
R E S E A R CH A R T I C L E

Untangling the vicious cycle around water and poverty

Marcos García-L�opez1 | Gabriela Cuadrado-Quesada2 | Borja Montano1

1University Institute of Water and

Environmental Sciences, University of Alicante,

San Vicente del Raspeig, Spain

2Water Governance Department, IHE Delft

Institute for Water Education, Delft, The

Netherlands

Correspondence

Marcos García-L�opez, University Institute of

Water and Environmental Sciences, University

of Alicante, San Vicente del Raspeig Road

Without Number, San Vicente del Raspeig

03690, Spain.

Email: marcos.garcialopez@ua.es

Funding information

University of Alicante, Grant/Award Number:

UAFPU2019-16

Abstract

Despite the recent improvements, there is still a problem of access to WASH ser-

vices. This problem access is linked to poverty and inequality, which in turn cause dif-

ficulties in accessing water, thus creating a vicious cycle. This article analyses this

vicious cycle using data from international organisations related to these issues.

These data show how the lack of water access leads to limitations for households,

which are deprived of employment or/and education due to the difficulty in obtain-

ing water. This opportunity cost is the main mechanism through which the feedback

between lack of access to water and economic poverty occurs. Not being able to

obtain employment or/and education makes it impossible to get out of a precarious

situation, which prevents the wider society to benefit from any economic gain, which

in turn slows down the achievement of the goal of guaranteeing access to water for

all. The responsibility lies with national and international institutions, which should

not only focus on obtaining the necessary financial resources for infrastructure

improvements, but also on having adequate governance to ensure water sustainabil-

ity and equity.

K E YWORD S

economic poverty, human capital, inequality, WASH services access, water-economy vicious
cycle

There is still a significant lack of WASH services access in the

world, which has a major impact on society as a whole. Economic

poverty and lack of access to these services feedback on each

other, leading to a Water-Economy vicious cycle with education

as a key element that impedes progress in both sectors. Lack of

access to water, which has a strong inequality component as low-

income earners suffer most from this problem, prevents people

from obtaining an education or employment, which in turn limits

escaping poverty and the adequate provision of water services.

These problems extend to society, with a severe lack of access to

basic services and a reduced accumulation of human capital,

which is essential for solving such problems.

1 | INTRODUCTION

In 2010, the United Nations General Assembly (UNGA, 2010), by Res-

olution 64/292, recognised ‘the right to safe and clean drinking water

and sanitation as a human right that is essential for the full enjoyment

of life and all human rights’. Even though the right to water and the

right to sanitation were first recognised together, later on they were

split as governments were giving more attention to the realisation of

the right to water than to the right to sanitation. Therefore, in 2015

the UNGA explicitly recognised the ‘human right to sanitation’ as a

distinct right of the right to water. After the formal recognition of the

human right to water and sanitation in 2010 the United Nations
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Human Rights Council (UNHRC, 2010) mandated that all countries

around the world should work towards: ‘appropriate tools and mecha-

nisms, which may encompass legislation, comprehensive plans and

strategies for the sector, including financial ones, to achieve progres-

sively the full realisation of human rights obligations related to access

to safe drinking water and sanitation’.
However, and despite improvements in recent times, almost

1 billion people suffer from water access problems and almost 2 billion

lack decent water-related sanitation services (Adams et al., 2016;

Hargrove, 2020). This progress has been uneven across countries and

regions, so it must be assumed that progress does not occur in the same

way everywhere and needs to be delved into on a case-by-case basis

(Fuller et al., 2016). This is an essential problem that must be addressed

to ensure the fulfilment of human rights for the entire population, so

that the different regions can develop and the Sustainable Development

Goals can be met. Adequate and equitable access to water is linked to

several international commitments including the Sustainable Develop-

ment Goals, making it a central societal issue. As Requejo-Castro et al.

(2020) found, there are various connections between the different Sus-

tainable Development Goals, which implies that progress in meeting

one goal can have an impact on others. Access to water is especially

important when talking about goal 1, which is about eradicating all

forms of poverty, about goal 3, related to health and well-being, and,

above all, when talking about goal 6, involving adequate access to water

and sanitation for all. Access to water is also relevant to goal 8, which

seeks to promote economic growth with decent employment, and goal

10, about reducing inequality. But, in addition, water resources manage-

ment is important in terms of environmental sustainability through goals

11, 12, 13, 14 and 15, which deal with the sustainability of cities, pro-

duction and consumption, the fight against climate change and the well-

being of life, both marine and terrestrial. In other words, access to water

and its proper governance and management is fundamental for the

social, economic and environmental sustainability of society.

This makes it necessary to analyse the determinants of access to

water and the origins of the lack of access and inequality that occur in

practice. This is a field that has been extensively studied, finding that the

main determinants of access to water are income, level of education,

household characteristics, and socio-demographic and geographic char-

acteristics, especially between rural and urban residence (Adams, 2018;

Adams et al., 2016; Adil et al., 2021; Antunes & Martins, 2020;

Chaudhuri & Roy, 2017; Dungumaro, 2007; Luh et al., 2013; Pullan

et al., 2014; Sintondji et al., 2017). The existence of determinants that

explain access to water indicates that they also cause lack of access and,

consequently, inequality. The main sources of such inequality are income

and place of residence. Income distribution implies different levels of

acquisitive power and lower incomes may be unable to afford the ser-

vice. Place of residence affects inequality, as in certain urban areas, due

to the presence of economies of scale, the cost of providing the service

is lower and access is easier (Chaudhuri & Roy, 2017; Hutton &

Andrés, 2018; Luh et al., 2013; Pullan et al., 2014; Yang et al., 2013).

Given the current situation of problems of access to water coex-

isting with inequality and poverty? with a tendency to put economic

interests first, it is necessary to analyse the international situation

regarding the link between the lack of access to water and the level of

economic development. This link is key to explaining the situation

of countries in terms of access to water and therefore needs to be

properly analysed with the aim of ending inequalities and fulfilling

access that was declared a human right in 2010. Thus, in this article

we use information from international organisations, such as the Joint

Monitoring Programme for Water Supply and Sanitation (JMP), the

Food and Agriculture Organisation of the United Nations (FAO) and

the World Bank, to analyse the situation by country and show how

the lack of access to water greatly limits economic progress and over-

coming poverty and inequality, which, in turn, prevents the existence

of good water governance. What we expect to find is the presence of

a powerful vicious cycle that mainly affects the poorest sector of the

population. The objective of this article is to determine the mecha-

nism by which the lack of access to water affects all levels of society,

generating a great economic backwardness and slowing down the

provision of basic services. Considering the well-known link between

water and health (Bartram, 1999), lack of access to water leads to

problems in all aspects of a society. The expected cycle starts with

not having access to water, which implies an investment of time

and/or money by a member of the household, especially women as

shown by Sullivan (2002) as this loss of time is a key factor in water

poverty. Those suffering water poverty are not able to get an educa-

tion or a job and/or losing important financial resources for them.

Therefore, the poorest part of the population, lacking access to water,

becomes even poorer and unable to get good access to water by their

own means, which leaves them trapped in this cycle where water pov-

erty and economic poverty feed-back on each other and affect the

overall situation of society. The research begins with a review of

the literature focusing on water access and inequality, followed by the

presentation of the data and the methodology, the results and discus-

sion generated and, finally, the conclusions.

2 | WATER ACCESS AND INEQUALITY

As stated in the introduction, it is essential to analyse the determinants

of access to water in order to adequately address the current problem.

One of the main determinants of access to water consists of household

income (Adams et al., 2016; Adil et al., 2021). This variable is closely

related to poverty and employment in a country and is a clear sign of

inequality in access to water, because this cannot be considered univer-

sal if depends on income. The other determinants are to some extent

related to income. Educational level, for example, has a certain correla-

tion with income, so it is a very important factor. The rest of the house-

hold characteristics, especially household structure, socioeconomic

status, or the gender of the household head, also show relevance in

explaining access to water and other services such as sanitation

(Adams, 2018; Adil et al., 2021; Antunes & Martins, 2020;

Dungumaro, 2007; Sintondji et al., 2017). Finally, sociodemographic and

geographic aspects have also been studied. In this regard, the relevance

of residing in urban or rural areas stands out (Chaudhuri & Roy, 2017;

Luh et al., 2013; Pullan et al., 2014).
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In the same way that there are determinants that explain access

to water, there are inequalities derived from the different characteris-

tics of water users (Malakar et al., 2018). These inequalities are not

only in whether one has access to water or not, but within having

access there are also differences depending on aspects such as the

cost of the service, the quality and quantity of water available or

the ease of access. Location is one of the main causes of these

inequalities, since it conditions access to water. The main difference

arises from residing in urban or rural areas, but within each of the

areas new inequalities may arise based on other criteria (Chaudhuri &

Roy, 2017; Luh et al., 2013; Pullan et al., 2014).

In other words, different drivers of inequality can occur simulta-

neously, so that the situation can become very complicated, therefore,

governance matters to ensure equitable and sustainable access to

water. For the purpose of this article, we understand water gover-

nance as ‘the practices of coordination and decision making between

different actors around contested water distributions’ (Zwarteveen

et al., 2017: 3). Three words deserve especial attention in this defini-

tion. The first one is: practices. It emphasises the interest in what peo-

ple do. In this way, the term entails an invitation to take the everyday

activities—which include creativity, improvisation, tinkering and messi-

ness. The second term that stands out of is: contested. This term

serves to acknowledge that most decisions about water involve

choices that are political in the sense that they favour some people

over other. The third term is distributions, which draw attention to

the above-mentioned political choices: choices about where and

to whom water goes and about which infrastructure/investments

deserve public funds (Zwarteveen et al., 2017).

Inequality caused by income is also very important, as there are

several cases where, within the same city or region, individuals with

financial resources have good access to water while poor individuals

do not enjoy it (Yang et al., 2013, Hutton & Andres, 2018). However,

since water supply is necessary, poor users are forced to invest time,

and even financial resources, in getting the water they need. This is a

cost of time and money for individuals who already have scarce

resources (Seyoum & Graham, 2016; Soares et al., 2002). The remain-

ing determinants can also lead to inequality, but they are much less

studied than financial or geographic aspects. Moreover, inequalities

may be different between access to water and access to sanitation, as

for example in the case of Saudi Arabia, where inequality in access to

water was lower than that present in terms of connection to sewerage

(Gazzeh & Abubakar, 2018). Therefore, inequality in access to water is

not a secondary problem, but combating it is part of the core of the

issue as it is a very important limit to development that mainly affects

the poorest individuals in society (Cetrulo et al., 2020).

We are therefore talking about a complex issue involving various

factors that interact with each other. Thus, governance and manage-

ment are essential if we are to address existing problems and guaran-

tee access to water and sanitation services. It should be borne in mind

that there is no single way to do this, the practices that can be carried

out to meet these objectives can be very varied but, in any case, these

measures must consider the particularity of each case for governance

to be adequate (Zwarteveen et al., 2017). Governing water is very

complicated, since in addition to technical issues such as resource

availability, available technology or geographical or economic aspects,

there are different levels of authority at which policies can be imple-

mented (Gupta & Pahl-Wostl, 2013). In this sense, the current trend is

to bring governance to different levels. This includes a global scale,

but also the possibility of bringing it to the point closest to the water

resources, so finding the balance is a complex issue (Gupta &

Pahl-Wostl, 2013). A regulatory framework is needed that establishes

general criteria while allowing some flexibility at the levels of manage-

ment closest to the resources (Gupta & Pahl-Wostl, 2013). This regu-

lation must also be broad enough to not leave loopholes and be

compatible with sustainable development and the use of varied tools

(Cuadrado-Quesada et al., 2018). Of course, developing such regula-

tion is a very complicated matter, but the benefits that can arise from

it are very high (von Benda-Beckmann, 2002). Good regulation that

establishes general criteria and allows flexibility in management is

compatible with ensuring food security for citizens and fighting cli-

mate change, aspects for which actions are needed at different levels

of governance (Ostrom, 2010). Regulations can be non-applicable or

become outdated, so they must co-evolve with community practices

to keep up to date in a way that is acceptable to users (Cuadrado-

Quesada & Joy, 2021). Laws that are not capable of taking the reality

and practices into account are inadequate laws and, given that prac-

tices vary from place to place, comprehensive laws must consider the

characteristics of each case in order to have the support of users

(Cuadrado-Quesada & Joy, 2021; Dellapenna & Gupta, 2008). In sum-

mary, achieving good governance is complicated, but it is essential for

adequate development in which the needs of the entire population

are met (Cuadrado-Quesada et al., 2018).

There is currently a tendency to allocate water to the most

profitable uses, which can lead to supply problems in the search

for maximum financial profit (Joy et al., 2014). When economic cri-

teria such as profitability or efficiency are imposed over social or

justice criteria we find cases of water (in)justice in which a small

segment of the population has a large amount of water while the

bulk of citizens have poor access to it (Joy et al., 2014). This is a

governance problem that arises from the objective of maximising

profits as a tool to develop (Maroufpoor et al., 2021). One of the

most important exponents of this issue is the virtual water trading,

which is considered an efficient and potentially profitable method

of resource allocation (Kumar & Singh, 2005). However, the main

criterion explaining international trade in agricultural products is

not the amount of water available, but the amount of land to culti-

vate, resulting in countries with water scarcity but land abundance

exporting products with a high-water cost (Kumar & Singh, 2005).

This, in turn, generates inequality in the distribution of resources,

as a large amount of water is used for the production of export

products while there are problems of access to water among citi-

zens. In other words, virtual water transfers are not equitable and

do not depend on available water resources or social development

(Seekell et al., 2011).

In order to solve current problems, having good indicators that

allow us to determine what the situation is in a given place and how
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to design water policies is essential to adequately address existing

problems (Flores Baquero & Pérez Foguet, 2016; Luh et al., 2013).

Thus, knowing details about the differences in access to water related

to the existing inequality both in terms of economy and access to

water would allow improving governance with the aim of achieving

sustainable development goals (Cole et al., 2018; Yu et al., 2014). The

socioeconomic characteristics of households and the cost of service

are essential factors linked to service affordability (Dungumaro, 2007;

Ezbakhe et al., 2019; Sebri, 2015) of which very little information is

available for international analysis (Schiel et al., 2021). In addition,

there is inadequate information on the cost of production in terms of

water, so precise analyses about virtual water trade are very limited.

The key is to have a complete measure of the overall service situation,

which can be observed through water availability, physical access,

quality, safety, affordability and acceptability (Giné-Garriga & Pérez-

Foguet, 2019). These criteria can be measured through various indica-

tors, but it is complicated to have them available in an international

perspective. This problem appears even in local contexts, since the

places where access to water suffers the most are places with scarce

financial resources, so that having good information in that context is

complicated (Jiménez & Pérez-Foguet, 2010). Added to this is the fact

that different policies are carried out in each place, so the measure-

ment performed must be able to assess this issue (Flores et al., 2013).

3 | DATA AND METHODOLOGY

In order to carry out the proposed analysis, information was collected

from various international institutions (JMP, FAO and World Bank)

that deal in some way with the issue of access to and consumption of

water. Based on this information, a specific methodology has been fol-

lowed in order to present our analysis.

3.1 | Data

The data used in this article come from three international institutions,

each providing information on specific issues. The data on access to

water comes from the Joint Monitoring Programme for Water Supply

and Sanitation (JMP), an initiative of the United Nations (UN) and

United Nations International Children's Emergency Fund (UNICEF).

These data measure not only access to water itself or to water-related

sanitation services, but also issues related to the quality of access to

these services. We will use, in particular, the proportion of the popula-

tion that has access to water, how much of this water is supplied

through pipes and the proportion of the population that has access to

basic sanitation. These data are presented in two different ways. The

first is to show the information by country, while the second will show

the data by income level, so that inequality can be included in the analy-

sis. It should be noted that sometimes the data on access to water or

sanitation show the values ‘<1’ or ‘>99’, which have been changed to

0.5 and 99.5, respectively, so that calculations and maps can be made

with them. Information on food trade and food supply to the population

comes from the Food and Agriculture Organisation of the United

Nations (FAO). All information on water consumption, agriculture and

the Human Development Index (HDI) comes from AQUASTAT, FAO's

database on water-related issues. Finally, data on income, gross domes-

tic product (GDP) and human capital are obtained from the World Bank

database. In total, 27 variables are available, descriptions of which are

shown in Table A1. The variables on access to water and sanitation are

from 2020, while the rest of the available data are from 2018 due to

availability constraints. The variables selection has largely depended on

the information available in the databases of the mentioned institutions.

The aim has been to collect variables that are relevant to explain access

to water. This requires, first, having variables to measure access to

water and, second, knowing information about the determinants of

access to water, which, as seen in the literature review, revolve around

income and area of residence (Adams, 2018; Adams et al., 2016; Adil

et al., 2021; Antunes & Martins, 2020; Chaudhuri & Roy, 2017;

Dungumaro, 2007; Luh et al., 2013; Pullan et al., 2014; Sintondji

et al., 2017). Unfortunately, there is no disposable income variable for

all countries, so GDP is also used. In addition, given the relationship

between a country's income or GDP and its economic structure, details

on the agricultural sector and the Human Capital Index (HCI) have been

included as indicators of economic backwardness (in addition to the

development backwardness through the Human Development Index),

which would be related to lower income. It is worth detailing the HCI,

which is included in this analysis as an education indicator. This index

calculated by the World Bank contains three components (World

Bank, 2018): (1) survival rate of children under 5, since children who do

not survive are not able to obtain education; (2) schooling, both by the

number of years attended school and the quality of that schooling, mea-

sured through the scores obtained by students in international standar-

dised tests; (3) health, a factor related to the possibility of obtaining

education, measured through the survival rate of people aged 15–60

and the growth of children under 5, which is an indicator of quality of

life during childhood. This indicator is thus a measure of how productive

children born today will be as members of the labour force in the future,

as it combines health indicators with education indicators. From an

economy with a relatively high weight of the agricultural sector, a sur-

plus foreign trade in terms of food products would be expected, so the

trade balance of this type of products is included, as well as the food

supply of the population. In order to explain access to water, the avail-

ability of resources is also relevant, justifying the inclusion of variables

on the amount of available resources and water stress, among others.

Finally, of course, in addition to including water access variables distin-

guishing between urban and rural areas, the population residing in each

area, as well as population density, are also considered.

3.2 | Methodology

Based on the different sources of information and variables available,

three main techniques of analysis will be followed. First, basic descrip-

tive statistics will be shown for all the variables of interest, something

of great importance if we consider that not all the variables are

4 GARCÍA-LÓPEZ ET AL.
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available for all the countries in the world. Thus, in the descriptive sta-

tistics we will see variables such as the mean, the standard deviation,

the range of values or the number of countries for which this informa-

tion is available. This will allow us to have an overview before going

into detail. Once this basic information has been displayed, and given

that we have information for a significant number of countries, a

series of world maps will be displayed that will allow us to present the

world distribution of certain variables of interest. This, in turn, will

allow us to establish the links between variables, so that we can

obtain a more complete picture of the situation in terms of access to

water and water governance. The maps are based on the Mapinse-

conds web tool. A total of six maps are shown, the first three relating

to access to water and sanitation (data from the JMP), the fourth to

GDP (data from the World Bank), the fifth to the weight of agriculture

in the country's GDP (data from AQUASTAT) and the sixth to the HCI

(data from the World Bank).

The third consists of two econometric estimations to establish

the relationships that can only be intuited by maps and descriptive

statistics. These relationships significantly condition the choice of

technique, because if access to water and income poverty influence

each other, it is necessary to estimate using a simultaneous equations

model. Specifically, two stage least squares (2sls) estimations have

been performed, which allows addressing the bias arising from the

simultaneous determination of the main variables of interest, which in

this case will be GDP per capita (used instead of income due to the

availability of this data for more countries), the percentage of total

population with access to water and the HCI. These will be the endog-

enous variables that the model will try to explain, for which it is neces-

sary to have other variables (exogenous) that act as instruments and

allow obtaining an estimate of the 3 endogenous variables to be

included in the model and thus avoid the aforementioned simultaneity

bias. This model is used twice based on the following formulas:

Wc ¼Xcβþεc ð1Þ

GDPc ¼Xcβþ εc ð2Þ

HCIc ¼Xcβþεc ð3Þ

Where W represents water access; GDP the gross domestic product;

HCI the Human Capital Index; X is a vector of individual explanatory

variables (each equation with its own variables, as can be seen in

Table 3) plus a constant term; β is a vector of parameters and ε is a

random error term. The sub-index c refers to the unit of analysis used,

the countries.

Therefore, each estimation using 2sls is performed twice based

on the three formulas described above. The first one consists of

explaining access to water, GDP and human capital using only access

to water and GDP as regressors, while the rest of the variables will be

included only as instruments. The second estimation will add these

variables as regressors in the appropriate equations (Table 3) to

increase the explanatory power of the models, since the first estima-

tion will be limited and will only allow establishing a basic relationship.

If we just express economic poverty as a function of access to water

or vice versa, the mechanism by which both variables are related is

out of the analysis. In addition to the three endogenous variables, the

estimations include the percentage of urban population, population

density, total water withdrawals per capita, food trade balance, agri-

cultural value added (as a percentage of GDP), water use efficiency

and food supply.

4 | RESULTS AND DISCUSSION

4.1 | Descriptive statistics

First, Table 1 shows the descriptive statistics for all the variables

included in the analysis. This allows us to get a general idea of what

the situation is in terms of access to water in the world. We know the

percentage of the population that has access to water in a significant

number of countries, which indicates several factors. Globally, coun-

tries have an average access to water for basic needs of about 90%.

However, there is great inequality, as the country with the worst

access to water has only 37% and the standard deviation is 15, that is,

there is a certain imbalance in access to water despite the fact that it

is recognised as a human right. If we look more closely at access

according to whether one lives in rural or urban areas, we find that

access is significantly higher in urban areas. Furthermore, there is less

dispersion in urban areas. This is a result that has been found on other

occasions due to the greater ease of providing the service in urban

areas and which is associated with various shortcomings in the coun-

try (Chaudhuri & Roy, 2017; Luh et al., 2013; Pullan et al., 2014).

Second, the variables related to agricultural activities and avail-

able and consumed water resources are highly dispersed. This is rea-

sonable, as less developed economies tend to have an agricultural

sector with a relatively larger value added as a share of GDP, and the

distribution of water resources is not equitable across the world. Per

capita water abstraction and water stress are two very important vari-

ables that show a wide dispersion, which we will detail below using

the maps we have produced. In modern economics it is common to

value the financial return we get from water, which shows, both for

the overall return and for the return from irrigated agriculture, impor-

tant differences between countries. From the descriptive statistics it

is not possible to assess the inequalities between countries, but we

can expect a concentration of negative aspects in developing coun-

tries that hinder progress to a large extent, as we will see below. This

is because the lower economic progress of developing countries could

be related to a higher relative weight of agriculture and lower effi-

ciency. Considering that developing countries are also the ones where

water access problems are concentrated, it is to be expected that

water stress will be reduced in countries with large water access prob-

lems and a small agricultural sector. However, a developing country

with a large agricultural sector could show high water stress.

Finally, the variables of: (i) income, (ii) GDP, (iii) human capital,

(iii) trade balance of crops and livestock products; and (iv) food supply,

also show differences, but not at the level of the previous ones,
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although again it is to be expected that less developed countries show

significantly different values than advanced countries. Due to the

higher relative weight of agriculture in developing economies, as well

as its lower efficiency, it is logical to think that less developed coun-

tries will have lower GDP per capita and income. The weakness of the

agricultural sector would also be related to food supply and interna-

tional food trade. In other words, by presenting the information in

maps and looking at the geographical distribution of the variables, it is

to be expected that relationships will emerge that connect the differ-

ent aspects we are working on.

4.2 | Distribution of key variables among countries

Descriptive evidence has indicated that there are large differences

between countries. To address this issue, a series of maps showing

the distribution by country of the main variables are shown below.

Figure 1 shows a measure of access to water. The concentration

of water access problems at the national level in most of Africa is

striking. Furthermore, in Asia, Oceania and Latin America there is also

room for improvement. If we look more deeply at the question of area

of residence, it is clear that the problem is concentrated in the same

places, but it is much less pronounced when we talk about the urban

area, as the descriptive statistics indicated. If we add the question of

how much of the water supplied is distributed through pipes

(Figure 2), we find that the situation changes slightly. Africa still pre-

sents a major problem, but there are now also a number of countries

in Asia and Oceania and, to a lesser extent, Latin America that show a

significant need for improvement. Again, the situation is less problem-

atic when it comes to urban areas, but in the case of rural areas we

can see that there is a significant lack of infrastructure. Finally, the

data on access to basic sanitation (Figure 3) show a similar situation to

that of access to water, that is, a need for improvement in Africa and

in some parts of Asia, and a big difference between rural and urban

TABLE 1 Descriptive statistics of the variables included in the analysis.

Variable Observations Mean

Standard

deviation Min Max Mode

At least basic access to water–National 211 89.73 15.00 37.20 99.50 99.50

At least basic access to water–Rural 164 81.24 21.42 21.98 99.50 99.50

At least basic access to water–Urban 175 94.55 7.94 49.66 99.50 99.50

Percentage of water supplied through pipelines–National 198 78.65 25.30 5.18 99.50 99.50

Percentage of water supplied through pipelines–Rural 159 64.07 31.99 0.70 99.50 99.50

Percentage of water supplied through pipelines–Urban 167 84.89 20.67 8.67 99.50 99.50

At least basic access to sanitation services–National 202 78.95 27.38 8.91 99.50 99.50

At least basic access to sanitation services–Rural 161 68.78 32.45 3.56 99.50 99.50

At least basic access to sanitation services–Urban 172 81.01 23.82 18.54 99.50 99.50

Arable land area 197 7031.77 20812.36 0.00 157736.80 2.00

Percentage of area cultivated 198 18.30 15.37 0.09 62.33 60.00

Percentage of urban population 200 59.22 23.75 0.00 112.65 —

Population density 200 300.41 1470.01 2.03 19083.37 —

Agriculture value added 195 10.89 11.43 0.02 64.49 —

Total renewable water resources per capita 197 17030.54 48712.22 0.00 504881.00 0.00

Agricultural water withdrawal as percentage of total water

withdrawal

180 52.68 33.35 0.00 99.48 0.00

Total water withdrawal per capita 180 431.70 500.22 8.13 4777.73 —

Freshwater withdrawal as percentage of total renewable

water resources

178 61.26 327.66 0.01 3850.50 —

Water stress 178 69.32 327.21 0.03 3850.50 —

Water use efficiency 168 45.56 100.45 0.19 1096.77 —

Irrigated agriculture water use efficiency 174 1.12 4.04 0.00 47.33 —

Human Development Index 188 0.71 0.15 0.38 0.95 0.724

Adjusted net national income per capita 144 11067.59 14280.76 205.36 64638.05 —

GDP per capita 203 16518.33 23785.79 281.97 171716.00 —

Human Capital Index 167 0.57 0.15 0.30 0.89 —

Trade balance of crops and livestock products 193 �1211.45 86700.00 �976000.00 561000.00 —

Food supply 177 2881.27 457.46 1707.00 3862.00 2770.00
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 10991719, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/sd.2753 by U

niversidad D
e A

licante A
dquisiciones Y

 G
estión D

e, W
iley O

nline L
ibrary on [13/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



areas. These problems are magnified if we take into account popula-

tion distribution, as it is the countries with the greatest problems of

access to water and sanitation that have the highest percentage

of the population living in rural areas.

These issues are related to economic and developmental aspects

of the countries. Without adequate financial resources, it is very diffi-

cult to have the necessary infrastructure to provide the service in the

adequate conditions. However, as can be seen from the distribution

of GDP per capita in the world in Figure 4, the economic capacity of

the country is not the only factor that explains access to water, as

there are many countries with a low GDP per capita but with good

access to water. Thus, other factors such as economic and social

inequality or the geographic and demographic characteristics of the

country may play an important role in the pursuit of full access to

water. The economic factor that can be linked to water access prob-

lems is the contribution of agriculture to a country's GDP, which is

shown in Figure 5. When this contribution is high in relative terms is a

symptom of an economy at an early stage of its development. These

economies at an early stage of their development may also have a

high degree of inequality, which, combined with a lack of public sector

investment capacity, conditions access to water for the population in

general, but especially for low-income people. At this stage the bene-

fits of economic activities are low and the financial resources

needed to invest in infrastructure are very difficult to obtain, and

F IGURE 1 Percentage of national population in 2020 per country with basic access to improved water for at least 30 min per day. Source:
Own elaboration with data from JMP.

F IGURE 2 Percentage of total water supplied by pipes by country by 2020. Source: Own elaboration with data from JMP.
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consequently problems of access to basic services arise, as well as

being a major constraint to development. The relatively high impor-

tance of agriculture as an economic activity can also be seen from the

amount of water abstracted to meet agricultural needs. The distribu-

tion of this variable shows a great dispersion, but industrialised coun-

tries spend a smaller proportion of their water resources on

agriculture than countries that are still developing. This may be due to

the increased use of modern technology, which reduces water con-

sumption at the cost of higher energy consumption. At this point, it is

essential to know the yields obtained from water by different coun-

tries, first in general and second, specifically, in agriculture. In terms of

overall yields, we again find higher yields in industrialised countries

and very low yields in developing countries, with a few exceptions.

There are many determinants that explain agricultural performance,

but in an international perspective, aspects such as cropping patterns,

climate and the level of modernisation of agriculture stand out, the

latter being higher in industrialised countries. Given that industrialised

countries have a more developed industry and service sector, activi-

ties with a higher value added than agriculture, it is reasonable that

more developed economies get a higher return on water. In terms of

water efficiency to meet agricultural demands, what we find is very

low efficiency in most countries and only a few stand out with higher

profits. However, many of the countries with water access problems

have very low agricultural water yields, which, together with the over-

F IGURE 3 Percentage of national population in 2020 by country with basic access to sanitation services. Source: Own elaboration with data
from JMP.

F IGURE 4 2020 GDP per capita by country in constant 2015 dollars. Source: Own elaboration with data from the World Bank.
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emphasis of their agricultural sector, explains their low GDP and low

capacity to invest in infrastructure. In other words, countries with

water access problems have an economy with an agriculture that, in

addition to low yields, is excessively important in the country's total

production.

Countries with a weak but important agricultural sector and with

problems of access to water and sanitation do not show, in general, a

great abundance of water resources either, but this lack of develop-

ment explains low per capita water withdrawals and, consequently,

very low water stress in most African countries. However, given the

perspectives of population growth and low water use efficiency,

water stress can be expected to increase in the future. In addition, we

must bear in mind that climate change affects the poorest countries

the hardest (Tol, 2018). In Asia, on the other hand, water withdrawals

are higher and, since the available resources are not particularly high

either, this explains a higher water stress compared to African coun-

tries. North African countries do have high water stress, but they also

have better access to water than the rest of the continent, which is

explained by the capacity of these countries to invest in infrastruc-

ture, especially desalination plants. Therefore, we have seen that nei-

ther GDP nor the amount of resources available are, on their own,

factors that can explain inequality in access to water in the world.

There must be other reasons for these problems of access to water,

highlighting the country's internal inequality, which links the problem

of access to water to a problem of governance, especially since the

wealthy sector of the population has good access to water almost

everywhere.

Given this situation, one would expect developing countries to

benefit from agriculture through international trade, but since the per-

formance of their agriculture is low and water-intensive, the price

obtained for exported products is also low and what we can observe

is that countries like India or several African countries have a negative

crops and livestock products trade balance. These low-priced, water-

intensive products are imported by countries with greater pressure on

their water resources, thus benefiting from virtual water trade and

conditioning the cropping pattern of developing countries. Despite

this, the food supply in these countries is low, which can pose health

problems and a major constraint to development, especially when

seen in conjunction with problems of access to water. All these data

coincide with the global distribution of the HDI which, without show-

ing a direct link with all the variables used, shows that the same coun-

tries that present most of the problems mentioned are the countries

with the lowest level of development. The same issue, but in an even

clearer way, emerges from the HCI, shown in Figure 6. In virtually all

of Africa and parts of Latin America and Asia we find reduced human

capital, which limits the capacity to solve existing problems. This last

map indicates a correlation between human capital (education) and

the two main variables, GDP per capita and access to water, which

justifies its inclusion as one of the central variables in the analysis.

4.3 | Econometric estimations

The relationship between economy and access to water is well known,

but the details on how this link is produced are limited. For this rea-

son, econometric estimation using the available data seeks to bring a

greater level of detail to this relationship. First, Table 2 shows simple

estimates to test the basic relationships. As would be expected, access

to water is significant in explaining GDP and vice versa, and both vari-

ables are significant in explaining human capital. However, the explan-

atory power is very low in the models of access to water and GDP, so

although they appear to be related variables, the key lies in identifying

how lack of access to water affects GDP and how GDP limits progress

in terms of access to water. Human capital, related to both variables,

is a key factor in the vicious cycle that connects water and economic

poverty.

F IGURE 5 Share of agriculture in total 2020 GDP by country. Source: Own elaboration with data from AQUASTAT.
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In order to extend the previous results, this second estimation

shown in Table 3 incorporates a greater number of variables as regres-

sors in each of the equations. In this case, the explanatory capacity of

the model is greater for GDP and access to water but worsens for

human capital. Starting with access to water, it can be observed that

the only variable significant at 1% is human capital. The situation var-

ies slightly for GDP, where human capital is significant, but food trade

balance and, above all, water use efficiency also show relevance.

Finally, in the human capital equation, only access to water appears as

a significant variable, but it is significant at 1%. This confirms a series

of relationships that place human capital as a fundamental element in

the relationship between water poverty and economic poverty. This

relationship can be explained in a very simple way, since not having

an adequate water supply implies the need to invest time to obtain

it. The impact of the lack of access to water is not direct, but rather

the loss of time implies not being able to perform a job or receive an

education, the final effects of which are both poverty for people with-

out access to water and economic backwardness in society due to

lack of knowledge.

5 | DISCUSSION

Therefore, the current situation is that countries with problems of

access to water and sanitation not only have this problem, but their

economies are at an early stage of development, they have little finan-

cial capacity to invest in the necessary infrastructure and they also

have insufficient food supply and even a certain dependence on the

outside to feed the population, which absorbs part of the available

financial resources. In this situation, it is very difficult for these coun-

tries to solve the existing problems on their own. Access to water has

been internationally recognised as a human right since 2010, but in

many countries, this has not been fulfilled yet, as they do not have the

capacity to progress due to the presence of other difficulties. Thus,

many people find themselves in a long vicious cycle because, as they

do not have access to water, the difficulties in obtaining water, which

can sometimes require a large investment of time (for example having

to walk many kilometres to fetch water) or money (requiring the

development of infrastructure), are very high. This investment means

either the loss of financial resources to meet other needs or a signifi-

cant loss of time that could be spent on work or education activities.

This is a major constraint to development and creates major problems

in both the short and long term, as disposable income and time of

households is reduced and people, unable to attend the educational

centres, do not acquire human capital. In other words, not having

access to water reduces the disposable income of families and pre-

vents many people from receiving an adequate education (as children

cannot attend school because they need to fetch water for their

households), which leads to a situation of struggle or poverty that, in

turn, limits access to water. This has been shown in our analysis, as it

F IGURE 6 Human Capital Index per country in 2020. Source: Own elaboration with World Bank data.

TABLE 2 Estimation of Equations 1, 2, and 3 using 2sls including
only the endogenous variables as regressors.

At least basic
access to
water–National

GDP per
capita

Human
capital
index

GDP per capita 0.001 0.000

(0.000)*** (0.000)***

At least basic

access to water–
National

880.197 0.008

(116.716)*** (0.001)***

Human Capital Index

Constant 80.234 �63422.598 �0.145

(1.569)*** (10370.935)*** (0.063)**

N 137 137 137

R2 0.17 0.17 0.68

**p < .05; ***p < .01.
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is key to explaining economic backwardness, water poverty and why

low-income households are not able to get out of this precarious situ-

ation. Public policies, laws and other formal institutions should

address this problem, which begins with poor people not having ade-

quate access to water and ends up as a problem that affects society

as a whole. Lack of water generates poverty, inequality, lack of educa-

tion and knowledge and, in short, an economic and social backward-

ness that impedes development by not meeting basic human needs.

It is therefore a question of governance, since the people who

need the improvements are not able to obtain them on their own due

to household economic and water poverty, lack of human capital and

economic backwardness, criteria that stand as major barriers to devel-

opment. Progress on this issue is complicated, it is not only that there

is poverty and this prevents access to water but both problems feed-

back on each other. Additionally, the fact that education plays such an

important role in alleviating both problems gives the whole issue a

very long term component. This explains the slow rate of progress,

since it takes many years to obtain an adequate education. Even

worse, education is the fundamental pillar for guaranteeing access to

water, but the lack of access to water limits ones capability to obtain

a education These problems explain the low economic efficiency and

the relative oversizing of the agricultural sector, which generates

insufficient profits for investments in infrastructure and basic services.

However, the problem is not limited to financial benefits, low agricul-

tural productivity leads to food insecurity and the need to import food

from abroad, which again leads to a loss of financial resources. If we

take into account that food insecurity coexists with problems of

access to water, it is logical to think that there are also health prob-

lems in these places. All these problems are barriers that limit even

further the capacity of governments to act and explain the slow pro-

gress in terms of access to water. In other words, we have a vicious

cycle in which problems of access to water, the difficulties faced by

households, reduced economic efficiency and problems of governance

and development all feedback on each other. In this sense, solving

one of the problems that form part of the cycle would have major

benefits for the other sectors and for the general situation. For exam-

ple, a dynamic economic activity that generates profits could be a

major stimulus for development through the generation of additional

financial resources, but this does not apply to most developing coun-

tries, which have low human capital, over-emphasis on agriculture and

low water efficiency. If access to water were improved, the situation

of households would change enormously and have positive effects at

all levels. Citizens would be able to get a proper education, which

would facilitate to obtain a good job, and thus improve citizen's well-

being and the country's economy, generating funds to improve public

services and stimulating development.

Inequality plays an important role in this whole process, both in

terms of access to water and sanitation services and in economic

terms. Thus, from the data on access to water according to income

level, shown in Table A2, what we can observe is a greater concentra-

tion of low-income people in rural areas. As income levels rise, the

proportion of the population living in urban areas increases, so that

there is a correlation between access to water, income and place of

residence. That is to say, as income decreases, the higher probability

of residing in rural areas is coupled with lower income, generating a

great inequality in access to water. This is clearly shown by the

available data, as both access to water and access to sanitation are

significantly better as income increases. Therefore, low-income

households are the ones who suffer most from water access problems

and are the most affected by the process we have detailed in this arti-

cle, as they have to make the investment of time and/or money to get

water, with all the consequences that this entails.

Figure 7 shows the development of the vicious cycle explained in

this article. Not having access to water has consequences on the fam-

ily economy and the possibility of obtaining an education and/or get-

ting a good job. It is this educational issue that has turned out to be

the central component according to the econometric estimation. It is

not only that there is a lack of access to water, with its consequences

on welfare, but that being forced to invest time in obtaining it is an

enormous opportunity cost, the consequences of which are not only

TABLE 3 Estimation of Equations 1, 2, and 3 using 2sls including
both endogenous and exogenous variables as regressors.

At least basic

access to
water–National

GDP per
capita

Human

Capital
Index

GDP per capita �0.000 �0.000

(0.000)* (0.000)

At least basic

access to water–
National

�453.256 0.009

(560.030) (0.002)***

Human Capital

Index

96.603 131237.557

(15.328)*** (59079.484)**

Percentage of

urban population

0.110 115.798 �0.000

(0.062)* (71.315) (0.001)

Population density 0.006

(0.005)

Total water

withdrawal per

capita

0.005 �0.000

(0.003)* (0.000)

Trade balance of

crops and

livestock

products

�0.000

(0.000)***

Agriculture value

added

293.567

(146.702)**

Water use

efficiency

81.249 0.000

(14.890)*** (0.001)

Food supply 0.000

(0.000)

Constant 25.941 �34490.881 �0.321

(5.748)*** (18052.438)* (0.248)

N 137 137 137

R2 0.65 0.73 0.56

*p < .1; **p < .05; ***p < .01.
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problems of poverty and inequality, but also the inability to develop

society due to the lack of human capital and public financial resources.

This relationship also implies that improvements in access to water

must be accompanied by the possibility of receiving an education

and/or obtaining a job, otherwise part of the problems will persist,

maintaining the limit to development.

6 | CONCLUSIONS

This article has demonstrated the problems of access to water in a sig-

nificant number of countries. This has been possible due to the infor-

mation obtained from international organisations such as the JMP, the

FAO and the World Bank. From the data obtained from these sources

we have been able to untangle the problem of access to water not in

isolation, but as part of a set of key problems that severely constrain

alleviation of poverty. This is an issue of great importance, since

despite recent progress, the human right to water, and the human

right to sanitation, have not yet been fully realised and there is still a

long way to go, especially in several countries in Africa, Asia, Latin

America and Oceania (these two last ones to a lesser extend).

The article has focused on studying the relationship between lack of

access to water and economic poverty. The aim has been to indicate that

the connection between the two issues is not direct and isolated, but has

components of great social importance. The mechanism through which

lack of access to water generates poverty and economic backwardness is

education. Human capital is an essential factor for the development of a

territory and the lack of access to water affects society by preventing it

from being obtained. The investment of time needed to obtain water

when it is not accessible impedes participation in the labour market or

education, so it is not possible to obtain income or knowledge, factors

that would allow to get out of this situation. When they are not just iso-

lated cases, the lack of educational insertion is not limited to generating

poverty for those specific individuals, but the effect is transferred to soci-

ety due to the lack of human capital. Therefore, access to water is one of

the pillars of a society and its absence affects key institutions such as

health services, education and the overall country's economy.

In this way, this article has developed a series of links from interna-

tional information that are useful for analysing the problem of access to

water and, therefore, for dealing with it. The countries with the greatest

problems of access to water also have the other problems studied in

this research, so it is clear that it will be difficult for them to meet some

basic needs and that it is necessary for them to receive help from

abroad, not only in financial terms, but also in the form of qualified man-

agers and institutions. The latter type of assistance is key to accelerate

the progress of societies with lack of access to water, as obtaining ade-

quate education is a long-term process. Lack of human capital is the

main mechanism by which lack of access to water affects the whole

society, so receiving an external boost in this regard would have a posi-

tive effect. Undoubtedly, financial resources are also necessary to make

progress in the provision of basic services, but without properly trained

managers these resources will not be well invested, leading to ineffi-

cient use of scarce resources and slowing down progress. In other

words, monetary aid would not be effective if it is not accompanied by

management support from experienced managers. The problem is, in

short, much broader than simply access to water, since the effects reach

the whole of society through the great opportunity cost of not having

such access. It is therefore a question of governance, of implementing

the necessary policies to ensure that access to water and education ini-

tiate development in the coming years.

The vicious cycle presented in this article leaves open the inter-

esting possibility of studying how countries have evolved in recent

F IGURE 7 Diagram of the vicious cycle of lack of access to water and economic poverty. Source: Own elaboration.
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years. As is well known, there has recently been a positive evolution

in terms of access to water in various countries, and studying this

from information such as that used in this article could be useful to

study in depth the relationship between access to water and the gen-

eral functioning of an economy. However, some of the variables used

in this article are not available for all countries, so there are some limi-

tations in the analysis. In any case, working with data showing the

evolution of countries over time would be a good continuation of this

research using cross-sectional data. Apart from the temporal aspect,

the main limitation of this study is the lack of information on variables

detailing the consequences of households not having access to water.

This lack of access may result in loss of time and/or money.
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APPENDIX A

TABLE A1 List of variables used in the article, with their respective descriptions.

Variable Description

At least basic access to water –
National

Proportion of national population with at least one access to water resources to meet basic

needs (%)

At least basic access to water –
Rural

Proportion of rural population with at least one access to water resources to meet basic

needs (%)

At least basic access to water –
Urban

Proportion of urban population with at least one access to water resources to meet basic

needs (%)

Percentage of water supplied

through pipelines – National

Percentage of water supplied nationally through pipelines as a proportion of the total amount

supplied (%)

Percentage of water supplied

through pipelines – Rural

Percentage of water supplied in rural areas through pipelines as a proportion of the total

amount supplied (%)

Percentage of water supplied

through pipelines – Urban

Percentage of water supplied in urban areas through pipelines as a proportion of the total

amount supplied (%)

At least basic access to sanitation

services – National

Proportion of national population with at least one access to basic sanitation services (%)

At least basic access to sanitation

services – Rural

Proportion of rural population with at least one access to basic sanitation services (%)

At least basic access to sanitation

services – Urban

Proportion of urban population with at least one access to basic sanitation services (%)

Arable land area Arable land area in the country (1000 ha)

Percentage of area cultivated Cultivated area as a percentage of the total area of the country (%)

Percentage of urban population Percentage of population residing in urban areas (%)

Population density Population density (inhab./km2)

Agriculture value added Value added of agriculture as a percentage of GDP (%)

Total renewable water resources

per capita

Total renewable water resources per capita (m3/year per inhabitant)

Agricultural water withdrawal as

percentage of total water

withdrawal

Water withdrawn for agricultural use as a percentage of total water withdrawn (%)

Total water withdrawal per capita Total water withdrawal per capita (m3/year per inhabitant)

Freshwater withdrawal as

percentage of total renewable

water resources

Total water withdrawal as a proportion of total renewable resources (%)

Water stress Total water withdrawal as a percentage of total available renewable water resources after

deducting environmental flow requirements (%)

Water use efficiency Total water use efficiency (US$/m3)

Irrigated agriculture water use

efficiency

Irrigated agriculture water use efficiency (US$/m3)

Human Development Index Human Development Index (0–1)

Adjusted net national income per

capita

Adjusted net national income per capita (constant 2015 US$)

GDP per capita Gross Domestic Product per capita (constant 2015 US$)

Human Capital Index (HCI) World Bank Human Capital Index. This index quantifies the contribution of health and

education to the productivity of the next generation of workers (0–1)

Trade balance of crops and

livestock products

Imports minus exports of crops and livestock products (1,000,000 US$)

Food supply Food supply perceived by citizens (kcal/capita/day)
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TABLE A2 Variables of access to water and sanitation by income level by 2020.

Low-income Lower-middle-income Upper-middle-income High-income

Population (Millions) 686.09 2954.19 2936.97 1214.60

Urban population (%) 33.76 40.17 67.12 81.27

At least basic access to water – National (%) 59.18 88.02 95.43 99.50

At least basic access to water – Rural (%) 46.99 84.26 90.25 99.50

At least basic access to water – Urban (%) 83.09 93.63 97.97 99.50

Percentage of water supplied through pipelines – National

(%)

48.65 46.25 83.94 98.23

Percentage of water supplied through pipelines – Rural (%) 32.82 33.38 67.30 95.26

Percentage of water supplied through pipelines – Urban (%) 70.99 64.02 91.56 98.91

At least basic access to sanitation services – National (%) 30.41 67.82 91.43 99.50

At least basic access to sanitation services – Rural (%) 22.53 63.01 85.39 97.72

At least basic access to sanitation services – Urban (%) 45.87 74.98 94.40 99.50
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