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Abstract: Water, sanitation and hygiene (WaSH) are at the very core of sustainable development. As we embark on a new round 
of global goals to follow the 15 year Millennium Development Goals period, namely the Sustainable Development 
Goals, a top priority is to address a coherent framework for monitoring these services. In coming years, the sector will 
witness the development of a variety of multidimensional monitoring measures, albeit from different perspectives. 
This paper reviews three different multidimensional approaches that are increasingly adopted to determine the level of 
service delivered at the household. At the global level, a ladder approach to monitoring has been promoted by the 
WHO/UNICEF Joint Monitoring Programme. Alternatively, the use of aggregated indicators is widespread, as they 
are adequate to capture and simplify the complexity inherent in services delivery. Finally, the Alkire and Foster 
methodology for multidimensional poverty measurement has been extensively used for pro-poor targeting. We adapt 
this method to capture a set of direct household-related water and sanitation deprivations that batter a person at the 
same time. Taking the international post-2015 monitoring framework as a reference point, this article analyses these 
measures and their outcomes. For illustrative purposes, one small town in Mozambique is selected as initial case 
study. We conclude that multidimensional measures are needed to provide a complete picture of the context in which 
the WaSH services are delivered. In consequence, they are useful to report on the SDG monitoring architecture. 
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1. INTRODUCTION  

The search for improved metrics to target the neediest has captured the attention of researchers 
and policymakers alike. A key direction for research has been the development of a coherent 
framework for measuring services delivery from a multidimensional perspective, and recent efforts 
have identified several multidimensional measures. Some of them have been applied to assess 
water, sanitation and hygiene (WaSH) services in rural contexts (Flores Baquero et al. 2013; Giné 
Garriga and Pérez Foguet 2013). However, there is no consensus on how best to profile WaSH-
related poverty across dimensions. Specifically, though it is widely accepted that there are 
complementary ways of profiling poverty and that each dimension is important to be accounted for 
in such an exercise, the literature shows two significant challenges that discourage the empirical use 
of these conceptually attractive measures.  

First weakness involves how the basic input data are combined. For new dimensions to provide 
significantly additional information, they should not be strongly correlated with the rest. This would 
imply that there are no synergies or conflicts among them, which appears to be quite an unrealistic 
assumption (Nardo et al. 2005). In case independence is assumed, then it may be meaningful to 
either aggregate them or define a welfare function over multiple dimensions. Other related issue is 
the choice of weights to reflect the relative importance given to the dimensions. A conventional 
practice is the selection of weights following consultation with experts (Flores Baquero et al. 2016), 
but they are often singled out for their arbitrariness (Booysen 2002). Alternatively, multivariate 
techniques present an empirical and more objective option. However, statistical weights do not 
always reflect the priorities of decision-makers (Nardo et al. 2005), and they are data-specific. No 
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weighting system is therefore above criticism. There are also many aggregating techniques 
available for constructing a composite. In linear aggregation rules, compensability among parts is 
implicit (Nardo et al. 2005). In poverty measures, a complete compensability may not be desirable 
as different dimensions are equally legitimate. A non-compensatory logic might be necessary: 
multi-criteria analysis entails full non-compensability, and the use of a geometric aggregation 
emerges as an in-between solution.  

Second flaw relates to the method for identifying the poor, which remains understudied. Most 
attempts either leave identification unspecified or select criteria that seem reasonable over two 
dimensions, but become less tenable when additional dimensions are used (Alkire and Foster 2011). 
In an attempt to address this weakness, Alkire and Foster introduced an intuitive approach to 
identifying the poor at the person / household level, namely the M0 or Adjusted Headcount Ratio. It 
uses a ‘dual cut-off’ identification system that gives clear priority to those suffering multiple 
deprivations, and shows at a glance the incidence, intensity and depth of poverty. There are four 
properties of this methodology that have helped make it useful in practice (Alkire and Foster 2011; 
Alkire and Foster 2016). First, M0 is robust when using ordinal or cardinal variables as it classifies 
the individuals’ achievements into ‘‘deprived” and ‘‘non-deprived”. Second, by adjusting the 
incidence of multidimensional poverty by the intensity, the measure satisfies the condition of 
dimensional monotonicity (Alkire and Foster 2011): both if an additional person becomes poor and 
if a person already considered as multidimensionally poor becomes poor in additional dimension(s), 
M0 will increase. Third, the measure is decomposable by population subgroups, meaning that the 
M0 of the overall society can be obtained as the population-weighted sum of subgroup poverty 
levels (subgroups need to be mutually exclusive and collectively exhaustive of the population). 
Subgroup Decomposability enables poverty comparisons across subgroups, facilitating regional 
analysis and targeting. Fourthly, after identification, M0 can be broken down by indicator. The 
overall M0 can be expressed as the weighted sum of the proportion of the total population who has 
been identified as poor and is deprived in each indicator (weights referring to the relative weight of 
each indicator). Analogous to the population subgroup decomposability, Dimensional Breakdown 
enables analysis of the contribution of deprivations in each indicator to overall poverty. 

In order to contribute further to the ongoing debate about improved monitoring and reporting 
methods, the purpose of this study is to compare three multidimensional approaches that are widely 
adopted to assess the level of service delivered at the household. A ladder approach has been 
promoted by the WHO/UNICEF Joint Monitoring Programme (JMP) (Joint Monitoring Programme 
2015a), who has been officially mandated to monitor progress towards the water and sanitation 
SDG targets. The use of aggregated indicators is widespread, as they are adequate to capture and 
simplify the complexity inherent in services delivery (Giné Garriga and Pérez Foguet 2010; Giné 
Garriga and Pérez Foguet 2013). Finally, the Alkire and Foster methodology for multidimensional 
poverty measurement has been extensively used for pro-poor targeting (Alkire and Foster 2011). 
We adapt this method to capture a set of direct household-related water and sanitation deprivations 
that batter a person at the same time. These three multidimensional measures and their outcomes are 
analysed and compared. For the sake of simplicity, however, this paper focuses on the issue of 
sanitation and hygiene. A case study from a small town in Mozambique has been selected for 
illustrative purposes. 

2. METHODS 

In terms of method, the three measures are founded on a common theoretical background. There 
is broad consensus at the international level that SDG targets for WaSH should take into account the 
normative criteria enshrined in the Human Rights to Water and Sanitation (Joint Monitoring 
Programme 2015b). In keeping with this goal, the quality of sanitation services may be described on 
the basis of the contents of the Human Right to Sanitation (HRtS) (United Nations General 
Assembly 2010). We adopt this approach herein, and each normative criterion of the HRtS is 
understood as a “poverty” dimension. Available indicators are consequently classified in five 
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different categories - availability, physical accessibility, quality and safety, affordability and 
acceptability. Table 1 presents the proposed list of indicators. Each indicator is assessed against four 
different levels of service, namely good service level, intermediate, poor and no level of service 
(Giné-Garriga et al. 2017). 

 
Table 1. Sanitation descriptors based on human right normative content: imensions, indicators 

Normative Criteria of the HRtS (Y) Indicator (X) 

Availability Type of sanitation facility - Sanitation ladder 
Toilet facility location 

Physical Accessibility Safety and security while accessing the sanitation facility 
Safety and security while using the sanitation facility 
Continuity of use of the latrine 
Suitability of use of the latrine  

Quality and Safety Sanitary conditions of the latrine 
Latrine condition standards  
Hand washing facility and soap in the vicinity of the latrine 
Hygienic practices in the latrine  
Safe management and disposal of human urine and faeces 

Affordability Affordability of sanitation services  

Acceptability Conditions of privacy in the latrine 
Conditions of comfort in the latrine 
Cultural-related issues 

2.1 The Sanitation Index 

Index construction relies on a step-by-step procedure initially suggested by OECD-JRC (Nardo 
et al. 2005), which was adopted by Giné Garriga and Pérez-Foguet (Giné Garriga and Pérez Foguet 
2010) to estimate a Water Poverty Index (WPI), and which was subsequently applied to different 
conceptual frameworks (Flores Baquero et al. 2013; Giné Garriga and Pérez Foguet 2013). 
Specifically, we have applied in this study the same method as Flores et al (Flores Baquero et al. 
2016). That is, the five index dimensions are calculated as the arithmetic average of raw indicators: 

 (1) 

where j are the values of each normative criterion (Y) for a particular household, Xi refers to 
indicator i of the criterion j, and nj is the total number of indicators of criterion j. 

In next stage, the different dimensions of the index are aggregated into one single value. As 
regards the weighting technique, the choice of weights reflects the expert opinion. With regard to 
the aggregation process, we have opted for a weighted multiplicative function to avoid 
compensability among the different dimensions - different rights-based criteria are equally 
legitimate (United Nations Economic and Social Council 2002). The index can be calculated by 
applying the following formula:  

 (2) 

where SI is the value of the sanitation index for a particular household, Yj refers to dimension j of 

Yj (Av,PA,Q,Aff ,Acc) =

X j,i
i=1,2,3...
∑

n j

SI = Yj
wj

j=Av,PA,Q,Aff ,Acc
∏
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the index, and wj is the weight applied to that dimension.  

2.2 The Sanitation Service ladder 

To monitor progress towards the sanitation target of the SDGs, the JMP recommends using a 
‘service ladder’ approach. In particular, a five-rung ladder is proposed to differentiate between 
improved facilities that are safely managed, those that are not correctly managed, and those of an 
otherwise improved type that are shared by more than one household. The ladder also distinguishes 
between unimproved facilities and households practicing open defecation. In practical terms, the 
proposal seeks to progressively realise the HRtS by firstly extending access to the unserved, 
secondly moving people up the ‘service ladder’, and thirdly eliminating inequalities in access (Joint 
Monitoring Programme 2015b). 

In accordance with this monitoring strategy, this study adopts a ladder approach to measure 
progressive realization of the HRtS, albeit from a multidimensional perspective. Taking the set of 
indicators listed in Table 1 as a starting point, the level of service is determined through applying a 
conservative interpretation of the descriptors included in each criterion. For instance, the service 
level of a household with access to improved sanitation which is located in the immediate vicinity is 
categorized as “intermediate”; to enjoy a good level of service, the latrine should be located inside 
the household. In turn, the overall service level is given by the worst-performing criteria. Overall, 
moving up the ladder would necessarily mean that the different elements of all criteria have been 
fulfilled. Numerically, the level of service can be formulated as:  

 (3) 

where SSL is the level of sanitation service for a particular household, and Xi refers to dimension j 
of the index.  

2.3 A Sanitation Adjusted Headcount Ratio 

The Adjusted Headcount Ratio (or M0) assesses the nature and intensity of poverty at the 
individual level by considering overlapping deprivations suffered at the same time, with poor 
people being those who are multi-dimensionally poor (Alkire and Foster 2011). The M0 can be used 
as an analytical tool to identify the most vulnerable people, show aspects in which they are deprived 
and the extent of their poverty, and help to reveal the interconnections among deprivations. This can 
enable policy makers to target resources and design policies more effectively. Application of this 
method is detailed elsewhere (Alkire and Foster 2011); briefly, the steps for identification and 
aggregation of households include: 

1) Defining the case study  
2) Defining the dimensions and corresponding set of indicators which will be considered in the 

multidimensional measure (Table 1). Data for all indicators need to be available for the same 
household; otherwise the household is removed from the dataset. 

3) Setting the poverty lines (deprivation cut-offs) for each indicator, namely the level of 
achievement considered sufficient in order to be non-deprived in each indicator. Applying the 
cut-off to identify whether each household is deprived or not in each indicator.  

4) Selecting the weights for contribution of each indicator to the overall metric, such that these 
sum to one (equal weights among indicators are assumed for simplicity).  

5) Counting the number of deprivations for each household, i.e. creating the weighted proportion 
of deprivations for each household, this can be called its deprivation score. 

6) Determining the poverty cut-off “k”, namely the proportion of weighted deprivations a 
household needs to experience in order to be considered multidimensionally poor. Obtaining 

SSL =min j=Av,PA,Q,Aff ,Acc
n j X j,i
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the set of poor households “NP” by identifying each household as multidimensionally poor or 
not, according to the selected poverty cut-off. In practice, it is useful to calculate the measure 
for several values of k, and then perform robustness checks of the cut-off (Table 3).  

7) Computing the proportion of people who have been identified as multidimensionally poor in 
the population. This is the headcount ratio H, also called the incidence of multidimensional 
poverty. 

8) Computing the average share of weighted indicators in which poor people are deprived. This 
entails adding up the deprivation scores of the poor, and dividing them by the total number of 
poor people. This is the intensity of multidimensional poverty, A. 

9) Computing the M0 measure as the product of the two previous partial indices: M0 = H · A. 
Analogously, M0 can be obtained as the sum of the weighted deprivations that the poor (and 
only the poor) experience, divided by the total population. 

 
In short, a clear advantage of this methodology is that it captures both the incidence (number of 

sanitation poor people) as well as the intensity (how sanitation poor they are).  

3. RESULTS AND DISCUSSION 

In this section, we compare the results obtained by applying the three approaches described 
above to assess the level of sanitation poverty at the dwelling. Specifically, we aim to determine 
how these measures reveal sanitation-related deprivations and whether they are useful to target the 
sanitation poor. To do this, we exploit data from a household-based survey conducted in 2011 in the 
municipality of Manhiça, in southern Mozambique. 

To begin with, Table 2 presents the proportion of households that meet a specific level of service 
per each criterion. The differences between the index and the ladder approach stem from the method 
employed to construct the monitoring tool, and they are particularly linked to the issue of 
compensability between indicators and dimensions. They are of minor significance at the dimension 
level, but they are substantial for the aggregated values. For instance, index values show that 
17.29% of households have no service at all, half of them (51.38%) access to poor level of service; 
and roughly one third (31.32%) enjoy an intermediate service level. The aggregated figures that 
describe the sanitation service level through a ladder approach show that population percentages 
with access to poor and intermediate level of service are 79.25% and 3.46%, respectively.  

As regards the Alkire and Foster approach, the M0 is computed by setting two different 
deprivation cut-offs - namely “intermediate service level” and “good service level” – and various 
multidimensional poverty cut-offs k. The multidimensional headcount ratio H provides an insight 
into the incidence of poverty. Table 3 shows that it logically decreases with both the deprivation 
cut-off (i.e. the poverty line) and the poverty cut-off k. By way of example, taking as a deprivation 
score reference an intermediate service level, 57.4% of households in Manhiça would be targeted as 
sanitation poor if the cut-off k is 0.6 or higher. However, if the reference level of service is taken as 
“good”, then the percentage of poor amounts to 99.3%. It is worth noting that the multidimensional 
headcount ratio H does not satisfy the dimensional monotonicity property, and so it does not change 
if any of the poor households become deprived in an additional dimension. This limitation is 
overcome by the Adjusted Headcount Ratio M0. One may be also interested in knowing how 
sanitation poor the poor people are or the intensity of multidimensional poverty (A). In previous 
examples, poor people are deprived, on average, in 75% and 87.3% of the dimensions, respectively. 

In terms of interpretation, it is worth mentioning that increasing the poverty cut-off hinders the 
definition of poverty alleviation measures. In a similar way, it is difficult to interpret the line 
between the poor and the non-poor for low deprivation scores (k ≤ 0.4). This is consistent with the 
high degree of sanitation poverty shown in Table 2 for improved levels of service. For instance, the 
ladder approach shows that only 3.46% of households enjoy an intermediate level of service, while 
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the headcount ratio if the deprivation cut-off is 0.2 shows that 96.5% of households are considered 
as sanitation poor. Another illustrative example is that households with no sanitation service in 
Table 3 - namely those who defecate in the open, 17.29% of households – might be considered to be 
equivalent to those poor households who are deprived in all the dimensions (k=1), i.e. 17.4% of 
households. 

 
Table 2. Sanitation Poverty: i) The Sanitation Index; ii) The Sanitation Service ladder 

  Availability Physical Access Quality and 
Safety 

Affordabilit
y Acceptability 

Overall 
Sanitation 

Service Level 
  HH % HH % HH % HH % HH % HH % 

The Sanitation Index 

Good Service 64 5.21 596 50.30 1 0.08 5 0.47 243 19.77 0 0.00 

Intermediate 
Service 268 21.81 410 34.60 268 21.97 719 68.22 694 56.47 317 31.32 

Poor Service 722 58.75 4 0.34 776 63.61 155 14.71 117 9.52 520 51.38 

No Service 175 14.24 175 14.77 175 14.34 175 16.60 175 14.24 175 17.29 

The Sanitation Service ladder 

Good Service 64 5.21 596 50.30 0 0.00 5 0.47 243 19.77 0 0.00 

Intermediate 
Service 266 21.64 0 0.00 119 9.75 719 68.22 694 56.47 35 3.46 

Poor Service 724 58.91 414 34.94 926 75.90 155 14.71 117 9.52 802 79.25 

No Service 175 14.24 175 14.77 175 14.34 175 16.60 175 14.24 175 17.29 

Missing Data 0  44  9  175  0  217  

Total HH 1229   1229   1229   1229   1229   1229   

 
Table 3. Adjusted Headcount Ratio adapted to sanitation in Manhiça, Mozambique, for two deprivation 

cut-offs and five multidimensional poverty cut-offs k 

  
Poverty line: Intermediate Service Level Poverty line: Good Service Level 

k=0,2 k=0,4 k=0,6 k=0,8 k=1 k=0,2 k=0,4 k=0,6 k=0,8 k=1 

N 1012 1012 1012 1012 1012 1012 1012 1012 1012 1012 

NP,K 977 887 581 259 176 1012 1012 1005 906 466 

H 0,965 0,876 0,574 0,256 0,174  1 0,993 0,895 0,460 

A 0,590 0,629 0,750 0,936 1,000  0,870 0,873 0,903 1,000 

M0 0,569 0,551 0,430 0,240 0,174  0,870 0,867 0,808 0,460 

 
Finally, it might be interesting to analyse the composition of multidimensional poverty by 

considering the percentage contribution of each dimension to overall poverty. It can be seen in 
Table 4 that the poor in Manhiça exhibit the highest deprivation levels in quality and safety of 
sanitation facilities, followed by the availability of infrastructure. These results are coherent with 
sanitation-related priorities shown in Table 2. A dimensional breakdown of poverty may reveal 
different underlying structures of poverty, which in turn could suggest different policy responses. In 
Manhiça, for instance, policy attention should be directed to improve the quality of latrines, by e.g. 
reviewing the construction standards of toilets and/or providing a basic handwashing facility in or 
near sanitation infrastructure. 
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Table 4. Contribution of deprivation of each dimension to multidimensional poverty for an 
“intermediate level of service” and five different poverty cut-offs. 

 K=0,2 K=0,4 K=0,6 K=0,8 K=1 
Availability, Contribution 27,71% 28,57% 26,08% 21,37% 20,00% 
Physical Access, Contribution 18,16% 18,24% 20,29% 20,13% 20,00% 
Quality and Safety, Contribution 32,99% 31,54% 26,68% 21,37% 20,00% 
Affordability, Contribution 11,32% 11,51% 13,96% 18,98% 20,00% 
Acceptability, Contribution 9,83% 10,14% 12,99% 18,15% 20,00% 

4. CONCLUSIONS 

This paper presents three measures that can help the effective allocation of resources by making 
possible the targeting of those with the greatest sanitation needs; they can help address SDGs 
strategically and monitor impacts of policy intervention. These multidimensional measures can be 
adapted to the local and national level using indicators and weights that make sense for the 
municipality or the country, they can also be adopted for national poverty eradication programs, and 
they can be used to study changes over time.  

In summary, achieved results demonstrate that applying a multidimensional analysis of poverty 
provides a number of advantages. Notably, they focus on the level of service and are based on data 
related to the normative content of human rights obligations related to sanitation, as opposed to 
deriving information through accessibility variables (e.g. access to improved infrastructure). 
Another virtue of the proposed methods is their decomposability. Because the data used as input are 
at micro-level (households), these tools allow for a wide range of analysis focusing on sub-groups 
(e.g. wealth, geographic clusters, etc.). Finally, by calculating the contribution of each dimension to 
multidimensional poverty provides information that can be useful for revealing the configuration of 
deprivations, which can help with policy targeting. 
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