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GENERAL & APPLIED ECONOMICS | RESEARCH ARTICLE

Spatial analysis of multidimensional poverty in 
Colombia: Applications of the Unsatisfied Basic 
Needs (UBN) Index
Álvaro Turriago-Hoyos1, William Andrés Martínez Mateus2 and Ulf Thoene1*

Abstract:  This research article seeks to specify and measure the determinants of 
multidimensional poverty in Colombia using the Unsatisfied Basic Needs (UBN) 
Index based on information from the latest available 2005 population census 
applying a spatial econometric approach. An exploratory analysis of the spatial 
distribution of the UBN and a confirmatory analysis through spatial models are 
conducted using municipalities as the unit of analysis. This spatial analysis confirms 
diffusion effects of poverty between neighbouring municipalities, the existence of 
clusters and hot spots in the Pacific Chocó region, the Caribbean Coast, and the 
southern region of the country. Within those clusters, we find high levels of unem-
ployment, low levels of urban population, as well as a high proportion of ethnic 
minorities, and large size municipalities. This research contributes to public policy-
making and the improvement of governance in the third largest Latin American 
country by population size and the region’s fourth largest economy.

Subjects: Latin American & Hispanic Studies; Statistics for Social Sciences; Development 
Studies; Latin America; Development Policy; Economics and Development; Econometrics; 
Development Economics; Economic Geography  

Keywords: Colombia; multidimensional poverty; new economic geography; socio-economic 
development; spatial econometrics; unsatisfied basic needs index

1. Introduction
This research provides insights into spatial econometric relationships and seeks to reveal the 
determinants of multidimensional poverty in Colombia using the Unsatisfied Basic Needs (UBN) 
Index at a municipal level. The analysis is based on the latest available 2005 Population Census 
data carried out by the Colombian Agency for National Statistics (Departamento Administrativo 
Nacional De Estadística (DANE), 2018; Departamento Administrativo Nacional De Estadística 
(DANE), 2005). The spatial dimension of the municipal UBN Index and several socioeconomic 
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variables are explored, such as the share of the population in rural areas, percentage of ethnic 
minorities, fiscal municipal data, employment indicators, and municipal territorial extension. The 
New Economic Geography (NEG) paradigm has garnered special interest about the spatial dimen-
sion of economic and social phenomena (Behrens & Thisse, 2007; Krugman, 1998).

This growing interest also evidences the importance of analytical dimensions such as space and 
the use of territory in the economy in understanding regional socioeconomic development (Arias & 
Fortich, 2010; Brueckner & Fansler, 1983; Krugman, 1997; Scott & Storper, 2003).

It appears that the study of economic activity about spatial phenomena and their interactions 
has thus far not been sufficiently developed theoretically. A large part of classical economic theory 
was constructed without considering spatial variables (Arias & Fortich, 2010; Sánchez & Zofío, 
2009) although economic, social, and cultural phenomena are expressed in geographical concepts 
such as territory, region, or space.

This paper contributes to the study of multidimensional poverty in Colombia. The findings serve 
as a point of reference for the formulation of economic and social public policies. This research 
contributes to public policymaking and the improvement of governance in the third largest Latin 
American country by population size and the region’s fourth largest economy. The next section 
presents a literature review, followed by a discussion of the methodology used in the paper. The 
subsequent section presents the findings of the exploratory analysis of the spatial distribution of 
poverty in Colombia and its confirmatory analysis. Finally, the last section presents the conclusions 
that can be drawn from the research on the spatial analysis of multidimensional poverty in 
Colombia at the municipal level.

2. Previous research on NEG and multidimensional poverty
Poverty has traditionally been associated with a state of deficiency and deprivation, which is also 
understood as the inability to achieve a minimum level of life quality and is frequently expressed in 
monetary terms. The analytical and conceptual limitations that the monetary approach entails 
ignore multidimensional, dynamic, subjective, geographic, and aspects of vulnerability that are 
implied in poverty (Cicowiez et al., 2012; Rawls, 1999; Sen, 1999).

Moreover, Cicowiez et al. (2012) emphasize that the multidimensionality of poverty implies 
considering factors external to the market such as individual and political freedom, discrimination, 
insecurity, and a lack of access to health and education services. The UBN Index is an indicator 
that seeks to reflect some of those situations by emphasizing variables going beyond monetary 
factors as is the case of the overcrowding of households, poor housing conditions, inadequate 
access to drinking water, a lack or deprivation of sanitation services, insufficient access to educa-
tion for children of primary school age, and a lack of income opportunities.

The UBN Index as a multidimensional poverty indicator possesses advantages in terms of its 
geographical breakdown since it gathers variables that measure diverse dimensions of poverty in 
different regions. It is also an indicator that measures quality of life and the structural aspects of 
poverty using variables different to monetary ones. The UBN Index indicators are closely related to 
a region’s economic performance and correspond to the distribution of the socioeconomic indica-
tors that evidence centre–periphery relationships with heterogeneous areas and with differences 
in development opportunities. Among its disadvantages are its low frequency of data collection, 
based on the census that is usually carried out in Colombia every 10 years (Angulo et al., 2016; 
Villarraga et al., 2014). It is thus of little utility in identifying recent poverty situations, and neither 
does it allow measuring poverty gaps nor their distribution. It underestimates rural poverty and its 
effects such as low schooling and malnutrition (Feres & Mancero, 2001).

Despite the disadvantages of this indicator its virtues surpass other indicators in geographical 
aspects, information availability at a municipal level, and elaboration of poverty maps for the 
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design of regional policies. One consideration on poverty warns against the so-called “poverty 
traps” or persistence of extreme poverty situations within a region where these hardships reinforce 
and interact with each other generating vicious circles, which counteract the effort to overcome 
this condition (Núñez & Carvajal, 2007). In Colombia, the occurrence of such traps can be synthe-
sized in deficiencies such as child labour, illiteracy, malnutrition and disease, inadequate use of the 
land, violence, criminality, geographic isolation, informality, environmental problems, unskilled 
labour, and forced displacement (Bernal-Torres et al., 2020; Cuesta & Nuñez, 2006; Ramírez 
et al., 2014; Súlez, 2014). The NEG and spatial econometric analysis seek to recognize space as 
the medium in which relationships between individuals and socioeconomic phenomena develop 
(Anselin, 1988, 1998; Avendaño, 2008; Blommestein, 1983; Cliff & Ord, 1981; Fujita & Krugman, 
2004; Krugman, 1991; Moran, 1948; Student, 1914).

According to spatial economic models, the size of the cities is determined by the relationship 
between urban income and rural income, urban transportation costs and rural land rent (Bateman 
& Martínez, 2011). Regarding demographic aspects, urban growth in cities in developing countries is 
characterized by an intense migration from neighbouring areas, mainly rural (De Mattos, 2010). 
Theories of agglomeration economies and the approaches to centripetal and centrifugal forces in 
the territory become useful tools in the identification of socioeconomic phenomena with spatial 
connotations. Centripetal forces are those that generate agglomerations such as forward and back-
ward linkages in the industry driving greater density in markets and contributing to the spread of 
technology. In contrast, centrifugal forces, which operate in the opposite direction feature high 
transportation costs, factor immobility, congestion, and other diseconomies (Fujita & Krugman, 2004).

Especially in the case of Colombia, it is possible to observe an important process of formation of 
urban and metropolitan centres driven by the growth of medium-sized cities, which are located 
around the big cities (Bateman & Martínez, 2011). At the regional level, centripetal forces are 
detected by the configuration of metropolitan areas and economic sub-regions that naturally 
group around municipalities due to their complementarities in economic and social aspects 
(Bateman & Martínez, 2011).

Polycentrism, a process that generates employment and population decentralization, drives the 
population to agglomerate around diverse centres of economic activity. Geographical location 
impacts on inhabitants’ access to social services, and to employment because the distance to 
urban centres of economic concentration matters in terms of inequality in opportunities (Vivas, 
2013). The location decisions of businesses consider the evolution and growth of cities as they 
must weigh the conditions of remaining in downtown areas or moving elsewhere. The decentra-
lization process follows relatively ordered dynamics in which diverse centres are generated around 
locations where the economic activity and population settlements coalesce (Avendaño, 2008). 
Moreover, Estrada and Moreno (2013) have explored the spatial dimension of multidimensional 
poverty in Colombia at a municipal level through poverty maps, exploratory analysis of spatial 
data, tendency analysis, and local and global spatial autocorrelation tests confirming previous 
findings in relation to the presence of the positive spatial autocorrelation of poverty.

Galvis and Meisel (2012) studied regional convergence confirming a high degree of persistence in 
regional inequalities. Based on this, the authors argue that decentralization has apparently been 
unable to reduce income disparities and that regions in the Pacific and Caribbean Coasts are home 
to “poverty traps” that require the national government stimulus to achieve growth and development. 
Le Gallo and Chasco (2008) used a seemingly unrelated spatial regression—known in econometrics as 
Spatial SUR—to estimate Zipf’s law in Spain (Sampedro, 2009). Cohen and Morrison-Paul (2009) 
evaluated the impacts of industrial externalities on economic growth by incorporating measurements 
of the level of activity with a cost function model. They found significant savings due to the proximity to 
industrial food centres and to areas of high purchasing power.
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Kosfeld and Lauridsen (2009) applied spatial dynamic modelling to study the regional convergence 
processes in unified Germany resorting to the use of analytical concepts such as spatial unit roots, 
spatial co-integration, and spatial error adjustments. In a recent study on the case of the Brazilian 
state of Bahia, Santos et al. (2017: 240) “found evidence of a pattern of spatialization as well as the 
existence of clusters of regional poverty […] using variables such as income, education, housing and 
health.” For the case of rural China, Wang et al. (2018: 1444) concluded that “there exist significant 
poverty differences in terms of geographical location and policy support, and the governments still 
need to carry out targeted poverty alleviation measures according to local conditions.”

As an important precedent to the research presented in this paper, Pérez (2005) performed 
a spatial analysis of poverty in Colombia by calculating global and local Moran’s I statistics using 
the 1985 and 1993 UBN Index and Quality of Life Index (QLI). Significant evidence was found on 
geographic location as a determinant of poverty in the country due to spatial dependence, as well 
as poverty clusters and poverty diffusion processes at a provincial and municipal level suggesting 
that such results can be explained in terms of provision of natural resource and externalities in the 
studied regions. Contributions such as those of Lösch (1938), Christaller (1935), and Zipf (1949) 
explain how, based on the search for economies of scale, individual agents create a hierarchy of 
cities with areas of hexagonal and nested markets. Equally, the existence of many market town 
depends on an even greater administrative centre.

In Colombia, this circumstance can be observed with the formation of big urban centres located 
at considerable distances, but that are at the same time the centre of large regions such as 
Bogotá-Andean Region, Barranquilla-Caribbean Coast, Bucaramanga-Santanderes, Cali-Pacific, and 
Medellín-Coffee Belt (the departments of Antioquia, Caldas, Quindío and Risaralda). These spatial 
phenomena are denominated “development poles” that in the Colombian case came into being 
because of the integration difficulties due to the rugged terrain (Bateman & Martínez, 2011).

3. Model specifications
The empirical approach focuses on the spatial distribution of some socioeconomic indicators at 
municipal level based on the latest 2005 census information. Regression techniques are applied to 
study the special features caused by the spatial dimension in the distribution of the phenomenon of 
poverty in Colombia. The analysis of spatial data is divided into two phases: exploratory analysis 
based on the study of the spatial distribution of a phenomenon, and confirmatory analysis, centred 
on the treatment of the spatial effects using a regression model (Moreno & Vayá, 2000). This paper 
will develop both phases. It thus considers spatial data of the following variables involved: UBN 
Index, social indicators of unemployment, population densities, economic densities, and economic 
activity of the population in Colombian cities and municipalities in 2005 to identify tendencies and 
agglomerations of the socioeconomic phenomena linked to the Colombian geography, as well as 
relationships between variables to explore significant statistical associations on a spatial plane. 
Within the treatment of spatial data, spatial econometric techniques are used that identify the 
existence of spatial autocorrelation that use statistical tests like Moran’s I, which incorporate 
a spatial lag dependent variable or a spatial error structure to correct spatial autocorrelation effects.

During the confirmatory phase, a classical regression model incorporating spatial effects is 
developed after identifying the type of spatial autocorrelation and the appropriate way of specify-
ing it. Spatial autocorrelation refers to the functional relationship between the value that a variable 
takes at a specific point or region and the value it takes in a neighbouring or proximal region. The 
main difference between temporal and spatial autocorrelation lies in directionality. Temporal 
autocorrelation is only one-way (from past to present) while the spatial dimension can refer to 
any direction in space. Thus, what occurs in one region can be explained not only by the nearest 
region, but also by other regions. Within spatial regression models, two types of spatial depen-
dence are identified among observations that need to be considered. Firstly, in the geographically 
weighted models the dependent variable is spatially correlated in an autoregressive manner. Yet, 
in the spatial error type, a model’s error is autocorrelated. Hence, statistics such as Moran’s I and 
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Geary’s C are used to detect spatial dependence and identify agglomerations along a clearly 
defined space, which measure the correlation of each explanatory variable Xi with the rest of 
the regions with which they are linked.

This paper starts off considering the two basic models of spatial econometrics. The first one is 
a simple contagion model identifying diffusion effects between the studied phenomena: if the 
vicinity between municipalities with high levels of UBN Index constitutes an explanatory factor of 
poverty indices in its relationship with other variables. The second one is a spatial autoregressive 
dependence model.

Simple contagion implies that high UBN indices spread to contiguous municipalities, indepen-
dently of the characteristics of the neighbouring municipalities. The spatial autoregressive model 
(SAR) seems to be the model that best describes the phenomenon: 

Y ¼ ρWYþ X1βþ μ; (1)  

μ , N 0;σ2I
� �

(2) 

Where Y is the dependent variable, X1 the matrix of explanatory variables, ρ the coefficient of 
spatial lag that measures the intensity of the interdependencies of the neighbouring UBN indices 
on the index of each municipality, and W the matrix of spatial weights that reflect the mutual 
influences between municipalities, and that is equal to: 

W ¼
0 � � � w1N

..

. . .
. ..

.

wN1 � � � 0

2

6
4

3

7
5 (3) 

Where W is a squared non-stochastic matrix whose elements wij represent the interdependency 
between the pair of municipalities i and j, N equal to the number of municipalities. The definition of 
the weight wij has a value of 1 if the municipalities i and j share a frontier, and 0 if they do not 
share a frontier.

In the second case, the interdependency of the variables that explain the levels of the UBN 
Index are discussed. The model that reflects this effect is the spatial autoregressive error (SARE) 
model, whose specification is: 

Y ¼ X1βþ ε (4)  

ε ¼ λWεþ μ (5)  

μ , N 0;σ2I
� �

(6) 

Where the term ε incorporates a structure of autoregressive spatial dependence under a first- 
order Markov scheme, and λ is the parameter of the disturbance term, which is interpreted as the 
effect or random shocks that the spatially correlated exogenous variables of the model transmit to 
the whole system.

A generalized version of the two specifications mentioned above is the spatial autoregressive 
model with spatial autoregressive errors (SARAR), developed by Anselin and Florax (1995). This 
model allows identifying spillovers and spatial autocorrelation of the errors (correlation between 
unobservable variables), simultaneously.
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The SARAR model is described thus: 

yi ¼ ρ ∑
n

j¼1
Wijyj þ ∑

h

k¼1
βkxik þ εi (7)  

εi ¼ λ ∑
n

j¼1
Mijεj þ ui (8) 

To build the model, we take as basis the explanatory variables of poverty that have been applied 
in identifying advantages or disadvantages of opportunities (Ferreira & Meléndez, 2012), as well as 
determinants of poverty in Colombia (Núñez et al., 2005). These variables are gathered in Table 1. 
Thus, the level of the UBN Index is being explained as a function of variables of social, economic, 
and demographic circumstances that have an important effect on the poverty situation of the 
population. These predetermined circumstances are not controlled by the individual, such as is the 
case of the place of birth and belonging to an ethnic group. The variable share of urban population 
allows identifying to what degree the urbanization process reaches greater coverage of basic 
services. Moreover, the NEG predicts the effects on wages and productivity that larger population 
concentrations have on big cities, and consequently on poverty. The share of ethnic minorities 
allows estimating the approximate impact of segregation towards these communities, which are 
concentrated in areas of generalized poverty. The variable unemployment reflects until which 
point the lack of opportunities and human capital contribute to increasing the levels of poverty. 
The share of current incomes over the total incomes of the studied municipalities allows measur-
ing the effects of the distribution of the resources transferred by the national government. The 
variable territorial extension measures the size of each municipality.

Identifying the model that best estimates the effects of the variables on the UBN Index, and 
detecting spatial autocorrelation implies calculating the “local Moran’s I” statistic that allows 
a diagnosis of spatial autocorrelation in the data. For the present case, the statistics based on 
the Lagrange multiplier are calculated for the lag (LM-LAG) and for the error (LM-ERR). The model 
will be chosen depending on the statistic that presents greater statistical significance. The calcula-
tion of these statistics diagnoses possible specification errors of an econometric model due to the 
presence of spatial dependence (Anselin, 1988). The linear model is estimated through ordinary 
least squares (OLS), spatial lag models (SAR), spatial error models (SARE), and the spatial 

Table 1. Variables of the model
Urban Population Measures the number of inhabitants of the municipality in 2005 (according 

to the 2005 Census) (Departamento Administrativo Nacional De Estadística 
(DANE), 2005).

Ethnic Minority Population Share of the population of a municipality with an Afro-Colombian or 
indigenous origin. 2005 General Census (Departamento Administrativo 
Nacional De Estadística (DANE), 2005).

Unemployment Unemployment rate based on the 2005 General Census data 
(Departamento Administrativo Nacional De Estadística (DANE), 2005).

Share Current Incomes/Total 
Incomes

Relationship between the total current incomes and its total incomes of 
a municipality, as a measurement of autonomy or dependence of the 
incomes with respect to the transfers (Departamento Nacional De 
Planeación (DNP), 2010).

LN Extension KM2 Natural logarithm of the total square kilometres of the municipality. 
Functions as a control variable of the size of each municipality (Instituto 
Geográfico Agustín Codazzi IGAC, 2010).

Source: Authors’ own calculations 
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autoregressive model with spatial autoregressive errors (SARAR), together with the pertinent 
statistics to analyse and compare the one that best fit to the data.

4. Results

4.1. Exploratory analysis of spatial distribution of some municipal social indicators
The exploratory analysis of the spatial data is developed in this section to describe the spatial 
distribution of the variables studied. The analysis of this data seeks to identify groups of munici-
palities that share values of the variables described in Table 1 to detect trends, which allow 
identifying causal relationships, patterns throughout the territory between variables that have 
similar spatial distributions.

When observing Map 1, the concentration of high UBN Indices stands out in the Amazon Region, 
Orinoquía Region, Nariño, Chocó, and a large portion of the country’s Caribbean region. The 
Andean Region, mainly composed of Cundinamarca, Boyacá, and Santander, as well as the 
Coffee Belt, present the lowest indices. These noteworthy differences in the development of the 
regions of the country follow a clear centre-periphery pattern, in which regions coexist with higher 
development surrounded by backward regions and immersed in poverty. The influence of poor 

Table 2. Spatial and classical econometric models
Summary of the Spatial Lag Model 
Estimation by Maximum Likelihood
Dependent Variable: Municipal UBN

Number of Observations: 1,120

Variable OLS ERR LAG GSTSLS

Constant 0.619* 0.622* 0.262* 0.177*

Urban Population −0.33* −0.321* −0.266* −0.224*

Ethnic Minority Population 0.229* 0.018 0.08* 0.061*

Unemployment 0.542* 0.168*** 0.29* 0.253*

Current Income/Total 
Income Municipality

−0.687* −0.135* −0.234* −0.165*

LN Extension (Km2) 0.019* −0.001 0.008* 0.007**

Lambda 0.814* 0.789*

Rho 0.666* −0.345*

LM-Lag 572.25*

LM-Error 392.41*

LM Robust Sig(LM-Lag) 
< 

Sig(LM-Error)

SARMA 575.89*

R2 and Pseudo-R2 0.4589 0.663(a) 0.665(a)

Log likelihood −4,662.77 −4,396.739 −4,394.558

Akaike info criterion 9,337.54 8,809.5 8,805.1

Source: Authors’ own estimations in R and Geoda based in georeferenced information. 
LM-Lag.      Lagrange multiplier test of the spatial lag model. 
LM-Error      Lagrange multiplier test of the spatial error model. 
n.a.        Not applicable. 
*         Significant at 1%. 
**        Significant at 5%. 
***        Significant at 10%. 
(a)        Nagelkerke pseudo R2 
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municipalities on their neighbours has been analysed by Pérez (2005) arguing that municipalities 
of Antioquia adjoining Chocó, Córdoba, and south of Bolívar (economically disadvantaged regions) 
tend to be poorer, with lower levels of UBN Indices than those presented within the relatively 
highly developed department of Antioquia itself. Similarly, municipalities that surround or are 
nearby the thriving capital city of Bogotá present lower UBN Indices and higher quality of life 
indices (Mesa De Planificación Regional MPR, Centro De Las Naciones Unidas Para El Desarrollo 
Regional Uncrd). As shown in Map 2, the distribution of the housing deficit seems to follow a similar 
pattern and is highly correlated to the UBN Index although differences in intensity are present, 
particularly in Chocó, whose housing deficit surpasses 90% of the households in the department.

Map 1. UBN at a municipal level 
in Colombia. Year 2005. 

Source: Author’s own calcula-
tion in Geoda based on the 
2005 General Census, 
Departamento Administrativo 
Nacional De Estadística (DANE) 
(2005)

Map 2. Housing deficit at 
a municipal level in Colombia. 
Year 2005. 

Source: Author’s own calcula-
tion in Geoda based on the 
2005 General Census, 
Departamento Administrativo 
Nacional De Estadística (DANE) 
(2005)
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Solving the housing deficit would contribute to improving the quality of life by enhancing the 
conditions of human capital. Its effects on growth are evidenced in improvements in labour 
productivity, an increase in household income and aggregate demand, as well as the linkages 
between the construction sector and other sectors of the economy (Torres, 2009). Between 1993 
and 2005, the estimated housing deficit in Colombia decreased by 17.4 percentage points implying 
that 25 years would be needed to solve the existing housing deficit in 2005 (Centro De Estudios De 
La Construcción y El Desarrollo Urbano y Regional Cenac, 2005).

The average territorial size of the municipalities located in the mountainous regions of the high 
Andes is smaller than that of other areas. Most the Colombian population inhabits mountainous 
regions and owns relatively small plots of land. Nevertheless, due to the abundance of resources 
for agricultural exploitation, these rather small plots of land began to be increasingly productive 
generating economies of scale, attracting labourers and contributing to the growth of urban 
centres (Bushnell, 1993; Safford, 1976). Transportation costs and access difficulties would explain 
the emergence of this large number of small-sized urban centres (Fujita & Krugman, 2004).

Map 3 presents the agglomeration of the population measured by the number of inhabitants 
per km2. It is possible to observe that large population agglomerations exist in the mountainous 
regions of the high Andes and some areas of the Caribbean coast. The rain forest regions of the 
Amazon, Orinoquía, and the Pacific are home to a lower concentration of population. In 2005, 
Colombia’s population density was 44.7 inhabitants per km2, with marked contrasts between the 
country’s different regions.

According to Bateman and Martínez (2011), the “Urban primacy index”, which measures the 
relationship of the largest city’s population size with respect to the following three cities in size, 
has increased in the last 50 years. However, this index has recently exhibited stable growth rates 
as well as evidencing greater growth for Bogotá and for third-level cities versus second-level cities. 
The growth of intermediate cities has been parallel to the country’s metropolis development or 
conurbation process, which has generated a network of small cities around the larger urban 
centres due to agglomeration economies that outgrow towards neighbouring territories due to 
increasing congestion costs in the centre (Vélez, 2008). Moreover, Galvis (2001) observed that the 
population distribution and economic activity in Colombia differs to that of other countries, where 
it is suggested that individuals located less than 100 km away from the maritime frontier enjoy 
higher indices of human development, population density, and economic activity. In Colombia, on 

Map 3. Population concentra-
tion at a municipal level in 
Colombia. Year 2005. 

Source: Author’s own calcula-
tion in Geoda based on the 
2005 General Census, 
Departamento Administrativo 
Nacional De Estadística (DANE) 
(2005)
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the contrary, the coastal region is relatively poorer and has a lower population density as com-
pared to the country’s central region.

4.2. Spatial multivariate exploratory analysis
Based on municipal UBN Index data and using spatial statistical tools, tests were conducted 
suggesting the existence of a spatial structure of multidimensional poverty in Colombia.

The local Moran’s I statistic was calculated to confirm probable spatial autocorrelation and 
identify spatial clusters around which phenomena of high and low UBN Indices are concentrated. 
The result (Map 4) permits identifying concentrations of areas of high UBN Indices (category High- 
High) in the southeast of the country, in Choco, Nariño region, and regions of Atlántico, Bolívar, and 
La Guajira. Moreover, three big clusters of low UBN Indices are identified in the Coffee Belt, in 
Cundinamarca-Boyacá, and Santander.

The Global Moran’s I statistic obtained is 0.64 (Graph 1), which indicates that the data present 
high positive spatial autocorrelation. In other words, around the areas with high UBN Indices it is 
likely to find areas with high UBN Indices, and areas with low UBN Indices around low UBN Indices. 
It is possible to identify three different concentration areas of low UBN Indices: Coffee Belt region, 
Cundiboyacense region, and Santander region. These findings are coherent with those found by 
Pérez (2005), who concludes that the level of poverty of a municipality depends not only on its own 
location, but also that of its neighbours. Furthermore, Galvis and Meisel (2012) pointed out that 
there exists a persistent level of poverty in some municipalities, which means that the levels of 
poverty have not decreased between the inter-census periods.

Getis-Ord G statistics identify a series of weighted regions allowing the establishment of hot and 
cold spots at different significance scales (Map 5). Its distribution is similar to that of the Local 

Map 4. UBN Index Cluster at the 
municipal level in Colombia. 
Year 2005. 

Source: Author’s own calcula-
tion in Geoda based on the 
2005 General Census, 
Departamento Administrativo 
Nacional De Estadística (DANE) 
(2005)
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Moran’s I statistic, and it reinforces the latter findings regarding the presence of strong spatial 
structure of poverty.

Graph 1. Moran’s diagram of 
dispersion. First-order spatial 
lag of 2005 UBN. 

Source: Author’s own calcula-
tion in Geoda based on the 
2005 General Census, 
Departamento Administrativo 
Nacional De Estadística (DANE) 
(2005)

Graph 2 Diagrams of dispersion 
of UBN Indices and socioeco-
nomic variables. 

Source: Author’s own calcula-
tion, DANE (2005)
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Map 5. Hot spots (red) of UBN 
Indices at a municipal level in 
Colombia. Years 2005. 

Source: Author’s own calcula-
tion in Geoda based on the 
2005 General Census, 
Departamento Administrativo 
Nacional De Estadística (DANE) 
(2005)

Map 6. Map Colombia 
(Political). 

Source: Map 6 Colombia 
(Political). University of Texas 
at Austin – Perry Castañeda 
Library Map 6 Collection 
(2008).
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Graph 1. illustrates the relationships between UBN Indices, and the socioeconomic variables 
listed in Table 1.

By establishing the relationship between the UBN Index and the above variables, it was found 
that the share of the urban population is related to lower levels of UBN Indices, while the share of 
the population belonging to ethnic minorities and the level of unemployment, contribute to an 
increase in the UBN Index. With respect to the indicator of the percentage of current incomes 
divided by the total incomes of the municipalities, it is possible to observe that there is a negative 
relationship, and that insofar as the municipalities depend to a greater extent on the transfer 
resources, higher indexes of UBN are reported.

4.3. Confirmatory analysis. Spatial econometric models
The estimation of the above applied statistical models evidences the existence of spatial auto-
correlation in the data creating the need of implementing a spatial econometric model: either 
a spatial lag, spatial error, or spatial autoregressive with spatial autoregressive errors model. Both 
Moran’s I and Getis-Ord G statistics (see Annex 1 and Annex 2) reject the null hypothesis of 
absence of spatial autocorrelation, provided that the lag model’s Lagrange multiplier is greater 
than that of the spatial error model. Once these models were run, the statistical tests on their 
residuals evidenced the persistence of a non-random pattern necessitating the use the SARAR 
model (Kelejian & Prucha, 1998, 1999, 2007, 2010). These models aim to identify the importance of 
contagion effects in the high and low values of UBN Indices; and measures the influence of the 
socioeconomic variables that are associated with this phenomenon.

These models illustrate the importance of the diffusion effects of the UBN Indices at a municipal 
level. Moreover, they allow claiming that poverty is not randomly distributed in the territory, it deals 
with a phenomenon with strong geographical implications. The lambda and rho coefficients were 
significant in three out of four models confirming the existence of spatial effects on poverty table 2.

Table 3 presents the breakdown of the direct and indirect spatial effects of the lag model, and 
spatial autoregressive with spatial autoregressive errors model. Around one-third of the effects on 
the UBN Indices are direct, while the larger part corresponds to indirect diffusion effects on the rest 
of the municipalities.

The interpretation of the diffusion of multidimensional poverty to neighbouring municipalities is 
explained by taking the concept of poverty traps as reference (Cuesta & Nuñez, 2006). In fact, the 
UBN Indices gather some of these variables, such as low household financial resources, lack of 
schooling, undignified housing conditions and health precariousness. Other important findings 
highlight that high UBN Indices are related to high percentages of rural population evidenced by 
the significant and negative coefficient of the variable urban population. In developing countries, 
rural areas suffer precariousness in basic services, low incomes, low quality of primary education 

Table 3. Breakdown of the effects
LAG GSTSLSHET

Direct Indirect Total Direct Indirect Total
Urban Population −0.298 −0.498 −0.797 −0.272 −0.792 −1.064

Ethnic Minority Population 0.090 0.150 0.240 0.074 0.216 0.290

Unemployment 0.325 0.543 0.868 0.306 0.893 1.199

Ratio Current Incomes/Total 
Incomes

−0.262 −0.438 −0.700 −0.200 −0.585 −0.785

LN Extension KM2 0.009 0.015 0.023 0.009 0.025 0.034

Source: Authors’ own estimations in R and Geoda based on georeferenced information. 
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and communication difficulties, which force inhabitants to move to urban areas in search for 
better opportunities (World Bank, 2009).

In the case of Colombia, rural-urban migration is not rooted in the cities’ attractiveness of the 
cities, but rather in population displacement caused by the violence inherent to the Colombian 
armed conflict. The share of the population belonging to ethnic minorities with respect to the total 
population in the municipalities is related to higher values of UBN Indices. Indeed, Colombia 
suffers not only from marked inequality in income and land distribution, but also from problems 
of segregation and marginality in the Pacific and Caribbean regions that manifest themselves in 
generalized poverty. The departments of Chocó and La Guajira are outstanding examples of how 
poverty particularly affects indigenous and Afro-Colombian populations.

The model indicates that unemployment increases the levels of municipal UBN Indices and that 
this in turn contributes to the lack of basic goods and services in Colombia. Núñez et al. (2005) 
highlight similar findings. Moreover, Ferreira and Meléndez (2012) performed an exercise in which 
they studied economically disadvantaged populations that have the following characteristics: 
100% came from homes with parents without schooling, 100% were born in municipalities of 
less than 50 thousand inhabitants, 60.3% was born in the Atlantic region, 39.7% in the Pacific 
region, and 60.5% in the rural area. Of the 25% of the economically advantaged population, 93.4% 
does not belong to an ethnic minority.

The share of current incomes with respect to the total incomes per municipality shows an 
inverse relationship with UBN Indices, indicating that the degree of dependence of the income 
of municipalities with respect to transfers from the national government have a negative impact 
on the UBN Indices. A greater share of current income can be thought of as a form of territorial 
autonomy because the remainder of the income is mainly derived from national government 
transfers attaching a specific destination to the spending that might not necessarily be targeted 
to combat poverty. A clear relationship exists between the level of current incomes and the 
economic and social state of the municipality insofar as the territorial entities with higher levels 
of tax receipts are also the ones with greater economic activity. The Colombian strategy to reduce 
regional inequalities relies on a distributive system of transfers promoting equity among the 
different regions.

Nevertheless, Barón and Meisel (2003) argue that this transfer system has been unsuccessful in 
reducing inequality among the regions because in Colombia spending decisions have favoured 
operating expenses over investment expenses. Wright and Moyano (2015) evidence that despite 
the improved distribution of royalties in Colombia, these have not translated into a reduction in 
poverty in the Colombian Caribbean due to the destination that they have had, practically flowing 
only towards the infrastructure sector.

Finally, it was found that the largest municipalities in terms of extension suffer the greatest 
deficiencies reflected in the country’s southern municipalities and in some areas of the Chocó 
region (dominated by rain forest) and the Caribbean Coast, which are larger in extension than the 
central region. Several realities explain this finding: low basic services, communications (García 
Alonso et al., 2020), and financial services infrastructure (Thoene & Turriago-Hoyos, 2017), which 
grow more expansive in relation to the distance from the population nuclei, as well as less land 
productivity.

5. Conclusions
This research article sought to specify and measure the determinants of multidimensional poverty 
in Colombia using the Unsatisfied Basic Needs (UBN) Index based on information from the latest 
available 2005 population census applying a spatial econometrics approach. An exploratory 
analysis of the spatial distribution of the UBN and a confirmatory analysis through spatial models 
were conducted using municipalities as the unit of analysis.

Turriago-Hoyos et al., Cogent Economics & Finance (2020), 8: 1837441                                                                                                                             
https://doi.org/10.1080/23322039.2020.1837441

Page 14 of 19



The principal findings of this research that need to be emphasised are as follows:

A first result allows for an understanding of the distribution of the population’s economic 
activity, and of poverty, suggesting in a central-periphery distribution as proposed by NEG. 
Poverty autocorrelation is confirmed on neighbouring municipalities and areas of concentration 
of high UBN Indexes in Chocó, the Caribbean coast, and the south of the country. The statistical 
tests identify that high levels of UBN Indexes spread to adjoining municipalities, independently of 
their characteristics (Bushnell, 1993; Pérez, 2005).

The spatial autoregressive with spatial autoregressive errors model shows that the UBN Indexes 
of the municipalities are explained by indicators intrinsic to each municipality, while the largest 
portion of the UBN Indexes comes from indicators of neighbouring municipalities suggesting the 
existence of geographic poverty traps that reinforce each other (Pérez, 2005).

The country’s so-called development poles—Bogotá, Barranquilla, Medellín, Cali, and 
Bucaramanga—exhibit positive effects on the quality of life of neighbouring municipalities due 
to the spill over effects that they generate.

The region’s characteristics and their socioeconomic conditions have an important influence on 
the municipal level of poverty. Unemployment constitutes the variable that most affects the levels 
of poverty, followed by the share of urban population in the municipality.

Belonging to an ethnic group has negative effects on quality of life, which can be explained both 
by segregation problems and by institutional weakness in these regions (Ferreira & Meléndez, 
2012; Núñez et al., 2005). The inefficient allocation of transfer resources and low tax collection 
capacity contribute to the persistence of regional imbalances.

The model’s results suggest that the current structure of SGP and of the tax collections of the territorial 
entities reinforce the inequalities (Barón & Meisel, 2003; Wright & Moyano, 2015). Only municipalities 
with positive economic conditions generate incomes that can be used in social investment.

Despite the scope and possibilities, spatial analysis and the development of spatial models suffer from 
limitations such as the availability of information at a geographical level—due to their low frequency of 
calculation—that hinders the temporal monitoring of the variables and the analysis of a greater geo-
graphical disaggregation. This is a particularly relevant and applicable observation for the case of 
Colombia. Nevertheless, there is great potential in the development of this type of analysis and to identify 
potentially testable hypotheses regarding unsatisfied basic needs in Colombia, which could subsequently 
be related directly to the findings of the existing empirical literature, just as it occurs in other countries 
such as Germany or the United States to study new subject matters like criminality and industrial clusters 
(Arbia et al., 2007; Broekel et al., 2015; Chung & Hewings, 2015; Fisher & Harrington, 1996).
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ANNEX 1. Moran’s I Index.                   ANNEX 2. Getis-Ord G Index.                   

Source: Authors’ own estimations.
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