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A key component in the economic structure of countries is organizations of popular and
solidarity economy (EPS), which have been shown to contribute significantly to local welfare
by fostering social cohesion and economic development. However, local development
socioeconomic process variables such as the Index of Unsatisfied Basic Needs, level of
dependency ratio and non-oil gross value added, exhibit a discernible spatiality, this study
addresses this gap by investigating the relationship between the distribution of non-financial
EPS organizations and local development variables in Ecuador at the cantonal level. The
methodology employed in this study focused on exploratory spatial data analysis (ESDA) and
geographically weighted regression (GWR), capturing variations as a function of geographic
location. The results revealed that the distribution of non-financial EPS in Ecuador shows
significant spatial autocorrelation at the cantonal level. The GWR model estimated with the
three cantonal socioeconomic variables (adjusted R=2= 0.7134, AICc = 434.34) suggests that
in cantons with lower welfare index, there is less presence of EPS organizations. In conclusion,
this study provides a detailed view of the spatial distribution of non-financial EPSs in Ecuador
and their relationship with local development. Although the overall spatial autocorrelation is
weak, the identification of local patterns suggests the need for specific approaches to address
inequalities in local development. These findings underscore the importance of considering
spatial dynamics in the design of economic and social development policies, providing a basis
for future research in local economics and development.

1. INTRODUCTION

boosting the economy is effective, and in relation to economic
growth, it becomes a significant resource, although not an

Popular and solidarity economy (EPS) organizations have
been noted as an effective mechanism for resource
redistribution and welfare promotion, especially in areas
where traditional economic structures fail to meet local needs
[1-4]. However, despite their growing importance,
understanding of the dynamics of these EPS organizations and
the factors that influence their development remains limited.
Most research has focused on individual aspects or on
comparisons between EPS organizations and conventional
enterprises, leaving a gap in knowledge about how they
interact in different territories and how they can be modeled to
foster their development.

Local development is a multidimensional process that seeks
to improve the quality of life of communities by strengthening
their economic, social and cultural capacities [5, 6]. In this
context, EPS organizations have been recognized as
significant actors contributing to economic resilience and
social inclusion. It has been argued that these organizations not
only provide goods and services but also generate social
capital by strengthening community ties and fostering citizen
participation [7]. The role played by EPS organizations in
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ultimate goal, for the progress of people and their social
interactions [8, 9].

According to the Global Entrepreneurship Monitor (GEM),
specialists reveal that the environment impacts the choice,
evolution and success of entrepreneurship. In the socio-
political and cultural context of Ecuador, there are persistent
weaknesses over time that have slowed down the real
advancement of entrepreneurship, thus limiting its potential
impact on the country's economy [10]. The spatial impact of
non-financial EPS organizations on local development has
been insufficiently explored, highlighting the need for more
detailed research.

The complexity of spatial dynamics at the EPS level,
structured as cooperatives and associations, represents a key
component in the local economy by providing essential
services and fostering community participation. Highlighting
spatial complexities in socioeconomic development
patterns—such  as  demographic  pressure, structural
inequalities, and localized economic disparities—that
influence the presence of EPS organizations.

Capturing the spatial complexities of this relationship where
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geographic proximity does not always translate into direct
economic or social interactions, and identifying these
differences is crucial for the design of public policies that
promote more equitable and sustainable development.

This study focuses on the link between non-financial EPS
organizations and local development, i.e., the dynamization of
the cooperative sector and its relationship with socioeconomic
variables of the territory, using a geographically weighted
regression (GWR) approach to capture the spatial complexities
of this analogy, denoting variations as a function of its
geographical location.

2. LITERATURE REVIEW
2.1 Popular and solidarity economy

In Latin America, the interaction between modernity and
postmodernity is particularly complex. Modernity is
commonly associated with the production of goods and
centralized political power, while postmodernity shifts focus
on information, services, and decentralized forms of
organizations. As capitalism tends to homogenize the
individuals' particularities, space opens up for prominent
economic systems to be those that offer differentiated
information, where the socioeconomic model moving towards
postmodernity is information-driven and governed by
collaboration [11-13].

Ecuador, like many countries in the region, faces the
challenge of achieving structural economic transformation.
Therefore, it is proposed as an essential strategy to promote
the development of national companies, increase added value
and bet on local innovation; as proposed by the Economic
Commission for Latin America and the Caribbean (ECLAC)
in its report entitled Horizons 2030: equality at the heart of
sustainable development [14], these strategies align with
Prebisch’s, quoted by to grow inward [15].

In this context, the third sector is relevant not only for its
economic contribution but also for the capacity of self-
management for development, which promotes the progress of
communities [16-19]. In this sense, local governments act as
key actors to enhance the advancement of this economic model,
aligned with its ecosystemic characteristics [20-22], until it
can establish its own social and economic space in the face of
anonymous markets, cementing a basis for its development.

Ecuador’s  political-administrative ~ organization  is
structured across multiple levels of government, with the
cantonal level playing a crucial role in territorial governance.
The country is divided into 221 cantons, which are distributed
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across 24 provinces. Each canton functions as an autonomous
administrative jurisdiction, governed by a Decentralized
Autonomous Government (GAD), headed by a mayor. This
territorial division enables the implementation of public
policies and development strategies tailored to the specific
geographic, demographic, and socioeconomic characteristics
of each area, making it especially relevant for studies
addressing spatial inequalities or territorial determinants, such
as those related to the EPS.

These differences offer a fertile ground for analyzing spatial
dependence and development patterns. While several studies
used global regression models to examine determinants of
local development, these models assume spatial stationarity,
thereby masking regional disparities [6, 23]. In contrast,
Geographical Weighted Regression (GWR) allows for spatial
non-stationarity by estimating location-specific coefficients.
This approach is particularly useful in examining the
heterogeneous distribution of EPS organizations across
Cantons (Figure 1), where institutional capacities, economic
structures, and social needs are different.

2.2 Statistical models for the study of the popular and
solidarity economy

Statistical modeling consists of representing a specific
phenomenon through the use of mathematical models, which
facilitate the explanation of the variables to be analyzed [24-
27]. GWR was established as the central analytical model in
this study; it responds to the need to capture the differentiated
territorial dynamics underlying the spatial distribution of non-
financial EPS organizations in the cantons of Ecuador.

Unlike traditional regression models, which assume
homogeneous relationships between variables throughout the
geographic space, the GWR approach allows the coefficients
of regression to vary locally, identifying how the intensity and
direction of the explanatory effects change according to the
geographic location [25, 28]. This property is particularly
relevant in contexts such as Ecuador, where collective
organization processes respond to strongly territorialized
socioeconomic, historical, and cultural realities.

A weighted geographical regression model, known as GWR,
is used with the objective of modeling variables in a spatial
context, capturing variations in relation to their location,
making it an appropriate choice for this research. The optimal
assignment of the kernel is fundamental to the structure of the
model, which is based on weight. The specificity of the
treatment given to the spatial component is widely used to
identify the heterogeneities of the territories [29].
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Figure 1. EPS in political-administrative division of Ecuador
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GWR calculates the distance between the location of two
points in geographic space for n observations in k variables,
Eq. (1), y;: Organizations of canton i; 8, (u;v;): model
coefficients for given geographic coordinates. x;;: variables
corresponding to observation I; ¢;: random error term of
observation 1.

yi = By (ui, vi) + X0_ xueB, (upv) + € 5 i = 1,...,m

(1

GWR and its related techniques are directly based on the
locally weighted non-parametric regression models proposed
by Cleveland and Devlin (1988) for curve fitting and
interpolation [30]. GWR improves model fit by calibrating a
separate regression equation at each location, using nearby
observations weighted by their spatial proximity. This local
estimation process enhances the diagnosis of spatial patterns
and allows researchers to capture nuanced regional dynamics
that would otherwise be masked in global models. In studies
on territorial determinants, GWR provides a robust analytical
framework to identify where and how local factors exert
differential influence across space, thereby supporting more
targeted and territorial policy interventions.

3. METHODS

To investigate the territorial determinants of the EPS in the
cantons of Ecuador, the methodology described in Figure 2
was applied. This methodological approach facilitated a
comprehensive understanding of the spatial behavior of the
variables under study.

The disaggregation of data at the cantonal level of the
organizations obtained from the official portal of the Super
Intendencia de Economia Popular y Solidaria [31], could not
possibly integrate directly with other local socioeconomic
information sources, due to inconsistencies in format and
identifier. Consequently, data mining was undertaken to
structure a unified database across the 221 cantons using the
national statistical geographic classifier that defines Ecuador’s
political-administrative division. This integration incorporated
key socioeconomic indicators drawn from the most recent
population census published by the Ecuadorian Institute of
Statistics and Census (INEC) [32].

Geospatial boundaries were sourced from GADM [33]
(Database of Global Administrative Areas), which provides
detailed shapefiles for administrative areas. The dependent
variable in this analysis corresponds to the number of non-
financial EPS organizations per canton. Independent variables
included: the Unsatisfied Basic Needs Index [34, 35], a widely
recognized proxy for multidimensional poverty; the
dependency ratio indicator, which measures the proportion of
non-working age population (under 15 and over 65) relative to
the economically active population [36], and the non-oil Gross
Value added, which reflects the total value produced by the
economy excluding petroleum-related activities [37].

To ensure methodological robustness, an exploratory spatial
data analysis (ESDA), was conducted to detect irregularities
and heteroscedasticity in the distributions. All continuous
variables were transformed using logarithms, a standard
practice that stabilizes variance and improves the
interpretability of coefficients in regression models with
skewed distributions [38-40].

Data Sources |

SEPS: Non-financial EPS

_INEC: Census

GADM: Adminiztrative

orgatizations spcioeconomic indicators boundaries of Ecuador
_ L
Data Integration
Geospatial Matching Data Mining Techniques
- - 4
-

Variables

Independent Variables: Unzatisfied

Dependent Variable: Number of EPS

— Easic Needs Index - Dependency Ratio -
ganizations Non-oil Gross Valne Added
Data Processing
Tranctommation  ESDA el LT GWR model
(stabilize variance Spatial Data (Global (Gmgmphim]l}r
non-normality) Analysis Correlations) Weighted Models)

Figure 2. Conceptual diagram of methodology
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The first step involved assessing the presence of spatial
dependence in the distribution of EPS organizations across
Ecuadorian cantons. For this purpose, both Global Moran’s 1
and Local Indicators of Spatial Association (LISA) were
computed using the spdep and sf packages in R. Moran's |
measures the degree of spatial autocorrelation, where values
close to +1 indicate clustering of similar values, 0 implies
spatial randomness, and values near -1 suggest dispersion. A
queen contiguity matrix was used to define spatial neighbors,
given the irregular geometry of cantonal boundaries. The
global Moran’s [ statistic was calculated for the log-
transformed dependent variable (number of EPS
organizations), followed by LISA cluster maps, which allowed
identifying significant local clusters—namely High-High,
Low-Low, High-Low, and Low-High patterns—at a 95%
confidence level through permutation tests.

Model selection for the GWR followed a stepwise approach,
where combinations of independent variables were evaluated
iteratively. The selection criterion was the minimization of the
corrected Akaike Information Criterion (AICc), which
balances model fit and complexity. A total of candidate
models were compared, involving different combinations of
the three explanatory variables considered: the Unsatisfied
Basic Needs Index, dependency ratio, and non-oil Gross Value
Added. No interaction terms or higher-order polynomial terms
were included, as the primary objective was to maintain model
interpretability and avoid multicollinearity, particularly given

the spatial heterogeneity already captured by the local
parameter estimates of GWR.

Importantly, no missing data was identified in the final
dataset. However, three insular cantons (Galapagos) were
excluded from the spatial analysis due to their lack of
geographic contiguity with the mainland. Since spatial
econometric models, including GWR, require contiguity or
proximity for constructing spatial weights matrices, the
absence of neighboring units rendered these territories
analytically incompatible. Their exclusion represents a
minimal fraction of the sample and does not compromise the
spatial representativeness of the national territory.

4. RESULTS AND DISCUSSIONS

As a result of the exploratory analysis, approximately 50%
of the 221 cantons in Ecuador have less than 32 organizations,
while 25% of the cantons have more than 70 registered non-
financial EPS organizations.

According to the dispersion of the points, as shown in
Figure 3, some relationships are confirmed without

considering the spaces where they arise. As non-financial EPS
organizations become stronger or increase their presence,
unsatisfied basic needs and economic dependence are reduced,
thus contributing to non-oil economic growth.
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Figure 3. Correlation of variables
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To examine the presence of spatial patterns of presence in
the territory, the spatial autocorrelation of the number of EPS
organizations per canton was evaluated by means of the Moran
I statistic, under a randomization approach and using a
contiguity-based spatial weights matrix. The diagram shown
in Figure 4 allows identifying the correlation of EPS
organizations with respect to their spatial lag, i.e., their
relationship with the weighted average values of neighboring
cantons. The existence of a positive spatial autocorrelation is
confirmed (I Moran =0.2444, p value= 5.813e-09). That is,
cantons with a high presence of EPS organizations tend to be
close to other cantons also with a high presence of these
organizations, and the same is true for cantons with a low
presence of EPS organizations.

According to the representation of the cantons on the map,
it can be seen that:

(1) In the first quadrant (High-High) there are cantons
with a high number of organizations above the average of the
indicator and have neighbourhoods with the same
characteristic, concluding the presence of positive
autocorrelation (Hotspots) in Guayaquil, Quito, Esmeraldas,
Santo Domingo, Ambato, Lago Agrio.

(2) In the case of the cantons located in the second
quadrant (Low-High), it refers to cantons with a number of
EPS below the mean and neighbours with values higher than
the mean, spatial outliers, as in Saquisili.

(3) Within the third quadrant (Low-Low) are cantons
with low values surrounded by others with low values below
the mean, presence of positive autocorrelation (Coldspots).
These are Girdén, Olmedo and Pablo VI. In addition, the
cantons of Isabela, San Cristobal, Santa Cruz are found in the
lower part of the graph, where there is a low presence of EPS
and its neighbors, these cantons are those of the Insular Region
that do not have proximity with the mainland cantons.

(4) In the fourth quadrant (High-Low) there are no
cantons with a number of organizations below the average
surrounded by cantons with low values, lack of spatial outliers.

The presence of spatial autocorrelation was reviewed in the
ndependent variables: unsatisfied basic needs index,
dependency ratio and non-oil gross value added; the results
shown in Table 1, denote that they are significant for the
indicated variables; which supports their inclusion in spatial
analysis models (GWR), it is expected to vary substantially in
space and to be conditioned by the geographic proximity
between cantons.

Table 1. Global indices independent variables

Var Stand. Des P value | Moran
X1 nbi 9.437 <2.2e-16 0.3987
X2 dep 10.348 <2.2e-16 0.4367
X3 vab 6.503 7.863e-11  0.2734

Note: Expectation=-0.0046, Variance=0.00183

The correlation graphs GWR show in Figure 5 that
relationships exist between variables and that these change in
different parts of the territory, allowing you to identify specific
local effects.

The presence of spatial autocorrelation was reviewed in the
independent variables (a), (b), (c) unsatisfied basic needs
index, dependency ratio and non-oil gross value added; the
results shown in Table 1, denote that they are significant for
the indicated variables; which supports their inclusion in
spatial analysis models (GWR), it is expected to vary
substantially in space and to be conditioned by the geographic
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proximity between cantons.

A Gaussian kernel with an adaptive bandwidth was selected
to accommodate variation in canton size and density. The
optimal bandwidth was determined by minimizing the
corrected Akaike Information Criterion (AICc). A pseudo-
stepwise model selection procedure was conducted,
comparing models with different variable combinations based
on their AICc and deviance explained. All spatial analysis and
model calibrations were performed using the GWmodel
package in R.

The model with the best fit was included X1 nbi, X2 dep,
and X3 vab, the pseudo stepwise procedure is used that
proceeds in a forward (Figure 6).

The GWR model (Table 2) was estimated using the
logarithmic transformation of both dependent and independent
variables; the resulting coefficients can be interpreted as
elasticities.

Table 2. GWR model

Var Coefficient  SE t p-value
Intercept 1.381 1961 0.70 0.482
X1_nbi 0.368 0.138  2.67 0.008**
X2_dep -1.157 0.428 -2.70  0.007**
X3_vab 0.621 0.031 19.72 <0.001***

Note: Adjusted R?2=0.7134, AICc =434.34

The coefficient of 0.368 indicates that a 1% increase in the
Unsatisfied Basic Needs Index is associated, on average, with
a 0.368% increase in the number of EPS organizations. This
positive relationship suggests that EPS organizations may
emerge more frequently in areas with higher socioeconomic
needs, potentially as mechanisms for community-driven
development and self-management in response to poverty.

The coefficient of -1.157 implies that a 1% increase in the
dependency ratio, the proportion of non-working age
population relative to the working-age population is associated
with a 1.157% decrease in the number of EPS organizations.
This negative elasticity suggests that higher demographic
pressure may hinder the formation or sustainability of EPS
organizations, possibly due to reduced economic productivity
or lower capacity for collective organization in communities
with a high dependent population.

The coefficient of 0.621 indicates that a 1% increase in the
non-oil gross value added (a proxy for local economic
productivity) is associated with a 0.621% increase in the
number of EPS organizations. This result underscores the role
of broader economic activity in supporting the emergence and
operation of EPS entities, which may benefit from stronger
local markets and better resource availability. These
elasticities highlight the importance of local economic and
demographic contexts in shaping the spatial distribution of
EPS organizations.

The direction and magnitude of these effects vary across
space, as shown by the GWR model, suggesting that policy
interventions to support the EPS sector should be sensitive to
localized socioeconomic dynamics. Dependency influences
the economic growth rate of communities with EPS; in certain
territories, EPS emerge as a community strategy to sustain
non-working populations. Cantons such as Taisha, Twintza,
and Arajuno exhibit high dependency ratios (above 85%) but
maintain a low number of EPS organizations, which aligns
with the expected negative association. However, some
cantons present interesting deviations, Esmeraldas and
Ambato show a relatively high presence of EPS organizations



despite moderate-to-high dependency ratios, suggesting that
other contextual or institutional factors may moderate this
relationship. These spatial exceptions emphasize the
importance of considering local heterogeneities when
assessing the territorial determinants of EPS dynamics.

Analysis using the scientific method, which is broken down
into aspects or variables of real processes, can identify other
spatial organizations within the system of socio-territorial
formations. This analysis suggests that the determinants of the
development of EPS organizations are not homogeneous
throughout the country. While certain factors, such as non-oil
value added, show a consistent and positive pattern, others,
such as the NBI or population dependence, show non-linear
and territory-dependent spatial effects. Therefore, public
policy aimed at promoting the EPS must be territorially
differentiated. It is not enough to apply the same incentives in
all cantons; it is necessary to understand how local
socioeconomic factors interact in order to design more
effective interventions.

5. CONCLUSIONS

The dependent variable number of non-financial EPS
organizations per canton reflects a form of socially based
economic articulation whose territorial expression is neither
uniform nor random but is modulated by factors such as
structural exclusion in the NBI index, the dependency ratio,
and the conditions of local economic development established
in the non-oil GVA.

Through the analysis of spatial weights and the use of a
contiguity matrix based on the four nearest neighbors, it was
possible to ensure an accurate representation of the spatial
interactions for the previous exploratory analysis by means of
the Moran I test, which showed that there are significant
spatial patterns in the independent variables, suggesting that
the relationships between these and the organizational
presence of the EPS cannot be adequately represented by a
constant global model. In this sense, the use of GWR made it
possible to identify areas where these factors have a greater (or
lesser) explanatory weight, providing more precise empirical
evidence for the formulation of public policies with a
differentiated territorial approach.

Consequently, research has highlighted the effectiveness of
GWR as a spatial analysis tool. The results of the GWR show
that the socioeconomic determinants of the development of
EPS organizations do not operate uniformly throughout the
territory. While non-oil VAB acts as a consistent positive
factor, relative poverty and demographic structure present
differentiated effects by canton, which underscores the need to
adopt specific territorial strategies in public policies to
promote the EPS.
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