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Abstract: The 2030 agenda presents an integrated set of Sustainable Development Goals (SDGs) and
targets that will shape development activities for the coming decade. The challenge now facing
development organizations and governments is how to operationalize this interconnected set of goals
and targets through effective projects and programs. This paper presents a micro-level modeling
approach that can quantitatively assess the impacts associated with rural water interventions that
are tailored to specific communities. The analysis focuses on how a multiple-use water services
(MUS) approach to SDG 6 could reinforce a wide range of other SDGs and targets. The multilevel
modeling framework provides a generalizable template that can be used in multiple sectors. In this
paper, we apply the methodology to a dataset on rural water services from Mozambique to show that
community-specific equivalents of macro-level variables used in the literature such as Cost of Illness
(COI) avoided can provide a better indication of the impacts of a specific intervention. The proposed
modeling framework presents a new frontier for designing projects in any sector that address the
specific needs of communities, while also leveraging the knowledge gained from previous projects in
any country. The approach also presents a way for agencies and organizations to design projects or
programs that bridge sectors/disciplines (water, irrigation, health, energy, economic development,
etc.) to advance an interconnected set of SDGs and targets.

Keywords: sustainable development goals; water; multiple-use water services; rural; peri-urban;
cost–benefit analysis; multilevel modeling framework

1. Introduction

In 2015, the United Nations (UN) General Assembly adopted the 2030 agenda that established
17 Sustainable Development Goals (SDGs) and 169 targets to guide the next 15 years of development [1].
The creation of the 2030 agenda emerged from an unprecedented global dialogue that included thematic
discussions, national consultations in over 80 countries, and the development of numerous reports.
This process created a set of goals and targets described as “integrated and indivisible, global in
nature and universally applicable” [1] (p. 13). The challenge now facing countries and development
organizations is how to operationalize an interconnected set of goals and targets, especially given the
inherent contradictions between some of these goals such as economic development and environmental
protection as evidenced by existing trajectories of development [2]. To this end, work has begun on
how to conceptually map the influence of one SDG or target on another [2,3] and how advancing the
SDGs as a whole might impact specific objectives such as improving health [4].
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In this paper, we consider SDG 6—to ”ensure availability and sustainable management of water
and sanitation for all” [1] (p. 18)—and focus specifically on the interconnected impacts of realizing
this goal in the context of rural water supply. The question of how water and sanitation services are
interconnected with other critical development goals has been the subject of much debate in the human
rights arena [5–10]. Since water is vital to livelihoods and has direct gender-related impacts [11–13],
its role in realizing a broad range of socio-economic human rights has been well documented [7].
The interconnections that exist between the recently established human right to water and
sanitation [14] and human rights related to living a healthy and productive life, also exist between
SDG 6 and the other SDGs and targets.

Over the past decade, increasing attention has been given to how rural and peri-urban households
use water [15,16]. Whereas water services provision has traditionally focused on providing water
for a single use—i.e., for domestic needs (such as drinking, cooking, washing, or bathing) or for
irrigation purposes [17]—there is growing evidence of the need to provide water for productive
uses (such as raising livestock, growing crops/kitchen gardens, making bricks, etc.) around the
homestead [18,19]. Research conducted in 147 rural communities in Colombia, Senegal, and Kenya
with small-scale reticulated systems, found that three quarters of households were using their water to
support productive activities, irrespective of whether this type of water use was permitted [7,20].
The productive activities in these communities predominantly focused on raising livestock and
small-scale agriculture or gardening around the homestead, followed by water-based commercial or
service activities. Around one half of households surveyed in all three countries earned an income from
their water-related productive activities and this income represented around one half of a household’s
total income [7]. In Senegal, the engagement of rural households in the productive use of water
was also found to be associated with better technical performance of water supply systems [20] and
provided women with opportunities to engage in livelihood diversification strategies [21].

When compared against the single-use approach to rural water supply, multiple-use water services
(MUS) holds the potential to realize a more comprehensive and interconnected set of water-related
outcomes [7]. This potential—to alleviate poverty, enhance land and water productivity, improve
rural livelihoods, promote gender equity, etc.—meant it aligned well with several of the original set of
eight millennium development goals (MDGs) [22]. Given the critical role of water in achieving the
SDGs [23], this paper revisits MUS as providing a comprehensive and potentially efficient way to
advance significant components of the 2030 agenda, especially in low income settings.

Section 2 defines MUS and summarizes the reinforcing connections that exist between an
MUS approach and the SDGs; describes an approach to measuring the costs and benefits of MUS;
and argues that a micro-modeling approach is needed to better estimate the impacts of MUS. Section 3
outlines the modeling framework and describes the data used to demonstrate the general modeling
approach. Section 4 presents the modeling results that are then discussed in Section 5. Section 6
concludes the paper.

2. Theoretical Development and Background

2.1. MUS and the SDGs

MUS is described as “a public services approach that takes poor people’s multiple water needs
as the starting point for planning and providing water services” [24] (p. ix). It is a participatory and
gender inclusive whole-water approach, focused on aligning domestic and productive water needs
with available water sources, within the context of sustainable water resources management [25,26].
The MUS approach attempts to tailor the water services provided to the needs of each community,
using a range of water supply technologies (e.g., rope pumps, handpumps, solar/wind pumps,
rainwater systems, small-scale reticulated systems with household connections, public taps, cattle
troughs, and/or water for small agricultural plots). This tailoring means that the components of an
MUS project will vary by location and in response to community needs.
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In general, the MUS approach can be described as focusing on three interrelated objectives—i.e.,
increasing a community’s access to water (for all uses), improving health, and enhancing
livelihoods [25–27]. Thus, MUS interventions typically target these objectives within the context
of improving the sustainability of the water services provided. It should be noted, however, that in
practice the ability for an MUS program to address all three objectives depends on how funding can be
used—i.e., to target improving access to water or a more comprehensive approach that also includes
improving health and livelihoods as program outcomes. In this paper, an ‘ideal’ MUS approach is
considered that advances all three of objectives in an integrated way, as described by [24,26].

The scope of the MUS approach means that it holds the potential to specifically address SDG 6
and influence a wide range of other SDGs and targets.

Nilsson et al. [3] offer a conceptual framework to consider the relationships that may exist
between the 17 SDGs and 169 targets. The framework provides seven types of interactions—i.e.,
+3 Indivisible, +2 Reinforcing, +1 Enabling, 0 Consistent, −1 Constraining, −2 Counteracting,
and −3 Canceling [3]. While labelling an interaction between two goals or targets is somewhat
subjective, the framework can help distinguish between interactions that are direct versus indirect,
in both a positive and negative sense.

Using Nilsson et al.’s framework as a guide, we considered how an ideal MUS approach designed
to ensure the “availability and sustainable management of water” (SDG 6) in a rural context might
influence other SDGs and targets (see Table A1 in Appendix A). For example, improving access to
water services can have a direct impact on income if the water is used to support income-generating
productive activities around the homestead, and an indirect impact on educational attainment if
any reduction in the time spent collecting water enables children to attend school. In the former
example, productive activities depend on the water supplied, whereas in the latter example, water
enables another activity to occur, but this activity could occur independent of the water supply service.
In the context of Nilsson et al.’s [3] framework, direct interactions can be considered as either +3
Indivisible, +2 Reinforcing, −2 Counteracting, or −3 Canceling and indirect interactions as +1 Enabling
or −1 Constraining.

Table 1 provides a summary of the six SDGs and related targets considered to be ‘reinforced’ by
MUS. (The complete analysis of how an ideal MUS approach [24,26] might influence the SDGs and
targets is provided in Table A1 in Appendix A. The overall scope of the approach can be understood
by reviewing the ‘Relationship’ column in Table A1.) Table 1 shows that an MUS approach could
reinforce the SDGs focused on poverty (SDG 1), hunger (SDG 2), health (SDG 3), gender equality
(SDG 5), inclusive growth (SDG 8), and income inequality (SDG 10). The MUS approach was also
considered to have an indirect ‘enabling’ influence on the seven SDGs focused on education (SDG 4),
energy (SDG 7), resilient infrastructure (SDG 9), resilience (SDG 11), sustainable consumption and
production (SDG 12), climate change (SDG 13), and the sustainable use of ecosystems (SDG 15)
(see Table A1 in Appendix A). The MUS approach was considered to have ‘indivisible,’ ‘reinforcing,’
and ‘enabling’ influences on the SDG 6 targets (Table A1).

While the MUS approach holds the potential to impact the SDGs, the provision of sustainable
rural water services has proven to be challenging. Rural access to improved water services (primarily
for domestic use) increased from 63% in 1990 to 84% in 2015 [12], yet it is common to find that around
one-third of installed water points have failed within five years of installation [28]. In general, rural
water services tend to be considered sustainable if they continue to function over their intended
design life [29–33]. The sustainability of a service has been linked to factors such as designing a
service in response to community demand, ensuring local financing and cost recovery, and promoting
dynamic system operation and maintenance [30]. Harvey and Reed provide a useful definition of
a sustainable water supply that extends this view to consider the ecological sustainability of the
service: “A water service is sustainable if the water sources are not over-exploited but naturally
replenished, facilities are maintained in a condition which ensures a reliable and adequate water
supply, the benefits of the supply continue to be realized by all users indefinitely, and the service
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delivery process demonstrates a cost-effective use of resources that can be replicated” [31] (p. 7).
The concept of MUS is consistent with these perspectives and pays specific attention to the ‘benefits’ of
water services related to improving health and livelihoods. It is also argued that the income-related
benefits of MUS may improve the financial health and technical sustainability of services, since users
have increased income from water-related productive activities and, therefore, a willingness and
ability to pay for these services [18,19,24,34]. This potential for MUS to enhance the sustainability of
rural water supply services is the primary reason the approach was selected for this paper. Tables 1
and A1 (in Appendix A) provide additional insight into how an ideal MUS approach might also impact
sustainable development as defined by the SDGs and targets.

Table 1. ‘Reinforcing’ relationships between the provision of rural water supply services (via MUS)
and SDG targets.

SDG Goal SDG Target Relationship

Goal 1: End poverty in all
its forms everywhere 1.1 and 1.2

The provision of water for productive activities (e.g.,
raising livestock, small-scale agriculture) can reduce
poverty via direct income or avoided expenditures

Goal 2: End hunger, achieve food
security and improved nutrition, and
promote sustainable agriculture

2.1 and 2.2
The provision of water for productive activities can
directly reduce hunger via the consumption of crops
and livestock-related food products

Goal 3: Ensure healthy lives and
promote well-being for all at all ages 3.1, 3.2, and 3.3

The provision of clean water for domestic uses (e.g.,
drinking, cooking, washing, and bathing) is critical to
reducing mortality and water-borne diseases
The appropriate design of water services can reduce
water-related vectors/diseases such as malaria

Goal 5: Achieve gender equality and
empower all women and girls 5.1, 5.5, 5.4, and 5.5a

As the primary water collectors, improving access to
water, and including women in the management of
water services, will enable women to have more
control over their domestic, reproductive, and
productive activities, and improve women’s
participation in leadership and decision-making roles

Goal 8: Promote sustained, inclusive,
and sustainable economic growth, full
and productive employment, and
decent work for all

8.1, 8.2, and 8.3

Improving access to water and financial services will
reduce the time spent collecting water and enable
individuals, especially women, to engage in income
generating activities

Goal 10: Reduce inequality within and
among countries 10.1

The provision of water for productive
activities can promote income growth,
especially for the poorest 40 percent of
the population who tend to live in rural areas

Realizing the SDG 6 target to achieve by 2030 “universal and equitable access to safe and affordable
drinking water for all” [1] (p. 18), will require the careful analysis of the costs and benefits of different
levels of access to rural water services. Such an analysis is needed to identify the service delivery
approaches that demonstrate “a cost-effective use of resources” [31] (p. 7). By connecting an ideal
MUS approach to the realization of SDG 6 (in a rural setting), it has been possible to identify a broad
range of SDG-related factors that could be included in a cost–benefit analysis. The following section
looks at the role of cost–benefit analysis in advancing more sustainable water services, and makes the
argument that micro-level models present the next step in identifying community-specific solutions
that can also advance the 2030 agenda.

2.2. Cost–Benefit Analysis for MUS

Whittington et al. [35] have argued that “a key issue contributing to the difficulty in achieving
improved access has been a fundamental misunderstanding of the economics of investment in the
water and sanitation sector. The core problem is to ensure that the benefits of improved water and
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sanitation access will be large enough to cover or possibly exceed the costs for those who will bear
them: yet surprisingly often, this need is overlooked” (p. 472).

Quite apart from the fact that the costs of improvement have often to be borne by people not
directly benefiting from the actual improvement (for instance, economically well-off people in cities
often pay tax subsidies to improve water facilities in rural areas), there is also the issue that water, being
essential for human activity, is already available in some limited form and hence any improvement may
be “incremental” in benefit. On the other hand, the provision of a non-essential good such as electricity
has a significant effect on lifestyles and hence may be seen as more beneficial in the short-run [35].

This “paradox” [35] (p. 472) could be at least partially responsible for relative failures in water
projects beyond strictly technical or managerial reasons. Hence, to ensure SDG 6 is met and that MUS
projects are undertaken that broadly impact the SDGs, it would be worth undertaking a cost–benefit
analysis prior to implementing any project.

A basic cost–benefit model looks at the net benefits (NB) in terms of a difference between the
estimated benefits (B) and the estimated costs (C) [35]:

NB = B − C + η (1)

where η is the error in estimating benefits and costs that may be different from the true benefits
and costs.

It is possible to estimate the incremental costs of upgrading an existing system to provide
MUS [18,34]. Similarly, the benefits may be estimated based on the multiple uses of water for a
particular country’s sample by considering the interconnected relationships between water and other
SDG targets and specifying all the benefits in terms of a common unit. The net benefits may then be
calculated for a particular country or community from the estimated costs and benefits.

Whittington et al. identify four possible approaches to performing a statistically sound
cost–benefit analysis. The most “correct” approach that would account for variability across samples
(here, the samples are the results from different water development projects) would be to randomly
sample potential water and sanitation projects in developing countries and apply cost–benefit models
to this sample of locations to obtain potentially generalizable results. A second approach would be to
select a small number of representative locations and then collect site-specific, accurate information
on the parameter values in the cost–benefit model and use these as indicators of the overall costs and
benefits. A big challenge with these two approaches is that few donor organizations are willing to
invest the needed resources to collect such data. A third approach would be to calculate the benefits
and costs for each country or region in the world, using country- or region-specific information from
global databases for those parameters for which such data are available. For parameters for which such
secondary data are not available for each country or region, evidence from a few site-specific studies
or professional judgment could be used [36]. The fourth approach would be construct a probability
distribution of costs and benefits using parameters sampled from a reasonable distribution based on
previous studies—the approach adopted by Whittington et al. [35].

In all these methods, the drawback is that true generalization may not even be possible given
the extreme specificity of developmental needs in different locations. It is feasible to specify a good
site-specific cost–benefit model that can be used to evaluate the impact of interventions [36–40].
The Powers [37,38] and Lovei and Whittington [39] models were developed to analyze the costs and
benefits of specific development projects under consideration for donor funding, while the Hutton
and Haller [36] and WHO [41] approaches use a country-specific, instead of a location-specific, model
to generate a global picture of costs and benefits of all potential water and sanitation investments.
Direct extensions of these models to new MUS projects is often not feasible due to the lack of a
unified data collection and modeling framework. In this paper, we suggest that a unified modeling
framework with multilevel models, specified as natural extensions of random effects models that allow
for location-specific variation, can be used to develop MUS interventions that advance the 2030 agenda.
While this approach needs to be supported by a uniform data collection mechanism where all relevant
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information pertaining to the variables in the model are collected from different sites, it is possible to
demonstrate how the framework could be applied using data available to the authors. The modeling
framework is discussed in more detail in the Methodology section.

2.3. Macro vs. Micro

One potential problem when conducting a model-based cost–benefit analysis, is that an efficient
model that focuses on macro- or system-level variables, while informative at providing clear policy
prescriptions to decision-makers, does not account for variability within communities (i.e., between
households) in the region under study. Even if water systems stay the same within a community,
other factors such as education, number of children in the household, employment characteristics, etc.,
vary widely. Ignoring this variability among households may lead to sub-optimal results in policy
interventions. For instance, a family with well-educated adults and in well-paying jobs might design
its own interventions (e.g., boiling water before drinking or using a chlorine disinfectant) independent
of the water service to ensure a reduction in gastro-intestinal illnesses. For such a family, an investment
in an upgraded water system is likely to yield a smaller benefit than for a family that cannot or does
not use such interventions.

Given the range of ways in which an MUS approach could be implemented [26,27], having a
method that uses household-level variables to tailor an MUS intervention to maximize its overall
impact is important. A one-size-fits-all “cookie-cutter” approach to designing policy interventions
is likely to severely distort the actual costs and benefits and result in a flawed intervention.
In the following section, a micro-level model is developed that takes into account the actual variation
between households in terms of characteristics such as quantity of water used, number of children in a
household, etc., to better account for the actual economic impacts of a water service upgrade.

3. Methodology

The purpose of this paper is to demonstrate how a micro-level modeling framework can be
developed to consider the costs and benefits of MUS interventions and how these connect with SDGs
and targets. The data selected for the analysis was collected during a 2013 follow-up study for an
impact evaluation of a Millennium Challenge Corporation (MCC)-funded rural water supply project
in the Nampula province of Mozambique [42,43]. The 2013 study was undertaken in compliance
with research protocol 11-224, approved by Virginia Tech’s Institutional Review Board. The follow-up
study included 1826 household surveys in 62 communities (32 treatment and 30 comparison), covering
topics such as household characteristics, access to water and sanitation, child health, and income and
expenditure. Both the household survey and raw data are publically available [43].

The Mozambique project focused on the installation of handpumps combined with hygiene
education, so it does not present an ideal example of MUS. However, the high quality of the household
survey data (see [44] for an example of the data collection and cleaning process used in Mozambique)
makes it possible to study the broader impacts of rural water services provision, irrespective of the
project’s focus. Put differently, the data is of sufficient quality to demonstrate how the micro-modelling
approach can be applied, but not of sufficient focus to enable us to match theoretical variables with
observed variables. Since the project focused on improving access to improved water and hygiene
education, we expect the water-related economic benefits to be somewhat limited. Although, there
is evidence that rural households use their available water supply to support all of their domestic
and productive needs, irrespective of the quantity of water used [7]. Thus, water obtained from
handpumps could support limited levels of productive activity.

Based on the interconnected relationships between the SDGs as specified in Table 1, we focus
on four main benefits due to improved water access: (1) direct economic benefits—these include
the potential reduction in the actual cost of buying water and possible use of water to generate
an income; (2) indirect economic benefits—these include the opportunity cost associated with long
walking and waiting times for water, especially in rural settings with unimproved water; (3) healthcare
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benefits—these include reduction in Costs of Illnesses (COI) avoided, and also reduction in child
mortality, morbidity, etc.; and (4) nutritional benefits—these include the consumption of food produced
via water-related productive activities and, to a lesser extent, reduction in hunger due to provision of
safe water. Table 1 lists other benefits such as dynamic benefits of water provision in terms of speeding
up economic growth. In this paper, we focus only on the direct and indirect immediate benefits due
to the provision of new water services and these can be weighed against the costs of providing these
services. These direct and indirect benefits correspond to variables that are used to illustrate the
benefits of improved water access in the literature [36,45]. Other variables corresponding to further
SDG targets can be added directly to the model to expand its application.

Using the Mozambique data, we model the individual-level benefits (or costs) associated with
water access. We use the multilevel modeling/random effects regression modeling framework [46]
to model the income gained (or potentially lost) due to the current level of water access. Specifically,
the model for each individual household is given by,

Inci = αj[i] + βj[i]
directProfitUsei + βj[i]

costUsei + βj[i]
illIlli + βj[i]

foodFoodi

+βj[i]
indirectIndirecti + εi

(2)

In Equation (2), the subscript i is the index for the household, and j[i] is the index for the
community which the household i is part of. Thus, the coefficient αj[i] in the regression model is the
average wage earned when the other variables are all 0 (or equivalently when there is no direct or
indirect benefit due to the water access), and it is modeled as a random effect that depends on the
community/country in which the data was collected for the particular household. In the full multilevel
model, the random effect may itself be modeled using other predictors (for instance, education, wage
earned by occupation, etc.). These variables, such as education levels, are important predictors of
household income, and by ignoring these in the current iteration of the model, we fit only a very small
part of the variance in the household income data. However, in this paper, we focus only on the part of
income that relates to water and note that this model can be extended in future work. Similarly, the
slopes βj[i] are also modeled as coefficients of random effects and vary with community/country.

The following variables are measured in units of per capita per day for the sake of consistency
and all coefficients are chosen to correspond to currency units. Inc is the total income earned/reported,
Pro f itUse relates to the direct income earned due to water-related services, Use is the total quantity of
water used, Ill is the number of water-related illnesses in a month, Food corresponds to the food-related
uses of water, Indirect corresponds to opportunity costs due to not having good water access and
encodes walking and waiting times to water sources. εi is the modeling error term which is assumed
to be independent and normally distributed. Additional factors corresponding to further benefits of
improved water access can be added as additional terms in this model specification.

The logic of the regression model is to look at the series of costs and benefits of having a particular
level of water access and account for these as increases or decreases from the average income that
potentially could be earned (αj[i]) by similar households in that community. A particular household
that has a number of ill people due to water-related diseases is potentially losing out on their income
and, hence, it is likely that the actual reported income is lower than αj[i]. Similarly, if a particular
household profits directly from water, it is likely to report an income higher than the average income
for the community/country under the assumption of no income effects related to water access. Based
on this, the coefficients β should all be negative except for βdirect that should be positive.

The coefficients also have a direct interpretation in terms of variables that are reported in the
literature. For instance, β j[i]

ill represents the Cost of Illness (COI) as experienced by the particular
community as it represents the decrease in income (assuming the coefficient is negative) for each unit
increase in the number of illnesses in the household.

Table 2 shows how the micro-level variables relate to the six SDGs and targets identified
(in Table 1) as being ‘reinforced’ by rural water investments.
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Table 2. Micro-level variables linking the provision of rural water supply services to SDGs and targets.

SDG Goal Variables

Goal 1: End poverty in all its forms everywhere
Variable: ProfitUse

(Direct income earned from water-related
services—e.g., USD$/LPCD)

Variable: Food
Goal 2: End hunger, achieve food security and improved
nutrition, and promote sustainable agriculture (Nutritional benefits from access to food—e.g.,

USD$/consumption of food types)

Variable: Ill
Goal 3: Ensure healthy lives and promote
well-being for all at all ages (Economic impacts of illness—e.g.,

USD$/prevalence of illness)

Variable: Indirect
Goal 5: Achieve gender equality and
empower all women and girls (Indirect economic benefits—e.g.,

USD$/educated girl child)

(Indirect economic cost—e.g., opportunity
costs of not having good water access based on
water collection walking and waiting
times—e.g., USD$/time spent per capita per day)

Variable: ProfitUse
(Direct income earned from water-related
services—e.g., USD$/LPCD)

Variable: Indirect
(Indirect economic benefit—e.g.,Goal 8: Promote sustained, inclusive, and sustainable

economic growth, full and productive employment,
and decent work for all

opportunity costs of not having good water access
based on water collection walking and waiting
times—e.g., USD$/time spent per capita per day)

Variable: ProfitUse
Goal 10: Reduce inequality within and among countries (Direct income earned from water-related

services—e.g., USD$/LPCD)

One key assumption regarding this model is that variables corresponding to Ill, Indirect, etc.,
are readily available in the data. In this paper, we use variables measured from the actual survey
instrument—number of children reporting stomach-related illness, total walking and waiting time to
access a liter of water—as proxies for these variables. A more comprehensive design could include
an intermediate factor analysis step to identify which factors affect income due to water and which
observed variables correspond to these factors.

4. Results

Using the household survey data, we built a model for Mozambique based on the framework
described in the previous section. We do not build a full multilevel model in this paper as all the data
is from the same country. The variables used in the model are described below.

Income: The household income was obtained from the income module of the household survey [43]
and is measured in Metical. The actual monthly household income was converted into total income
per day (dividing by 30) for convenience. It was not converted into income per capita as our analysis
in this paper focuses on household income. The exchange rate for conversion to US dollars is based
on 2013 rates (which is when the data were collected) with 1 USD = 30 Metical (approx.). The current
exchange rate is 1 USD = 70 Metical (approx.).

Total LPCD: The daily per capita water consumption is calculated from the water module of
the household survey [43], which collected detailed information on who collected water, where they
collected water from, and how may containers of what size they collected from each water source
during the wet and dry season. The total quantity of water collected in a week by all individuals was
converted into total liters per capita per day (LPCD). On average, households had 4.2 members.
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LPCD_unimproved: The total LPCD from “unimproved” sources, i.e., from surface water sources
that are typically some distance away from the household, was obtained from the water module of the
household survey and is used to model the Use variable (in Equation (2)).

LPCD_improved: The total liters per capita per day from “improved” sources, i.e., from handpumps
which were installed in the community, was used to model the ProfitUse variable (in Equation (2))
since we do not have data on the quantity of water used for water-related productive activities.

ChildIll: The number of children in the household reporting stomach illness was obtained from the
health module of the household survey [43], which collected data on the number of children reporting
gastrointestinal disorders or diarrhea in the household over the past week. The ChildIll variable was
used to model the Ill variable (in Equation (2)). It was assumed that all child illnesses (stomach-related
illnesses only) were due to the water source since sufficient water quality data were not available.
In future iterations of the model, this variable could be modified by assuming a treatment effect for
households accessing improved water sources, or by including a water quality variable.

MPCD_unimproved: The total minutes per capita per day spent collecting 1 liter of water from
“unimproved” sources, was obtained from the water module of the household survey [43], and used
to model the Indirect variable (in Equation (2)).

IMPRi: This dichotomous variable takes values 1 or 0 and indicates whether a particular
household belongs to a community corresponding to the treatment group (community with access
to handpump) or to the control group (no handpump access). In the current dataset with
1826 households, 972 households belong to the treatment group whereas the other 854 households
belong to the control group.

In our model, we separate the treatment and control households using the indicator variable to
estimate the cost of illness for the two groups separately. This is because there is a possibility that
the illness alleviation effect of MUS may be confounded in this particular study where we do not
specifically control for disease spreading mechanisms through water. In future studies, it would be
useful to explicitly control for such mechanisms when studying the health-related aspects of water to
avoid confounding due to other variables.

Other variables such as Agricultural Income, Child mortality, etc., were considered for the model
variables ProfitUse and Ill, but the models were not substantially more informative due to adding
these variables, and hence they were omitted. The summary statistics for these variables are shown in
Table 3. The empirical data show extreme variability in the variables among the households surveyed,
and this is often a feature of self-reported income and water consumption data, which again needs to
be addressed in a future study which aims at finding robust results.

Table 3. Summary statistics for data variables used in modeling.

Variable Min Mean Max Standard Deviation

Income per day 1 119.8 3203 219.27

Total LPCD 0 20.64 (20.44) * 75 10.98 (10.1) *

LPCD_improved *
LPCD_unimproved *

Child Ill per day

0
0

0.2857

9.075
11.35
0.023

71.43
75

0.857

12.49
12.24
0.078

MPCD_unimproved * 0 56.23 850 87.89

* These values for average LPCD and standard deviation of LPCD are obtained after excluding four extreme values
recorded that were greater than 80 LPCD, much higher than for the rest of the data.

With the data variables substituted in the model, and using income per day as the dependent
variable, we obtain the following regression model:

Inci = 121.3 + 0.52LPCD_improvedi − 0.28LPCDunimprovedi
− 116.67ChildIlli

∗IMPRi + 49.7ChildIlli ∗ (1 − IMPRi)− 0.05MPCDunimprovedi

(3)
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This model suggests that the average daily income for households drawing the average quantity
of water per capita per day from unimproved sources is roughly 121.3 Metical, which is close to 2 USD
in current exchange rates. (The exchange rate has more than doubled since the data was collected and
hence this would have corresponded to around 4 USD under the then-prevailing rates.) However,
the average income per capita per day (ignoring the effect of other variables) is 119.8 Metical (as seen
in Table 3) and the difference of 1.5 Metical (121.3–119.8) is due to the costs of illness of children and
the opportunity cost of spending time on collecting unimproved water (net of the positive benefit due
to using water from improved sources).

The coefficient −0.28 for LPCD_unimproved suggests that the indicated cost for water use from the
unimproved water sources is 0.28 Metical per 1 LPCD. The usage of water from improved sources
in itself correlates to an increase in income and this is reflected in the positive coefficient for the
variable LPCD_improved. When considering the increase in usage of improved water from handpumps,
an increase of 1 LPCD corresponds to an increase of 0.52 Metical in income per capita per day.
The cost of illness (COI) indicated for a household in the treatment group in this dataset is given
by 116.67 Metical (equivalent to an average day’s income and about 4 USD per child per day under
then-prevailing rates) and is measured by the coefficient of the data variable ChildIll*IMPR. This COI
measure reflects the actual cost of illness for the families in this dataset as opposed to other reported
COI measures that typically provide an average for the whole country. We use the number of children
who are ill (normalized to per day units) as the proxy for the cost of illness because child illness is
an important reason for both lost income due to hospital visits and direct costs of paying for these
visits. In future data collection, more indicators of illness may be used to accurately estimate the COI.
For households in the control group, the coefficient of +49.7 indicates a positive correlation, which is
an anomaly in the dataset and is not supported in theory. This change in sign, coupled with the fact
that the regression coefficient is not significant suggests that the variable we have selected does not
capture adequately the actual processes involved due to limitations in the dataset mentioned above.

The indirect costs due to limited water access are measured using total time spent in minutes per
capita per day to obtain one liter of unimproved water. This represents the opportunity cost/income
foregone due to time spent walking to the water source and waiting at the source. The coefficient
−0.05 Metical is the indirect cost of not having direct access to water and measures the decrease in
income due to each extra minute spent collecting water relative to the average of all households.

5. Discussion

Whittington et al. [35] provide a general template for providing a statistically reliable cost–benefit
analysis of water access interventions in multiple project sites. This paper provides the multilevel
modeling framework to accommodate such a generalizable analysis. To obtain the specific benefits
of the water intervention as experienced by the individual households, we build a regression model
where the response variable is taken to be the income of a household and all the impacts due
to the interconnectedness of the development targets are measured in currency units to provide
equivalent economic costs and benefits. Due to its modular nature, this framework can be expanded to
accommodate additional variables that explain the variation in income due to any additional sources.
In this paper, we only look at the net benefits due to water-related effects and do not consider the
costs of building and maintaining the water infrastructure, since we did not have access to these data.
We note, however, that once the benefits of the water intervention are computed, assuming fixed
costs (capital, labor, interest, fees, maintenance, etc.), the cost–benefit accounting can be completed by
comparing the net benefits as computed by our model with the total costs per household as provided
by the cost data.

The framework used in this paper allows researchers to include the natural variability of
households within a community in their analysis by proposing a micro-level model that can replace the
more common macro-level models. Data for this micro-level model can be collected using appropriately
designed survey instruments and will enable the computation of the actual costs and benefits of the
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intervention as experienced by the members of a particular community. For example, the model
we have built infers that the community-specific average Cost of Illness (COI) as measured using
the variable specified in this model is around 4 USD per day under then-prevailing rates, whereas
estimates of COI are usually specified for countries and regions as a whole due to the non-availability
of fine scale data.

In developing the micro-level model, the interconnected impacts of a rural water intervention
to achieve SDG 6 were explored (see Table A1 in Appendix A). These interconnected impacts are
well known in the water sector [23], but it is now important to explicitly link them to the SDGs and
targets to inform decision-making. Whereas previous research did connect an MUS approach to the
MDGs [22], it did not provide a methodology to quantify the impact of MUS interventions on broader
development goals and targets. This ‘proof-of-concept’ paper attempts to demonstrate how such
a methodology could be applied. While the water-related data available to the authors had only a
modest alignment with MUS, this should not distract from the potential value of the methodology.

Using Table A1 as a starting point, it should be possible for actors in the rural water supply
sector to develop a set of household-level variables that could be consistently collected to support
the modeling approach advanced in this paper. The UN-Water organization—an inter-agency
coordination mechanism for all water- and sanitation-related activities within the UN system—is
uniquely positioned to lead such an effort (for example, see [47]). The more data that is available, the
more powerful the models will become at informing which type of rural water interventions might
realize the largest impact, measured in terms of the SDGs and targets. Of course, this approach will
require development organizations and actors to fully engage in openly sharing their data. Fortunately,
organizations such as the Millennium Challenge Corporation (MCC), the World Bank, the Bill and
Melinda Gates Foundation, and others are moving in this direction, but more coordination is needed
to ensure the availability of, and consistency across, household-level data sets. An additional challenge
with micro-level data is the need to protect the identify of respondents, which may limit both the
resolution of household-level data (due to top coding and other anonymization techniques) and the
ability to know where a community is located. The MCC is perhaps at the forefront of grappling
“with the ethical, legal, and practical issues related to pubic release of microdata” [48] (p. 1), which
would be essential if a micro-level modeling approach were to be broadly adopted. In this analysis,
the authors had full access to the Mozambique data. However, the household-level data that is
publicly available [43] has been anonymized, which means that the exact model presented cannot
be replicated. However, the publicly accessible data can be used to inform models in other regions
of Mozambique and Africa. An important area of discussion is how can development organizations
establish research protocols that can protect survey respondents, while providing sufficient data to
support micro-level models.

The general approach advanced in this paper also runs counter to many rural water projects that
typically focus on the installation of one type of intervention across a region. The rationale for this
approach is that it can generate economies of scale and establish markets for the spare parts needed
to maintain and repair water systems. However, what the current failure of around one-third of
installed rural water systems across Africa [28] indicates is that a more tailored approach that attempts
to maximize the benefits of a rural water intervention to a community may help improve system
sustainability and advance a range of SDGs.

In this paper, an ideal MUS approach is advanced due to the broad range of impacts that can
be realized from providing water for both domestic and productive activities. There is growing
evidence that an MUS approach can realize significant economic impacts [15,20,24,49] and generate
sufficient income to repay (in theory) the costs of upgrading a rural water supply system to MUS
in around one year [18,34]. If the micro-level modeling approach developed in this paper were
applied to a future MUS project, the empirical results would provide valuable insights into the broader
impacts of MUS (specifically, how the SDGs and targets are influenced), and indicate how these can be
further improved through targeted interventions. It is also important not only to capture the baseline
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conditions so targeted interventions can be made, but also to undertake follow-up studies so the
micro-level model can be validated and improved for future projects. As argued above, the more
data that can be collected in a consistent manner, the more valuable the models become. If such an
approach could be advanced, the elements studied from an MUS context could also be refined or
expanded (e.g., energy supply options could be considered alongside water, health, and livelihood
improvements) to advance sustainable development goals. Of course, such an integrated service
delivery—or nexus [50]—approach would require governments and development organizations to
adopt a multi-purpose design for programs and projects. Advancing such programs or projects
will be challenging in an environment where separate agencies or organizations typically exist for
water, irrigation, energy, economic development, health, etc., and where the use of funds is usually
constrained by institutional missions or policy mandates. It is important, therefore, to consider how
the SDGs and targets could be used to help bridge existing disciplinary and funding silos. We believe
the analysis captured by Table A1 (in Appendix A) is one way to highlight connections that may exist
between a holistic water intervention and sustainable development objectives. Such a table could be
further developed in partnership with actors in the irrigation, health, energy, etc., sectors, with the
objective of specifying a more comprehensive micro-level model. This empirical understanding in
terms of multi-pronged impacts will inform the development of a more sophisticated model than the
one used for illustration in this paper, which would, in turn, provide a more accurate accounting of
costs and benefits resulting from new water services.

Finally, the adoption of a micro-level modeling approach to design integrated development
projects and programs, is likely to be enabled by the growing use of mobile data collection platforms
that continue to reduce the technological and cost barriers related to household-level data collection.

5.1. Limitations

The authors recognize that the model presented in this paper is extremely limited in scope.
For instance, it does not include any important predictor variables for income (e.g., education levels,
job opportunities, etc.) and hence has very low explanatory power. Also, while the intercept is
significant at the 95% level, the standard errors of the other coefficients are high and most of them
are not significant. These results, while undesirable in a predictive model, are quite expected in
this particular case, since we have arbitrarily chosen these data variables to substitute for the model
variables due to the fact that the data collection step did not anticipate the building of such a model.
Nonetheless, the model still provides an indication of the interconnectedness of water to a range of
socio-economic outcomes.

Another key limitation of our presentation is that we have suggested that a multilevel modeling
framework be used to allow for transferability of knowledge between different project sites.
We have, however, illustrated it with data from only one country—Mozambique. To demonstrate the
full potential of the modeling framework, it needs to be applied it to multiple project sites that have
been studied in a consistent way.

5.2. Future Research

There needs to be a concerted effort in the development of SDG indicators to ensure that the
data collected can be used to advance decision-making, not just track progress. The development
community has an opportunity to reorient its focus on the SDG process to look in an informed way at
the future. While this paper provides an example of how a micro-level modeling framework can be
developed, the analysis was limited by not having access to multi-project/multi-country data. Future
research is needed to extend the modeling approach to demonstrate how the modeling results can
be used to tailor future interventions to the specific needs of communities and to realizing a broad
range of interconnected SDGs and targets. Given the range of ways in which water interventions
(and interventions in other sectors) can be implemented, having a modeling approach that uses
household-level variables to tailor an intervention to maximize its overall impact will be important.
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6. Conclusions

This paper attempts to map the relationships between an MUS approach to delivering rural water
services and other development goals and targets to demonstrate the interconnectedness of the SDG
framework. This interconnectedness presents a new frontier for designing projects and programs
that address the specific needs of communities while also leveraging the knowledge gained from
previous projects in any country. The paper shows how a micro-level modeling approach can be
used to achieve both of these objectives. While this paper studies how the provision of rural water
services could impact the 2030 agenda, the methodology used can also be applied to other sectors—e.g.,
health, energy, etc.—to study how a specific service delivery/development approach may impact
development outcomes within and outside of a specific sector.

The micro-level model provides donor organizations and governments with a means to
quantitatively assess the development impacts associated with an intervention. However, for the
approach to be successful, these actors need to collect data in a consistent way and make these data
available via open data platforms.
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Appendix A

Table A1. Relationship between the provision of rural water supply services (i.e., MUS) and SDG Targets.

SDG Goal SDG Target Influence of Water on SDG Target [3] Relationship

Goal 1: End poverty in all its forms everywhere

1.1 By 2030, eradicate extreme poverty for all people everywhere, currently
measured as people living on less than $1.25 a day
1.2 By 2030, reduce at least by half the proportion of men, women, and
children of all ages living in poverty in all its dimensions according to
national definitions

+2 Reinforcing
The provision of water for productive activities (e.g., raising
livestock, small-scale agriculture) can reduce poverty via
direct income or avoided expenditures

1.4 By 2030, ensure that all men and women, in particular the poor and the
vulnerable, have equal rights to economic resources, as well as access to basic
services, ownership, and control over land and other forms of property,
inheritance, natural resources, appropriate new technology, and financial
services, including microfinance

+1 Enabling

Ownership and control over land is important for enabling
water-related productive activities
Access to financial services can enable households to invest
in the productive use of water

Goal 2: End hunger, achieve food
security and improved nutrition,
and promote sustainable agriculture

2.1 By 2030, end hunger and ensure access by all people, in particular the
poor and people in vulnerable situations, including infants, to safe,
nutritious, and sufficient food all year round
2.2 By 2030, end all forms of malnutrition, including achieving, by 2025, the
internationally agreed targets on stunting and wasting in children under 5
years of age, and address the nutritional needs of adolescent girls, pregnant,
and lactating women,
and older persons

+2 Reinforcing
The provision of water for productive activities can directly
reduce hunger via the consumption of crops and
livestock-related food products

2.3 By 2030, double the agricultural productivity and incomes of small-scale
food producers, in particular women, indigenous peoples, family farmers,
pastoralists, and fishers, including through secure and equal access to land,
other productive resources and inputs, knowledge, financial services,
markets, and opportunities for value addition and non-farm employment

+1 Enabling

Ownership and control over land is important for enabling
water-related productive activities
Access to financial services and markets can enable rural
households to invest in the
productive use of water

2.4 By 2030, ensure sustainable food production systems and implement
resilient agricultural practices that increase productivity and production, that
help maintain ecosystems, that strengthen capacity for adaptation to climate
change, extreme weather, drought, flooding, and other disasters and that
progressively improve land and soil quality

+1 Enabling The sustainable use of water resources is necessary to realize
sustainable food production systems

Goal 3: Ensure healthy lives and promote
well-being for all at all ages

3.1 By 2030, reduce the global maternal mortality ratio to less than 70 per
100,000 live births
3.2 By 2030, end preventable deaths of newborns and children under 5 years
of age, with all countries aiming to reduce neonatal mortality to at least as
low as 12 per 1000 live births and under-5 mortality to at least as low as 25
per 1000 live births
3.3 By 2030, end the epidemics of AIDS, tuberculosis, malaria, and neglected
tropical diseases and combat hepatitis, water-borne diseases, and other
communicable diseases

+2 Reinforcing

The provision of clean water for domestic uses (e.g.,
drinking, cooking, washing, and bathing) is critical to
reducing mortality and water-borne diseases
The appropriate design of water services can reduce
water-related vectors/diseases such as malaria

Goal 4: Ensure inclusive and equitable quality education
and promote lifelong learning opportunities for all

4.1 By 2030, ensure that all girls and boys complete free, equitable, and
quality primary and secondary education leading to relevant and effective
learning outcomes
4.2 By 2030, ensure that all girls and boys have access to quality early
childhood development, care, and pre-primary education so that they are
ready for primary education

+1 Enabling
Improving access to water can reduce the water collection
burden, especially for girls, freeing up time for education
and other activities
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Table A1. Cont.

SDG Goal SDG Target Influence of Water on SDG Target [3] Relationship

Goal 5: Achieve gender equality and
empower all women and girls

5.1 End all forms of discrimination against all
women and girls everywhere
5.5 Ensure women’s full and effective participation and equal opportunities
for leadership at all levels of decision-making in political, economic, and
public life

+2 Reinforcing

Ensuring the equal participation of women in the selection,
operation, and management of water supply services will
support efforts to reduce discrimination and improve
women’s participation in leadership and
decision-making roles

5.4 Recognize and value unpaid care and domestic work through the
provision of public services, infrastructure, and social protection policies and
the promotion of shared responsibility within the household and the family
as nationally appropriate

+2 Reinforcing
As the primary water collectors, improving access to water
will enable women to have more control over their domestic
and reproductive activities

5.a Undertake reforms to give women equal rights to economic resources, as
well as access to ownership and control over land and other forms of
property, financial services, inheritance, and natural resources, in accordance
with national laws

+2 Reinforcing

Ownership or control over land by women is important for
their engagement in water-related productive activities
Access to financial services and markets can enable women
to invest in the productive use of water

5.b Enhance the use of enabling technology, in particular information and
communications technology, to promote the empowerment of women +1 Enabling

The use of communication technology by women to track,
for example, the operational performance of water supply
services or the price of a crop in the market can promote
their engagement in the management of water services and
water-related income generating activities

Goal 6: Ensure availability and sustainable management of
water and sanitation for all

6.1 By 2030, achieve universal and equitable access to safe and affordable
drinking water for all +3 Indivisible

The MUS approach provides improved access to safe
drinking water, along with greater access to water for
domestic and productive activities

6.2 By 2030, achieve access to adequate and equitable sanitation and hygiene
for all and end open defecation, paying special attention to the needs of
women and girls and those in vulnerable situations

+2 Reinforcing
The MUS approach considers how the health benefits of
water services might be optimized through hygiene or
sanitation activities

6.3 By 2030, improve water quality by reducing pollution, eliminating
dumping, and minimizing release of hazardous chemicals and materials,
halving the proportion of untreated wastewater, and substantially increasing
recycling and safe reuse globally

+1 Enabling
The MUS approach focuses on protecting critical water
sources for sustainable water supply, which requires that
waste and wastewater be managed appropriately

6.4 By 2030, substantially increase water-use efficiency across all sectors and
ensure sustainable withdrawals and supply of freshwater to address water
scarcity and substantially reduce the number of people suffering
from water scarcity

+3 Indivisible
The MUS approach focuses on using multiple water sources
for multiple uses in the most efficient way possible—e.g.,
using drip irrigation to water kitchen gardens or small plots

6.5 By 2030, implement integrated water resources management at all levels,
including through transboundary cooperation as appropriate
6.6 By 2020, protect and restore water-related ecosystems, including
mountains, forests, wetlands, rivers, aquifers, and lakes

+3 Indivisible

The MUS approach provides access to water
within the context of sustainable water resources
management, which includes the protection and restoration
of critical water sources

6.a By 2030, expand international cooperation and capacity-building support
to developing countries in water- and sanitation-related activities and
programmes, including water harvesting, desalination, water efficiency,
wastewater treatment, recycling, and reuse technologies

+1 Enabling
The MUS approach can use any water harvesting, water
efficiency, or wastewater recycling and reuse technologies
that are suitable for resource poor settings

6.b Support and strengthen the participation of local communities in
improving water and sanitation management +3 Indivisible

MUS is a participatory and gender inclusive whole-water
approach, focused on aligning domestic and productive
water needs with available water sources, within the context
of sustainable water resources management
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Table A1. Cont.

SDG Goal SDG Target Influence of Water on SDG Target [3] Relationship

Goal 7: Ensure access to affordable, reliable, sustainable, and
modern energy for all

7.1 By 2030, ensure universal access to affordable,
reliable, and modern energy services
7.2 By 2030, increase substantially the share of
renewable energy in the global energy mix

+1 Enabling The use of renewable energy to move water may increase
access to energy services around the water pumping system

Goal 8: Promote sustained, inclusive, and sustainable
economic growth, full and productive employment, and
decent work for all

8.1 Sustain per capita economic growth in accordance with national
circumstances and, in particular, at least 7 percent gross domestic product
growth per annum in the least developed countries
8.2 Achieve higher levels of economic productivity through diversification,
technological upgrading, and innovation, including through a focus on
high-value added and labour-intensive sectors
8.3 Promote development-oriented policies that support productive
activities, decent job creation, entrepreneurship, creativity, and innovation,
and encourage the formalization and growth of micro-, small-, and
medium-sized enterprises, including through access to financial services

+2 Reinforcing

Improving access to water services will reduce the time
spent collecting water and enable individuals, especially
women, to engage in income generating activities or
domestic activities that support the
well-being of the household
Access to financial services and markets can enable rural
households to invest in income-generating productive
activities that rely on water

Goal 9: Build resilient infrastructure, promote inclusive and
sustainable industrialization, and foster innovation

9.1 Develop quality, reliable, sustainable, and resilient infrastructure,
including regional and transborder infrastructure, to support economic
development and human well-being, with a focus on affordable and
equitable access for all

+1 Enabling
The creation of sustainable and resilient rural water supply
services will help build community resilience and support
economic development

9.3 Increase the access of small-scale industrial and other enterprises, in
particular in developing countries, to financial services, including affordable
credit, and their integration into value chains and markets

+1 Enabling
Improving rural community access to financial services and
local markets will enable households to engage in and sell
their water-related productive activities, respectively

Goal 10: Reduce inequality
within and among countries

10.1 By 2030, progressively achieve and sustain income growth of the bottom
40 percent of the population at a rate higher than the national average +2 Reinforcing

The provision of water for productive activities can promote
income growth, especially for the poorest 40 percent of the
population who tend to live in rural areas

10.2 By 2030, empower and promote the social, economic, and political
inclusion of all, irrespective of age, sex, disability, race, ethnicity, origin,
religion, or economic or other status
10.3 Ensure equal opportunity and reduce inequalities of outcome, including
by eliminating discriminatory laws, policies, and practices and promoting
appropriate legislation, policies, and action in this regard

+1 Enabling

Ensuring the equal participation of men and women in the
selection, operation, and management of water supply
services will support efforts to promote inclusion
and equal opportunity

Goal 11: Make cities and human settlements inclusive, safe,
resilient, and sustainable

11.5 By 2030, significantly reduce the number of deaths and the number of
people affected and substantially decrease the direct economic losses relative
to global gross domestic product caused by disasters, including
water-related disasters, with a focus on protecting the poor and people in
vulnerable situations

+1 Enabling

The protection and restoration of water sources combined
with the provision of multiple sources for multiple uses
could reduce the impact of a water-related disaster and
provide some level of water access during a disaster event,
respectively

Goal 12: Ensure sustainable consumption
and production patterns

12.2 By 2030, achieve the sustainable management and efficient use of
natural resources +1 Enabling

Integrating a rural water service strategy with available
water resources can promote the sustainable management of
these resources

Goal 13: Take urgent action to combat
climate change and its impacts

13.1 Strengthen resilience and adaptive capacity to climate-related hazards
and natural disasters in all countries
13.3 Improve education, awareness-raising, and human and institutional
capacity on climate change mitigation, adaptation, impact reduction, and
early warning

+1 Enabling

Designing sustainable and resilient rural water supply
services using participatory processes can increase
community resilience and enhance community awareness
about climate change

Goal 15: Protect, restore, and promote sustainable use of
terrestrial ecosystems, sustainably manage forests, combat
desertification, and halt and reverse land

15.1 By 2020, ensure the conservation, restoration, and sustainable use of
terrestrial and inland freshwater ecosystems and their services, in particular
forests, wetlands, mountains and drylands, in line with obligations under
international agreements

+1 Enabling
Integrating a rural water service strategy with available
water resources can promote the sustainable use of
freshwater ecosystems
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