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Abstract: The El Niño phenomenon in 2012 triggered a drought in La Guajira, Colombia that extended

until 2016. In this period, the average child mortality rate in the area reached 23.4 out of 1000. The aim

of this paper is to identify the integrated spatial pattern (ISP) of a single indicator in this case; child

mortality. At the same time, the ISP identifies causes and priority areas for action. The socio-economic

vulnerability (SEV) variables and spatial indicators related to child mortality were selected from the

literature review and through meetings, workshops, and interviews with the affected community

during fieldwork. Using correlation analysis and stepwise regression, the SEV variables with more

accountability in child mortality during the drought were identified: Households with a monthly

income of less than 100 USD, the number of people older than 65, and the number of people younger

than 5 years old. Allocating weights to the SEV variables according to their degree of accountability in

child mortality, its ISP has been identified. The far north of La Guajira was detected as the area most

affected by child mortality and was, therefore, the priority zone for implementing actions focused on

generating new sources of income.

Keywords: El Niño; drought; climate change; child mortality; indigenous communities; vulnerability

assessment; socio-economic vulnerability (SEV); integrated spatial pattern (ISP); geospatial

analysis; mapping

1. Introduction

According to the United Nations Children’s Fund (UNICEF), child mortality includes neonatal

mortality, under-five mortality and the mortality of children between five and fourteen. The outstanding

progress in reducing the amount of child mortality worldwide is reflected in a child mortality rate of

one in twenty-six children who died before reaching age five by 2018, compared to the 1990s, when the

same rate was one in eleven [1]. The estimated child mortality rate in Colombia was 16.8 deaths of

children out of 1000 born alive in 2016, showing an annual downward variation of −1.76% with respect

to 2015 [2]. Nevertheless, in contrast to the rest of the country, the child mortality rates in La Guajira

(Colombia) reached an average of 23.4 out of 1000 born alive [3], above the national rate, by 2016.

Between 2012 and 2016, a long drought took place in La Guajira due to the El Niño phenomenon. The

monthly average precipitation in the high Guajira dropped from 30 mm in 2012 to as little as 5 mm in

2015 [4]. The water scarcity reduced crop production and led to food insecurity within the department.

The motivation for this research is to call the attention of the academic community to the consequences

of climate change in one region in Latin America, considering that currently most of the attention is

focused on the affected areas in Africa and Asia.

The aim of this paper is to develop a methodology to create a spatial composite indicator, named

an integrated spatial pattern (ISP), of a specific phenomenon at a local level, in this case, child mortality.
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I selected child mortality as the phenomenon to test this methodology because one of the indicators

used to benchmark the severity of a crisis is the official number of child mortalities [5,6]. Moreover,

I consider this phenomenon to be the most serious consequence of the drought in the selected case

study area. This paper is divided into seven sections. This first section is the introduction, while the

second section reviews the literature on the concept of drought and the socio-economic vulnerability

(SEV) variables and spatial indicators associated with this phenomenon. The third section describes

the methodology, including the case study area, the data collection, the statistical analysis, the weights

allocation, and the identification of the ISP of child mortality in La Guajira, Colombia. The fourth

and fifth sections describe and discuss the results, respectively. Finally, the sixth section presents the

conclusions, and the seventh section proposes a set of recommendations for the priority areas identified

by the ISP.

2. Literature Review

Drought is a natural phenomenon that stresses the agriculture sector and, after floods, is the

second-most geographically extensive hazard faced by the population [7]. It is responsible for impacting

human life and activities, as well as for generating financial losses [7–10]. A complex network of

interacting physical and anthropogenic factors are linked to the occurrence of a drought [11–13]. There

are several definitions of a drought, but the most common and pragmatic is the reduction in water

availability due to below-average precipitation [14]. In particular, on non-irrigated land, this leads to a

reduction or loss of harvest [13]. The high intensity and duration in the shortage of subsurface and

surface water affects the functioning of a natural eco-system, leading to drought [15]. The main factor

responsible for drought is the deficiency in rainfall, while the severity is determined by factors such as

the distribution, timing, and intensity of the rainfall [10]. However, drought goes beyond a natural

phenomenon consisting of a lack of rainfall and decline in animal production and agricultural plants;

it also includes the disruptions of relations within and between the social and economic spheres and

the physical environment. Until the late 1980s, drought was understood as a critical disturbance of

the economic system of food supply and demand [16]. Drought has a broad range of meanings for

the affected population, such as hunger, wants, lack, needs, marginal or unsustainable situations, and

insecure livelihoods [16].

There are two common definitions of drought within the literature; a conceptual definition and an

operational one [17]. The former describes drought as a natural hazard that is caused by a reduction in

precipitation, which results in insufficient water being available to meet the needs of human activities or

ecosystems [18]. The operational definition focuses upon identifying the beginning, end, and severity

of droughts. According to the conceptual definition, there are four kinds of droughts: Meteorological

or climatological, hydrological, agricultural, and socio-economic [7,19–21]. The continued shortage of

precipitation is defined as a meteorological drought, and it usually triggers other kinds of droughts and

affects large areas. Hydrological drought is considered to be a period of low flows and below-normal

flows in watercourses, lakes, and groundwater levels. Agricultural drought occurs when there is

insufficient moisture in the root area of plants to meet the needs of crops due to extensive water losses

because of evapotranspiration [22,23]. Finally, socio-economic drought is linked to the effect of water

scarcity on people and economic activity, which causes social and environmental impacts [19,24,25].

Socio-economic indicators are associated with sensitivity and resilience to drought; nevertheless,

there is no robust literature on how the socio-economic factors exacerbate the effect of climate change

on crop productivity [26]. Climate influences the relation of components such as water and food and

plays a role in estimating the SEV [27]. In recent years, there has been a high fluctuation in rainfall that

is insufficient to cover human and environmental needs [28,29], thus increasing SEV [26]. The level of

vulnerability is augmented by the literacy rate and the careless use of natural resources [30]. According

to Yaduvanshi et al. [7], the datasets required to estimate SEV are demography, livestock population,

growth rate, water and fodder requirements, the severity of crop failure, and industrial development.

These authors have defined the social vulnerability of their case study area by integrating all the
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socio-economic indicators. The qualitative-quantitative spectrum of research in the literature links

socio-economic factors with climate change impacts and agriculture. On the qualitative spectrum,

researchers use a ‘livelihoods approach’ to understand a local adaptation to environmental shocks in

the past. These studies aim to understand how communities or households use different types of assets

or human, social, environmental, political, and/or financial capital to overcome problems [26]. Brooks

et al. [31] have made an initial attempt to define factors and use statistical methods to link national-level

socio-economic data with data about mortality due to natural phenomena and identify key factors

that correlate with the impacts of extreme weather events in the past. The socio-economic indicators

considered by Simelton et al. [26] were available land (m2), agricultural land (m2), total population

(number), rural population (number), urbanisation rate (%), machinery power (kW), irrigated area

(ha), fertiliser (ton), agricultural electricity supply (kWh), agricultural production capital (yuan/capita),

fixed capital (yuan/farmer), investment in agriculture (yuan/capita), GDP in agriculture (yuan/capita,

%), GDP in other agricultural activities (%), expenditure (yuan/capita), and rail density (Km/Km2). The

authors found that the land used pattern (double-cropping or the amount of agricultural land) and

economic factors (GDP) are associated with crop-drought vulnerability across China. Socio-economic

indicators related to land, labour, and economic inputs are associated with reduced vulnerability in

sensitive farming systems.

Drought is a creeping phenomenon that requires the constant variation and adaptation of

household strategies. Usually, temporary and spatial patterns have been adapted to mitigate the

negative effects of drought [16]. In the early stages, households start eating less than normal. The

next step is usually to take a loan out on equipment and animals. In case the drought becomes more

severe, the households sell assets such as working animals, equipment, and seeds. Migration is the last

option [32]; temporary migration can be noted even in non-drought years. Nevertheless, during a

drought, it increases significantly as the most effective coping strategy [13].

3. Methods

3.1. Case Study Area

Colombia is divided into 32 departments, one of which is La Guajira. In turn, this department is

divided into 15 municipalities, as depicted in Figure 1. The department is distributed between three

natural sub-regions; high, medium, and low Guajira, as presented in Figure 1. In the high Guajira, a

semi-desert area, the vegetation is scarce. Settlements in this zone are spread out with no urban centres,

and they are based on parcels that belong to specific clans. [3]. The mid Guajira has high agricultural

potential, but most of the area consists of semi-desert zones with some forest. The best conditions for

agriculture are in the low Guajira due to its proximity to the Santa Marta and the Perijá mountain

ranges (DANE, 2015), which also denote closeness to water sources. Within this region, small cities are

located along the valleys of the Rancheria and El Cesar rivers [3].

The precipitation in La Guajira is less than 500 mm per year, and temperatures vary between 35 ◦C

and 42 ◦C [33]. Within La Guajira, 44.9% of the population is composed of indigenous peoples [3].

The Wayuu is the largest ethnic community in La Guajira and in Colombia, and it is also one of the

most vulnerable. This community constitutes 20% of the indigenous population in Colombia, and its

territory covers the high Guajira and part of the medium and low Guajira, as shown in Figure 2.
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Figure 1. Location of the case study area and natural sub-regions in La Guajira, Colombia.

4 23

 

 

Figure 2. Location of indigenous communities in La Guajira, Colombia.

The Wayuu community lives in the rural areas of the department in small settlements called

rancherías. Each settlement consists of five or six houses built with mud and wood. Each rancheria is a
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few minutes from the next. The Wayuu women sell handicrafts that they make, as shown in Figure 3,

while the men stay at home and take care of the cattle, the crops, and the children. 5 23

 

Figure 3. Wayuu handcrafts; (a) Manta Wayuu (typical dress), (b) the chinchorros (hammocks); and

(c) Mochilas Wayuu (bags). Photo: Diana Contreras.

The men of the Wayuu community, during the dry season, migrate to other regions to seek grass

for their cattle or to secure jobs in salt extraction [34]. During the 18th and 19th centuries, members of

the Wayuu community migrated to Venezuela to work on the cocoa, coffee, and indigo plantations.

This migration further intensified in the 20th century with the demand for labour forces in various oil

facilities in Venezuela [35]. In addition, smuggling has been one of the most representative economic

activities since the Spanish conquerors’ arrival in this region, and it remained prevalent until the 1970s,

when the trafficing of marijuana became an alternative source of income for the region. Accordingly,

the members of the Wayuu community have long been known for their coping capacity and adaptation

strategies for surviving in the desert [35]. Nevertheless, famine among the Wayuu children was

recorded in 1776 by members of the Spanish army and in 1920 and 1973 by other researchers [36].

In addition to the drought, this time, the water scarcity in La Guajira was caused by a lack of

infrastructure. The water supply system covers 87% of the urban zone and only 22% of the rural areas of

the department, while in the rest of the country the supply reaches 97% and 73%, respectively [3]. The

SEV variables and spatial indicators related to child mortality were selected from the literature review

and through meetings with NGOs, workshops with community and governmental representatives, and

interviews with members of the community in the case study area during fieldwork. The spatial pattern

and the root causes of the indicator under study, child mortality, were identified using correlation and

stepwise regression analysis and indicator weights, which were allocated according to the level of their

accountability in the average rate of child mortality according to the regression analysis. A summary

of the methodology is presented in Figure 4.
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Figure 4. Methodology.
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3.2. Data Collection

I collected primary and secondary data for the region of La Guajira. The primary data consisted

of mainly qualitative data that I collected in fieldwork through interviews (14), meetings (12), and

workshops (3). Between January 2017 and September 2018, 14 interviews with community members

took place in the city of Riohacha and the townships of Atnamana-I, Chancleta, and Camarones. In

addition, 12 meetings [37] were held with representatives of government institutions and NGOs. Three

workshops also took place; two with community [38] groups from the townships of Camarones and

Garrapateros and one with representatives of government institutions and NGOs working in the case

study area. The members of the community were interviewed while I explored the sub-regions, and the

organisations that I met were based on suggestions from CARITAS Switzerland. The workshops were

undertaken with community members of the towns of Camarones in the municipality of Riohacha

and Garrapateros in the municipality of Maicao, mid Guajira. These municipalities were among those

with the highest average rate of child mortality between 2012 and 2016, with 26.7 and 48.6 deaths of

children per 1000 live births, respectively. Although Uribia was the municipality with the highest

rate of child mortality in the same period, with 49 deaths of children per 1000 live births, it was not

selected for the workshops due to difficulties of spatial connectivity to this municipality (distance,

lack of paved roads and transport media) [39] and the lack of stakeholders to work with. Another

reason for selecting Camarones and Garrapateros is that they represent two different ecosystems; while

Camarones is a coastal township located in a declared Flora and Fauna Sanctuary, Garrapatero is a

township located in the natural reserve of Montes de Oca, near to the mountains. Both townships face

the challenges imposed by drought at a different level, and their coping and adaptation strategies are

totally different. Most of the activities were conducted under the framework of a project sponsored by

the Swiss NGO Disaster Risk Reduction platform and undertaken jointly with CARITAS Switzerland

(CACH) to assess the impact of climate change adaptation (CCA) in La Guajira, Colombia and the

opportunities for adaptation.

The primary data are qualitative in nature and were collected from a combination of unstructured

and semi-structured interviews recorded via audio and video. The interviews were focused on assessing

SEV and the current coping and adaptation strategies of the communities to face the challenges imposed

by the impact of climate change on the region. The secondary data are comprised of the child mortality

rates at the municipal level for the period from 2012 to 2016, published by the National Department of

Statistics of Colombia [3]. The numbers and trends of child mortality rates in La Guajira for children

under 1 year out of 1000 live births per municipality from 2005 to 2016 are presented in Table 1 and

Figure 5, respectively.

The SEV variables and spatial indicators per municipality in La Guajira found in the literature

review and cited by the community as the causes of child mortality are also included in the Social

Vulnerability Index (SoVI®) developed by Cutter, Boruff, and Shirley [40]. The numbers of the selected

SEV indicators per municipality are presented in Table 2.
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Table 1. Child mortality rate per municipality in La Guajira, Colombia between 2005 and 2016. Deaths

of children under 1 year out of 1000 live births. Source [3].

Municipio 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Riohacha 27.3 26.2 25.1 24.0 23.0 21.9 21.3 19.1 18.8 18.5 19.2 18.9

Albania 31.9 31.9 31.9 31.9 31.9 31.9 31.7 28.5 28.5 26.6 24.1 25.6

Barrancas 30.9 30.2 29.5 28.8 28.1 27.3 26.8 26.8 24.1 24.1 23.9 24.1

Dibulla 31.9 30.7 29.4 28.1 26.8 25.5 25.5 23.0 23.0 22.4 20.2 19.2

Distracción 27.8 26.7 25.6 24.5 23.4 22.2 20.4 18.3 16.5 15.1 15.1 14.7

El Molino 32.2 31.0 29.9 28.7 27.5 26.3 25.1 25.1 22.6 21.8 21.8 21.9

Fonseca 23.4 22.5 21.5 20.6 19.7 18.7 17.7 17.7 15.9 16.9 17.7 17.3

Hatonuevo 33.2 31.9 30.5 29.2 27.9 26.5 25.5 25.5 23.0 24.5 24.4 24.8

La Jagua del Pilar 23.9 22.9 22.0 21.0 20.1 19.1 19.1 19.1 17.2 17.2 18.4 17.9

Maicao 31.8 31.2 30.7 30.1 29.6 29.0 29.0 26.1 23.5 22.7 21.8 22.2

Manaure 54.4 54.4 54.4 54.4 54.4 54.4 54.3 48.8 48.8 47.7 49.6 47.9

San Juan del Cesar 21.9 21.2 20.6 19.9 19.3 18.6 17.2 17.2 15.5 15.9 15.0 15.2

Uribia 53.8 53.8 53.8 53.8 53.8 53.8 53.8 53.8 48.4 45.4 48.9 48.5

Urumita 16.8 16.2 15.5 14.8 14.1 13.5 12.1 12.1 11.3 11.4 10.1 10.9

Villanueva 19.3 18.6 17.8 17.0 16.2 15.5 13.9 13.9 12.5 13.7 14.1 13.7

 

 8

 

𝑍 = 𝑥 −min(𝑥)max(𝑥) − min(𝑥)

Figure 5. Child mortality rate trend per municipality in La Guajira, Colombia between 2005 and 2016.

Deaths of children under 1 year out of 1000 live births. Source: [3].
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Table 2. Indicators of Socio-economic vulnerability in La Guajira, Colombia.

Municipality
Average Child

Mortality
2012–2016

Population
Density

People per
Household

Population
< 5 Years

Old

Population
> 65 Years

Old

Households with
<US$100

Monthly Income

Households
without Access
to Water Source

Households
without Sewage

System

Households
without
Vehicle

Road
Density

Healthcare
Facilities

Population
without

Healthcare
Insurance

Illiterate
Population

Native
Indigenous
Population

Population
Relocated in

Search of
Employment

Riohacha 27 90 8 24,850 7145 833 11,062 15,151 25,856 0.03 13 53,078 29,545 31,991 4722

Albania 25 65 7 3885 555 69 935 2015 2628 0.00 3 5601 4320 5583 854

Barrancas 22 49 7 4369 1143 184 2290 2146 4858 0.01 10 6543 5633 8309 1076

Dibulla 16 20 8 4354 861 111 823 3858 4006 0.03 8 6964 7406 5282 565

Distracción 23 71 7 2118 583 170 817 1109 2009 0.04 3 4760 3340 4852 211

El Molino 17 47 7 1043 454 163 506 557 1228 0.06 1 2474 1731 1329 164

Fonseca 24 52 6 3988 1325 171 2627 2576 4761 0.01 6 11,620 5352 4760 687

Hatonuevo 18 108 9 2681 481 51 1083 1163 2663 0.00 1 5557 4074 5378 486

La Jagua del
Pilar

23 12 8 552 125 13 167 158 389 0.08 2 531 596 503 64

Maicao 49 89 10 20,663 3540 1016 4964 11,116 14,268 0.03 1 43,004 25,067 40,720 2616

Manaure 19 68 7 13,400 3410 335 980 9750 6430 0.07 4 21,949 28,035 46,357 562

San Juan del
Cesar

16 27 6 4039 1731 277 3452 3160 5694 0.01 23 11,032 5992 7191 443

Uribia 49 23 10 17,694 6418 1685 1072 18,612 18,216 0.03 10 73,264 68,426 105,979 415

Urumita 11 57 7 2393 720 34 1237 1159 2337 0.03 1 4453 3733 4519 321

Villanueva 14 107 6 3462 1445 104 2941 1252 4486 0.04 1 6420 5370 4579 583

Sources: [3,41].
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To integrate the values of variables and spatial indicators in order to estimate the levels of SEV

per municipality, I normalised the values using Equation (1).

Zi =
xi −min(x)

max(x) −min(x)
(1)

Equation (1). Normalisation

3.3. Data Analysis

3.3.1. Correlation Analysis

I used Pearson’s correlation to measure the linear relationship between the child mortality average

rate at the municipal level for the period between 2012 and 2016, and the SEV indicators are presented

in Table 2. According to the literature review and my observations in fieldwork, these variables and

spatial indicators can be associated with child mortality during the drought. This average and the

socio-economic variables above were normalised for statistical analysis using Equation (1).

3.3.2. Regression Analysis

Since correlation only suggests the strength of a relationship and not the causality between SEV

variables and spatial indicators, it is still necessary to perform a regression analysis to test the predictive

power of the SEV variables and the spatial indicators chosen. I performed a stepwise regression analysis

that considered the average child mortality rate at the municipal level between 2012 and 2016 as the

dependent variable, and the SEV variables and spatial indicators were used as independent variables

to remove the weakest correlated variables and spatial indicators and identify those that best explained

best the spatial pattern of the child mortality, avoiding collinearity between the independent variables.

3.4. Integrated Spatial Pattern

The ISP is a spatial composite indicator that not only visualises the spatial distribution of a single

indicator, but also the root causes and priority areas for action. The aim of this paper is to identify the

ISP of child mortality for La Guajira, Colombia. Considering the degree of accountability based on

the R square (R2) obtained from the regression analysis between the SEV variables and the spatial

indicators in the average child mortality rate from 2012 to 2016 shown in Table 3, a normalised weight

was allocated to each indicator. The scale of weights ranged from three to one, corresponding to the

number of SEV variables eventually identified by the stepwise regression (See Table 4). The highest

weight of three was assigned to the SEV variable with the highest R2 or accountability with the average

child mortality rate, while the lowest weight of one was assigned to the indicator with the lowest R2.

The normalised values of the SEV variables and spatial indicators are presented in Table 5. The weights

and values were allocated using the proposed Equation (2).

ISP =
n
∑

i=1

= Wi ∗ SEVi (2)

Equation (2). Integrated Spatial Pattern (ISP)

ISP = Integrated Spatial Pattern

i = index of municipality

Wi = Normalised value of the weight allocated

SEVi = Normalised value of an SEV variable or spatial indicator
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Table 3. Pearson’s two-tailed bivariate correlation between the average child mortality between 2012 and 2016 and selected SEV indicators in La Guajira, Colombia.

Spatial Indicators and
Variables

Average
Child

Mortality
2012−2016

Population
Density

People per
Household

Population
< 5 Years

Old

Population <
65 Years Old

Households with
>US$100 Monthly

Income

Households
without Access
to Water Source

Households
without

Sewage System

Households
without a

Car

Road
Density

Healthcare
Facilities

Population
without

Healthcare
Insurance

Illiterate
Population

Native
Indigenous
Population

Population
Relocated in

Search of
Employment

Average
Child

Mortality
2012−2016

Pearson
Correlation

1 −0.042 0.712 ** 0.690 ** 0.619 * 0.869 ** 0.227 0.734 ** 0.631 * −0.052 0.026 0.803 ** 0.746 ** 0.764 ** 0.358

Sig.
(2-tailed)

0.883 0.003 0.004 0.014 0.000 0.417 0.002 0.012 0.855 0.928 0.000 0.001 0.001 0.191

N 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

Population
Density

Pearson
Correlation

−0.042 1 0.076 0.241 0.115 −0.053 0.401 0.022 0.181 −0.266 −0.391 0.035 −0.085 −0.101 0.418

Sig.
(2-tailed)

0.883 0.787 0.387 0.683 0.852 0.138 0.938 0.517 0.338 0.150 0.903 0.763 0.720 0.121

N 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

People per
Household

Pearson
Correlation

0.712 ** 0.076 1 0.528 * 0.410 0.619 * 0.010 0.568 * 0.418 0.007 −0.235 0.590 * 0.591 * 0.618 * 0.216

Sig.
(2-tailed)

0.003 0.787 0.043 0.129 0.014 0.973 0.027 0.121 0.981 0.399 0.021 0.020 0.014 0.439

N 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

Population <
5 years old

Pearson
Correlation

0.690 ** 0.241 0.528 * 1 0.937 ** 0.825 ** 0.714 ** 0.936 ** 0.946 ** 0.001 0.241 0.906 ** 0.786 ** 0.739 ** 0.795 **

Sig.
(2-tailed)

0.004 0.387 0.043 0.000 0.000 0.003 0.000 0.000 0.997 0.387 0.000 0.001 0.002 0.000

N 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

Population <
65 years old

Pearson
Correlation

0.619 * 0.115 0.410 0.937 ** 1 0.869 ** 0.67 ** 0.966 ** 0.967 ** 0.024 0.387 0.951 ** 0.876 ** 0.817 ** 0.685 **

Sig.
(2-tailed)

0.014 0.683 0.129 0.000 0.000 0.006 0.000 0.000 0.933 0.154 0.000 0.000 0.000 0.005

N 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

Households
without

Access to
Water Source

Pearson
Correlation

0.869 ** −0.053 0.619 * 0.825 ** 0.869 ** 1 0.379 0.928 ** 0.833 ** −0.006 0.270 0.973 ** 0.943 ** 0.928 ** 0.427

Sig.
(2-tailed)

0.000 0.852 0.014 0.000 0.000 0.164 0.000 0.000 0.983 0.330 0.000 0.000 0.000 0.112

N 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

Households
without

Access to
Water Source

Pearson
Correlation

0.227 0.401 0.010 0.714 ** 0.674 ** 0.379 1 0.515 * 0.799 ** −0.232 0.406 .517 * 0.252 0.151 0.945 **

Sig.
(2-tailed)

0.417 0.138 0.973 0.003 0.006 0.164 0.050 0.000 0.404 0.133 0.049 0.364 0.591 0.000

N 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

Households
without
Sewage
System

Pearson
Correlation

0.734 ** 0.022 0.568 * 0.936 ** 0.966 ** 0.928 ** 0.515 * 1 0.915 ** 0.048 0.315 0.978 ** 0.945 ** 0.909 ** 0.579 *

Sig.
(2-tailed)

0.002 0.938 0.027 0.000 0.000 0.000 0.050 0.000 0.866 0.253 0.000 0.000 0.000 0.024

N 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

Households
without a Car

Pearson
Correlation

0.631 * 0.181 0.418 0.946 ** 0.967 ** 0.833 ** 0.799 ** 0.915 ** 1 −0.111 0.394 0.921 ** 0.774 ** 0.699 ** 0.819 **

Sig.
(2-tailed)

0.012 0.517 0.121 0.000 0.000 0.000 0.000 0.000 0.694 0.147 0.000 0.001 0.004 0.000

N 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15
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Table 3. Cont.

Spatial Indicators and
Variables

Average
Child

Mortality
2012−2016

Population
Density

People per
Household

Population
< 5 Years

Old

Population <
65 Years Old

Households with
>US$100 Monthly

Income

Households
without Access
to Water Source

Households
without

Sewage System

Households
without a

Car

Road
Density

Healthcare
Facilities

Population
without

Healthcare
Insurance

Illiterate
Population

Native
Indigenous
Population

Population
Relocated in

Search of
Employment

Road Density

Pearson
Correlation

−0.052 −0.266 0.007 0.001 0.024 −0.006 −0.232 0.048 −0.111 1 −0.294 −0.024 0.088 0.114 −0.209

Sig. (2-tailed) 0.855 0.338 0.981 0.997 0.933 0.983 0.404 0.866 0.694 0.288 0.931 0.756 0.686 0.454

N 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

Healthcare
Facilities

Pearson
Correlation

0.026 −0.391 −0.235 0.241 0.387 0.270 0.406 0.315 0.394 −0.294 1 0.296 0.241 0.188 0.238

Sig. (2-tailed) 0.928 0.150 0.399 0.387 0.154 0.330 0.133 0.253 0.147 0.288 0.284 0.387 0.503 0.393

N 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

Population
without

Healthcare
Insurance

Pearson
Correlation

0.803 ** 0.035 0.590 * 0.906 ** 0.951 ** 0.973 ** 0.517 * 0.978 ** 0.921 ** −0.024 0.296 1 0.946 ** 0.910 ** 0.563 *

Sig. (2-tailed) 0.000 0.903 0.021 0.000 0.000 0.000 0.049 0.000 0.000 0.931 0.284 0.000 0.000 0.029

N 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

Illiterate
Population

Pearson
Correlation

0.746 ** −0.085 0.591 * 0.786 ** 0.876 ** 0.943 ** 0.252 0.945 ** 0.774 ** 0.088 0.241 0.946 ** 1 0.990 ** 0.307

Sig. (2-tailed) 0.001 0.763 0.020 0.001 0.000 0.000 0.364 0.000 0.001 0.756 0.387 0.000 0.000 0.265

N 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

Native
Indigenous
Population

Pearson
Correlation

0.764 ** −0.101 0.618 * 0.739 ** 0.817 ** 0.928 ** 0.151 0.909 ** 0.699 ** 0.114 0.188 0.910 ** 0.990 ** 1 0.217

Sig. (2-tailed) 0.001 0.720 0.014 0.002 0.000 0.000 0.591 0.000 0.004 0.686 0.503 0.000 0.000 0.438

N 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

Population
Relocated in

Search of
Employment

Pearson
Correlation

0.358 0.418 0.216 0.795 ** 0.685 ** 0.427 0.945 ** 0.579 * 0.819 ** −0.209 0.238 0.563 * 0.307 0.217 1

Sig. (2-tailed) 0.191 0.121 0.439 0.000 0.005 0.112 0.000 0.024 0.000 0.454 0.393 0.029 0.265 0.438

N 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).

Table 4. Stepwise regression analysis.

Model Summary a,b,c,d

Model R R Square
Adjusted R

Square
Std. Error of
the Estimate

Change Statistics

R Square
Change

F Change df1 df2
Sig. F

Change

1 0.869 a 0.755 0.736 5.757629 0.755 39.959 1 13 0.000

2 0.911 b 0.830 0.801 4.991742 0.075 5.295 1 12 0.040

3 0.951 c 0.904 0.878 3.917765 0.074 8.481 1 11 0.014

a Predictors: (Constant), Households with <100 USD monthly income. b Predictors: (Constant), Households with <100 USD monthly income, Population > 65 years old. c Predictors:
(Constant), Households with <100 USD monthly income, Population > 65 years old, Population < 5 years old. d Dependent Variable: Average Child mortality 2012–2016.
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Table 5. Integrated Spatial Pattern (ISP) normalized values per municipality.

Municipalities
Population < 5

Years Old
Population > 65

Years Old

Households with
<100 USD

Monthly Income

Riohacha 0.23 0.24 0.16

Albania 0.04 0.02 0.01

Barrancas 0.04 0.04 0.04

Dibulla 0.04 0.03 0.02

Distracción 0.02 0.02 0.03

El Molino 0.01 0.02 0.03

Fonseca 0.04 0.04 0.03

Hatonuevo 0.02 0.02 0.01

La Jagua del Pilar 0.01 0.00 0.00

Maicao 0.19 0.12 0.19

Manaure 0.12 0.11 0.06

San Juan del Cesar 0.04 0.06 0.05

Uribia 0.16 0.21 0.32

Urumita 0.02 0.02 0.01

Villanueva 0.03 0.05 0.02

Manaure 0.23 0.24 0.16

San Juan del Cesar 0.04 0.02 0.01

Total 1.00 1.00 1.00

Municipalities
Population < 5

Years Old
Population > 65

Years Old

Households with
<100 USD

Monthly Income
ISP

Weights 0.05 0.03 0.15

Riohacha 0.039 0.079 0.080 0.0.197

Albania 0.006 0.006 0.007 0.0.019

Barrancas 0.007 0.013 0.018 0.0.037

Dibulla 0.007 0.009 0.011 0.0.027

Distracción 0.003 0.006 0.016 0.0.026

El Molino 0.002 0.005 0.016 0.0.022

Fonseca 0.006 0.015 0.016 0.0.037

Hatonuevo 0.004 0.005 0.005 0.0.014

La Jagua del Pilar 0.001 0.001 0.001 0.0.003

Maicao 0.032 0.039 0.097 0.0.168

Manaure 0.021 0.038 0.032 0.0.091

San Juan del Cesar 0.006 0.019 0.027 0.0.052

Uribia 0.027 0.071 0.162 0.260

Urumita 0.004 0.008 0.003 0.015

Villanueva 0.005 0.016 0.010 0.031

Total 0.17 0.33 0.5 1.000
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4. Results

Rather than observing an upsurge in the child mortality rate between 2012 and 2016, I found

that, while the child mortality rate constantly lost ground between 2005 and 2012 in most of the

municipalities in La Guajira, with the exception of Manaure and Uribia in the high Guajira, starting

in 2012, the decline in child mortality rate started to stabilise and, in the case of some municipalities,

to lightly increase, mainly from to 2014 to 2016; however, it never reached the child mortality rates

existing in 2005 in the department of La Guajira.

4.1. Correlation Analysis

Between 2012 and 2016, at the municipal level, I observed a statistically strong positive correlation

between the average child mortality rate and households with a monthly income of less than 100

USD (r = 0.869** and p = 0.000), the number of people without healthcare insurance (r = 0.803** and

p = 0.000), and the size of the native indigenous population (r = 0.764** and p = 0.001). There were

also strong positive correlations between the average child mortality rate and the number of illiterate

people (r = 0.746** and p = 0.001), the number of households without a sewage system (r = 0.734**

and p = 0.002), the number of people per household (r = 0.712** and p = 0.003), the area (r = 0.697**

and p = 0.003), and the number of people younger than five years old (r = 0.690** and p = 0.004). In

addition, there was a positive correlation between households without a car (r = 0.631* and p = 0.012)

and the number of people older than 65 years old (r = 0.619* and p = 0.014). In contrast to expectations,

there was neither a correlation between the average child mortality rate and the number of households

without access to a water source (r = 0.227 and p = 0.417) nor with the number of healthcare facilities

per municipality in the department (r = 0.026 and p = 0.928). The results of the correlation analysis are

presented in Table 3.

4.2. Regression Analysis

The stepwise regression analysis considers the average child mortality rate at the municipal level

between 2012 and 2016 as the dependent variable, and as the independent variables, it takes all the

SEV variables and spatial indicators. Those that best explain the spatial pattern were households with

a monthly income of less than 100 USD, the number of people older than 65, and the number of people

younger than five years old.

Table 4 presents a summary of the model provided by SPSS 25, including the value of the

correlation coefficient, or R, and the derived R2 for the model. For the regression of the average child

mortality rate against the aforementioned socio-economic variables, R has a value of 0.951c, and R2 is

0.904. This demonstrates that belonging to a household with a monthly income of less than 100 USD,

in which there are no people older than 65 and several children younger than five years old, accounts

for 90.4% of the child mortality rate at the municipal level for the period between 2012 and 2016 in La

Guajira, Colombia. The complete stepwise regression analysis is presented in Table 4.

4.3. Integrated Spatial Pattern

The normalised values of the weights allocated according to the results of the stepwise regression

are presented in the upper part of Table 5, while in the lower part are the results of the allocation of

those weights. The ISP of child mortality in La Guajira between 2012 and 2016 can be identified in

Figure 6.
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Figure 6. Integrated spatial pattern (ISP) of child mortality in La Guajira, Colombia.

The ISP prioritises the areas in which action should be taken according to the indicators correlated

with child mortality. The area with a very high priority for action can be discerned in the far north of

the department in the municipality of Uribia. The municipalities located in the mid Guajira, Riohacha

and Maicao, present a high priority, while the municipality of Manaure, located in the high Guajira,

presents a low priority. The municipalities located in the low Guajira and the municipality of Dibulla

in mid Guajira indicate very low priority action areas.

5. Discussion

The constant decline in child mortality rates in the municipalities in La Guajira, Colombia between

2005 and 2012 was mainly due to the policies of eradicating poverty implemented by the State during

this period. However, these positive results were disrupted by the extreme drought triggered by El

Niño in 2012 and the economic collapse of Venezuela that started in 2013. Venezuela as a neighbouring

country was important for commercial exchange in La Guajira, an economy that is largely disconnected

from the rest of Colombia.

I could have used a principal component analysis (PCA) to identify the indicators related to child

mortality, but I preferred to identify the indicators based on the qualitative data collected during

fieldwork. The method proposed in this article argues that it is insufficient to map the SEV variables

and spatial indicators, such as child mortality per municipality, in order to identify the root causes,

and even less so to identify the necessary actions to reduce these numbers. Rather, the correlation

and regression analyses provide the opportunity to simultaneously identify causes, and the main SEV

variables and indicators, to take actions. In this case, this is particularly true for the focus population,

that is, the ethnic community of the Wayuu who inhabit the municipality of Uribia, who were identified

through the ISP as the most affected municipality and the priority area in which to initiate actions to

reduce child mortality.

A factor that has reduced the income of the Wayuu community in Uribia is the intermittent

closing of the borders with Venezuela due to the political turmoil there since 2013 and the shortage of
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basic products within Venezuela. The members of the Wayuu community have dual Colombian and

Venezuelan citizenship because their ancestral land traverses both countries. In the past, they profited

from selling products in Colombia, subsidised by the government of Venezuela. The municipalities

located along the border with Venezuela belonging to the high and mid Guajira, such as Uribia and

Maicao, coped with drought in the past through seasonal migration to Venezuela to work in the

construction industry and in dairy farming. Today, however, this particular coping strategy is no

longer an option, which has also contributed to the reduction in the income of the Wayuu community.

La Guajira is deficient in the healthcare insurance coverage of the indigenous population (r = 0.910**

and p = 0.000), which is associated with the absence of water (r = 0.517* and p = 0.49) and sewerage

systems (r = 0.978** and p = 0.00), which exacerbate health and environmental problems. In fact, there

is only one basic hospital, four health centres, and four other health posts in the rural indigenous

area within the municipality of Uribia, This deficit in healthcare insurance coverage explains the

strong correlation between the quantity of the population without healthcare and the child mortality

rate (r = 0.803** and p = 0.000) and also the strong correlation between the size of the indigenous

population and child mortality (r = 0.764** and p = 0.001). Nevertheless, I could not find any correlation

between the average child mortality rate and the number of healthcare facilities per municipality in

the department (r = 0.026** and p = 0.928), which could be explained by the fact that undernourished

children are only taken to these facilities when their condition is extremely critical, or they are never

taken to the healthcare facilities and die. It is important to note that some Wayuu children are never

registered and, therefore, when they die, the State does not count them because they are buried in the

graveyards of the indigenous communities. This situation may explain the surprising results.

Illiteracy in La Guajira must be understood as the inability to read or write Spanish. A significant

proportion of the Wayuu population only speaks Wayuunaiki, the official Wayuu language, and they

are unable to communicate in Spanish. This is confirmed by the strong correlation between the size

of the illiterate population and the native indigenous population (r = 0.990** and p = 0.000). This

explains the strong correlation between the average child mortality rate and illiteracy; when Wayuu

mothers arrive at healthcare facilities with their children with a high degree of undernourishment, they

cannot understand the medical diagnosis and are, therefore, unable to follow the proper treatment.

The other indicator that is positively correlated with the average child mortality rate is the number

of households without a car (r = 0.631* and p = 0.012). This hinders children who are critically

malnourished from receiving the necessary attention because there is no regular transport connecting

the rural areas of the municipalities to Maicao or Riohacha, where the hospitals best equipped to

treat children with the complications that arise from undernourishment are located. Nevertheless,

I could not find any correlation between the child mortality rate and road density (r = −0.052 and

p = 0.855), which I expected because the lack of roads or adequately paved roads represents a problem

for the development of a proper transport system that guarantees spatial connectivity between the

municipalities in the department and the prompt medical attention in the cases of undernourishment.

Other spatial indicators, such as population density (r = −0.042 and p = 0.883), and indicators that

includes mobility around the region, such as population relocated in search of employment (r = −0.358

and p = 0.191), also do not show any correlation with the average rate of child mortality. The lack

of mobility around the region could be explained by the closing of the Venezuelan border; the lack

of opportunities for seasonal employment in low-skilled jobs, which are now occupied by refugees

from Venezuela; and the difficulties with the language because a significant number of members of the

Wayuu community does not speak Spanish, and therefore cannot seek employment in other regions of

the country. Another reason for the low mobility is the attachment to the land, which is characteristic

of indigenous communities.

The lack of infrastructure, especially in the rural areas of the municipalities and even more so in

Uribia, also includes the number of households without sewage systems, which is strongly correlated

with the average child mortality rate (r = 0.734** and p = 0.002) and the number of households without

access to a water source, which does not show any correlation with the same indicator (r = 0.226 and
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p = 0.418). This is explained by the fact that, although there is no piped water, the government and the

private sector supply water to the Wayuu communities using tank trucks, or via government support

by drilling wells. The community also takes water from the open-air reservoirs that the Wayuu call

jagüeyes.

6. Conclusions

The child mortality rates stopped declining and started increasing with the El Niño phenomenon

in 2012 and the collapse of the economy in Venezuela. I consider that the selection of SEV variables and

spatial indicators based on the qualitative data collected during fieldwork and the literature review

allows the pre-identification of the causes and effective actions suggested by the community to address

indicators such as child mortality. The ISP of child mortality in La Guajira corresponded to the natural

regions and the municipalities with the highest levels of SEV, proceeding from the semi-desert high

Guajira with the highest priority for action to the lowest priority in the low Guajira. In spite of the fact

that the municipality of Manaure is located in high Alta Guajira, its low priority with regard to taking

action could be the result of the additional source of income, beyond agriculture, that exists in this

municipality through the salt mines, which mainly employ the indigenous population [42]. This may

also be the reason for the medium priority accorded to Riohacha, whose inhabitants have additional

sources of income through fishing, handcraft production, ecotourism, and sport tourism. The best

conditions for agriculture are in the low Guajira, which is the reason why taking action against child

mortality has a low priority in this area. These conclusions demonstrate the effectiveness of the method

in identifying and linking causes and an action in the spatial dimension.

Nonetheless, the hypothesis that the child mortality rate between 2012 and 2016 in La Guajira

was triggered by the lack of access to a water source due to the drought caused by the El Niño is

rejected. Rather, other SEV variables such as income, healthcare coverage, being a member of the

native indigenous population, illiteracy, lack of access to infrastructure (water and sewage system),

the size of the household, the age of the members of the household, and the lack of a car explain the

child mortality in La Guajira. Rather than water scarcity, the real problem could be the lack of basic

sanitation due to the lack of a sewage system, which results in the contamination of the water stored

by the community or taken from the jagüeyes (open-air water reservoirs); this mainly affects children.

This could be the reason for the acute diarrhoeal disease that is usually linked to undernourishment in

La Guajira and vector-borne diseases such as dengue [43].

SEV variables and spatial indicators related to child mortality rates are two key references for

formulating policies and taking actions oriented to meet sustainable development goals (SDGs) such

as: No poverty (SDG1), zero hunger (SDG2), good health and well-being (SDG3), clean water and

sanitation (SDG 6), decent work and economic growth (SDG8), and sustainable cities and communities

(SDG11). These policies must be oriented towards reducing inequalities, improving access to health

services, education, sanitation, and support for human resources training. If the Wayuu communities

in rural areas had possessed a proper income, health insurance adapted to their traditions and native

language, and adequate water and sewage systems, it is likely they would have coped with the drought

without the observed increase observed in the child mortality rates. In this regard, three options are

available for communities who must adapt to environmental problems: They can remain in place

without taking any actions and accept the cost, they can remain in place and mitigate changes, or

they can migrate. The members of the Wayuu community have chosen the first option due to the

low mobility [32] imposed by their lack of financial resources, their language limitations, and their

attachment to their land.

7. Recommendations

Drought is a slow-onset problem; thus it provides the opportunity to anticipate actions using

an early warning systems (EWS) based on weather forecasting and the understanding of El Nino/La

Nina cycles [44]. Droughts are anticipated to become more pronounced in already dry regions such
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as La Guajira, as a consequence of global warming [45,46]. These same areas are usually the world’s

poorest, and an understanding of the socio-economic characteristics of ‘drought-resilient’ regions

is thus critical [26]. Research is needed to build synergies between the crop-climate modelling, the

community and studies focused on water management, food security, poverty, and how environmental

problems have affected household and community-level coping strategies [46].

It would be interesting for further research to conduct a spatial vulnerability assessment that

includes a spatial autocorrelation analysis of the drivers of child mortality in La Guajira, using the

Global Moran Index or the Getis–Ord Gi* [47] to compare the results with the ISP. It would also be

interesting to use geographically weighted regression to test the association between the distance to

healthcare facilities and the average child mortality rate per municipality in La Guajira. This would

be a challenge, considering that Wayuu settlements are scattered across each municipality within

the department, and not all births or child deaths that take place in the settlements are registered or

reported to the state.

It is urgent in the high and mid Guajira to diversify income risk or to earn an off-farm income

through ecotourism (see Figure 7), sports tourism (see Figure 8), ethno-tourism (see Figure 9), and

handcraft production [48–50]. It is important to implement adaptation strategies based on ecosystem

services as an alternative source of income; therefore, it is necessary to take actions to protect the dry

tropical forest in the region. This would allow the communities to be prepared for the challenges

imposed by climate change and would increase their resilience through adaptation measures rather

than coping capacities. It is also necessary to increase the health insurance coverage by providing

more health centres and health posts; increasing the capacity of the existing ones; and/or deploying

more mobile health brigades that monitor growth and cognitive development, teach mothers about

the proper treatment of respiratory infections and acute diarrhoea in children, provides prenatal care,

encourage breastfeeding and guidance for weaning, immunization prevention, and to reduce maternal

and child mortality. The prevention programs should also teach Wayuu mothers how to safely store

water for consumption with the aim of reducing the cases of acute diarrhoeal disease and dengue

among children. It is also essential to include personnel who speak Wayuunaiki or involve traditional

Wayuu healers in prevention campaigns. Considering the interdependency of the infrastructure, paved

roads should be provided to connect the high and the mid Guajira, which would also facilitate the

construction of water and sewage systems, electricity provision, accessibility to healthcare facilities,

and the arrival of tourists. This provision could also include the construction of a local airport in the

high Guajira.

In addition, in the mid Guajira, I recommend cultivating products with deep roots that are more

adapted to dry lands and require less water, such as sorghum, arracacha, sweet potato, sunflower,

guava, red beans, mango, passion fruit, pineapple, pitaya, watermelon, strawberry, corn, yam, and

yucca [51,52]. Other measures could include using drip irrigation and developing a seed bank [37].

Another recommendation is to utilise a government drought relief programme, which would act as

a safety net for obtaining financial services, such as access to microinsurance [53] and supplemental

feed for the most vulnerable groups, and water for all the inhabitants in the region [49–51,54] to

combat destitution, and child begging and labour. Public labour-based programmes involving the

construction of houses, road works, or cleaning beaches could include a payment for the participants of

the community that compensates for poor harvest, drought-induced losses of cattle, and so forth [16].

In addition, to make the water sources in the low Guajira sustainable, the communities located in the

upper basin should receive compensation for their environmental services. Measures to protect rural

assets should include various tillage and grain subsidies for small-scale farmers and the vaccination of

cattle [16].
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Figure 7. Ecoturism: Birdwatching in Camarones, La Guajira, Colombia. Photo: Diana Contreras. 

 

 

Figure 8. Windsurfing in El Cabo de la Vela, La Guajira, Colombia. Photo: Diana Contreras.
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Figure 9. Etnotourism: Tourists visiting a rancheria (Wayuu indigenous settlement). Photo:

Diana Contreras.
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