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Abstract: In Ecuador, the sectorial policies, public policies and state investment, increase the presence
of polarized and polycentric territories with very heterogeneous characteristics and with asymmetric
levels of economic growth and development. The explanation for the unequal growth of regions in
Ecuador is determined by the existence of different types of asymmetries; that determine economic
dynamics and non-convergent development processes. The aim of this research is to determine the
effect of an increase in public spending on physical infrastructure and education, on the improvement
of productive conditions and on the process of reducing disparities (convergence) at the regional level
in Ecuador. To do this, the hypothesis of beta convergence will be tested, which is conditioned by the
proxy variables of public expenditure or investment in infrastructure and education at provincial
level, for the 2001–2015 period. The results show the existence of a "slight" process of convergence per
capita and productivity, although with a significant level of territorial "segregation". In the same way,
it is observed that public investment made in this period did not increase the productivity of small
and medium-sized provinces significantly, severely conditioning the sustainability of the process of
reducing disparities at regional level.

Keywords: public expenditure; regional disparities; economic convergence; beta convergence;
reprimarization

1. Introduction

By considering space as one of the determining factors of economic activity behaviour enables
us to understand the reason for an unequal growth of the territories that make up a nation. It is
important to point out that there are “natural” circumstances that drive the growth of regions,
related to their location, their endowment of natural resources, skilled and unskilled labour and
productive infrastructure, etc. However, external factors such as economic globalization, technological
development and the “orientation” of the economic policy change these conditions, favouring the
re-emergence of traditional economic sectors or the development of “innovative” economic activities
that affect not only the sectorial structure of employment but also the growth of territories. These
elements must be analysed in depth to understand the processes of concentration, agglomeration and
growth of certain branches of economic activity and regions.
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The explanation for the unequal growth of regions in Ecuador is determined by the existence of
different types of asymmetries; that determine economic dynamics and non-convergent development
processes. As Correa-Quezada [1] indicates, given the historical process of accumulation of the
neoliberal model and its dependent articulation on the world market, it has been determined that
sectorial policies, public policies and state investment, especially in infrastructure, in turn increase
the presence of polarized and polycentric territories with very heterogeneous characteristics and with
asymmetric levels of economic growth and development.

In the period from 2007 to 2014, Ecuador obtained extraordinary income due to the rise in oil prices
in international markets, which in turn allowed for considerable public investment in infrastructure
and education. These are key elements for production processes and for improving individuals´ quality
of life, so it is necessary to carry out research that analyses their effects on growth and development [2].

Although there are several studies in Latin America that evaluate the importance of the
infrastructure that the state provides for growth [3–6] and for Ecuador [7–9]; they do not take into
account that public funding takes place in a territory composed of economically disparate regions,
with different degrees of affectation; and whether this element could contribute to the reduction of
regional asymmetries.

In this context, this article analyses the disparities related to income and productivity of
Ecuadorian provinces in the 2001–2015 period, considering public expenditure on education and
infrastructure as determining factors. The methodology used to achieve the proposed objective is
based on testing the convergence hypothesis by econometric estimations of Panel Models and Spatial
Fixed Effects Models, both for the calculation of the convergence of provincial per capita income and
of regional productivity.

The structure of this article is defined as follows. In the introduction, the subject is contextualized
and the objective is stated, then in the theoretical framework, reference is made to convergence
and endogenous growth models that determine it, as well as the importance of human capital
and investment in public infrastructure in regional development. This section ends by mentioning
the studies and empirical evidence corresponding to the topic in question. In the third section
the methodology, the data and the econometric specification of conditional beta per capita and in
productivity are discussed. The results of the fixed effect panel and spatial fixed effect panel models
are presented and analysed in the fourth section. Finally, the conclusions, recommendations and
limitations of the investigation are presented.

2. Theoretical Framework

2.1. Economic Convergence and Growth

Economic convergence mainly studies the internal or "endogenous" factors of the productive
process. In this sense, the accumulation of productive factors: labour, physical capital and human
capital explain the differentials of growth and economic convergence between nations or regions.
The origins of the growth theory are found in the contributions by Solow [10] and Swan [11]. The Solow
Growth Model states that although the product grows in the long term, the reduction of the marginal
productivity of physical capital causes a reduction in the incentive to invest, in the same sense as the
contribution of capital to the product, inhibiting the very process of economic growth. According to
this model, an economy converges according to a certain dynamics to a steady state or equilibrium,
depending on its level of technology, its savings rate and the growth rate of its population.

The phenomenon of economic convergence occurs due to the existence of diminishing returns of
the physical capital factor that affects the per capita product levels of economies. The model proposes
a Cobb–Douglas neoclassical production function.

Y = F(A, K, L) = AK∞Lβ (1)



Symmetry 2019, 11, 130 3 of 18

where Y, is the level of production of an economy; K and L are the quantities of physical capital
(cumulative) and labour factors used, respectively; A, is an index of technological level, that within the
model is constant (the technology does not grow as time goes by); α and β are the product elasticities
with respect to each of the productive factors.

Subsequently, in order to explain better the positive and prolonged growth registered by the main
economies of the world, especially in the United States in the 1950s and 1960s, some improvements
were introduced in the Solow model. Thus, technological progress was included in the production
function (which grows at an exogenous rate) and the possibility of increasing or constant returns to
scale of productive factors. The only possibility of product growth is given by the growth rate of
technological progress. In this context, changes in the level of the savings rate or in the level of the
production function affect the stationary levels of the variables, but not their long-term growth rates,
given that the investment rate will not affect the technological progress rate.

According to Mora [12], Solow´s “neoclassical” model implies economic convergence between
territories, since it assumes that poor economies have many investment opportunities and show high
interest rates, encouraging consumer savings and obtaining higher growth rates than those of rich
territories, whose growth process is slowed down by the diminishing returns of their accumulated
physical capital. In the long term, both groups of economies tend to share a growth “path”.

On the other hand, given that the growth rate of the per capita product is proportional to the
growth rate of per capita capital, the model predicts a negative relationship between the initial per
capita product and the corresponding growth rate of the period analysed, and the convergence to
a single steady state, the so-called absolute convergence. However, convergence conceived in this
way implies very restrictive assumptions such as initial stocks of similar capitals and equality in the
growth rates of the technological progress. These weaker assumptions allow for the appearance of
the convergence of each economy to its own steady state, depending on its initial endowments of
productive factors and the conditioning variables of its growth, the so-called conditional convergence.

2.2. Endogenous Growth Models

These models developed in the last decade of the 80s and early 90s by Romer [13,14] and Lucas [15]
pose a situation of sustained growth and lack of convergence to a steady state in the long term.
They discard the presence of diminishing returns in productive factors and aim to “endogenize” the
mechanisms that cause sustained growth.

The first approximation of this contribution is found in the work by Arrow [16], which emphasizes
the role of externalities related to capital accumulation. Endogenous growth models are basically
differentiated by the cumulative factor that contributes to growth: physical capital (with learning
effects), technology (R & D), human capital, infrastructures and basic services. In addition, they accept
the existence of non-constant scale returns and imperfect competition.

Following the explanation by Van der Ploeg and Tang [17], endogenous growth models are
classified into: learning accumulation models by practice, capital accumulation models and public
infrastructure accumulation models. For this research paper, the second (investment in human capital)
and third group of models will be considered, given the interest in measuring the effect of increasing
public expenditure on education and infrastructure in the growth process of Ecuadorian regions.

2.2.1. The Accumulation of Human Capital

This model arises from the “explicit” inclusion of technology in the model proposed by Rebelo [18]
and the differentiated treatment of the types of capital in the production function, considering human
capital as the sum of capabilities that generate productive efficiency and that are “incorporated”
to individuals.

Lucas [15] proposes the idea that the accumulation of human capital generates positive
externalities for “contiguous” economic agents. The model formally presents two sectors. The first
one produces final goods intended for consumption and requires the use of capital, both physical
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and human; while the second one is education aimed at the production and accumulation of human
capital. The production function of the Cobb-Douglas type for the first sector shows constant returns
to scale with respect to physical capital and increasing returns to human capital and has the following
mathematical expression:

Y = AKα(uhL)1−αhϕ
a (2)

where Y, is the production level of the final goods sector; K and L are the quantities of the physical
capital and labour factors used, respectively; A, is the productivity of the final goods sector; u is
the fraction of time that individuals work in the production of final goods; h is a measure of the
average qualification of workers; uhL, is the total effective work adjusted by its quality and hϕ

α collects
the externality of the average stock of human capital, being hα he average human capital of the set
of individuals.

With regard to the production function of the education sector (3), the term (1−u), is the time
devoted to the accumulation of skills or qualifications; the term ϕ corresponds to the productivity of
the education sector and δh to the depreciation of human capital, considering h as the only factor in the
production of human capital. Therefore, the production function of human capital (YE) is as follows:

YE = ∅h(1 − u) (3)

In the model, the relevant productivity parameter for economic growth is the productivity index
of the education sector (ϕ), instead of the productivity index of the final goods sector (A), due to the
multiplying effect of production of human capital in the production function of the final goods sector.
One of the implications of this model is that the sector that can be considered an engine for growth of
an economy is one where human capital with a high qualification level is generated.

2.2.2. The Incidence of Public Infrastructure

Another growth source in endogenous models is public goods and infrastructure. These goods and
services increase the productivity of private factors due to the possibility of massive and simultaneous
use. Therefore, the production function is extended to collect this “positive” influence of the State,
considering a single factor: capital, although differentiating it in private and public (g). The expression
of the aggregate function is as follows:

Y = f (k, g) = Akαg1−α (4)

where Y, is the level of aggregate production; K, is the amount of private capital used; g, is the amount
of public capital used; A, is the productivity of capital (public and private); α is the elasticity of
the product with respect to private capital and 1−α is the elasticity of the product with respect to
public capital.

Considering what has been stated, it can be mentioned that endogenous growth models do not
predict a phenomenon of economic convergence between regions because they assume the existence of
imperfect competition that prevents equal conditions in the access to technology, the non-existence
of diminishing returns in the accumulation of physical capital and lack of balance in the final goods
market, leading to differentiated growth trajectories between countries and regions. In any case,
these theoretical concepts consider the possibility of the existence of differentiated growth behaviour
between groups of countries or regions, that is, they recognize the presence of convergence towards
several steady states, determined by the degree of heterogeneity of the economies analysed.

In recent years, in Latin America, awareness of the importance of State participation in
development processes has been regained, in particular to improve opportunities in territories or
regions that show clear economic and social disadvantages. There are many public policies that are
used, one of the most widespread being investment in infrastructure, mainly roads, electricity and
drinking water [19]. According to Bustillos, Alonso and Gutiérrez [20], several authors stand out for
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their contributions regarding the importance of government intervention and its investment in the
economy, among them Harrod [21], Domar [22], Kaldor [23], Hicks [24] and Robinson [25,26].

Infrastructures were incorporated into the growth theory by Arrow & Kurz [27] and Weitzman [28]
in 1970. However, the subject began to be studied in greater depth [29] since Barro [30]. In this sense,
public spending is considered by Barro [30] as one of the elements that generates endogenous growth.
According to Sánchez [5] (p. 27), in economic growth theories, the role of investments in infrastructure
is considered fundamental. Barro and Sala-i-Martín [31] find in their economic growth model that
the inclusion of infrastructure indicators on the right hand side of their equations has positive effects
on product growth. These premises are also shared by Wadley [32], who indicates that transport and
communications infrastructures, urban structures, as well as physical capital and human capital can
favour regional development.

The transport infrastructure derived from state investment generates positive effects and clusters
of companies and individuals [33–36]. Along the same lines, Rostow [37], in a pioneering work
published in 1961, claimed that the development of infrastructure networks, particularly transport
networks, was an essential precondition for economic development. This idea was supported by
Taafe et al. [38], who stated that public infrastructure conditioned the pace of the aggregate growth
of the economy and evaluated the direct impact of the former on the latter. While for Barro [39],
infrastructure facilitates the circulation of information, goods and people, which in turn leads to the
productivity of companies in regions.

2.3. Empirical Evidence

Although asymmetries, growth models and convergence have been studied in different continents,
regions and countries; in this section we will describe in a general way the studies that have been
carried out in Latin America, cases and evidence that are closer to this case study, being the regions
of Ecuador, and focused on the contributions that incorporate education and public investment as
determinants of regional growth.

In the 90 studies on convergence among Latin American countries, there has been evidence since
they began that convergence processes have taken place, by highlighting the role of education and
public investment in growth [40–42]. Years later, Mendoza [43] shows a process of convergence of
Latin American economies in the 1950–1975 period and the existence of a phenomenon of divergence
in the 1980–2000 period, derived from the reduction of public expenditure and a significant increase in
openness to trade.

Martín [44] also performs a study of the evolution of the per capita income disparities of 18 Latin
American countries in the 1950–2008 period. This author concludes that there is no spatial dependence
in the estimated model; but there is a beta convergence process of the countries. Concerning the
“dynamics” measurement of convergence, Rodríguez, López and Mendoza [45] tested the convergence
hypothesis of the GDP per capita in a sample of 17 Latin American countries in the 1951–2010 period,
providing evidence of conditional convergence processes.

In relation to national studies developed in countries, in Argentina, Utrera and Koroch [46] find
evidence of conditional convergence when using human capital variables, in the same country Garrido,
Marina and Sotelsek [47] reach the same conclusion incorporating the additional variables of education
and public expenditure. Whereas in Colombia divergence was observed for the period 1960 and 1995,
possibly due to a difference in the capacity to form economies of scale, the level of public investment
and other variables [48].

For the regions of Chile (period 1960–1992 and 1980–1992), Morandé, Soto and Pincheira [49] carry
out an analysis with the methodologies of Barro and Sala-i Martin [50], Bernard and Durlauf [51] and
Canova and Marcet [52]. There is evidence of absolute convergence, with a 2.3% speed for 1960–1992.
By incorporating different variables such as schooling, level of extreme poverty, participation of
primary activities in the Gross Domestic Product (GDP) and public sector investment, they find a
convergence rate of 4.8% for the 1980–1992 period (cited by Willington [53] (p.21)). Also in Chile,
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Chacón and Paredes [54] confirm that human capital is not distributed randomly in space but that
its concentration in large urban centres has a significant effect on the inequality of income between
communes in the 1992–2011 period.

The accumulation of physical capital can influence the growth and convergence processes of
regions. This conclusion was reached by Vergara, Mejía and Martínez [55], when they analysed
the impact of basic and social infrastructure investment on the growth of the State of Mexico in the
1989–2004 period. In this area, the importance of physical infrastructure in the economic growth of the
municipalities of the northern border is addressed by Bustillos, Alonso and Gutiérrez [20].

Mendoza and Valdivia [56] determine in their study that regional economic growth in Mexico is
partly explained by a beta convergence process with heterogeneity and strong spatial dependence, and
by the variations of the variable: years of average schooling; and that remittances as a share of regional
GDP have a higher impact on the convergence of the 2001–2008 period.

In the case of Ecuador, there are no convergence studies that relate it to human capital or
investment. However, it is necessary to mention studies whose aim was to measure convergence
and territorial disparities at provincial level, Ramón-Mendieta, Ochoa-Moreno and Ochoa Jiménez [57];
Ramón-Mendieta and Quintana [58]; Quintana, Mendoza and Correa-Quezada [59]; and Correa-
Quezada [1], at cantonal level Mendieta-Muñoz [60]; and, Aguilar and Correa-Quezada [61].

3. Methodology and Data

The fundamental problem of estimating convergence is to establish whether the economy
operates under an “automatic” mechanism or process of convergence in terms of per capita income
(employed), or if, on the contrary, regional disparities are emphasized. In this context, an analysis
is made of the relationship between the growth rate and the level of initial income, conditioned by
“determinant” variables of the steady state, in this specific case some explanatory variables related to
public expenditure and a variable that “measures” the “structural change”.

In Sala-i-Martín [62], it is pointed out that the study of economic convergence in the sense of a
steady-state approximation emerged as a fundamental test to distinguish between new endogenous
growth models of the early 90s and the traditional models of exogenous growth based on Solow [10]
and Swan [11]. On the other hand, it is shown that these models enable to quantify the “speed” at
which economies evolve during their transition towards the steady state.

Conditional beta convergence analyses the degree to which poor economies grow more rapidly
than rich ones, which implies that they have a common steady state (different from that of rich
economies). The existence of β convergence is observed when there is a negative relationship between
the growth rate of the product or per capita income and the initial level of that product, that is, it implies
finding a negative and statistically significant coefficient for β in a linear relationship between the
growth rate and the initial level of the product. Conditional beta convergence occurs when each
economy converges to its own steady state.

It should be noted that economies converge only if the specific factors of the steady state, which
they are moving towards, are considered. Conditionality is expressed by introducing determinant
variables in the model, which are defined as control variables, that is, proxies of the steady state that
collect the fundamental differences between regions are used. In addition, conditionality treats the
steady states of regions as unobservable and fixed over the period analysed.

The data to apply the analysis were obtained from four sources, according to the following
(Table 1):
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Table 1. Description of the variables.

Variables Unit of Measurement Source

Provincial Gross Added Value (GVAp), 1993, 1996,
1999, 2001–2015. The information of the rest of years
was interpolated (linear method).

Millions of dollars of 2007.
Central Bank of
Ecuador (CBE) [63–66]

Gross Value Added (GVA) manufacturing, years
2007–2015. Millions of dollars of 2007.

Provincial Capital Expenditure of the Municipal and
Provincial Councils for the period 2001–2013 (annual). Thousands of dollars of 2007.

Total Population and Economically Active Population
(EAP) greater than 12 years. Interpolated and projected
data, based on census information.

Thousands of people
National Institute of
Statistics and Censuses
(Ecuador)-INEC [67]

Provincial capital expenditure on education for the
period 2001–2015. (Annual) Thousands of dollars of 2007. Ministry of Economy

and Finance. [68]

Source: The authors.

Econometric Specification of Convergence

In this case, the conditional beta convergence per capita and in productivity (measured by the
ratio between Gross Value Added and Economically Active Population over 12 years) of the 22
Ecuadorian provinces in the 2001–2015 period will be “restricted” by the expenditure of annual capital
of Municipal and Provincial Councils by province. This is mainly used for the formation of physical
capital in infrastructure (as a proxy for public expenditure on physical infrastructure), the annual
capital expenditure of the Ministry of Education (as a proxy of public expenditure on education) and a
variable that measures the importance of manufacturing Gross Value Added (GVA) in regional growth.
The econometric techniques that will be used will be: “traditional” linear panel: pool versus fixed
effects vs random effects and dynamic panel by spatial fixed effects (Durbín Watson). The general
specification of the model to be estimated is the following:

ln
Yi,t

Yi,t−1
= ∝it −β0lvpcit + β1lgctit + β2leducit + β3lmanit + ε∗it (5)

Considering the property of the logarithms, the specification could be expressed as follows:

lnYi,t − lnYi,t−1 = ∝it −β0lvpcit + β1lgctit + β2leducit + β3lmanit + ε∗it (6)

Assigning the denomination "tcv" and "tcp" to the difference of the left side of (6), we have the
following expressions:

tcvit = ∝it −β0lvpcit + β1lgctit + β2leducit + β3lmanit + ε∗it (7)

tcpit = ∝it −β0lvpcit + β1lgctit + β2leducit + β3lmanit + ε∗it (8)

where the subscripts i and t, refer to the model considering regions and years, respectively; tcv,
corresponds to the difference between the natural logarithm of the non-oil per capita GVA of the
last year and the natural logarithm of the non-oil per capita GVA of the last year, at provincial
level: Convergence per capital; tcp, corresponds to the difference between the natural logarithm of
productivity of the last year and the natural logarithm of productivity of the last year, at provincial
level: Convergence in productivity; αit, is the intercept; vpc, is the non-oil GVA of the previous year.
In the context of the convergence model, they are the initial productive conditions of each province;
β0, is the parameter that measures economic convergence, through a negative statistical significance;
β1, β2, β3, are the coefficients of the conditioning variables of the provincial convergence process;
lgcti, corresponds to the logarithm of the annual capital expenditure of the Municipal and Provincial
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Councils by province; leduci, corresponds to the logarithm of annual capital expenditure on education
by province; celman, is a variable that includes the impact of regional manufacturing GVA on the
convergence process from 2001. The error composed of the estimation (or innovations) is the result of
the multiplication of a dichotomous variable that assigns a value of “1” to the data corresponding to
the 2007–2015 period and of “0” to those corresponding to the 2001–2006 period and the value of the
manufacturing GVA, at provincial level and ε*

it.
On the other hand, the specifications of the Spatial Model for convergence per capita and in

productivity are as follows:

tcvit = ∝it +ρWtcvit + β0lvpcit + β1lgctit + β2leducit + β3lmanit + θWXit + ε∗it (9)

tcpit = ∝it +ρWtcvit + β0lvpcit + β1lgctit + β2leducit + β3lmanit + θWXit + ε∗it (10)

where the variables and parameters that are added to the Expressions (7) and (8) are: p, which is the
spatial correlation coefficient related to the dependent variable: tcv (tcp); W, which is the spatial weight
matrix “queen” type and θ, is the spatial correlation coefficient related to the matrix of dependent
variables of the model: Xit.

Expressions (9) and (10) include the incidence of spatial contiguity or the distance between the
provinces in the estimation of convergence per capita and convergence in productivity, respectively.
In other words, the Spatial Model will “approximate” the existence of a “spatial” correlation process in
the convergence model, at provincial level. The results of the estimations of (9) and (10) are shown in
Table 2.

Table 2. Results of the Cross-sectionally augmented Im-Pesaran- Shin (IPS) test for unit roots in panel
models *.

Variable “tcv” “tcp” “lvpc” “lgct” “leduc” “lman”

With constant and
trend (Lag order = 2)

CIPS a test
= −2.2502

CIPS test =
−2.7109

CIPS test =
−3.5004,

CIPS test =
−14.45

CIPS test =
−27.284

CIPS test =
−5.0494

p-value =
0.1

p-value =
0.1

p-value =
0.01

p-value =
0.01

p-value =
0.01

p-value =
0.01

With constant and
without tendency

(Lag order = 2)

CIPS test =
−3.0087

CIPS test =
−2.9464

p-value b =
0.01

p-value =
0.01

* In the unit root test: the "from general to particular" method is used; a The robust version of Im-Pesaran-Shin
(IPS) unit root test for panel models is used, which considers the possible presence of cross section dependence;
b It should be noted that, in most cases, the p-value presented is 0.1 or 0.01 given that they are the limits imposed by
the test; however, the value of 0.01 is sufficient to accept the alternative hypothesis. Source: The authors.

4. Results and Analysis

4.1. Convergence Model

Firstly, the conditional convergence model is estimated using the traditional panel data method,
both for convergence per capita and in productivity. Before performing the estimation, tests are
carried out that justify the use of a panel model. A unit root test is performed to check the presence
of stationary panels; then a “pooling” test is carried out to determine the suitability of the use of
the panel data methodology in the study of economic convergence per capita and in productivity
for Ecuadorian regions; and finally the Hausman test is carried out to establish the relevance of an
econometric estimation that allows for correlation between the constant term (αi) and regressors (xit):
fixed effects, or one where there is no such correlation: random effects (Table 2).

Regarding the unit root test, the results of Table 2 show a p-value lower than 0.05 in some of the
variants of this test, for all the variables analysed. Then, the null hypothesis that the panels contain unit
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roots is rejected and the alternative hypothesis that the panels are stationary is accepted. Therefore,
there is evidence that the relationship to be estimated is not untrue.

On the other hand, regarding the relevance of the use of the panel data methodology, the results
are shown in Table 3. First, given that the p-value of the pooling test, both in the convergence per capita
model and in the convergence in productivity model, is much lower than 0.05, the null hypothesis
that there is homogeneity among the individuals of the panel and the alternative hypothesis that there
is heterogeneity among the panel members is accepted. The correct model is the fixed effects panel
model. Therefore, the models that must be estimated are fixed effects panel models, which will allow
to estimate the "unobservable" effects among Ecuadorian provinces.

Table 3. Results of the "Pooling" test and the Hausman test.

Pooling Hausman

Convergence per capita Convergence in productivity Convergence per
capita

Convergence in
productivity

F = 3.1978, df1 = 21, df2 = 226,
p-value = 8.41 × 10−6

F = 2.7313, df1 = 22,
df2 = 226,

p-value = 0.0001285

chisq = 15.889,
df = 4,

p-value = 0.003172

chisq = 15.15,
df = 4,

p-value = 0.004582

Source: The authors.

Finally, with regard to the Hausman test, given that the p-value of this test, both in the convergence
per capita model and in the convergence in productivity model, is less than 0.05, the null hypothesis
is rejected, which states that the difference in the coefficients is not systematic and that the correct
model is the random effects model and the alternative hypothesis is accepted, according to which the
difference in the coefficients is systematic. Therefore, the correct model is the fixed effects model.

These results corroborate the relevance of the use of the Panel Model with Fixed Effects, since as
Evans and Karras [69] point out that econometric estimation of convergence by Ordinary Least Squares
(OLS) generates consistent estimators, only if the disruption term is not correlated with the initial
level of per capita product. In addition, as indicated by Andrés, Boscá and Doménech [70], Quah [71],
Pritchett [72] and Durlauf and Johnson [73], in the convergence estimation, the particularities of each
economy must be included in order to analyse the heterogeneity of growth factors more precisely.
Table 4 shows the convergence estimations with fixed effects, per capita and in productivity.

The fulfilment of the hypothesis of conditional beta convergence per capita (EFpc) and in
productivity (EFprod) is observed, given the statistical significance and the negative sign of the
“lvpc” variable; the positive and statistically significant contribution of the variables: “leduc” and “lman”
and “lgct” (only in the convergence per capita) to the provincial convergence process of the 2001–2015
period. On the other hand, the two estimations show an adjusted R2 greater than 0.38, although the
estimation of convergence per capita is the best fit, according to the results of the Akaike Information
Criterion (AIC) and Bayesian Information Criterion (BIC). Considering the above, it can be mentioned
that in the context of a Panel Model with Fixed Effects without considering space, in the 2001–2015
period the capital expenditure on education and infrastructure and the GVA of the manufacturing
industries generated a process of convergence per capita and in productivity at provincial level.
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Table 4. Panel estimate with fixed effects of convergence per capita and in productivity.

EFpc EFprod

lvpc −0.211 *** −0.213 ***

(0.0190) (0.0186)

lgct 0.0126 * 0.00899

(0.00634) (0.00621)

leduc
0.0112 *** 0.0125 ***

(0.00301) (0.00294)

lman
0.00568 *** 0.00562 ***

(0.000720) (0.000704)

Constant
1.265 *** 1.341 ***

(0.185) (0.181)

Observations 330 330

Adjusted R2 0.383 0.393

AIC −1031.0 −1045.4

BIC −1012.0 −1026.4

Standard errors in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01. Source: The authors.

4.2. Panel Model with Fixed Effects

Although panel models with fixed effects enable to observe unobservable individual fixed effects
of the provincial convergence process, they have some problems of heteroscedasticity, serial correlation,
and contemporary or cross-sectional correlation. For this reason, as follows, Table 5 shows the results
of some diagnostic tests applied in order to corroborate the consistency of the estimations.

Table 5. Diagnostic tests for panel models with fixed effects.

Tests Convergence Per Capita Convergence in Productivity

Heteroskedasticity test of
Breusch-Pagan [74]

BP = 30.915, df = 4, BP = 28.003, df = 4,

p-value = 3.187 × 10−6 p-value = 1.245 × 10−5

Wooldridge test of serial correlation AR (1)
for fixed-effect panel models [75]

chisq = 1.9043 chisq = 1.573

p-value = 0.1676 p-value = 0.2098

Breusch and Pagan Lagrangian multiplier
test, for dependence in cross section [74]

chisq = 392.4, df = 231 chisq = 395.95, df = 231

p-value = 1.754 × 10−10 p-value = 8.231 × 10−11

Source: The authors.

The Heteroscedasticity test of Breusch–Pagan [74] fits a linear regression model to the residuals
of a linear regression model (by default the same explanatory variables are taken as in the main
regression model), rejecting the null hypothesis if most of the variance is explained by the additional
explanatory variables. Considering that, the p-value, both in the convergence per capita model and in
the convergence in productivity model, is much lower than 0.05, the null hypothesis that the residuals
are homoscedastic is rejected and the alternative hypothesis that the residuals are heteroscedastic is
accepted. Therefore, there is statistical evidence to accept a heteroscedasticity problem in the estimation.

The Wooldridge Test of serial correlation AR (1) for panel models with fixed effects performs
a serial correlation test on the panel data model, but considering unobservable individual effects.
To do so, it estimates a serial correlation test type AR (1) “pool” in the residuals, using the covariance
matrix and the Arellano method in order to “control” serial correlation better. The advantage of this
test is that it shows consistent results with “short” panels and is robust to general heteroscedasticity.
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Considering that the p-value, both in the convergence model per capita and in the convergence model
in productivity, is greater than 0.05, the alternative hypothesis (the existence of serial autocorrelation
type AR (1)) is rejected and the null hypothesis is accepted of non-serial autocorrelation type AR (1) in
the idiosyncratic errors of the estimation with fixed effects. Therefore, there is statistical evidence that
there is no serial autocorrelation type AR (1) in the idiosyncratic errors of the estimations.

Finally, the Breusch and Pagan Lagrangian multiplier test for dependence in cross section will
enable to establish if the residuals are not correlated between individuals, that is, if there are no
contemporary correlation problems (null hypothesis). Table 5 shows that the p-value, both in the
convergence per capita model and in the convergence in productivity model, is less than 0.05, so the null
hypothesis is rejected and the alternative hypothesis that Estimation residuals are correlated between
provinces is accepted. Therefore, there is significant evidence that there is a problem of contemporary
correlation or cross section dependence. Considering the mentioned results, it is necessary to perform
a convergence regression, robust to heteroscedasticity problems and contemporary correlation.

On the other hand, according to Martín [44], another of the main criticisms of “traditional”
fixed effects panel models is the bias generated by possible spatial dependencies among regional
economies. To deal with spatial interdependence or geographical “spillovers”, in studies such as Getis
and Griffith [76], Badinger, Müller and Tondl [77] and Battisti and Di Viaio [78] the estimations are
made by previously identifying this interdependence through indexes such as Autocorrelation I of
Moran or Geary C; others such as Rey and Montouri [79], Fingleton and Lopez-Bazo [80] or Arbia [81],
that introduce a spatial “term” in the convergence equation: the spatial error term or the spatially
lagged variables. In this sense, and considering the interest in analysing the impact of space on the
phenomenon of regional convergence in the Ecuadorian case, a Spatial Durbin Model (sdm) will be
estimated for fixed effects, with the purpose of collecting the impact of unobservable effects on the
provincial convergence model per capita and in productivity. However, before this it is important to
clarify that since most of the statistical packages do not estimate unbalanced spatial panels, it was
decided to use Multiple Imputation Methods to replace the “missing values” and “complete” the data
panels of our models of provincial convergence per capita and in productivity.

Assigning the missing values of the panel of the present investigation was done through the
IBM SPSS Statistics specifying the totally conditional imputation method Monte Carlo and Iterative
Markov Chain Monte Carlo (MCMC). The latter is the most appropriate when the pattern of lost data
is random, the use of 10 iterations for the Markov chain, the inclusion of two-dimensional iterations
(among the categorical predictor variables, which in this case are the five variables involved in the
model of general convergence: “tcv”, “tcp”, “lvpc”, ”lgct”, “leduc” and “lman”) and Predictive Mean
Matching (pmm) which is a variant of linear regression that equals the allocated values calculated by
the regression model with the closest observed value.

After completely “balancing” the panels, we proceed to estimate a Spatial Durbin Model
(sdm) with fixed effects, by means of the Maximum Likelihood method, considering the impact
of unobservable individual fixed effects and robust standard errors grouped by provinces, in order
to correct problems of heteroscedasticity and contemporary correlation and a spatial weights matrix
(for more information on the spatial weights matrix, review Moreno and Vayá [82]) W type “queen”.
Then, we proceed to estimate the Expressions (9) and (10) (Table 6).
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Table 6. Estimation Space Durbín Model (sdm), with fixed effects of the per capita convergence and in
provincial productivity, in the period 2001–2015.

SDMpc SDMprod

Main

lvpc −0.237 *** −0.245 ***

(0.0274) (0.0269)

lgct 0.00869 0.00784

(0.00927) (0.00887)

leduc
0.00989 ** 0.0107 **

(0.00375) (0.00378)

lman
0.00487 * 0.00483 **

(0.00189) (0.00178)

Wx

lvpc 0.0906 ** 0.0927 **

(0.0324) (0.0332)

lgct 0.00890 0.00420

(0.00867) (0.00862)

leduc
−0.00145 0.000163

(0.00669) (0.00650)

lman
−0.00108 −0.00102

(0.00242) (0.00233)

Spatial

rho
0.258 ** 0.234 *

(0.0913) (0.0928)

Variance

sigma2_e 0.00234 *** 0.00226 ***

(0.000291) (0.000267)

Observations 330 330

Adjusted R2

AIC −1038.6 −1050.8

BIC −1000.6 −1012.8

Standard errors in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01. Source: The authors.

The results of Table 6 confirm that the consideration of the spatial contiguity effect on the
estimation of the convergence per capita model (SDMpc) and convergence in productivity (SDMprod)
actually reveals a process of economic divergence at provincial level in the 2001–2015 period, given the
statistical significance and the positive sign of the variable. In other words, the inclusion of space in the
estimation of the convergence model shows that the annual public capital expenditure of Municipal
and Provincial Councils on infrastructure contributes to increasing provincial inequalities in income
(per capita) and mainly in productivity. These results may be due to the fact that the increase in
public expenditure since 2007 has not been allocated efficiently to the enhancement of the productive
conditions of “small” provinces, but only to the provision of “basic” equipment for the production of
“primary” economic sectors. Obviously, since there is no more “precise” information regarding public
expenditure on productive infrastructure at provincial level, for example, investments in strategic
sectors, we must be cautious when analysing these results.
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Comparing the results of outputs 3 and 5 (specifically the results of the “Wx” section), it can
be observed, on the one hand, the existence of a process of provincial economic convergence in
the 2001–2015 period, both per capita and in productivity, conditioned by capital expenditure on
infrastructure and the impact of manufacturing production, when the effect of spatial contiguity in the
econometric estimation is not considered; and on the other hand, a process of provincial economic
divergence in the same period, generated solely by capital expenditure on infrastructure (the annual
provincial capital expenditure on education and the impact of manufacturing production are not
statistically significant), when the effect of space on regression is considered.

These results can be constituted in the first evidence on the inefficiency of public expenditure
to generate spatial (provincial) productive chains or “spillovers” in the analysed period. “Large”
provinces not only continue to concentrate most of the economic activity at national level, but also
continue having the highest growth rates, which allows them to maintain their status as “development
poles” over time, despite the increase in public expenditure on items such as infrastructure and
education, in the last almost 11 years in “small” provinces.

The foregoing should not be interpreted as a decrease in the “endogenous” potential of factors
such as education and infrastructure to generate regional growth in the Ecuadorian case, but rather as
an inadequate “targeting” and implementation of the public economic policy that does not allow for
the generation of “spillovers” or territorial expansion of positive externalities of growth processes of
large regions. The generation of regional “value chains” aimed not only at the domestic market but
also at the export and “inclusion” of companies (large, medium-sized and small) of “small” provinces
in these chains; effective and efficient strengthening of productive conditions of provinces through
public policy; prioritization of spending in economic sectors with high added value; technification
of primary activities of rural sectors; improvement of human capital of each province, “tied” to
its “productive vocation”; transparent and efficient public procurement processes; generation of
public-private agreements that allow for the financial sustainability of Decentralized Autonomous
Governments are all included in some measures of public economic policy that would enable to
generate “sustainable” spatial economic convergence processes over time.

Another interesting result of the estimation of spatial economic convergence is the non-statistical
significance of the variable that includes the impact of manufacturing GVA on the convergence process
of the 2001–2015 period ("lman"). This shows that from the statistical point of view, the public policy of
“changing the productive matrix” did not generate the expected results: unfortunately, the national
productive matrix has not yet begun a process of transition towards activities with greater added
value. On the other hand, if one considers spatial contiguity, the production and employment of the
manufacturing industry generated in “large” provinces does not generate "spillovers" towards their
neighbouring territories, generating processes of economic segregation at provincial level, which cause
an increase in regional disparities in income and mainly in productivity.

It is also worth mentioning that the rate of conditional convergence or decrease in regional
disparities remains close to 2%, a level that similar investigations highlight as “standard”, but decreases
by approximately 30% when the contiguity effect is considered, which puts at risk, at least in the
medium term, the generation of a process of regional economic convergence in Ecuador. Finally,
it should be noted that the statistical significance of the spatial rho (p), or the spatial correlation
coefficient associated with the dependent variable, both in the convergence per capita model and in
the convergence in productivity model (output 2), justify the use of a spatial econometric model due to
the importance of the impact of space on regional economic convergence processes.

5. Conclusions

In the “traditional” econometric estimations of the model of provincial convergence per capita
and in productivity, the fulfilment of the conditional beta convergence hypothesis is confirmed, given
the negative sign and the statistical significance of the coefficient of the initial non-oil per capita GVA
logarithm (lvpc) in all cases.
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In the context of Panel Model with Fixed Effects, the positive and statistically significant
“incidence” of annual capital expenditure of Municipal and Provincial Councils is recognized, as well
as the variable that collects the incidence of manufacturing GVA, confirming the importance of public
expenditure in the improvement of the productive infrastructure in the provincial convergence process.
Considering the results of the Spatial Durbin Model with fixed effects, the positive and statistically
significant “incidence” of the logarithm of the annual capital expenditure of Municipal Councils in
the process of provincial divergence is recognized. It is also observed that the rate of conditional
convergence varies according to the methodology used: in the “conventional” method with fixed
effects a speed close to 2% is obtained and the Spatial Durbin Model decreases approximately 43%.
This shows that the inclusion of a temporal autoregressive process of a dependent variable generates a
more “relevant” and “efficient" estimation of the convergence speed.

It must be recognized that the high inequality of “initial endowments” contributed to a process of
conditional convergence of each economy towards its own steady state, led by the territories considered
as “growth poles” and characterized by a decreasing trend; and that an increase in public expenditure
was not enough to increase the level of productivity of the economy at regional level in the 2001–2015
period, given the better results of the convergence per capita model.

It is corroborated that the inclusion of the spatial contiguity effect provides a more suitable
econometric treatment for the generation of geographic “spillovers” in the process of economic
convergence. This type of estimation shows the overestimation of the convergence speed of “traditional”
panel models with fixed effects.

The results show a persistence of asymmetries in the sub-national spaces of Ecuador, the criteria
of profitability and agglomeration establish that capital (including foreign investment) and work
will be aimed at prosperous areas. For this reason, regional state policies are essential to correct
these imbalances.

However, these "differentiated" territorial policies should not be confused with welfare and
sectorial policies. The traditional policies to fight poverty do not incorporate regional dimensions,
typical of each territory, which means that they have a low impact on the poorest areas. And the
other hand, the sectorial policies of the central government, based on investment decisions in major
infrastructure projects, most of the time due to political expediency, are not designed to gradually
overcome the structural heterogeneity of provinces. For this reason, these sectorial policies did not
allow to diversify the productive structure, taking into account the potential of the territories and
generating new pillars for growth.

There are several examples and instruments of regional policy that the government of Ecuador
could adapt. Undoubtedly, the regional policy of the European Union is the main reference in this area.
The operation and implementation of Structural Funds and Cohesion Funds can serve as a guidance at
national scale, equivalent to a Regional Compensation Fund, to prioritize investments in deprived
areas and reduce disparities between regions, promoting balanced development in provinces.

Another pending issue in Ecuador is to achieve an effective decentralization of investment
resources by territorial units; the budgets and execution of works still respond to central interests and
planning. The "regionalization" of the country was also incomplete, the latter would allow for regions
to have models that articulate territorial elements that denote their potential.

Finally, it should be noted that among the limitations that did not allow to obtain more conclusive
economic relations between public spending and provincial economic convergence, are the limited
availability of production information and public spending for a long time series, at provincial level;
a lack of disaggregation or characterization of public expenditure at provincial level and a lack of
information on national and foreign private investment for a long time series, at provincial level,
which would also enable to study the impact of the private productive sector on the growth process
and economic convergence at regional level in Ecuador, which are restrictions that are expected to be
overcome in future investigations.
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