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Abstract: The objective of this research is to examine growth and convergence processes in the
provinces of Ecuador, considering sectoral productivity as an analysis variable. To do so, evidence
of the productivity of the agricultural, secondary and service sectors is presented, and by applying
the non-parametric method of density functions of the kernel, the complete distribution of the data
is analyzed. The results obtained indicate that territorial inequality in Ecuador has very different
behavior depending on the sectors of the economy. It is noted that inequality in terms of productivity
is very high in the agricultural sector, it is at an average level in the secondary sector, and is less
intense in the service sector. In the long-term, the overall balance is that sectoral inequality decreased
among Ecuadorian provinces. However, there are two processes differentiated in time; in the first
phase, inequality decreases more rapidly and in the second phase, it even increases in some sectors,
as in the case of secondary sector returns.
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1. Introduction

The discussion on inequality, specifically in relation to the growing disparity of incomes, has
acquired new relevance at the global level, because the gaps between the rich and poor regions of
the countries have been widening [1]. In this work, inequality is studied by focusing on individuals
who are at the highest income distribution level, and their differences with the minority. Although
its central thesis on the inequality spiral caused by return on capital levels above the growth rate is
interesting, its perspective of analysis lacks a regional and sectoral dimension.

Nations and their regions grow unevenly, and others tend to equal or approximate to an average
rate. Precisely, these asymmetries in growth levels have been the starting point for the analysis and
discussion of the behavior of the main variables of economic activity among countries or regions,
giving rise to the study of economic convergence and its derivations. In this area, the study of economic
growth and regional inequality, as well as convergence, are necessary to “try to identify and explain
the existing differences in well-being and wealth levels between countries and/or regions, as well as
the determinants of their growth” ([2], p.62). The two traditional units of analysis for these studies
were the comparison between countries or regions of the same country, and the two fundamental
variables are income and productivity [3].
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Traditionally, studies on economic growth that are carried out internationally [4–14] address the
issue through the economic convergence hypothesis. The conditional convergence hypothesis “refers
to the inverse relationship between the growth rate of per capita income and its initial level, for a
set of regions or countries with similar structural characteristics and a specific period of time” [15].
This postulates in general terms the existence of a tendency to reduce economic disparities between
countries or regions over time, reaching absolute economic convergence. In this field, according to
Carrillo et al. [16], the poorest countries (or regions) tend to grow faster than those countries (or zones),
which, by definition, are richer.

Despite the existence of what was called the “growth regression industry”, in which there are a
considerable amount of studies on the subject and a great variety of theories and indicators [17], the
empirical evidence continues to be inconclusive [18–20] and although there are studies that relate the
economic structure with productivity [21,22], there are few studies that link this productive structure
with the processes of beta-convergence in productivity [23]. Criticisms of convergence studies have
also indicated that the convergence found in econometric models could even be present when regional
dispersion was not decreasing [24,25]. Consequently, it is suggested that the distribution dynamics of
the data should be analyzed [26].

In this context, this research aims to analyze the processes of the sub-national growth of Ecuador
and its convergence, considering sectoral productivity as an analysis variable. The productive
structure, broken down into three sectors, is considered: the primary, secondary and tertiary sectors.
The complete distribution of the data is described and analyzed by using non-parametric methods,
which enable the distributive dynamics of productivity in Ecuadorian provinces to be observed.
The variables of 23 of the 24 Ecuadorian provinces are taken into account (Figure 1). Galápagos was
excluded because it is an insular region, outside the continent, which does not allow for its involvement
in the spatial methods (effect of neighborhood and contiguity) used in this study.
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The relevance of this study lies in the use of the Kernel method (non-parametric estimation of
density functions). Contrary to parametric methods that incorporate rigid assumptions to the data, by
means of this method, we have the advantage of developing models to predict the spatial behavior of
the dependent variable as a function of the independent ones. Thus, by the means of a “weighted local
regression”, it is possible that the closest neighboring regions outweigh the remote regions within a
set of data. It must also be mentioned that in economic convergence analyses, per capita income has
traditionally been used, while in this study, the structure and productivity of provinces are used.

The work is structured into five sections. In the introduction, the subject under study is
contextualized and the objective is stated. In the theoretical framework section, the conceptual
aspects of economic growth and convergence are discussed, as well as the existing models to
measure convergence, and the empirical evidence is briefly discussed. The third section includes
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the methodology, and describes the calculation formulas for the indicators, the equations, and the
regressions that will allow for the study of productivity in the sectoral structure of Ecuador, while
the fourth section discusses an analysis of the variables and the results. Finally, the conclusions are
presented in the last section.

2. A Previous Note on Convergence Analysis

The theoretical bases on economic growth were developed within the discipline of the economy
between the mid-1950s and early 1990s [15]. In that period, two approaches were imposed: models of
exogenous and endogenous growth. The former establishes the economic convergence hypothesis,
and on the contrary, in the endogenous growth model proposed by Romer [8] and Lucas [11], we talk
about divergence; this model predicts a gap between the different economies.

In the first model, of exogenous growth, the precursors were Solow [4] and Swan [5], who
considered that economic growth depends on the intensity of the use of production, and their model
predicted what is known as the absolute convergence of economies. Solow [4] developed the basic
equation of economic growth based on the production function, and considered that when regions or
countries reach a minimum level of development, this leads to growth convergence, and therefore, in
their per capita income levels [16]. This is corroborated by Barro and Sala-i-Martin [27], who observe
that the poorest countries or regions tend to grow in per capita terms more quickly than the most
developed (richer) countries, and therefore, they tend to equalize.

At this point, it is necessary to define what is meant by convergence. According to Rabanal ([15],
p.16), “it is a proposition according to which there is an inverse relationship between the growth rate of
per capita income and its initial level, for a set of regions or countries and for a given period of time”.
Convergence can be absolute or conditional; absolute convergence, as already mentioned, indicates
that poor economies tend to grow faster than rich ones. According to Esquivel [28], convergence is
absolute when the per capita income of an economy converges with that of other economies, regardless
of the degree of similarity between economies, and this is dependent on the initial conditions.

The second approach, of endogenous growth, refers to the hypothesis that “there is an inverse
relationship between the per capita growth rate and its initial level, for a set of regions or countries
with similar structural characteristics and for a certain period of time” (Rabanal, [15], p. 119). This
means, according to Mankiw, Romer and Weill [29] that the convergence process is verified in groups
of countries that have certain common characteristics. This concept is applied when the growth rate
of an economy is related to the gap between the product level of that economy and its own steady
state [30].

The discussion on economic convergence has focused on obtaining empirical evidence mainly
through two methodologies, sigma convergence (σ) and beta convergence (β), which are concepts
created by Barro and Sala-i-Martin [12], whose background was based on the studies by Abramovitz [6],
Baumol [7], Romer [8], and Lucas [11]. The first one is limited to measuring the dispersion of the
cross-sectional data of the logarithm of per capita income, and whether this value decreases with
time. It is concluded that there is sigma convergence. The second one is seen as a necessary condition,
although not sufficient, of the first one, and it is limited to the evaluation of the beta sign in an
econometric model; a negative and significant sign is evidence of beta convergence; this methodology
was used in the studies by Barro and Sala-i-Martín [12,31].

The study of economic convergence has traditionally focused on the analysis of per capita Gross
Domestic Product (GDP) growth. However, this does not allow for observations of the efficiency with
which this process occurs to be made with greater clarity, because it obscures the role that is played by
the sectoral productivity of the economy. Per capita GDP (GDPpc) can be disaggregated as the product
of per capita occupation (Npc) and labor productivity (
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In order to evaluate the efficiency with which the convergence processes occur, in this paper, we focus
on the sectoral productivity of the Ecuadorian regions.

Quah [24,33] criticizes the methods that are traditionally used in the study of convergence, because
when focusing on the manner in which an economy performs with respect to another one (convergence
mechanism), it does not identify how an economy performs regarding its history (growth mechanism).
When the two mechanisms are identified, it is possible to identify the processes of polarization,
persistence, and stratification, that is, of convergence clubs.

The convergence mechanism can be compatible with highly polarized regional economies, since
by observing only the mean and standard deviation, the data distribution from one moment of time to
another is not observed; its intra-distributive dynamics are unknown. For this reason, in this research,
the non-parametric proposal inspired by Quah’s work is taken up, in order to analyze the distribution
dynamics of sectoral productivity data in Ecuadorian provinces.

In general, as Cuervo [34] points out, in Latin America, there are several studies on territorial
economic convergence and divergence in its interior. These are partly due to the academic and
political interests aroused by the work of Barro and Sala-I-Martin, as well as by some comparative
research promoted by institutions, such as the Inter-American Development Bank (IDB) and the World
Bank [35].

Mexico is undoubtedly the country with the most contributions on this subject (although they are
not thorough), both in works that use parametric methods [28,36–44] and those that use non-parametric
tools [35,45–47]. In all of them, there are different results in terms of convergence, depending on the
period of analysis.

The work by Cárdenas, Potón and Trujillo [48] was the starting point in Colombia for research
that uses income or proxy variables of wages [49–54]. Some of these investigations obtain ambiguous
results, while in others, the conclusions of the different authors are complemented and explained ([34],
p.49).

Subsequently, empirical studies of convergence and divergence were performed by using panel
techniques, and with variables of human capital, physical capital, departmental taxes, and spatial
models [55–58]. More recently, Royuela and García [59] studied convergence dynamics by applying
parametric and non-parametric techniques. They considered social aspects such as life expectancy,
child mortality, education, and crime. These authors verify the existence of convergence in Colombia
in social variables, but not in the GDP per capita.

In the case of Brazil, several authors [60–67] found different findings and asymmetries in regional
growth processes when studying the convergence phenomenon by means of traditional methods and
then applying spatial econometric techniques. In Argentina, the convergence hypothesis in Argentine
provinces is the main driving force of research [68–71].

In Ecuador, economic convergence and regional asymmetries have not been widely studied,
due to lack of information (data restrictions) and the weak tradition of performing spatial
analyses by Ecuadorian researchers [72]. Ramón-Mendieta et al. [73], and Ramón-Mendieta and
Quintana-Romero [74], when studying growth, clusters and convergence in the 1993–2011 period,
pointed out that Ecuador registered stable growth from 2000. However, this growth is not reflected in
the interior of its provinces, due to the spatial concentration of per capita income. They also find that
there is no significant spatial reconfiguration, since most of the traditional economic clusters did not
move or contract. As a result, the emergence of new regions with considerable economic dynamism
was limited.

Regarding Szeles and Muñoz [75], they study the economic convergence process for Ecuadorian
provinces in the 2007–2014 period, using parametric and non-parametric methods. Their findings
show that in heterogeneous territories, the regional distribution of GVA (Gross Value Added) has
been polarized and it persists over time; and that the group of rich provinces advances faster than the
less rich provinces. This makes the achievement of regional convergence even more difficult in the
coming years.



Symmetry 2019, 11, 461 5 of 20

The presence of territorial disparities and the contiguity effect were investigated by Arias [76].
By using the analysis of spatial econometrics as a methodology, they observed that the provincial
specialization level is very diverse, while sigma convergence shows a descending path with the
presence of convergence clubs. On the other hand, they verify the presence of absolute and conditional
beta convergence, especially in labor productivity. Finally, they conclude that the contiguity effect
benefits regional convergence.

The impact of public expenditure on convergence in Ecuador was addressed in the study by
Flores-Chamba et al. [77]. The authors observed the existence of a “slight” process of per capita and
productivity convergence, although with a significant level of territorial “segregation”. They also
point out that the public investment made in the 2001–2015 period did not significantly increase the
productivity of small and medium-sized provinces, severely conditioning the sustainability of the
process of reducing disparities at the regional level.

At cantonal level, Mendieta-Muñoz [78] verifies the conditional convergence hypothesis through
factors such as the illiteracy rate, the percentage of households with electric infrastructure, the
average number of children, agricultural production, manufacturing production, and remittances as a
percentage of the cantonal gross value added. The convergence speed is reduced to 1.12% per year,
and indicates that differences in these variables would largely explain the slow territorial convergence
in Ecuador. The convergence process of Ecuadorian cantons is also analyzed by Mendieta Muñoz and
Pontarollo [79], who through spatial econometrics, identify groups of cantons that are determined by
similar spatial patterns that can be interpreted as convergence clubs. They also warn of the presence of
a convergence process that involves the most developed group of cantons, which leads to unbalanced
spatial development.

3. Methodology

In this section, the calculation formulas of the indicators and the equations that are used to
calculate the different types of convergence for the provinces of Ecuador are present, as well as the
measures of dispersion and inequality that enable them to be compared with convergence levels.
Finally, the Kernel estimator of conditional distribution that enable the study of productivity in the
sectoral structure of Ecuador is presented.

Traditionally, regional economic convergence is used, that is, the tendency over time for per capita
production levels in regions to equalize, to identify territorial economic disparities. As mentioned
above, two convergence concepts have generally been used: i) sigma-convergence, establishes the
relationship between the dispersion of per capita income and time; and ii) beta-convergence, which
establishes the relationship between the growth rate of per capita income and its initial level.

3.1. Sigma Convergence

The way in which sigma convergence is measured has been questioned, because it does not
take into account the existing size differences of the regions for which the standard deviation is
calculated. In sigma convergence, the same weight is given to all geographic units [80]. In this
research, the sigma convergence is explored by using the alternative indicators proposed by Ezcurra
and Rodríguez-Pose [80], in which region participation is incorporated to the total population pi, to
capture the heterogeneity of the regions.

(a) Coefficient of variation (C):

C =

√
∑n

i=1 pi(xi − µ)2

µ
(1)

where:
µ = ∑n

i=1 pixi
pi = population participation of region i in a given year
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xi = per capita income
(b) Standard deviation of the logarithms (v)

v =

√
n

∑
i=1

pi(logxi − µ̃)2 (2)

where:
µ̃ = ∑n

i=1 pilogxi
As an alternative to the dispersion indicators, the distribution indicators are used:
(c) Gini Index (G):

G =
∑n

i=1 ∑n
j=1 pi pj

∣∣xi − xj
∣∣

µ
(3)

(d) Generalized measures of entropy (GE):

(θ) =



1
θ(θ−1)

n
∑

i=1
pi

[(
xi
µ

)θ
− 1
]

θ 6= 0.1
n
∑

i=1
pilog

(
µ
xi

)
θ = 0

n
∑

i=1
pi

(
xi
µ

)
log
(

xi
µ

)
θ = 1

(4)

(e) Atkinson Indexes (A):

A(ε) =


1−

[
n
∑

i=1
pi

(
xi
µ

)1−ε
] 1

1−ε

ε 6= 1

1− exp
[

n
∑

i=1
pi

(
xi
µ

)]
= 1−

n
∏
i=1

(
xi
µ

)pi
ε = 1

(5)

Dispersion and distribution measures must be complemented with polarization indicators, since
income dispersion and distribution may improve due to greater polarization. For example, if two
groups of regions, one rich and one poor, reduce inequality, convergence will occur, but with two
highly polarized regions [81].

(f) Generalized Polarization Index of Esteban (PEGR)

PEGR( f , α, ρ∗, β) =
m

∑
j=1

m

∑
k=1

p1+α
j pk

∣∣µj − µk
∣∣− β(G( f )− G(ρ∗)) (6)

where:
µj is the average income of group j
pj is the population share of group j
α is the social sensitivity to polarization
ρ∗ is the number of groups in the partition obtained by minimizing the Gini index within

each group.
G( f )− G(ρ∗) is the grouping error
β is the sensitivity to error

3.2. Convergence Models

The most abundant studies on the convergence hypothesis were made from the perspective of
beta convergence. In the specific case of beta convergence, the econometric model to perform this
estimation was proposed by Barro and Sala-i-Martin [27,82] and Barro [83]:

log(yit/yi,t−T) = α + β log(yi,t−T) + uit uit ∼ iid
(

0, σ2
)

(7)
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β =
(

1− e−λT
)

/T (8)

As the convergence speed is obtained by solving for lambda:

λ = −log(1 + Tβ)/T (9)

This model was also estimated, including other explanatory variables, in order to consider
the differences in the steady states of regions. This is known in the literature as conditional
convergence [84]. There is no consensus on the variables that must be included to condition the
model. Durlauf et al. [17] identified around 145 different variables in the papers that they reviewed.

The variety of estimated models resulted in a number of measurements of the convergence
coefficient, and its speed. The most influential result in the literature is the conventional rate, found
in many studies, which is 2% per year [17]. However, this behavior that is so consistent could not
be due to an equilibrium effect between the economies resulting from mobility and participation in
the income of the factors depending on their marginal productivity, but to the characteristics of the
statistical series and the methods used in the estimation.

As we pointed out in Section 2, Quah criticized the beta convergence model because it does
not allow for the observation of polarization, stratification, and convergence clubs processes, and
consequently, this makes an alternative proposal based on the distribution of the data. Ezcurra and
Rodríguez-Pose [80] collect the contributions of Quah’s work on intra-distributive mobility, and point
out that the distribution of the per capita income of a set of regions in a given period t has a measure
of probability associated, ∅t, so that the task is to find the rule that, with time, describes the process
{∅, t ≥ 0} . In simple terms, the probability of a region passing from one income group to another
with time is sought. The simplest way to express this is through a first-order dependence process,
so that:

∅t+1 = M′∅t (10)

where:
M is a transition probability matrix of a first-order Markov process.
and if for every s ≥1, you have that:

∅t+1 = (Ms)′∅t (11)

The criticism of this type of analysis proposed by Quah is that the temporal process depends only
on the previous period of time, which is not consistent with studies on the subject, which show that
per capita income in the long term does not follow a first-order stationary Markov process [85].

The alternative then consists of conditioning the income distribution to a given initial level, and
finding an estimator of this conditional distribution [86]. One of the proposals in this regard was
made by Hyndman [87] and Hyndman et al. [88], which suggested that use of a Kernel estimator of
conditional distribution:

f̂ (y|x ) =
n

∑
j=1

wj(x)
1
b

K
(‖y−Yj‖y

b

)
(12)

f̂ (y|x ) is the kernel estimator of conditional density; Y|X = x
K the kernel function
‖.‖ is a metric distance
b controls the softening of each conditional density in the direction of y
wj is estimated from:

wj(x) = K
(‖x− Xj‖

a

)
/

n

∑
i=1

K
(
‖x− Xi‖

a

)
(13)
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where a controls the softening of each conditional density in the x direction.
In this research work, Hyndman’s proposal for the study of the distribution of productivity in the

sectoral structure of Ecuador is considered. In Arbia et.al. [89], and in Borrayo and Castañeda [46], it is
possible to extensively review the practical advantages of performing this type of analysis, compared
with conventional parametric methods. In particular, these authors point out that the beta-convergence,
estimated from parametric regressions, does not allow for differentiatons between convergence,
divergence, and stationarity of the growth differentials, because it only provides information on a
representative economy, but not on the intra-distributive dynamics of the regions and sectors that
operate in these processes [86]. As an alternative, these processes were studied through kernels, which
allow for the description of the movement dynamics of the data distributions in the cross-sections of
regions and sectors. Among the different analysis alternatives with kernels, Basile [90] shows that
those proposed by Hyndman have the advantage of solving the bias problems that are presented by
other methods, and they have better statistical properties.

4. Analysis of Data and Results

The analysis variable used was productivity, defined as the relationship between production and
the work that is used. For the current study, production was estimated, based on the Provincial Gross
Value Added (GVA) proxy variables available in the Regional Accounts prepared by the Central Bank
of Ecuador (CBE), while the occupation of the population in the different sectors was taken from the
Employment, Unemployment and Underemployment Surveys (ENEMDU) prepared by the National
Institute of Statistics and Censuses (INEC).

Table 1 shows the main descriptive indicators of productivity at the beginning and end of the
study period. In general, a different behavior was observed; maximum productivity was reached in
2014 in the primary sector, while for the secondary sector, the highest performance occurred in the
year of 2007. If the average productivity was addressed, it was higher, both in 2007 and 2014 in the
primary sector, and well above the results of the secondary and service sectors. On the other hand,
in absolute terms (standard deviation) and in relative terms (coefficient of variation), the differences
were significant. A higher standard deviation (34.6 in 2007 and 61.2 in 2014) in the primary sector with
respect to their respective averages suggests that there was a greater dispersion in the productivity of
this sector, in relation to the productivities of the secondary activities (11.5 in 2007 and 7.1 in 2014), and
the tertiaries (2.4 in 2007 and 2014). This question was also fulfilled when observing the coefficients of
variation that determine that it is in the primary sector, where there was a greater relative dispersion
than in the other two sectors of the economy, both at the beginning and at the end of the series.

Table 1. Descriptive measures at the beginning and end of the period.

2007 2014

Primary Secondary Tertiary Primary Secondary Tertiary

Maximum 136.9 55.3 16.4 282.1 28.3 20.6

Minimum 0.7 0.7 4.5 0.9 2.3 9.1

Mean 16.1 7.6 8.2 23.4 8.7 13.0

Standard deviation 34.6 11.5 2.3 61.2 7.1 2.4

Coefficient of variation 214.2 151.1 28.0 261.3 81.5 18.7

Source: Own elaboration based on Regional Accounts of the CBE [91].

4.1. Sectoral Productivity Evolution

The sectoral productivity evolution of Ecuador was very heterogeneous. The data that was
available is shown in Figure 2 at the quantile level (variable values, arranged from the lowest to the
highest, which divide the distribution into four parts, each with the same number of frequencies)
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for the primary sector, and it was observed that the highest levels of productivity occurred in the
northeastern region in 2007, and there was a shift towards the coastal provinces of the north of the
country. On the other hand, in the secondary sector, persistence in the productivity levels could be
observed, since the provinces with the highest productivity were maintained over time, and they
corresponded to the regions of the center of the coast and Morona-Santiago in the eastern sector of the
country. Finally, in the tertiary sector, the greatest grouping of high productivity levels occurred in the
provinces of the northern Amazon region.

When contrasting the productivity levels with their growth dynamics, in Figure 3, it was observed
that the most dynamic provinces, in general, were not those that had the highest productivity levels,
which could imply the existence of a productivity convergence process.
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4.2. Gini Index and Sigma Convergence

In order to quantify the the territorial inequality of productivity in Ecuador, Figure 4 shows the
results of the estimation of the Gini index and the sigma convergence, as measured by the standard
deviation of the logarithm of productivity.

The trends in the data show that in fact, territorial productivity inequality decreased in the three
sectors, with a decrease in the secondary sector being particularly faster, although inequality tended
to increase, as of 2011. Regarding the tertiary sector, it had lower inequality levels, and its trend was
more static over time. The Gini index shows that of the three sectors, the primary one was the one with
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the most heterogeneity among the regions, with the tertiary sector being the most uniform. In general,
in the three sectors, that indicator and the coefficient of variation were lower than those that prevailed
in 2007, which indicates that regional productivity inequality tends to decrease.
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Own elaboration, based on regional accounts of the CBE [91], ENEMDU Surveys of the INEC [92]
(several years), and Distributive Analysis Stata Package (DASP).

The previous results are also confirmed with the rest of the inequality indicators shown in Figure 5.
Although the graphs indicate the existence of a tendency for dispersion to decrease, this is more evident
in the primary sector if the results of the coefficient of variation are taken into account, which indicates
a consistent decrease in that sector. On the other hand, in the secondary sector, there was less dispersion
until 2011, and then an increase. Finally, in the services sector, there was also evidence of a decrease in
inequality, although it was very small.

Symmetry 2019, 11, x FOR PEER REVIEW 12 of 20 

 

general, in the three sectors, that indicator and the coefficient of variation were lower than those that 

prevailed in 2007, which indicates that regional productivity inequality tends to decrease. 

 

 

 

 

Figure 4. Gini index and standard deviation of provincial productivity in Ecuador, 2007–2014. Source: 

Own elaboration, based on regional accounts of the CBE [91], ENEMDU Surveys of the INEC [92] 

(several years), and Distributive Analysis Stata Package (DASP). 

The previous results are also confirmed with the rest of the inequality indicators shown in Figure 

5. Although the graphs indicate the existence of a tendency for dispersion to decrease, this is more 

evident in the primary sector if the results of the coefficient of variation are taken into account, which 

indicates a consistent decrease in that sector. On the other hand, in the secondary sector, there was 

less dispersion until 2011, and then an increase. Finally, in the services sector, there was also evidence 

of a decrease in inequality, although it was very small. 

Regarding the polarization index, it was generally consistent with inequality behavior; when it 

increases, so does polarization. However, in the case of the secondary sector, the increase in inequality 

found as of 2011 did not immediately correspond to greater polarization, which was a reflection of 

the persistence of the territorial structure of productivity in Ecuadorian provinces. 

  
 

 
Figure 5. Indices of inequality and polarization in the provincial sectoral productivity of Ecuador,
2007–2014. Source: Own elaboration, based on regional accounts of the CBE [91], ENEMDU Surveys of
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Regarding the polarization index, it was generally consistent with inequality behavior; when it
increases, so does polarization. However, in the case of the secondary sector, the increase in inequality
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found as of 2011 did not immediately correspond to greater polarization, which was a reflection of the
persistence of the territorial structure of productivity in Ecuadorian provinces.

4.3. Beta Convergence and Analysis of Sector Intra-Distributive Dynamics in Ecuadorian Provinces

In order to analyze the characteristics of the processes of production inequality reduction,
estimates with the routines of Hyndman [87] were made, as already described in the
methodology section.

Hyndman’s routines provide two types of graphs. The first is known as the Stacked Conditional
Density Plot (SCD), and it shows the different side-by-side densities of the data, which makes it possible
to distinguish the changes in the distribution throughout the conditioning variable with greater clarity,
which in Convergence models, is the initial year (condition of beta convergence). The second graph
shows the high-density regions (highest density regions, HDR), and each bar in the graph represents
the conditional density for a given value; the dark shaded area is 50% HDR and the lighter area is 99%
HDR; the mode is represented by a black dot [88].

Figure 6, Figure 7, Figure 8 show the results for the primary sector over three periods of time,
with the first period being from 2007 to 2014, and the other two from 2007 to 2011 and from 2011 to
2014, respectively.

In the long term, it can be seen that inequality reduction was explained by the improvement in
the productivity levels of the most backward regions, as can be seen by observing the HDR graph, in
which those regions are above the 45◦ straight line, together with a decline in the richest ones, and in
the average productivity regions that go below the line. The convergence process is slow to the extent
that the average regions have bimodal processes, as shown in the graphs, so that some provinces of
average productivity grow and others decrease, thus affecting the convergence speed.
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Figure 6. Intra-distributive dynamics of provincial productivity in the primary sector of Ecuador,
2007–2014. Source: Own elaboration, based on Regional Accounts of the CBE [91], ENEMDU Surveys
of the INEC [92] (several years) and a stacked conditional density plot (SCD) in R.
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Figure 7. Intra-distributive dynamics of provincial productivity in the primary sector of Ecuador,
2007-2011. Source: Own elaboration, based on Regional Accounts of the CBE [91], ENEMDU Surveys
of the INEC [92] (several years), and a stacked conditional density plot (SCD) in R.
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Figure 8. Intra-distributive dynamics of provincial productivity in the primary sector of Ecuador,
2011-2014. Source: Own elaboration, based on Regional Accounts of the CBE [91]; ENEMDU Surveys
of the INEC [92] (several years), and a stacked conditional density plot (SCD) in R.

By separating the data into two periods, two different processes can be highlighted; from 2007
to 2011, the most backward regions improve, and those with higher productivity are lagging behind,
although some high-productivity regions have improved (Figure 7), while from 2011 to 2014, only the
most backward regions are improving (Figure 8).

For the secondary sector, the SCD graph shows that in the long term, the process of reducing
territorial inequality operates by improving the provinces with the lowest productivity and improving
the deterioration of the other regions, in addition to observing the bimodal processes in the
average-productivity regions (see Figure 9).
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In the sub-periods, it is possible to identify the reasons for why the convergence process is reverted
in the sector; from 2007 to 2011, the most lagged provinces improve and all of the other provinces
worsen (Figure 10). However, from 2011 to 2014, practically all of the regions deteriorated, and only a
small segment of long-lagging provinces experienced some improvement, but bimodal processes were
in operation, which affected the growth rate (Figure 11).

Finally, in the tertiary sector, there is a strong degree of heterogeneity that previously could
not be observed with the dispersion indicators reported at the beginning of this section. The SCD
graph shows processes with even three modes at high income levels and bimodal at the lowest levels
(Figure 12). According to the HDR graph, the process of reducing regional productive inequality is
very limited, because there are improvements in the productivity of lagged regions, but also in some
more advanced ones.

In the sub-periods, we find evidence that between 2007 and 2011, the provinces of lower
productivity and average productivity improve (Figure 13), while from 2011 to 2014, there were
only improvements in the low-productivity provinces, while the average and most advanced provinces
regressed strongly in relation to the previous period (Figure 14).
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The convergence in labor productivity could have two implications. First, within each region,
resources are being transferred from the least productive to the most dynamic sectors, and this occurs
with greater intensity in the most backward regions [93]; second, there is a transfer of resources from
the primary sector to the rest of the sectors that in theory, are more productive. In this sense, the
convergence in productivity can be explained as a productive restructuring, under which the economy
becomes more efficient. However, when the convergence in productivity works as a process in which
the productivity of the most backward regions improve, and the most advanced deteriorate. The result
in the aggregate would indicate a type of regressive convergence, in which efficiency is being lost in
the most advanced sectors, and this seems to be the case for the Ecuadorian economy.

5. Conclusions

The present study represents a contribution to the few studies on convergence in Ecuador.
Provincial sectoral productivity was used as an analysis variable, a factor that was not considered
in previous studies, which is a novelty. In addition to this, the use of non-parametric methods
complements the results of preliminary investigations, thus achieving a better understanding of the
phenomenon of regional asymmetries and convergence processes.

In Ecuador, according to the data and variables used in this research, the presence of a productivity
convergence process is observed. When correlating the productivity levels with growth dynamics,
it was found that the most dynamic provinces, in general, are not those that have the highest
productivity levels.

The results reveal a sectoral evolution of very heterogeneous productivity in the Ecuadorian
territory; the highest yields of the primary sector are present in the northeastern region at the beginning
of the analysis period (2007–2014). However, these shift to the provinces of the northern coast at the
end of the period. In the provinces of the center of the Coast and in Morona Santiago (East), the highest
productivity levels of the secondary sector persist; while with regard to the tertiary sector, the highest
grouping of high productivity levels occurs in the provinces of the northern Amazon region.

In general, the analysis shows that territorial inequality in Ecuador has very different behaviors,
depending on the sectors of the economy. It is noted that inequality in terms of productivity is very
high in the agricultural sector; it is at an average level in the secondary sector, and is less intense in the
service sector. In the long term, the overall balance from 2007 to 2014 is that sectoral inequality tended
to decrease among Ecuadorian provinces. However, there are two processes that are differentiated over
time; from 2007 to 2011, inequality decreases more rapidly, and from 2011 to 2014, it even increases in
some sectors, as in the case of the secondary sector.

Convergence processes are caused by productivity growth in the most backward regions, and
deterioration in average and wealthy regions. This means that Ecuador shows a type of regressive
convergence, which is not based on improvements in productivity but in the deterioration of the
most advanced regions, and an improvement in the most backward ones. One of the measures to
reverse this situation should be the implementation of regional public policies that should consider
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productivity inequalities in the sectors of the economy in certain areas; this should be a criterion for
the allocation of government investment and the application of policy instruments and incentives, in
order to promote inter-regional equity.
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