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Abstract: In developing countries, where economic expansion depends on extractive activities such
as agriculture and mining, water quantity and quality considerations need to be examined in tan-
dem with GDP growth and poverty reduction efforts. Poorest households in the Tupiza watershed
in Bolivia are located in rural areas where water access for irrigation and safe drinking water is
becoming increasingly scarce. Small-scale unregulated mining offers an alternative for revenue
making in rural households, although wastewater from industry threatens water quality and new
technologies to reduce water pollution are not implemented in this region yet. This study analyses
water access and poverty linkages using the Multidimensional Poverty Analysis (MDPA) frame-
work from the Swedish International Development Cooperation Agency (SIDA) to guide a survey
and to develop indicators using the Shapley-Owen decomposition method and multivariate regres-
sions. A set of household-level policies were included to predict the influence of these policies on
poverty reduction estimates. Results have shown that remote communities in rural areas have the
lowest value of multidimensional poverty and for some of these communities mining activities rep-
resent an alternative that could be considered if their water access conditions worsen over time.
While mining can bring better monetary benefits, it can cause the degradation of ecological flows
from the produced wastewater. Under the current technologies and processes, it can pose negative
impacts on water quality and threatens the public health of these communities.

Keywords: water access; multidimensional poverty; Shapley-Owen method; regression;

communities; vulnerability

1. Introduction

Multidimensional poverty estimates show that 1.3 billion people in the world are
multidimensionally poor, and 84.2 percent of them live in rural areas [1]. Sustaining peo-
ple’s livelihood in rural areas depends on water and it is an essential resource for sustain-
able development. Water is a critical productive input for countries” socioeconomic de-
velopment and communities [2-6]. It has been recognized that agricultural water and its
management relate to poverty reduction, especially in developing countries [7-9]. How-
ever, equity consideration needs to be included to ensure that water security can benefit
the poorest as well as enhance economic growth [10-12].

While access to safe drinking water is recognized as a human right, estimates from
2020 show that the number of people deprived of water around the world is 1.37 billion
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[1]. In Bolivia, 98% of people in urban areas have access to improved water sources in their
premises, while in rural areas, the percentage is 77% [13].

This study focuses on understanding the links between water access and poverty in
the Tupiza river basin, located southeast of the Department of Potosi, in Bolivia, which is
considered one of the 25 strategic basins in the country due to its socio-economic relevance
and environmental vulnerability [14]. The methods used are guided by the literature
around the multidimensional poverty approach to understand how different depriva-
tions, including, but not restricted to water, affect people’s lives [15-17]. The poverty di-
mensions considered in this study are based on the Multidimensional Poverty Analysis
(MDPA) framework proposed by the Swedish International Development Cooperation
Agency (SIDA) [11,12]. The MDPA offers four dimensions of poverty: Resources, Oppor-
tunities and Choice, Power and Voice, and Human Security, and emphasizes the under-
standing of the complexity of poverty, knowing who lives in poverty, how it manifests
itself in different groups of people, and what are the underlying causes in each context
[11,12]. This framework guided a survey design and further development of multidimen-
sional poverty indices by using the Shapley-Owen decomposition method and multivar-
iate regression models. Spatial analysis was performed based on multidimensional pov-
erty indices to identify communities with a concentration of the poorest households. Es-
tablishing the relationship between water access and the multidimensional poverty of
households can support policy-making efforts and water planning and take the landscape
of inequality in the Tupiza watershed into consideration.

The rest of the document is structured as follows. Section two describes the study
area and its main characteristics. Section three presents the methods that were used for
the analysis. Section four shows the results of the estimations of the multidimensional
poverty indices, water index for rural areas as a measure of water access, and poverty
models estimated to analyze the relationship between water access and multidimensional
poverty in the rural and urban areas of the Tupiza River Basin. Section five presents a
discussion of the results and their policy implications. Finally, Section six summarizes the
conclusions of the study.

2. Study Area

The Tupiza River Basin is in southeastern Bolivia, in the department of Potosi. It has
an area of 2309 km?. Its sub-basins flow into San Juan del Oro and Pilcomayo rivers [18];
the last one is one of the main tributaries of the Rio de la Plata Basin. Tupiza River Basin
is part of the 25 strategic basins that Bolivia has identified, based on their socioeconomic
relevance, socio-environmental vulnerability, and the existence of problems that require
urgent attention [14,19].

Three municipalities and their populations are partially in the basin: Tupiza, Atocha,
and Colcha K. The estimated population of the basin is nearly 34,000 inhabitants, of which
around 27,000 are settled in the city of Tupiza [20], the only urban center in the basin. The
rest of the population is distributed over 38 communities, including peri-urban and rural
ones (Figure 1).
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Figure 1. Communities and urban areas of the Tupiza river basin.

The major economic activities in the Tupiza River Basin are agriculture, mining, and
livestock breeding [14]. According to the Municipal Atlas of Sustainable Development
Goals in Bolivia and the indicators to measure the SDG 1 (End of poverty), the Unsatisfied
Basic Needs are present in more than 57% of the population of the municipality of Colcha
K, 40% in Tupiza and 20% in Atocha. Regarding the access to the three main basic services
(water, sanitation, and electricity), Tupiza reaches 60%, while the other two municipalities
have less than 30% of households with access to the three basic services. The most lacking
basic service in the three municipalities is sanitation, while drinking water coverage ex-
ceeds 80% of the population, as well as access to electricity that reaches near 90% in Tu-
piza, 96% in Atocha, and 77% in Colcha K [21].

The Tupiza river basin shows signs of contamination that affect the quality of water
flowing through the main river and eventually ends up being consumed by the local pop-
ulation. The presence of heavy metals was evidenced naturally and also by mining activity
which, added to erosive effects, causes these elements to be transported in soil, water, and
air [18,22]. The dynamic between heavy metals and fine sediments would indicate that
areas of degradation of the Tupiza river and the cloudy water that transports them are
those with the greatest risk and exposure [22]. Although the effects of mining activities on
water quality should be further analyzed, it would be useful to explore some alternatives
for new technologies that can be used to reduce water and soil pollution associated with
current processes of mineral extraction.

3. Material and Methods

For the case of the Tupiza River Basin, the first step of the analysis was the estimation
of multidimensional poverty indices for the urban and rural areas, by including variables
for the four dimensions of poverty, the particular characteristics of the basin captured
through household surveys, and the application of Shapley-Owen decomposition
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method. In a second step, poverty models were estimated to establish the relationship
between water access and the level of multidimensional poverty in households. Water
access was captured by a water index, in the case of the rural area, and by different varia-
bles of water for domestic use, in the case of the urban area. The methodology of this study
followed the next four steps:

1. Design and implementation of a household survey for rural and urban areas.

2. Identification of multidimensional poverty variables, according to the MDPA frame-
work.

3. Estimation of multidimensional poverty indices and water access index for rural ar-
eas by applying the Shapley-Owen decomposition method.

4.  Estimation of econometric models to establish the relationship between water access
and multidimensional poverty in the Tupiza River Basin.

3.1. Survey

A survey was designed to collect information for the analysis of water and sanitation
in connection with poverty, as part of the Bolivia-WATCH project led by the Stockholm
Environment Institute (SEI). This survey was the base information for the construction of
the multidimensional poverty indices and models used in this study. Two household sur-
veys were designed; one for the city of Tupiza (Supplementary Material Document S2).,
and the second for the rural and peri-urban communities (Supplementary Material Doc-
ument S1). From now on, the last group will be referred to as rural communities.

The survey for rural communities consisted of 12 sections: (i) General characteristics
of the interviewee, (ii) Education level of the interviewee, (iii) Employment, income, and
assets, (iv) General characteristics of the household, (v) Characteristics of the dwelling,
(vi) Basic services in the household, (vii) Health access, (viii) Land tenure and land use,
(ix) Agriculture and irrigation, (x) Livestock breeding, (xi) Mining, (xii) Human security
(food security, climate risks, and environmental problems, and community conflicts). In
the urban survey, the sections of Agriculture and Livestock were excluded because they
represent the economic activities of the rural area only.

The surveys were designed by using the QuestionPro platform, which allows for the
completion of offline questionnaires through an application for mobile devices. The infor-
mation gathering was carried out during January and February 2020 with the work of 10
enumerators previously trained. A total of 513 households were reached in rural commu-
nities (+4.2% error and 95% confidence level), and 209 households in the city of Tupiza
(£6.7% error and 95% confidence level). After the selection of variables for the construction
of the poverty and water indices, several observations with missing data were eliminated.
The final samples consisted of 445 households from rural communities (+4.5% to 4% error
and 95% confidence level), and 187 households from the city of Tupiza (+7.2% error and
95% confidence level).

The surveys were applied to household heads or decision makers, considering a de-
cision maker as a person of legal age (18 years or older) who is not the head of the house-
hold but has decision-making power in it. The sampling strategy tried to balance the num-
ber of female and male respondents. Households in the city of Tupiza were selected ran-
domly based on the distribution of zones and house blocks, as well as on the estimation
of the number of dwellings per zone. For the rural area, a specific sample was defined per
community, according to the number of households in each of them, and surveys were
randomly applied, by trying to include concentrated and dispersed areas of each commu-
nity.

Some of the limitations during the implementation of the surveys were related to the
working schedules in rural communities. Because the crop areas are far from the houses,
household heads, especially the men, usually go very early in the morning to work on
their fields. We dealt with this situation by anticipating our visits in coordination with
communities’ authorities. This is also a necessary step in order to inform about the study
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purposes, to reduce people’s mistrust and to encourage them to accept the project. To
ensure that respondents complete the questionnaire, we offered a monetary incentive to
each of them after completing the survey. This was also a way to compensate for the time
that many of them spent responding the survey instead of doing their regular activities.

3.2. Shapley-Owen Method

By following the MDPA framework and the Shapley-Owen decomposition method,
we estimated the Multidimensional Poverty Indices (MPI) in two stages. In the first stage,
each of the poverty dimensions has the same weight in the calculation of the MPI [23], as
follows:

1 1 1 1
MPI(Rural) = ZResources + 7 Opportunity and choice + 2 Power and voice + ZHuman security €))
1 1 ) .
MPI(Urban) = 2 Resources + 2 Opportunity and choice (2)

The urban MPI has only two dimensions because the other ones did not show statis-
tical significance, as explained in Section 3.3.2. Power and Voice indicator did not show
sufficient variability and the Human Security variables did not contribute to the explana-
tion of the variance of the MPI index.

In a second stage, the percentages of contributions (relative weights) of the compo-
nents to the total variance of the previously estimated indices are calculated [24]:

0 = B1x1 + Boxy + -+ Brxy 3)

where 6 is the MPlindex (rural or urban), §; represents the relative contribution of each
component of the index, whose sum (f; + S, + -+ Bx) must be equal to 1, and
X1, Xo, .., X are the components of the MPI index.

This method allows for estimating the weight of each dimension and its components.
In this way, each dimension is evaluated from 0 to 1, as well as its components and the
final index [24,25]. Where levels close to 0 indicate undesirable conditions (poorest house-
holds), and households close to 1 present favorable conditions (less poverty).

Under the Shapley-Owen decomposition method, the Cronbach Alpha test is applied
to determine the estimate’s reliability. Cronbach Alpha values equal to or greater than 0.7
show that the index, dimension, or component are valid enough for measuring the relia-
bility of the index [26].

3.3. Multidimensional Poverty Index (MPI)
3.3.1. Poverty Sub-Indices for Rural Communities

Each poverty dimension had a specific sub-index based on its own components. The
Resources dimension includes a group of variables associated with housing materials, ag-
ricultural capital, and assets in the house. The Opportunities and Choice dimension has
basic sanitation services, garbage collection, electricity, and cooking gas. The dimension
of Power and Voice is represented by the access to sanitation projects, in the sense that it
is assumed that project beneficiaries need a certain level of power and active participation
within their community. Finally, the Human Security dimension includes variables on the
impact of natural disasters on agricultural production and the existence of internal and
external social conflicts in the communities. All these variables are listed in Table 1.

The variables were normalized, so their values can be expressed in a range from 0 to
1, where 0 refers to undesirable conditions that are related to a higher level of poverty,
and 1 represents favorable conditions or less poverty.
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Table 1. Variables of the Multidimensional Poverty Index for the communities of the Tupiza River

Basin.
Dimension Subdimension Variable
House conditions Materials upgraded house
Land tenure own self
Monetizable resources— Agricul- ; ;
ture Number of animals for livestock/poultry
Number of crops
Number of appliances
Monetizable resources—capital ~ Number of communication equipment
Resources -
goods Number of household furniture
Number of means of transport
Number of years of schooling of the interviewed head of
. household
Human capital Ay : .
Access to complementary training of the interviewed head
of household
Access to bathroom or latrine
Opportunities Access to garbage collection service
PP . Access to services basics 5 g
and choice Access to electricity

Access to gas for kitchen

Access to projects in the commu-

Power and voice .
nity

Access to bathroom construction projects

Absence of natural disasters

Damage to agricultural production as a result of frosts

Human securi
ty Absence of social conflicts

Absence of land conflicts in the community

Absence of land conflicts with other communities

Absence of conflicts over mining in the community

Absence of mining conflicts with other communities

3.3.2. Poverty Sub-Indices for the City of Tupiza

Only two dimensions of poverty were considered for the city of Tupiza: Resources
and Opportunities and Choice (Table 2). This is due to the fact that the Power and Voice
indicator (access to bathroom construction projects, similar to the one used in the rural
IMP) did not show sufficient variability and the Human Security variables did not con-
tribute to the explanation of the variance of the MPI index (Alpha Cronbach less than 0.7).

Table 2. Variables of the Multidimensional Poverty Index for the city of Tupiza.

Dimension Subdimension Variable
. Home ownership status
Monetizable resources—House
Land tenure, own self
and land tenure -
Land extension
Number of home appliances
Monetizable resources—capital =~ Number of communication equipment
Resources goods Number of household furniture

Number of means of transport

Human capital

Number of years of schooling of the interviewed head
of household

Access to complementary training of the interviewed
head of household

Opportunities and choice Access to services basics

Access to bathroom or latrine

Access to sink, water, and soap
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3.4. Water Index for Rural Communities of the Tupiza River Basin

As a measure of water access for domestic and agricultural uses in rural communi-
ties, we estimated an index by using the Shapley-Owen decomposition method. Six indi-
cators were included for the water index; four of them were associated with domestic use
and two of them with agricultural use (Table 3). This index will be considered as an ex-
planatory variable in the multidimensional poverty model for the rural area of the Tupiza
river basin, in order to determine its relationship with the MPL

Table 3. Water Index for rural communities of the Tupiza river basin.

Component Variables

Water for domestic consumption

Daily availability of water by piped connection

Access to a secondary water source

Water continuity in daily access to piped water

Access to an improved water source

Water for agricultural use

Access to irrigation water in all crops

Access to water infrastructure for animals

An attempt to construct a water index for the city of Tupiza was made; however, no
significant variables were found, using the Shapley-Owen method.

3.5. Relationship between Water Access and Multidimensional Poverty in the Tupiza
River Basin

In this study, the effect of water access on multidimensional poverty is analyzed by
using a simple linear regression model where the dependent variable is represented by
the MPI, previously explained and the water index (rural area), or variables associated
with water access (city of Tupiza), and other socioeconomic variables are the explanatory
variables. A reduced form of the model can be represented by:

Y = By + 1 Water Access + Byx, + -+ Brxy 4)

where Y is the multidimensional poverty index (MPI), water access is represented by the
water index, in the case of the rural area, and specific water variables for the city of Tupiza.
Finally, x;,xs, ..., x; are socioeconomic variables not captured by the MPL

4. Results

The results are presented in five subsections. The first three focus on the multidimen-
sional indices and water index. The fourth subsection shows the relationship between wa-
ter access and multidimensional poverty indices through multivariate regression model
estimations. Finally, the fifth subsection presents the policy implications to reduce multi-
dimensional poverty in the Tupiza River Basin through water policies, based on the re-
sults of the econometrical models.

4.1. Multidimensional Poverty Index for Rural Communities

The Multidimensional Poverty Index (MPI) for the rural area of the Tupiza River Ba-
sin has the Resources dimension as the one with the greatest statistical weight (43%), com-
pared to the other dimensions. This dimension could not be captured by a sub-index so it
was divided into four components and their own marginal contribution to the MPI esti-
mated by the Shapley-Owen decomposition process, as can be seen in Table 4. The Power
and Voice dimension, represented by access to bathroom construction projects, is the dimen-
sion with the second greatest relative weight. Although, the Opportunities and Choice
dimension has a remarkably close relative weight value. Finally, the dimension of Human
Security is the one that shows the lowest relative weight for the case of the rural and peri-
urban areas of the Tupiza river basin.
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Table 4. Composition of the Multidimensional Poverty Index for the rural area of the Tupiza River

Basin.
Dimension Statistical Weight

Resources—Housing Materials 18.0%
Resources —Monetizable Agricultural Capital 4.4%
Resources—Monetisable Capital Home goods 11.7%
Resources—Human capital 8.7%
Opportunities and Choice 24.0%
Power and Voice 24.2%
Human Security 9.1%

Total 100%

The different variables that made up the sub-indices for each poverty dimension are
shown in Table 5. In the Resources dimension, the quality of housing in terms of improved
materials is the one with the greatest statistical weight. In Opportunities and Choice, the
access to the different basic services has similar weights. The dimension of Power and Voice
has only the indicator of access to bathroom construction projects, which, as mentioned above,
has an important weight in the rural MPI. In the dimension of Human Security, the absence
of natural disasters has a much greater weight compared to the absence of social conflicts.

Table 5. Disaggregation of the rural IMP.

) ) Total
Dimension Sub-Dimen- Variable Sta- Statistical
Dimension . Sub-Dimension sion Weight Variable tistical )
Weight (A) (B) Weight (C) Weight
¢ (AxBxC)
T TS
ouse conditions 18.0% i i 18.0%
Materials upgraded
Monetizable re- ;a“n‘i;:‘;;e z,vg‘fgp 208% 2%
i r
sources—Agricul- 4.4% g antma 11.7% 0.5%
livestock/poultry
ture
Number of crops 31.5% 1.4%
Number of appliances 27.9% 3.3%
- I\.Iumber‘ of communica- 36.0% 49%
Could not be Monetizable re- tion equipment
—_— 1 OO -
Resources estimated * SOUTCes capital 11.7% Number of household fur 18.1% 1%
goods niture
Number of means of 18.1% 21%
transport
Number of years of
schooling of the inter- 41.8% 3.6%
iewed head of household
Human capital 87%  oec AIeaT 07 TIOUSENO
Access to complementary
training of the inter- 58.2% 5.1%
viewed head of household
A h la-
.CCESS to bathroom or la 23.8% 579,
trine
Opportun'ities 24.0% Ag:ess to basic ser- ) A‘ccess tq garbage collec- 21.3% 5.19%
and choice vices tion service
Access to electricity 25.2% 6.1%
Access to gas for kitchen 29.7% 7.1%
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Figure 2. Multidimensional Poverty Index for rural households of the Tupiza river basin.
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4.2. Multidimensional Poverty Index for the Urban Area

The MPI of the city of Tupiza is made up of only two dimensions, Resources and
Opportunities, and choice. There was not enough information to estimate a sub-index as-
sociated with the Power and voice dimension, while Human security variables were not
significant for the index, so it was discarded after several tests.

The dimension of Resources has the greatest statistical weight, with about 57% com-
pared to 43% for Opportunities and Options (Table 6). Human capital stands for 76% of
the weight Resources dimension, where access to complementary training (i.e., technical
skills, skills to generate own enterprises, among others) is the most important variable.
For the Opportunities and Choice dimension, access to sink, water, and soap in households
has the highest statistical weight, as part of the Access to basic services sub-dimension.
Access to electricity and access to gas were not included because 100% of the households
have these basic services.

Table 6. Disaggregation of the Urban IMP.

Stati.stical Stati?tical Variable To.tal
Dimension Welght Sub-Dimension Welght Variable Statistical Weight
Dimen- Sub-Dimen- Weight (O) (A xBx
sion (A) sion (B) &)
House ownership 20.8% 2.9%
Land tenure ownership 13.4% 1.9%
Land size 9.1% 1.3%
Monetizable re- 24.6% Number of appliances 18.0% 2.5%
sources Number of communication equip- 11.8% 1.6%
Resources 56.6% ment
Number of household furniture 13.0% 1.8%
Number of means of transport 13.9% 1.9%
Number of years of schooling of
Human capital 75.5% the interviezlved head of housgehold 36:2%  154%
Access to training complementary 63.9% 27.3%
Opportunities 43.49% Access to basic ser- i Access to bathroom 39.2% 17.0%
and choice vices Access to sink, water, and soap 60.8% 26.4%
Total 100.0%

The spatial distribution of the MPI for the city of Tupiza shows a greater concentra-
tion of poorer households in the extremes of the city or remote areas (Figure 3).
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Figure 3. Multidimensional Poverty Index for households in the city of Tupiza.

4.3. Water Access Index

The Water Index (WI) for the rural area of the Tupiza River Basin is made up of var-
iables related to access and availability of water for domestic and agricultural use. The
variables associated with water access for domestic use have greater statistical weight to-
gether. Having daily availability of water through a household connection stands as the most
important factor in the WI. This is followed by the use of a secondary water source, which
represents a strategy used by families to deal with the scarcity of water from the main
sources in certain seasons of the year. The continuity in daily access to piped water, which
refers to the number of hours that households have access to water daily, is the third most
important variable, followed by access to water for irrigation, which measures the propor-
tion of households (with agriculture) that have some type of irrigation system for all their
crops. Access to an improved water source is the fifth variable in importance, and refers to
access to a water source that is protected from external contamination, mainly fecal. Fi-
nally, there is the water infrastructure for the animals, based on the availability of drinking
water fountains among the households that have livestock breeding activities (Table 7).
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Table 7. Water Index for rural communities.

Component Variable Statistical Weight

Daily availability of water by piped connection 23.0%
. . Secondary water source 20.3%

Water for domestic consumption . —
Continuity in access to daily piped water 18.9%
Access to an improved water source 14.0%
. Access to irrigation water in all crops 16.5%

Water f Itural

arer for agricuitiral use Water infrastructure for animals 7.3%
Total 100.0%

For the urban area of the Tupiza River Basin, it was not possible to construct a water
index because households showed more homogeneous characteristics in terms of water
access. It was estimated that 98% of the households have access to piped water and 100%
have access to an improved water source. In this sense, for the construction of the multi-
dimensional poverty model for the city of Tupiza, different variables associated with wa-
ter access were introduced, in a disaggregated manner, as explanatory variables of the

model.

4.4. Relationship between Water Access and Multidimensional Poverty in the Tupiza

River Basin
4.4.1. Multidimensional Poverty Model for the Rural Area

The estimated poverty model for the rural area of the Tupiza River Basin shows that
the water access index is statistically significant and has a positive impact on the MPI
(Table 8). Considering that the MPI is measured on a scale of 0 to 1, where 0 represents
the multidimensionally poorest households and 1 the least poor households, the model
shows that the higher the water access index, the lower the level of multidimensional pov-
erty in the household. Among other variables associated with water that was relevant and
not captured in the water index, we found that the existence of water tanks in the home shows
a positive relationship with the MPI, which means that having water tanks is related to a
lower level of poverty in rural households. Finally, treating the water before consuming it

is also associated with a lower level of household poverty.

The other relevant variables in the model show the characteristics of the least poor
and poorest households in the rural area of the basin. On one hand, households with a
house endowed by a mining company, with the main source of income coming from mining or
commerce, lifelong residents of the municipality of Tupiza, and with a greater household size, are
the households with the lowest level of poverty. Similarly, those households that perceive
themselves to have sufficient income and a strong community relationship are among the least
poor households. On the other hand, the poorest households in the rural area of the basin
are characterized by having income from agriculture, livestock breeding, rents, bonds, and/or

retirement, and from diverse sources.

Table 8. Estimates of the poverty model for the rural area of the Tupiza River Basin.

Variable

Model

House endowed by a mining company
Existence of a water tank in the house
Water Index

Main income associated with mining

0.1429 ***
(0.0201)
0.1422 ***
(0.0167)
0.1074 ***
(0.0290)
0.0796 ***
(0.0299)
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Main income associated with livestock breeding

Perception of the influence of water on the household livelihood

-0.0777 **
(0.0344)
0.0698 ***
(0.0178)
0.0688 ***

Main income associated with commerce

Lifelong resident to the municipality of Tupiza

(0.0243)
0.0621 ***
(0.0215)
~0.0599 ***

Main income associated with rents, bonds, or retirement

Main income associated with agriculture

Perception of income sufficiency

(0.0211)
~0.0522 ***
(0.0164)
0.0506 ***
(0.0148)
-0.0503 ***

Number of income sources for the household

Perception of community relationship

Water treatment before consuming

Household size

Constant

(0.0130)
0.0372 ***
(0.0141)
0.0306 **
(0.0149)
0.0070 **
(0.0029)
0.1919 ***
(0.0351)

Number of observations = 445

R-squared = 0.3815

Prob > F = 0.0000

Note: Standard errors in parentheses. *** p <0.01; ** p < 0.05.

4.4.2. Multidimensional Poverty Model for the Urban Area

The multidimensional poverty model for the city of Tupiza includes different varia-
bles associated with water access, but not an index because, as mentioned above, it was
not possible to estimate it. The model shows that the variables measuring water access for
domestic use are statistically significant and have a positive impact on the MPI (Table 9).

It is observed that the greater the continuity in the daily access to water in the houses,
the lower the level of poverty of the households. Similarly, in households where: water is
treated before consuming it, investments are made to improve water access in the home and there
are secondary sources of water (such as bottled water), which are less poor households.

The other statistically significant variables of the model show that in households
where the level of overcrowding is less than or equal to three people per room, the household
head/decision-maker perceives they have sufficient income and they have lived in Tupiza city
their lifetimes, are households with a lower level of multidimensional poverty. In contrast,
the poorest households are characterized by having their income from rents, cash assistance
payments, retirement or activities related to transportation. Other common economic activities
of the area, such as mining and commerce, do not have statistically significant impacts on
the level of multidimensional poverty in the city of Tupiza.
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Table 9. Estimates of the poverty model for the urban area of the Tupiza River Basin.

Variable Model
incipal i i i : -0.1461 ***
Principal income associated with rents, bonuses and/or retirement (0.0260)
i 0.1443 ***
No overcrowding 0.037%)
L
Continuity in daily access to piped water 0(-(1)315976)
Secondary water source 0.0935 ***
! (0.0282)
Water treatment 0.0884 ***
(0.0362)
Perception of income sufficienc 0.0810 **
’ Y (0.0257)
s . . . . . 0‘0756 KK
Investment to improve continuity in daily access to water in the home (0.0370)
— b
Main income associated with transportation (2008(2);2)
Ed
Lifelong residence in the city of Tupiza 0(85042141)
Constant 0.1063 ***
(0.1039)

Number of observations = 187

R-squared = 0.2666

Prob > F = 0.0000

Note: Standard errors in parentheses. *** p <0.01; ** p < 0.05.

4.5. Policy Implications

From the multidimensional poverty models for the urban and rural areas of the Tu-
piza river basin, some variables that could guide the construction of policies aimed at im-
proving water access in the Tupiza River Basin were found. According to the results, the
improvement of water access in the basin can lead to the reduction of the levels of multi-
dimensional poverty in the households.

For this analysis, we evaluated some hypothetical scenarios based on the economet-
rical results. As a first step, households from our samples were divided by poverty quin-
tiles, based on the estimated MPI, both for the rural-peri-urban area of the basin and for
the city of Tupiza. The purpose was to observe the effects that policies could have on the
MPTI of each household and the proportion of households that would rise in quintile,
which is equivalent to reducing their poverty level. In this case, by evaluating the policies
we mean observing how the significant water variables from the econometric analysis can
affect the MPI index by changing their actual values (i.e., simulating improvements in
water access conditions by upgrading the values of the discrete variables).

For the rural area, the possible effect of policies aimed at the improvement of each of
the variables included in the Water Access Index was observed, in addition to the exist-
ence of water tanks in the house and the treatment of water before consumption. We ba-
sically estimated the changes on the MPI level by moving up the values of the variables
into their scales, since all of them were defined as discrete variables. Among these, the
policy that would most help to reduce multidimensional poverty is the provision of storage
tanks of water in homes, since 65% of households would have a higher MPI (less poverty)
and 50% would rise in quintile.

The number of hours in the continuity of daily access to water in households could reduce
the level of multidimensional poverty in about 64% of households in the basin and 14%
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of them would rise in quintile. A third effective policy to reduce multidimensional pov-
erty is to promote the treatment of water before consumption, which would reduce the poverty
levels of 33% of rural households and 9% of them would rise in quintile. Finally, access to
secondary water sources would also contribute to the reduction of multidimensional poverty
in 33% of rural households, helping to raise 5% of these from the quintile. The other poli-
cies have important effects in reducing poverty, but they do not achieve a significant ad-
vancement of households towards higher quintiles (Table 10).

Table 10. Effect of water policies on the level of multidimensional poverty in the rural area of the
Tupiza River Basin.

Households that Re- Households That

Variabl Policy duce Their Poverty Move to Higher
arlable (Simulated Changes on Observed Variables) Level Poverty Quintile
n % n %

Households that do not have piped water upgrade
to households with piped water but not on a daily 130 29% 16 4%
Daily availability of wa-basis
ter by a pipe connection Households that have piped water but do not have
it daily basis upgrade to households to have water 106 24% 13 3%
on a daily basis

Existence of a second- Households that do not have a secondary source of
ary source of water in water upgrade to households that have a secondary 194 43% 35 8%
the home source of water for domestic use

Households that do not have piped water change to

households that have piped water for less than6ha 130 29% 35 8%
day

Households that have piped water for less than 6 h

per day upgrade to households that have piped wa- 131 29% 24 5%
ter between 6 and 11 h per day

Households that have piped water for 6to 11 h a

Water continuity

(Number of hours the day upgrade to households that have piped water 4 1% 1 0%
household has water on
a daily basis) between12to 17 h a da}f
Households that have piped water for 12to 17 h a
day upgrade to households that have piped water 10 2% 3 1%
between 18 to 23 h a day
Households that have piped water for 18 to23 h a
day upgrade to households that have piped water 11 2% 1 0%
24 h a day
Households that do agriculture and do not have an
Access to irrigation sys- irrigation system for all their crops upgrade to
. o . 43 10% 0 0%
tem in all crops households that have irrigation systems for all their
crops
Existence of an im- Households that do not have an improved water
proved water source in source upgrade to households that have an im- 56 12% 7 2%
the home proved water source for domestic use
Households that breed livestock and do not have
Existence of water water troughs for their animals (fountains) upgrade 148 339 5 1%

troughs for animals to households that have water troughs for their ani-
mals
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Existence of a water
tank in the house

Households that do not have a water tank in their
homes upgrade to households that have a water 293 65% 225 50%
tank in their homes

The household does
some water treatment
before consuming it

Households that do not implement some type of
water treatment before consuming it upgrade to 147 33% 39 9%
households that apply some type of water treatment

In the city of Tupiza, water access for domestic use is greater and better than in the
rural area of the basin. The suggested policies to reduce the levels of multidimensional
poverty in households are associated with improving continuity in daily access to water and
promoting the treatment of water before its consumption.

A greater continuity in daily access to water would reduce multidimensional poverty
in at least 21% of households, and 6% of them would rise in quintile. The policy associated
with the promotion of water treatment before its consumption would reduce the poverty level
of 13% of households, and 8% of them would rise in quintile (Table 11). This last policy
can also have indirect positive effects on the health of the population, since it is related to
the quality of water for daily consumption.

Table 11. Effect of water policies on the level of multidimensional poverty in the city of Tupiza.

Households That Households That

Variable Policy Reduce Their Pov- Move to Higher
(Simulated Changes on Observed Variables) erty Level Poverty Quintile
n % n %
Households that do not have piped water upgrade to 3 29, ) 19%
households that have piped water for less than 6 h a day
Households that have piped water for less than 6 h per
day upgrade to households that have piped water be- 10 5% 2 1%
tween 6 and 11 h per day
Number of hours the Households that have piped water for 6 to 11 h a day
household has water upgrade to households that have piped water between 7 4% 2 1%
daily 12to 17 h a day
Households that have piped water for 12 to 17 h a day
upgrade to households that have piped water between 7 4% 1 1%
18 to 23 h a day
Households that have piped water for 18 to 23 h a day o o
. 11 6% 3 2%
upgrade to households that have piped water 24 h a day
The household does .
some water treat- Households that do not implement some type of water
treatment before consuming it upgrade to households 24 13% 15 8%

ment before consum-
ing it

that apply some type of water treatment

5. Discussion

Based on the results, a set of water policies that can effectively reduce the multidi-
mensional poverty of households in the Tupiza River Basin have been identified. These
policies include action lines related to: i) implementation of water tanks in rural house-
holds, ii) implementation of irrigation system projects that reach all the crops that families
have, iii) searching for secondary water sources for rural households, iv) greater continu-
ity in daily access to water in urban and rural households, and v) information and training
of urban and rural households regarding water treatment options. The findings around
these policies are summarized below.
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Implementing water tanks in rural homes, either for those who have piped water or
to harvest rainwater in homes with no-piped water, showed significant reductions in pov-
erty estimates at the household level. Watershed-level actions can be combined with
household-level actions to be effective in securing water. This would require connecting
these actions with hydrological and water management models, and considering other
aspects such as the water pressure in homes and the current and potential supply of water
in the communities, among others. The communities that would most benefit from this
policy are Tatasi, Oploca, Salo, and Chillco.

Irrigation projects for all the crops that families have, can potentially contribute to
reducing poverty levels in rural communities, particularly Gallego, Salo, Oploca, and Al-
mona. Additional technical aspects need to be considered when implementing this or sim-
ilar policies, e.g., identifying the most effective and viable irrigation systems for each com-
munity, the geographical conditions of the communities, the types of crops, the distances
between the plots, the current and potential water sources for irrigation, among other hy-
dric criteria.

Identifying potential secondary water sources for rural households can help families
have alternative sources of water for domestic water use, particularly to improve supply
conditions during drought season and water scarcity periods during the year. This policy
must focus on improved sources of water, since most of the current secondary sources
households use are rivers or water ditches exposed to external contamination.

Improving the continuity in daily access to water in urban and rural households via
the implementation of home connections (piped water) to households without water on
their premises and extending the provision of water to households experiencing water
supply intermittencies issues. These actions are difficult to apply in all households, par-
ticularly in remote rural areas, and will depend, once again, on the geographical condi-
tions and the current and potential supply of water in each community. Those communi-
ties that would have more household benefit from a greater continuity of daily access to
water are Oploca, Tatasi, Salo, Villa Providencia, and Chillco. The search for secondary
water sources can be a policy that complements well with the improvement in the conti-
nuity of daily access to water.

Awareness creation and dissemination of information and training to urban and ru-
ral households on water treatment options can improve secure safe drinking water for
families and improve people’s health conditions. The communities that could benefit the
most from this policy are Oploca, Almona, San Miguel, and Salo.

The multidimensional poverty models estimated in this study suggested that: water
policies would have a more significant impact on reducing multidimensional poverty in
the rural and peri-urban area of the Tupiza River Basin, not so much in the urban area.
This is due to the fact that rural and peri-urban communities show more unfavorable con-
ditions of multidimensional poverty and less favorable access to water than the city of
Tupiza.

One limitation of this study is that represents the first approximation for the estima-
tion of multidimensional poverty in households in the Tupiza River Basin. For this reason,
we were unable to compare our results to other studies’ results. The construction of the
indices responds to a specific design, guided by the dimensions of poverty suggested by
the SIDA, and the characteristics of the study area, captured at a specific moment in time.
There may be future measurements that include different variables and dimensions of
poverty. Therefore, the comparison between indices must take into account the particu-
larities of each method and the information used in their construction.

6. Conclusions

This study focused on the understanding of the links between water and multidi-
mensional poverty in the Tupiza River Basin, located in the southeast of the department
of Potosi, in Bolivia. The purpose is to make sure that watershed-level policies around
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water management actions include the most vulnerable and remote areas with higher val-
ues of multidimensional poverty and lower water access. The results of the analysis of the
relationship between water access and multidimensional poverty showed that, both in the
urban area (city of Tupiza) and in the rural and peri-urban communities of the basin, wa-
ter access for domestic use affects the poverty levels of the households. In the rural and
peri-urban areas, water access for agricultural and livestock breeding activities also affects
the levels of multidimensional poverty of households.

In the rural area, having daily availability of water through a household connection
(piped water) represents the most important factor in the rural water index, followed by
access to a secondary water source, continuity in daily access to water, and access to an
improved water source. In addition to the water index, the effect of other variables asso-
ciated with water storage and treatment on poverty was also found. In this sense, it was
found that the existence of water tanks in the house and the water treatment before con-
suming it, can also reduce the level of multidimensional poverty of rural households in
the Tupiza river basin.

For the city of Tupiza, it was observed that the greater the daily continuity of water in
the houses, the lower the level of multidimensional poverty of the households. Similarly,
those homes where water is treated before consumption, investments are made to improve water
access at the house and secondary sources of water are used (such as bottled water), represent
households with lower levels of multidimensional poverty.

Another interesting output of this study is the indicators around mining. In rural
areas, mining activities can secure homes for people, something that affects poverty. How-
ever, other studies show that wastewater from mining in rural areas contributes to water
pollution and health problems [27-29]. These are crucial factors to consider in understand-
ing the potential policy actions around water quantity and quality and the socio-economic
challenges in source water areas of the watershed.

In the rural area, differences were noticed not only between communities but also
within each community alone. This means there are communities that are further behind
than others, and households with worse living conditions within the same community. In
this sense, it is necessary that the implementation of policies aimed at improving access
to water in the communities prioritize those with poorer households, since this would
allow reducing the poverty gaps in the Tupiza River Basin.
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