the division in the four performance regimes.

As expected, the points are distributed in the four regions showing that qualitatively the Mexican states describe
different performances. Each of these regions defines a performance regime that can be interpreted (Banerjee &
Duflo, 2003; Policardo et al., 2016). In particular:

1. Regime 1 of high inequality and low growth rate could be associated with economies that are in a poverty trap
(such as the example of Haiti in a country context). Oaxaca could be used as an example among Mexican states.
We can call it the “poverty trap regime.”

2. Regime 2 of high inequality and high growth rate could be associated with emerging economies (such as the
example of China in a context of countries). Nuevo Ledn could be considered an example among Mexican states.
We can call it the “wealth concentration regime.”

3. Regime 3 of low inequality and high growth rate could be associated with economies that redistribute as they
grow (such as the example of Uruguay or South Korea in a country context). Guanajuato could be considered an
example among Mexican states. We can call it the “emerging wealth distribution regime.”

E 0 R3 e * * R2

g O L :

B o & - ' . )

% o FIGURE 1 Point cloud and regime division
- " R4 R4 for the 32 states, 2015

4 5

Interregional inequality

Notes: Own elaboration. The partition is
determined by the values , and p,. The point
cloud is defined by all the states in 2015
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4. Regime 4 of low inequality and low growth rate could be associated with mature economies that practice social
welfare policies (such as the example of EU countries, and Sweden in a country context). Tamaulipas can be taken
as an example among Mexican states. We can call it the “advanced wealth and social redistribution regime.”

Table 1 shows the time proportion of permanence in each of the regimes over all the analysed period for each
of the Mexican states.
From Table 1 different behaviours are observed as there are Mexican states that have passed through all

regions. On the one hand, there are those Mexican states that are located in regions 1 and 2 for most of the period.

TABLE 1 Proportion of permanence

in each regime (1941-2015) of the Mexican state Re Rz Rs Ra Total
federal entities Aguas calientes 4% 8% 48% 40% 100%
Baja California 45% 15% 17% 23% 100%
Baja California S. 16% 23% 27% 34% 100%
Campeche 24% 12% 25% 39% 100%
Coahuila 32% 33% 20% 15% 100%
Colima 0% 0% 47% 53% 100%
Chiapas 40% 45% 7% 8% 100%
Chihuahua 17% 27% 29% 27% 100%
Mexico City 56% 44% 0% 0% 100%
Durango 0% 0% 43% 57% 100%
Guanajuato 1% 1% 72% 26% 100%
Guerrero 41% 51% 4% 4% 100%
Hidalgo 36% 32% 16% 16% 100%
Jalisco 0% 0% 59% 41% 100%
México 0% 0% 53% 47% 100%
Michoacéan 45% 47% 5% 3% 100%
Morelos 0% 0% 56% 44% 100%
Nayarit 7% 5% 41% 47% 100%
Nuevo Ledn 39% 61% 0% 0% 100%
Oaxaca 49% 51% 0% 0% 100%
Puebla 1% 1% 56% 42% 100%
Querétaro 5% 11% 59% 25% 100%
Quintana Roo 28% 28% 23% 21% 100%
San Luis Potosi 8% 7% 57% 28% 100%
Sinaloa 0% 0% 51% 49% 100%
Sonora 25% 25% 28% 22% 100%
Tabasco 11% 12% 23% 54% 100%
Tamaulipas 1% 1% 27% 71% 100%
Tlaxcala 44% 45% 4% 7% 100%
Veracruz 4% 4% 32% 60% 100%
Yucatan 0% 0% 45% 55% 100%
Zacatecas 24% 33% 27% 16% 100%

Note: Own elaboration. In cases where a state only passes in regimes 1
and 2 (or 3 and 4), it is inequality that governs the behaviour.
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Their inequality is above the mean while the growth rate presents moments where it is above the mean and
moments below. An example is Nuevo Leon, which throughout the period is in these two regimes, with a slight pre-
dominance of regime 1 (high inequality and low economic growth). On the other hand, there are those states that
are located mainly in regions 3 and 4, being states that have a level of inequality below the average for most of the
period considered, while its growth rate is above the average in some periods and below the average in others. An
example is Yucatan, with a slight predominance of regime 4 (low inequality and low economic growth). From this
Table it could be deduced that it is inequality that defines the pattern of behaviour of the states, and this may
respond to the fact that the variation in time of inequality is slight compared to the variation in the growth rate that
tends to fluctuate over time.

As Brida et al. (2013, 2020) pointed out, the dynamics of regime change can be represented as follows: each
economy is assigned a symbol (1, 2, 3 or 4) at each moment of time, depending on the region in which it is
located. Each region is labelled with a symbol (in this case the chosen label is the regime number) and then the
two-dimensional time series of the ENI Index and GDP per capita growth is (x;, y;) where t takes the integer
values between 1941 and 2015, in the symbolic time series s ={s4, s, ..., 57} so that s;=j if and only if (x;, y;) is in
the regime R;. The symbolic sequence s ={sy,s,,...,s7} contains all the relevant information about the dynamics of
regimes and the symbolic successions that represent each of the economies reveal different types of

performance.

3.1.1 | Cluster analysis

For the analysis of clusters, a concept of distance between Mexican states dynamics is defined as follows:

. 0 ifsit =Ss;
d(si,s;) = Z:lf(s;t,sjt) with f(si,sp) = { X ifs:;é 5’; (3)

This metric considers for each moment of time the function f that takes the value O if they coincide with the
regime in the year in question, and 1 if they do not coincide. Thus, the defined distance takes values between 0 and
75 (0 if the states coincided for the 75 years considered, and at the other extreme 75 if they did not coincide in any
of the 75 years considered). This distance makes it possible to compare the dynamic behaviour of two states: the
smaller the distance between the two symbolic series representing two economies, the closer the dynamics of
the economies' regimes.

In order to classify the Mexican states represented by the two-dimensional time series of ENI indices and
growth rates of real GDP per capita in different groups, a qualitative closeness criterion is used. For this purpose, a
minimum spanning tree (MST) and a hierarchical tree (HT) are built (Figures 2 and 3). Based on the defined distance,
the cluster analysis is performed, which allows us to see if there are groups of states that have had homogeneous
dynamic behaviour. In the construction of the HT, the nearest neighbour method is used, following the techniques
developed in Mantegna (1999) and Mantegna and Stanley (2000). It is an aggregative method, so in the first step the
initial partition is formed considering each individual as a cluster: P={P4, P, ..., P,}. The two closest (smallest distance)
clusters are determined: P, P; (withi=1,..,n; j=1, ..., n; i # ), and are grouped into a single cluster, forming the parti-
tion: P={P4,P,, ..., PiUP;,...,Pp}. In the following stages, grouping is continued based on the minimum distances, con-
sidering the distance between clusters as the minimum distance between the individuals of each one. That is the

distance between the clusters C; (with n; elements) and C; (with n; elements), is defined as:
d(C,-,C,-) = Min{d(xx,x)}, 4)

with Xk € C,’, X € C] (k: 1, ey Nj3 |= 1, ey nj).
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FIGURE 2 MST of the federal entities of Mexico (1941-2015)

Notes: Own elaboration. Each state is represented by a vertex. The green corners represent the economies with low
inequality, that is economies that have been in regimes 3 and 4 most of the time. Note the central role of Yucatan in
this conglomerate. The purple corners define another conglomerate that is characterized by having engaged regimes
1 and 2 for the most part (high inequality). In addition to these two conglomerates, there is the one made up by
Sonora and Baja California (coloured with pink) and two states, Quintana Roo and Baja California Sur, that do not fall
into any of the three groups identified

I Sonora

_| L Baja.California
Baja.California.S

Querétaro

Aguascalientes

Mexico

Jalisco
Morelos
Puebla

i Guanajuato
_| Nayarit
— Tamaulipas

Durango

Yucatan
_| L Sinaloa

Veracruz

San.Luis.Potosi
olima

Tabasco

Zacatecas

| ampeche
hihuahua
Quintana.Roo

Tlaxcala
i Hidalgo

— Oaxaca
|_|_| Michoacan
Guerrero
hiapas
I Nuevo.Ledn

_| L Mexico.City

oahuila

40 30 20 10 0
Height

FIGURE 3 HT of the federal entities of Mexico (1941-2015)

Notes: Own elaboration. Each state is represented by a vertical line. Two states are connected when a horizontal line
joins the two vertical lines. The height of the horizontal line indicates the ultrametric distance between the two
economies. The lower they merge indicates that the groups are more similar to each other. The presence of three
well-differentiated conglomerates and two non-classifiable economies is clearly appreciated in the graph
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The MST (Kruskal, 1956), is progressively built by joining all the Mexican states by the minimum distance.
In this case, there is a graph of 32 vertices corresponding to each Mexican state. Figures 2 and 3 depict the
MST and HT. A set of indicators were calculated to determine the optimal number of groups, using the
Pseudo-F (Califski & Harabasz, 1974) and the Pseudo-t?> (Duda & Hart, 1973). Both tests indicate that the opti-
mal number of groups is three, plus two states that are not grouped. Note that Mexico City presents a central
position in the MST, showing the relevance of the dynamical connections of this state with the rest of the
country. In addition, note that the rest of the MST shows an almost linear picture, revealing that the role of
Mexico is remarkable.

Figures 2 and 3 show the emergence of two groups well confirmed by several Mexican states. Group 1 is charac-
terized by being in regime 3 and 4 with low inequality, and group 2 by being in regime 1 and 2 of high inequality.
That is to say:

1. Group 1 (green colour) conformed by Querétaro, Aguascalientes, Mexico, Jalisco, Morelos, Puebla, Guanajuato,
Nayarit, Tamaulipas, Durango, Yucatan, Sinaloa, Veracruz, San Luis Potosi, Colima, Tabasco, Zacatecas, Campeche
and Chihuahua. This group is characterized by being a group of low inequality (inequality below the average).
Countries that are located most of the time in regions 3 and 4, present inequality below the average and a growth
rate that oscillates between high and low.

2. Group 2 (purple colour) conformed by Tlaxcala, Hidalgo, Oaxaca, Michoacan, Guerrero, Chiapas, Nuevo Leén,
Mexico City and Coahuila. These states are generally in regions 1 and 2, they have above average inequality and

their growth rate presents periods where it is above and below the average.
In addition, two other minor groups emerge containing only a couple of Mexican states:

3. Group 3 (pink colour) conformed just by Sonora and Baja California. This group is characterized by beginning the
period in a state of high inequality (oscillating growth) and changing the pattern towards the 1980s, when they
started to have low inequality most of the time. Some details which emerge are the following. Since 1970,
Sonora, as well as Baja California and Baja California Sur, have registered a GDP per capita higher than the
national level, explained by the low levels of population. Sonora corresponds to a case in which the product per
worker evolved favourably, but the relationship between the employed population and the total population
advanced slowly. Until 1985, Sonora contributed mainly to the national agricultural GDP. However, since 1988 it
has contributed less to this sector, and its contribution to industrial GDP has been greater compared to the GDP
of the service sector.

4. Finally, Baja California Sur and Quintana Roo do not form any group and remain isolated. Some details could help
us to understand this atypical conglomerate of Baja California Sur and Quintana Roo. For instance, Baja California
Sur was a “territorial unit” for a long time, because until the 1970s it was practically an unsettled state, while at
the time of our study it averages a small number of habitants. Population density is barely 5 or 6 persons by
squared kilometre. Quintana Roo, in the meantime, has been a state with a small population, but with an economy
of virtually no industrial activity which, since the 1970s, has registered a huge number of investments mainly in
the services sector. This specific state boasts a large infrastructure in hotels and tourism. Therefore, these special
economic dynamics make them different to other Mexican states.

In Brida et al.’s (2013) study the performance of Mexican states for the period 1970-2006 and three groups
emerge (depending on the GDP and growth rate of the GDP): groups of high, medium and low performance. The low
inequality group contains all the states in the medium performance group, and ends up exclusively conforming to
states that belong to the low performance group. Thus, we could say that the low inequality group is of medium-low
performance. The high inequality group is made up of both, high and low performing states, while Sonora and Baja

California, which together formed one group in our analysis, are high-performing states. In relation to the educational
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level observed in the country, the low inequality group (group 1), on average, presents higher levels of education
compared to the high inequality group (group 2).

Figure 4 shows the map of Mexico that group 1 (green) with low inequality is not only the most numerous, but
also the one that occupies the largest portion of the territory. It is important to notice that group 2 (purple) has two
isolated regions, one in the southwest and the other in the northeast.

A brief comment on the descriptive statistics is that the high inequality group on average presents more stable
growth rates throughout the entire period (average rates ranging from approximately —2% to 2.5%). By contrast, in
the low inequality group the average growth rate has greater variability (close to 8 negative points in 1941 and
14 points in 2015). Regarding inequality, a variable that has a greater incidence in the conformation of the groups, a
considerable difference between the two main groups is immediately evident. In the low inequality group, the aver-
age ENI varies between approximately 2.5 and 4.3, while the mean for the high inequality group ranges from 3.4 to
6.4. In both cases, the trend decreases, although it is slightly more marked in the high inequality group. It is important
to highlight a degree of heterogeneity in that states classified as advanced or rich are either in group 1 or in group
2. For example, Coahuila and Nuevo Ledn are states that are in group 2 of high inequality but in all probability most
of the time they move to regime 2 which is characterized by high inequality with high economic growth. Hence,
inequality is the engine of the attained clustering.

4 | ECONOMETRIC ESTIMATION

In the following part, we perform panel data econometric analysis. We analyse the two main groups (group 1 and
group 2) that we obtained in the previous analysis. Our aim is to understand how inter-regional inequality, measured
by the ENI index, and income per capita, measured also as regional GDP per capita, YL, are statistically related for the
32 Mexican states during the period 1940-2015. For the purposes of control variables, the education literacy rate
(LR) was also considered as an indicator. This education indicator helps us to control possible effects on per capita
income and levels of inequality.

The estimating equations will be the following, although they may have some variants depending on the type of
panel data econometric model estimated:

f
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IN(ENI;) = ap + a1 In(YLy) + a2 ln(YLf) tas In(LRy) +aq ln(LRf) +uig, (5)

IN(YLe) = B +f1 IN(ENI) + 5, In (ENIf) 453 In(LRe) + 4 In (LRE) +Vie. (6)

Equation 5 indicates that that inequality is determined by per capita income (YL;) and by literacy education (LRt).
Equation 6 tells us that per capita income is determined by inequality (ENI;) and levels of literacy education
(LRt). Note that the variables allow for the possibility that the square of these variables has an impact on inequality
and growth, since the existence of a Kuznets' curve (as an inverted U or U) has been widely studied (see for instance,
Chen, 2003; Risso & Sanchez Carrera, 2019; llle et al., 2017).

The following panel data econometric models will be studied for these regressions, namely:

1. the well-known fixed effects (FE) and random effects (RE) models are applied;

2. we apply the dynamic model based on those proposed by Arellano and Bover (1995) and Blundell and
Bond (1998). These are the only models that have the lagged component. This is a dynamic estimator that over-
comes the potential weakness presented by the Arellano and Bond (1991) as it not only considers the lagged
levels as instruments for the first differences of the variables, but also includes lagged differences. In this way,

the Arellano and Bover (1995) and Blundell and Bond (1998) model would estimate the following equations:

AIN(ENI);, = a1 AIn(ENI);,_3 +azAln(YL),, 1 +asAln(YL)% +asAIn(LR);,_; +asAln(LR) + Aei, 7)

AIN(YL);; = 1 Aln(YL);,_y + P, AIN(ENID);_y + B3 AIN(ENDZ + B4 AIN(LR);,_y + s Aln(LR)Z, -+ Anyy. (8)

For the Mexican state i = 1, 2, ..., 32 over the year t = 1940, 1941, ..., 2015 and all the variables are expressed in its
first difference. Since the variables are still in logarithms, the parameters a and  can be interpreted as elasticities. The
parameters a; and $; indicate the degree to which inequality or per capita income is determined by its previous value.
In this way we can measure both short-term and long-term effects. In the latter case, it is only necessary to divide the
elasticities by (1- a4) or (1- B4) to obtain the long-term elasticities. On the other hand, non-stationarity problems can be
avoided by taking the data in differences. Considering that endogeneity in Equations 5, 6, 7 and 8 may arise, the GMM
method with instrumental variables (IV) is applied, limiting the number of IV given that T is large.

Taking into account the divide between those who believe Achen's theory (Achen, 2000) that the inclusion of
lagging dependent variables (LDV) will produce negatively biased coefficient estimates, and those who support the
inclusion of LVD (Keele & Kelly, 2006), we apply the panel data model with corrected standard errors (PCSE) pro-
posed by Beck and Katz (1995). This model is within the framework of the cross-section models with time series
(TSCS). Beck (2001) indicates that at least 10 years are needed for each individual cross-section to justify its applica-
tion. In our study T = 76.2 As T is very large and to rule out the possibility of applying non-stationary methodology
such as cointegrated panel models, a unit root analysis will be performed on panel data. Table 2 shows the unit root
tests of panel data by applying four tests (Levin, Lin, and Chu t test; Im, Pesaran, and Shin W-stat; ADF Fisher
chi-square; PP Fisher chi-square) for the YL, ENI and LR series, both for the total of the 32 Mexican states, and for
the two groups separately. As can be seen, in all cases the existence of a unit root can be rejected in the context of
panel data, and therefore the aforementioned techniques can be applied.

Next, the causality in panel data is studied to understand the causal direction between YL and ENI. Two versions
of the causality test are applied. On the one hand, the Granger causality test is applied in its standard way. This
method assumes that all coefficients are equal among the Mexican states. The second approach is that suggested by

Dumitrescu and Hurlin (2012), which adopts the opposite assumption in which all the coefficients are different
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TABLE 3 Granger causality test in panel data (standard)
México Group 1 Group 2
Null Hypothesis: F-Statistic Prob. F-Statistic Prob. F-Statistic Prob.
L (YL) does not homogeneously 4.802 0.008*** 4.618 0.010** 9.272 0.000***
cause L (ENI)
L (ENI) does not homogeneously 5.388 0.005** 10.670 0.000*** 3.800 0.023**
cause L (YL)
L (LR) does not homogeneously 11.308 0.000*** 10.725 0.000*** 1.327 0.266
cause L (YL)
L (YL) does not homogeneously 4411 0.012** 1.709 0.182 4.904 0.008***
cause L (LR)
L (LR) does not homogeneously 0.497 0.608 3.667 0.026** 2.091 0.124
cause L (ENI)
L (ENI) does not homogeneously 2411 0.090* 0.974 0.378 0.204 0.815
cause L (LR)
Notes: Own elaboration.
*** rejection of the null hypothesis at 1%;
** rejection of the null hypothesis at 5%;
* rejection of the null hypothesis at 10%.
TABLE 4 Dumitrescu and Hurlin (2012) causality test
Meéxico Group 1 Group 2
W- Zbar- W- Zbar- W- Zbar-
Null Hypothesis: Stat. Stat. Prob. Stat. Stat. Prob. Stat. Stat. Prob.
L (YL) does not 5.515 9.210 0.000***  4.502 5.016 0.000*** 5.836 5.338  0.000***
homogeneously
cause L (ENI)
L (ENI) does not 3.982 5.124 0.000***  3.262 2469 0.014* 3.188 1595 0.111
homogeneously
cause L (YL)
L (LR) does not 6.959 13.061 0.000***  7.105 10.364  0.000***  4.581 3.564  0.000***
homogeneously
cause L (YL)
L (YL) does not 2.539 1.279 0.201 2.761 1.440 0.150 2.123 0.090 0.928
homogeneously
cause L (LR)
L (LR) does not 5.036 7.934 0.000***  5.039 6.120  0.000***  3.999 2.742  0.006***
homogeneously
cause L (ENI)
L (ENI) does not 1.856 -0.543 0.587 1.439 —-1.274 0.203 1490 -0.805 0421

homogeneously
cause L (LR)

Notes: Own elaboration.

*** rejection of the null hypothesis at 1%;
** rejection of the null hypothesis at 5%;
* rejection of the null hypothesis at 10%.
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among the Mexican states. Following on, Table 3 and Table 4 present the results of the causality tests for the stan-
dard cases and the one proposed by Dumitrescu and Hurlin (2012). In both cases, a bi-directional causality between
inequality and income per capita is not rejected. An exception is made in the second case, for Group 2 in which
income would appear to determine inequality. However, in the standard test there would be bi-directionality.

In the case of education literacy it can be seen that, in most cases, it is both literacy and inequality that deter-
mine income per capita. This is clearer in the tests in Table 4. In Table 3, the exception is presented by Group 2 in
which it would appear that per capita income would cause education literacy levels.

Therefore, the two relationships are estimated where ENI depends on YL and YL depends on ENI. Table 5 shows
the results for the case of the inequality function and Table 6 the results of the Hausman, autocorrelation and hetero-
skedasticity tests in the case of the FE and RE models. Since the DPD model and PCSE are valid we focus our analysis
on these two models. First, it can be seen, that in all cases the estimated coefficients are significant, including the effect
of the squared variables, except for the square effect of education literacy in some models for groups 1 and 2.

In general, this can be interpreted as the existence of “inequality traps.” These traps can be defined as the pre-
ceding high levels of inequality and can produce a “cheat or a feedback loop” in which current economic inequality is
reinforced. Inequality traps are characterized by dynamic inequality that tend to perpetuate themselves over time. A
key issue related to the notion of inequality traps is how to distinguish them from the well-known notion of poverty
traps (Azariadis & Stachurski, 2005). The nuance between the two notions depends on the way in which the different
groups of society interact. That is, poverty traps refer to the lack of opportunities available to the poor and imply that
there is both chronic and transient poverty. On the other hand, in the case of inequality traps this lack of opportuni-
ties is accompanied by stagnation in the society's income distribution structure. For more on the formal concept of
an inequality trap see Bourguignon et al. Walton (2007).

Our results indicate that in Mexico, as well as in the Mexican states confirming Groups 1 and 2, a U-shaped
curve can be observed for the interdependency between inequality and per capita income. In other words, for low
income values an increase in the curve would determine a fall in inequality, until a threshold is reached. Subse-
quently, any increase in income would lead to increasing inequality. The Arellano-Bover/Blundell-Bond model would
indicate that this threshold for Mexico as a whole would be $10,056.12, while in Group 1 it is $12,209.50, and in
Group 2 itis $ 15,373.93 (considering that the amount represents GDP per capita in millions of 1993 pesos = 100).
In the case of the PCSE model, these thresholds are in the amount of $9,032.49 in the case of Mexico, $12,103.10
in the case of Group 1, and $13,206.89 in the case of Group 2. Therefore, Group 2 has a threshold higher than
Group 1 and in both cases the thresholds are higher than those of Mexico.

Figure 5 shows that, if the inter-regional inequality functions are plotted depending only on per capita income
(i.e., regional GDP), maintaining the level of the literacy rate constant, Group 1 presents a U-curve above Group 2’s U-
curve with both being above the Mexico's curve. The span of the curves can also indicate the effort in terms of the
increase in per capita income that each Group needs to reach for attaining lower or higher levels of inequality. Consid-

ering the same level of the literacy rate, a particular value of per capita GDP is associated with larger levels of inequality

TABLE 6 Hausman tests, autocorrelation and heteroscedasticity (inequality models)

Mexico Group 1 Group 2
Hausman HO: Fixed Effects
Chi2 (Prob>Chi2) 66.89 (0.00)* 2.28 (0.68) 252.75 (0.00)*
Wooldridge HO: Autocorrelation
F 54.10 (0.00)* 807.12 (0.00)* 99.97 (0.00)*
Wald HO: Heteroskedasticity
Chi2 (Prob>Chi2) 3632.27 (0.00)* 1152.51 (0.00)* 1205.28 (0.00)*

Notes: Own elaboration.
* rejection of the null hypothesis at 1%.
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FIGURE 5 Income-inequality curves
according to the PCSE model for Group
1, Group 2, and Mexico (from top to
bottom)

Source: Own elaboration
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in Group 1 than in the rest of the Groups. Movements in the literacy rate will impact on the curve. Since there is also a
U-shape curve with literacy, then depending on the part of this literacy curve, the movement will go up or down.

As can be seen in Table 5, in the Arellano-Bover/Blundell-Bond and PCSE models, the YL? coefficient is lower in
the case of Group 1 (0.13 and 0.26), than in the case of Group 2 (0.23 and 0.28) and these than in the case of Mexico
(0.37 and 0.34). Hence, this indicates that it is Group 1 which needs a greater movement of income per capita
(regional GDP per capita) to move the inequality levels. However, it is group 1 where income per capita is more con-
solidated (i.e., they are more homogenous) than group 2.

Hence, our results indicate that inequality traps may exist for the Mexican states. This is due to the fact, that the
dynamic model shows that the past value of inequality has a greater impact in the case of Group 2 with a coefficient
of 75%, while in Group 1 the inequality of the previous period impacts at 59%, and that in Mexico as a whole, the
impact is of 44%. This indicates that it is Group 2 which shows a greater persistence and reinforcement of inequality
levels. However, if the slope of the second derivative is calculated, the result obtained demonstrates that in the long
run this value is higher in Group 1 (0.57) than in Group 2 (0.52). This indicates that in Group 2, where the income dis-
tribution is more problematic, there is a larger persistence of past income distribution.

In the case of the literacy rate as a control variable, the results are interesting. If the case of Mexico is appreci-

ated and partly in the case of Group 2, there is an inverted U-shaped curve (see Figure 6). That is, for low levels of
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literacy rate, an increase causes inequality to rise until a threshold is reached from which higher levels of literacy rate
reduce inequality. However, in the case of Group 1, the estimate gives us a positive coefficient of 0.18 in the case of
the PCSE, while in the case of the dynamic model the coefficient is 0.935 in the long-run (the long-run coefficient is
obtained by dividing the long-run coefficient by the rate of convergence 1-0.59). This may indicate that Group 1 is
still in the first part of the U-inverted, the dataset does not capture a threshold and therefore the estimation only
produces a straight line with a positive slope, since it has not reached the literacy rate threshold necessary to start
lowering the levels of inequality. Note that for a determined and constant level of per capita GDP, the same level of
literacy rate will have a smaller impact in Group 1 than in the rest. In particular, Group 1 seems to be still in the
increasing part of the curve. In order to move down the Group 1 curve, it is necessary to move the per capita GDP.
This is more complex if we consider that the direction of this movement depends on the part of the Income curve
(Figure 5).

Table 7 shows that even if some regression coefficients are similar between Groups, the set of coefficients are
significatively different among the models according to the Wald test. Table 8 estimates the models for per capita
income in the case of Mexico, Group 1 and Group 2, while Table 9 shows the results of the Hausman, autocorrela-
tion and heteroskedasticity tests in the FE and RE models.

The results also show the existence of a U-shaped curve if the per capita income is considered to depend on the
levels of inequality (see Figure 7). In other words, there would be a first phase whereas inequality levels increase and
per capita income decreases until a threshold is reached from which any increase in inequality causes per capita
income to rise. According to the estimates, these thresholds are higher in the cases of Group 2 than in the case of
Group 1 and both higher than in the case of Mexico. Thus, for Group 2 the levels would be 4.94 if the PCSE model is
considered, or 4.86 in the long-term according to the dynamic model. In the case of Group 1 these values are 3.61
and 4.07 respectively, and in the case of Mexico as a whole, the coefficients are 3.11 and 3.69 respectively. Beyond
these thresholds, any increase in inequality would have a positive impact on levels of per capita income. In this case
it can be noted that for a determined level of literacy rate Group 1 always has the largest level of per capita GDP
when all the group reaches the same levels of inequality. In this case it is observable that for the same level of
inequality, Group 2 requires more effort to increase literacy in order to obtain larger levels of per capita GDP.

The existence of the inequality trap is illustrated as follows. The dynamic Arellano-Bover/Blundell-Bond model
shows the existence of greater persistence and reinforcement in the impact of past income levels per capita in the
case of Group 2, in which 93% of the past value persists the following year, then Group 1 at 88%, and Mexico as a
whole, shows a persistence of 75% of the value of the previous year. According to the slope of the derivative of this
curve, it can be seen, that in the long-run, and according to the dynamic model, the highest value is that of Group
2 (3.44) over Group 1 (1.74). Therefore, it is in Group 2 that a change in inequality levels could have a greater impact
on per capita income.

Concerning literacy rate levels, an interesting result is found, since in the case of Mexico and Group 1 the models

would indicate the existence of a U-shaped curve. This would indicate the existence of a threshold, as before this

TABLE 9 Hausman tests, autocorrelation and heteroscedasticity (income models per capita)

Mexico Grupo 1 Grupo 2
Hausman HO: Fixed Effects
Chi2 (Prob>Chi2) 4.75(0.31) 1.64 (0.80) 30.41 (0.00)*
Wooldridge HO: Autocorrelation
F 161.70 (0.00)* 210.26 (0.00)* 78.19 (0.00)*
Wald HO: Heteroskedasticity
Chi2 (Prob>Chi2) 11774.89 (0.00)* 5433.05 (0.00)* 913.64 (0.00)*

Notes: Own elaboration.
* rejection of the null hypothesis at 1%.
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FIGURE 7 Income-inequality curves »
according to the PCSE model for Group

1, Mexico and Group 2 (from top to 2
bottom).

Source: Own elaboration

Per Capita GDP (in logs)

Inequality ENI (in logs)

—Groupl ——Group2 ——Mexico

FIGURE 8 Income-education curves a0
according to the PCSE model for Group
1, Mexico and Group 2 (from top to
bottom).

Source: Own elaboration

Per Capita GDP (in logs)
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Literacy rate (in logs)

—Groupl ——Group2 ——Mexico

the levels of literacy rate reduce per capita income levels and after that threshold the impact on income is positive.
However, a deeper analysis demonstrates that these thresholds are extremely low and correspond to literacy rates
of 12.33% in the case of Mexico and 30.35% in the case of Group 1. Values lower than these thresholds are particu-
lar and were only reached in the case of Group 1 in Querétaro between the years 1940 and 1944. Therefore, the
states have almost always been in the zone corresponding to the positive impact of education on income. In the case
of Group 2, a linear and positive relationship is found between per capita income and education (see Figure 8). Note
that in this case the curves seem to converge in the positive part, meaning that for the same level of inequality the
relation between per capita GDP and literacy rate is generally similar among the groups. As previously mentioned,
the decreasing initial part of the curve is related to virtually no practical observed value, due to the low levels of liter-
acy that are required in order to be in this part of the curve.

In the case of Group 2, there is a positive elasticity of 1.70 (considering the PCSE model) and an elasticity of
1.42 in the long run (according to the dynamic model). In the case of Group 1, a long-run elasticity of 1.61 can be
observed. This would mean that while in Group 2 a 100% increase in the literacy rate impacts on a 1.42% increase in
per capita income, in Group 1 this impact is greater, as it is 1.61% over income. The impact is smaller in Group 2, con-

sidering that the elasticity in the group of all the Mexican states (i.e., Mexico as a whole) is 2.27.
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Table 10 shows that even if some regression coefficients are similar between Groups, the set of coefficients are

significatively different among the models according to the Wald test.

5 | CONCLUDING REMARKS

This research paper contributes to the literature by providing an exploratory analysis of the interdependency
between economic growth and inequality and offers a substantial description of the economic dynamics of Mexican
states. The dynamics of each Mexican state are represented by the growth rate of GDP per capita and the ENI of
interregional inequality, becoming a one-dimensional representation of the dynamics through the symbolization
of the series based on the concept of “regimes.” From the series of symbols, the symbolic distance is defined and
the cluster analysis is performed. For the whole period, the existence of two important groups of states is observed,
a group made up mostly of economies characterized by high inequality (Group 2), and another group characterized
by a state of low inequality (Group 1). This shows that the performance of Mexican states is not homogeneous. The
results of this performance analysis show that on average the high inequality group presents more stable growth
rates throughout the period, while in the low inequality group the average growth rate shows greater variability.
There is also a considerable difference between the two main groups. In the low inequality group, the average ENI
varies between approximately 2.5 and 4.3, while the mean for the high inequality group ranges from 3.4 to 6.4. In
both cases, the trend decreases, and this trend is slightly more marked in the high inequality group.

Furthermore, regime dynamics and clustering results demonstrate that finding results depending on a single
model, as is done in standard analyses using panel data, presents difficulties and obstacles that are difficult to over-
come. Our study shows the variety and complexity in growth and inequality in the regional performance, and it moti-
vates the econometric exercise in the second part. However, certain limitations must be taken into account. As
shown in the analysis, the groups seem to be determined solely on the basis of inequality, which could be due to the
fact that this variable fluctuates less in time compared to the growth variable. Therefore, by considering longer
periods of time it could be possible to demonstrate significant changes in inequality. Finally, the designed methodol-
ogy opens future lines of research that allow the introduction of concepts and forms of regime change and other
notions of distance between economies. Moreover, in terms of the symbolization of the series, in the future it could
be carried out using other partitions, such as regional annual averages (not the total sample), or partitions based on
economic and non-statistical criteria. In addition, it could be interesting to examine the evolution of the groups in
order to study convergence or divergence. We could take time windows and analyse the number of groups to see if
the number remains the same over time as well as the group formations, in order to establish whether the states
always remain in the same group or if there are group changes. It would also be interesting to consider sub-periods,
since there were certain changes during the analysis period that may be interesting to examine. Another compelling
option would be to include more variables, such as education, when defining regimes to group states.

A bi-directional causality between inequality and income per capita is found by first analysing the long-run
dynamics in the groups. Second, regarding the relationship between inequality and income per capita, a U-shaped
curve is found indicating the existence of an inequality trap. Therefore, Mexican states have to overcome income
and inequality thresholds to obtain better levels of income distribution and economic growth.

Our econometric results show that the high inequality group (Group 2) is the most problematic, due to the fact
that past inequality and past income are really persistent in this group, as demonstrated by the dynamic model. This
means that even if there is a bi-directional causality between inequality and income, a larger effort to move the two
variables is necessary to overcome a trap. Moreover, education literacy rate has a positive impact on distribution and
economic growth, though the long-run income-literacy elasticity is smaller in Group 1. This would imply that an
increase of 1% in literacy increases income to 1.42%, while in Group 2 and in Mexico (as a whole) the impacts are
1.61% and 2.27% respectively. The good news is that the long-run inequality-literacy elasticity is larger in Group
2 (1.72) than in Group 1 (0.93).
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Hence, one may wonder whether education literacy has played a crucial role to overcome the inequality traps.
Without a doubt, education is an important factor, but an insufficient one, since the data indicates that the Mexican
states already exceed the threshold levels of education literacy rates. Hence, for further research, if there is availabil-
ity of data, it would be important to test whether R&D activities (already well-known in the literature) com-

plementing R&D workers or education systems, may be the crucial factor to finally overcoming the inequality traps.

ACKNOWLEDGMENTS

We thank the Editors and the anonymous reviewers for their constructive comments, which helped us to improve
the manuscript. We benefited from discussions and comments from seminar participants at Grupo de Investigacién
en Dinadmica Econdmica (GIDE - FCEA - UDELAR, Uruguay) and Facultad de Economia UAdeC Mexico. The usual
disclaimer applies.

ORCID

Juan Gabriel Brida "= https://orcid.org/0000-0002-2319-5790

W. Adrian Risso "= https://orcid.org/0000-0002-8618-7456

Edgar J. Sanchez Carrera "2 https://orcid.org/0000-0002-1191-8859
Verodnica Segarra "2 https://orcid.org/0000-0003-0436-3303

ENDNOTES

1 For instance, Williamson (2010) calculated Gini coefficients in Latin America over five centuries based on social tables and
GDP/wage ratios, and showed that inequality was not high by contemporary global standards until the 19th century. By
contrast, he argues that the high levels of inequality in Latin America in the 20th century were the result of an increase in
the belle époque (approximately 1880-1914), due to the forces of globalization. Coatsworth (2008) argued for a similar his-
torical development of Latin American inequality, although in his interpretation the changes in power between elites and
popular sectors were driven by cycles of economic growth. Arroyo Abad (2013) analysed the impact of trade and the
change in factor endowments on inequality in the 19th century, measured as the ratio of wages to income from land
rental. Like Williamson and Coatsworth, Arroyo Abad discovered that inequality was not always high and maintained that
the income-wage ratio decreased in the 19th century and reached a low point in the Mexican Porfiriato given that the
incorporation of land into agriculture in the north of the country displaced the factor endowments.

2 The temporal structure of the data increases the chance of autocorrelation, violating the OLS assumption that the errors

are independent of each other. Moreover, the cross-sectional structure of the data increases the chance that the variance
in the error terms may differ across economies and that there will be spatial processes that affect different panels simulta-
neously. The consequence of these violations is that OLS coefficient estimates are still unbiased but inefficient. To deal
with these problems we followed Beck and Katz (1995) using panel-Ccorrected standard errors. The majority of previous
work approaches autocorrelation using a lagged dependent variable. Achen (2000) demonstrates, however, that this
method can lead researchers to mistakenly discount the importance of variables particularly if they do not vary dramati-
cally over time. Achen (2000) suggests transforming the data to address autocorrelation and yet avoid the pitfalls of using
the lagged dependent variable. We estimate and report both models, thereby demonstrating the strength of our results.
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Resumen. Se utilizé el indice de desigualdad econdmica interregional y el producto estatal bruto per cdpita de los
estados mexicanos durante el periodo 1940-2015 con el fin de aplicar una dindmica de regimenes y el andlisis de
cluster jerdrquico para segmentar la muestra en regimenes de estados mexicanos con un desempeio similar. Se
estudiaron modelos econométricos robustos que muestran la direccion de la causalidad entre la desigualdad
econdmica y la renta per cdpita, y la existencia de una curva en forma de U para la interdependencia entre el
crecimiento econdémico frente a la desigualdad econdmica, y los niveles de umbral. Ademas, se demostré la existencia
de trampas de desigualdad. La tasa de alfabetizacion educativa como variable de control indica una curva en forma
de U invertida.

P8k 1940~2015FED X F > a O BT 2 M OB A FEFER e LN h ERMBEELZHVT, LY
— LHIEL BN 5 AR =D E D, N7+ —< Y ADBFAZEOMNT L DL — LI Y IAEFEI LT, £
AR TFE L LA E 7 TS & O KRGO M & R & RN SO ERFREGRE R T UFER R
DFE. BEL V2R IHELREEREFET A 2R T 5, 25618, TEEFEOE(inequality traps) DL S
RT3, MEBZHE LTORE L #FHIE, FUFHRERT,
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