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Introduction 

1 
The BraSIS Project – a EU-Brazil Sector 

Dialogue Project on Basic Sanitation 

 

 
(1)Clarice Melamed, PhD, FIOCRUZ, Brazil 

melamed@ensp.fiocruz.br 

 

(2)
César Carmona-Moreno, PhD, JRC-Water Resources Unit, Italy 

cesar.carmona-moreno@jrc.ec.europa.eu 

 

The Brazilian Sanitation Information System (BraSIS) is one of the projects approved 

in the frame of the 6
th

 Call for the EU- Brazil Sector Dialogue. This Sector Dialogue 

is based on the principles of reciprocity and complementarity and aimed at fostering 

the exchange of know-how and experiences in areas of mutual interest. Currently, 

there are 29 Dialogues between Brazil and the EU on a wide range of issues (see 

http://www.dialogossetoriais.org/). The BraSIS project is part of the “Sanitary and 

Phytosanitary Issues” component. 

 

In this context, general objective of BraSIS, in line with the EU-Brazil Sector 

Dialogue, is to facilitate joint work by Brazilian and European researchers through the 

exchange of experiences and information related to water supply and sanitation. This 

would be formalized under a new design proposal directed toward strengthening 

collaboration in water supply and sanitation services information systems. 

 

The BraSIS project’s two key partners are the Oswaldo Cruz Foundation (Fiocruz) 

and the Joint Research Center (JRC) – Water Resources (WR) Unit of the European 

Commission (EC), based in Ispra (Italy).  

 

The results obtained from the BraSIS project and presented in these pages are based 

on a previous study undertaken by the Economics and Public Policy Research Group 

(EcoPP/ENSP/Fiocruz) through a consulting agreement (2008-2010) signed with the 

Ministry of Cities to evaluate the results from the National Survey of Basic Sanitation 

2008 (IBGE, 2010).   

 

The expertise and dialogue exchanged between the European and Brazilian partners 

centered on: i) analyzing the management and regulation of water and sanitation 

services information systems in Brazil as observed from the perspective of the 

different experiences and know-how of the experts involved in the project; and, ii) 

file:///C:/Users/CLARICE/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/AppData/Local/Temp/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/R3GBM1CH/melamed@ensp.fiocruz.br
mailto:cesar.carmona-moreno@jrc.ec.europa.eu
http://www.dialogossetoriais.org/


analyzing current data/information acquisition methods employed by the sector in 

Brazil.  

 

Based on these general objectives, the respective BraSIS project activities were 

designed around: i) the analysis of data collection on basic sanitation in Brazil; ii) 

current issues in connection with the different databases available in Brazil; and, iii) 

formulating recommendations to reinforce and integrate these databases in future 

Brazilian information system. 

 

The implementation of BraSIS activities was divided into three main action lines:  

 

 Launch of an analysis of the available information.  

 Examination of the main structural elements to be taken into account for a 

future system.  

 

 Design of a set of recommendations to be taken into consideration by 

information system designers and developers in the Brazilian water sector.  

 

Among the specific objectives, the following warrant particular emphasis: 

  

1. Evaluation of the ontological exactness (concepts), pertinence, representativeness, 

and confidence-level associated to existing data and information with respect to three 

large databases:  

a. Sistema Nacional de Informações sobre Saneamento (SNIS) – National 

Sanitation Information System;  

b. Pesquisa Nacional de Saneamento Básico (PNSB 2008) – National 

Survey of Basic Sanitation;  

c. Censos do IBGE 2000/2010 – IBGE Census 2000/2010.  

2. The integration of these multiple dimensions (management, regulations, diversity 

of actors, information, etc.) in a single “Recommendations for the Water Data Base 

and Information System” document capable of contributing to reinforce the 

development of Water and Sanitation Services in Brazil.  

To achieve these different objectives, a review of the national data available on the 

coverage and quality of water supply services was performed. The scope of this 

review was focused on water supply services, with a view to optimizing BraSIS 

resources within the framework of the EU-Brazil Sector Dialogue. The key BraSIS 

product centers on the guidelines presented in these pages, the objective of which is to 

reorganize and improve the research relating to water supply service data collection, 

data validation, and quality, in conjunction with its integration in an information 

system on basic sanitation in Brazil.  

 

This final BraSIS publication is a compilation and synthesis of a number of efforts 

(meetings, discussions, analysis…) undertaken over the past several months between 

Brazilian and European experts. Most of the objectives of the BraSIS have been 

achieved: three analytical reports have been delivered by researchers from Fiocruz 



and IBGE, in addition to a master report on available national data sources. Through 

the JRC dialogue, these findings have been shared and discussed for the purpose of 

refining and completing the recommendations in this technical report.  

 

This BraSIS Technical Report is organized as follows:  

 

Chapter 2 presents a cross-analysis of key indicators in the Water Sector at the macro 

level. The analysis was carried out by the Joint Research Centre – Water Resources 

Unit team. The study places Brazil in the international context through concrete 

comparison of Brazil’s current status with that of other similar Latin American 

countries according to a standard set of social and environmental indicators. The 

methods proposed in this chapter can be adapted and applied at the local/regional 

level in Brazil to allow policy makers to determine and prioritize strategies to improve 

the access to Water Supply and Sanitation nationwide.   

 

Chapters 3 and 4, were prepared by the Economics and Public Policy Research 

Group (EcoPP/ENSP/Fiocruz). The first one introduces a critical proposal of the 

PNSB 2008 methodological design and the second discusses some of its results. 

 

Chapter 5, authored by Adauto Santos do Espírito Santo, takes a closer look at the 

SNIS structure, variables, quality of the data and its limitations.  

 

Chapter 6 offers an overview of Brazilian water services using the SNIS available 

data for the years 1996 and 2010 examining the evolution of coverage and analyzing 

operational and financial indicators. This chapter is written by Débora Cynamon 

Kligerman and Simone Cynamon Cohen, both from Fiocruz, Brazil. 

 

Chapter 7 was prepared by Ronan Tournier [University Toulouse] Juan Arévalo 

Torres [Joint Research Centre –Water Resources Unit]. The article deals with 

geographic information systems and mapping tools. An overview of ICT tools is 

provided and set of techniques that could be used to improve Brazil’s current water 

and sanitation information system proposed. 

 

Chapter 8 presents a broad view of international water information systems authored 

by Rui Cunha Marques [CEG-IST, Technical University of Lisbon].  

 

Chapter 9, prepared by Sergio Pacheco de Oliveira [ENSP/FIOCRUZ], addresses 

one of the most important issues of the BraSIS project, offering some basic concepts 

toward a new national research model for Brazil’s water sector.  

 

Chapter 10 presents a comparative report, written by Ari do Nascimento Silva, on the 

different data sources for a water-supply information system in Brazil. 

 

  



Chapter 

2 
Cross Analysis of Key Indicators in the Water 

Sector. Brazil Profile and Scenarios 

 (1)
 Contact: Céline DONDEYNAZ, JRC Water Resources Unit, Italy 

celinedondeynaz@ext.jrc.ec.europa.eu 

(2)
 César CARMONA-MORENO, JRC Water Resource Unit, Italy 

cesar.carmona-moreno@jrc.ec.europa.eu  

(3)
 Beatriz Vidal Legaz, JRC Water Resource Unit, Italy 

beatriz.vidal-legaz@jrc.ec.europa.eu  

Abstract 

This paper presents an application based on two analytical tools (clustering 

methods and Bayesian Networks models) for Water Supply and basics 

Sanitation (WSS) (using international definitions). A particular analysis is 

done for Brazil. These tools can contribute to support the strategic and 

decision making processes related to the water sector by a cross-sectorial 

analysis. The clustering methods offer a synthesis both geographically and 

thematically of the heterogeneous variables and data. Bayesian Networks 

are flexible and adapted to model a high number of variables and offer the 

capacities to run probabilistic scenarios. This helps in prioritizing efforts on 

one or several aspects included in the model and estimate probabilistically 

their impacts. Potential and concrete applications to the Brazilian context 

are presented: 1) Brazilian districts/regions may be clustered to highlight 

and/or prioritise areas with common challenges and issues that could be 

managed in a similar way. Integrated in a Geographic Information System, 

the visualization of results provides immediate understanding of where the 

most needed areas are; 2) A multi-level modelling can be made based on 

district/local information available in Brazil and regional aggregates. The 

scenarios could be run either at the national level to provide the global 

national picture or at regional/local scale by providing clues on key 

variables-factors to be prioritized in a context of decision making process. 

Introduction  

With the adoption of the Millennium Development Goals, countries worldwide have 

committed themselves to halve by 2015 the proportion of the population without 

access to water supply and sanitation (WSS). In this paper, improved water supply is 

understood as a drinking water source that “by nature of its construction or through 

file:///D:/Event%20and%20publications/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/doningi/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/NVMHJRSE/cesar.carmona-moreno@jrc.ec.europa.eu
mailto:beatriz.vidal-legaz@jrc.ec.europa.eu
mailto:beatriz.vidal-legaz@jrc.ec.europa.eu


active intervention, is protected from outside contamination, in particular from 

contamination with faecal matter” (Joint Monitoring Program – JMP definition).This 

corresponds to Piped water into dwelling, Piped water to yard/plot, Public tap or 

standpipe, Tubewell or borehole, Protected dug well Protected spring and Rainwater. 

An improved sanitation facility is defined as one that hygienically separates human 

excreta from human contact like Flush toilet, Piped sewer system, Septic tank, 

Flush/pour flush to pit latrine, Ventilated improved pit latrine (VIP), Pit latrine with 

slab Composting toilet. Note that in Brazil the concept of sanitation is more 

extensive than the JMP standard definitions and also covers water supply, 

sewage, drainage and solid waste. The paper considers data expressed according 

to this standard definition at national country scale. 

Achieving this objective and ensuring the sustainability of these services imply 

favourable conditions and efforts that go beyond building infrastructure. In fact, 

improving WSS may imply focusing on ‘software’ aspects such as a specific 

support/mechanism oriented to the poor, arbitrage among water users, ensuring good 

governance, adapting education system to provide necessary technical skills…in 

addition to strict infrastructure implementation. Besides, the impact of supporting 

governance on the improvement of WSS is a hot topic since the 90’s.Therefore, the 

monitoring and multi-dimensional analysis of variables contribute to depict how 

Water supply and Sanitation services (WSS) articulate in the country development 

context. The results of this analysis provide clues to improve WSS but also suggest 

key variables to enhance the country development.  

Dondeynaz et al 2013 presents the analysis of national data which consists in two 

steps:  

1) multivariate analysis is used for clustering countries according to 5 thematic axes 

in 5 profiles. The classification is mirrored by 25 variables including social 

development, urbanization, governance, water resources availability, economic 

activities pressure on water and official development aid flows. All the variables are 

at national scale. 

2) a Bayesian Network (BN) is built based in the same 25 variables and 5 thematic 

axes. This paper presents a specific comparative analysis for Brazil in the Latin 

American context and run two scenarios are run considering: 1) a high access to basic 

sanitation and 2) good governance extended to all countries. 

In section 1 the clustering process is described to obtain country profiles regarding 

development, with a focus on Brazil and potential applications to this country. Section 

2 presents the Bayesian Network methodology and its advantages. Section 3 is 

dedicated to the BN modelling of the profile to which Brazil belongs. Finally, an 

extension or adapted uses of the Bayesian Networks Method will be tackled in the 

discussions and conclusions section. 

1. Step 1: Clustering analysis 

Dondeynaz et al 2012 presents how the multivariate analysis and clustering methods 

combined are used to classify countries according to the selected variables. In the 

following section, the results of this classification are presented. This will allow the 

comparative analysis of Brazil with neighbour countries. The methods are fully 

described in Dondeynaz et al, 2012.These results are used later on as an input to the 

Bayesian Networks. This section will describe potential applications to Brazil.  



1.1. Country profiles 

25 indicators are chosen considering the dimensions involving the WSS indicators: 

water resources, demand and pressures on water resources, governance aspects, 

environmental country concern, social/human development and Official development 

Aid delivery. These data are collected by international providers and accessible 

through web on-line databases and considered by the International Community as 

reference data (see in reference AQUASTAT, GEO portal, JMP, OECD and World 

Bank databases). The data considered here is from Year 2004 because the majority of 

indicators present more completed series for this period.  

The multivariate method applied (Principal Component Analysis) serves to compute 5 

composite variables, which collect the variability of the 25 variables used to classify 

the countries. These composite indicators (Table 1) allow classifying countries in 

groups (clusters) with similar status (Fig 1).  

Table 2.1: description of five composite variables.  

Composite variables Description 

Human development 

Poverty 

HDP 

It qualifies the development state with variables related to Health with 

Children mortality and the malaria prevalence; Education with the school 

enrolment rate and the specific school attendance of girls; Living conditions 

with urbanization rate, proportion of urban dwellers, the access to water supply 

and sanitation service; Revenue with the income per capita, the participation 

of female in the economy and the poor proportion; Advanced governance 

level. 

Activity pressure on 

water resources 

AP 

It evaluates the water consumption according to the main uses (municipal, 

industrial and agricultural uses) together with the water use intensity by 

agriculture and in particular irrigation .The more the factor loading is positive, 

the more agriculture is predominant and irrigation practices high. On the 

contrary, the more the factor loading is negative, the more the share of 

municipal and industrial activities in water consumption grows. 

Water Resources 

WR 

It estimates the availability of water resources through the amount of 

precipitations, the estimated amount of water resources available per capita 

and the desertification risk. 

Official 

Development Aid 

ODA CI 

It considers both the global aid flow and the specific flow dedicated to Water 

Supply and Sanitation, associated with the political stability of the country. 

Country 

Environmental 

Concern 

CEC 

It expresses the degree of concern of a country for the environment 

measured by its commitment toward international environmental agreements 

empowered by civil society. 

 

The clustering process identified 5 groups or profiles. Profile 1 (towards well-being) 

shows high values of HDP, CEC and WR and concern most of the Latin American 

countries including Brazil, South-East Asia and some countries from southern Africa. 

Profile 2 (freedom/democracy black spot) shows weaknesses in term of accountability 

and civil society’s freedom associated with a low commitment towards environment 

(CEC). Profile 3 (agricultural economy) presents an economy mainly driven by 

agricultural activities in a context of abundant natural resources. Profile 4 (essential 

external support) and Profile 5 (primary material consumption) are the less 

favourable profiles when considered human development (HDP). However, profile 4 

benefits from higher level of freedom (CEC), political stability and high external Aid 

support. Profile 5 shows an economy mainly based on natural resources exploitation 

often in a context of political instability.  



Figure 2.1 reports the values of the composite indicators of the country profiles 

(clusters) and Figure 2.2 the geographical distribution of the country profiles. This 

paper will concentrate on the Profile 1. 

 

Figure 2. 1. Five country profiles 
referring to the composite 
indicators (year 2004). See 

description of the axes (composite 
indicators in Table 1) 

 

 

Figure 2.2. Geographical distribution of the five country profiles in 2004. 

 

1.2. Brazil in the context of Latin American development 

As compared to other countries of profile1 (Fig.3), Brazil has good human 

development (HDP, 0.774, close to the centroid that is the reference value for the 

group), a very good value in terms of environmental concern and citizen voice and 

accountability (CEC, 1.379, value above the reference), strong water demand for 

industrial sector, services and domestic purposes (AP, -0.787, lower than for the 

reference). This value indicates that agriculture sector in Brazil is still important and 

consumes 62% of the total of water withdrawn. However, other users, domestic, 

commercial and industrial consumers, also monopolise a significant amount of 

withdrawn water resources. The balance between these various water users takes 

place in a general context of water resources abundance (WR, 0.710 slightly above 

the reference). The level of External net Aid flow is therefore very limited (ODA CI, -

1.277), the value being significantly below the reference value. This is accompanied 



in 2004 by a slight negative value (-0.0817) for WGI PS AV that indicates remaining 

issue on level of violence and/or political instability.  

 

Figure 2.3: Profile of Brazil, Argentina, Uruguay, Mexico, Colombia and Chile. 

 

Mexico, Argentina, Chile and Uruguay, are overpassing Brazil when considering 

HDP; only Colombia has a lower value than Brazil. Looking in details, Brazil shows 

higher values on poverty variables when compared with this group of countries. 

1) The black spot is the significant percentage of the urban population living in 

slums, where Brazil shows the highest value in 2004 (29%).  

2) The percentage of population living under the national poverty line is 

consequently important (21%, the 2
nd

 highest value). This is translated into a 

significant Children Mortality under 5 years (Brazil ranking second).  

3) In term of access to Water supply and basic sanitation, Brazil shows high 

Water Supply (90%) and sanitation (75%) coverage in 2004 but still the lowest 

of these 5 countries. In particular, basic Sanitation access is far from the others 

when comparing to Argentina (91%), Chile (91%), Colombia (86%), Mexico 

(79%) or Uruguay (100%). 

4) Brazil should also face malaria like Colombia that does not exist in other 

country like Chile.  

5) Advance governance (value 0.01) and income per capita (8,070$) remain in 

2004 at medium values compared to Argentina (respectively -0.14 and 

9,697$), Chile (1.245 and 11,790$), Colombia ( -0.081 and 6,864$), Mexico 

(0.099 and 10,260$) and Uruguay (0.350 and 8,674) 

Therefore, Brazil generally ranks 4
th

 out of 5 countries considered in term of HDP in 

this comparative analysis. 

Brazil also shows the lowest value on AP because combining demanding agricultural 

sector (62% of withdrawals), with significant industries (18 % of withdrawals) but 

also services-commercial and population demand (20 % of withdrawals). Chile 

conserves an intensive agriculture (using irrigation) combined with consumption for 

industrial sector (25 % of withdrawals). Argentina and Mexico show similar 



configuration with an important agricultural consumer (superior to 73% of the 

withdrawals) where irrigation practice in Mexico leads to the higher AP value. 

Agriculture in Uruguay is the central economic activity which consumes almost all 

water withdrawn but the little irrigation limits the AP value.  

Only Chile and Uruguay are beyond the reference value in term of ODA CI while all 

the others are below. Brazil is in fact considered as an emerging country taking in 

charge its own development since years, external aid is minimum.  

Finally, Mexico, Argentina and Chile are submitted in part to water stress; their 

values in WR are below the reference. Brazil also presents territories under water 

stress (8% i.e North East region) but the abundance of resources in Amazonia masks 

this regional disparity. 

1.3. Potential applications of the method to Brazil 

This way of grouping countries allows comparing countries and also identifying the 

neediest areas worldwide (Figure 2. 3). In addition, this method shows in a synthetic 

way the strengths and also the weaknesses of each group of countries (i.e. profiles 4 

and 5 have low values in social-human development) (Figure 2.4). This approach, 

applied here to countries, can be scaled down to local-regional (municipalities or 

districts) levels.  

Within Brazil, in a similar way, the local-regional observations can be clustered 

according to similar behaviour associated to a set of variables. For instance, the 

Brazilian districts/regions could be clustered according to the quality of the water 

supply services. This analysis can be applied at that scale to the relevant SNIS 

indicators: i) on the water quality delivered (fluoridation rate, turbidity and 

coliforms..), ii) on the quality of the services (considering indicators related to WS cut 

due to systematic interruption of service, strike…). This will allow highlighting 

region/districts with common challenges and issues that can be prioritized in a similar 

way.  

Moreover, if the variables clustered are geo-referenced according to a common 

criterion, the qualification and distribution of the different groups/clusters can be 

represented on maps (Geographic Information System). Referring to the previous 

example, the corresponding composite index on the quality of the water supply 

services could be computed using SNIS indicators. This synthetic value, scaled from 

High to Low, can be mapped across Brazil and most needy areas will appear 

immediately in a user-friendly way accessible to policy makers. This spatial 

visualization can facilitate the development and management of strategies towards the 

improvement of the development status of heterogeneous areas. This exercise could 

be repeated including other key aspects of water supply delivery like water amounts 

delivered, domestic water needs, infrastructure performance, water tariffs…. 

depending on the needs of analysis and development priorities. 

2. Step 2: Bayesian Networks modelling 

Bayesian networks (BN) are used to model the interactions (links) of variables 

(nodes) considering probability, e.g the interaction between having a disease and 

having alternative symptoms. Thus, BN allow running probabilistic scenarios, i.e to 

estimate the probability of the change that can be induced in a variable by changes in 

another one.  



BN make easier the task of modelling probabilistic scenarios through a graphical 

interface (may vary depending on the software used
1
). The parameters of variables 

can be modified and the probability change induced is estimated. Next section 

describes in brief the Bayesian networks elements, principles and advantages.  

2.1. Bayesian Networks principles 

Following Aguilera et al. (2011), a Bayesian network could be formally specified 

through two different dimensions:  

 A Bayesian network is a graph, directed acyclic graph (DAG) that represents 

a problem. The graph is constituted by nodes, the variables, and links, the 

conditional probability between the nodes. The term directed refers to the 

directionality of the links, i.e they represent the interaction in only one 

direction. The term acyclic refers to the fact that loops, and therefore 

feedbacks between the nodes are forbidden in the network. As an example, 

let’s consider the variables A, B, where B depends on A. Talking in causal 

terms, A causes B or, the other way around, B is the effect of A. 

 The probability is understood as a subjective evaluation based on our state of 

knowledge about nature or reality (Cowell et al., 1999; Dixon, 1964, 

Heckerman, 1995). The probabilities or parameters are computed for each 

variable by the Bayesian theorem following the structure of the graph. 

In its simplest form, Bayesian theorem can be formulated as follow, with the A and B 

variables mentioned above: 

)(

)()|(
)|(

Ap

BpBAp
ABp




                      (1) 

where p (B|A) is the probability of variable B considering variable A. 

(Aguilera et al., 2011, Nadkarny and Shenoy, 2004). 

2.2. Advantages of the BN method and applications 

There are several reasons to use Bayesian networks modelling: 1) the most important 

advantage is that Bayesian networks are able to differentiate and efficiently manage 

the quantitative and qualitative dimensions of a problem (i.e., Heckerman, 1995); 2) 

Bayesian networks can optimally manage the presence of missing data (Nadkarni y 

Shenoy, 2004). This is especially important in datasets related to developing countries 

where a usual issue is the high proportion of missing data. 3) Bayesian networks can 

combine prior knowledge with empirical data to develop models (Nadkarny & 

Shenoy, 2004) 4) Bayesian networks carry out local computations in order to avoid 

computing the whole joint distribution in a model, which makes the inference task a 

relative low demanding process (Pearl, 2001).  

Specifically to the water sector, Bayesian Networks have been used extensively from 

ecological application to their integration in decision support system at local/river 

basin level. BN have been used to model pressures on water ecosystems such as 

climate change (Varis and Kuikka, 1997) or farming/irrigation practises (Borsuk et 

al.,2004; Martín de Santa Olalla et al.,2005). Baran and Jantunen (2004), Bromley et 

al. (2005), Zorilla and al. (2009) highlight the use of BN as tools to facilitate 
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stakeholders’ participation and planning. BN modelling has been also used and 

combined to support management and decision making at river basin. For instance, 

Castelletti and Soncini-Sessa (2007), Molina et al (2010), Susnik et al, 2012 among 

others combined BN to model socio-economic components with a hydrological model 

in a decision-making framework. Garriga et al (2009) simulated using BN sub-models 

the several dimensions included in the framework of the Water Poverty index 

(Sullivan 2003): physical availability of water resources, extend access to WS, people 

ability and capacity for sustaining access, various use of water resources and 

environmental factors that impacts water resources.  

2.3. Processing steps for modelling dataset with Bayesian models 

This work follows this last multi-dimensional modelling approach applied by Garriga 

et al (2009) and uses the flexibility of BN method. Three main processing steps are 

necessary to model our sub-set with Bayesian Networks method: 

 Variables categorization: the input data should be categorised, meaning 

classified in several levels. In this work, the variables, both 25 sub variables 

and the 5 composite indicators, are mainly categorised in three categories or 

levels: Low, Medium, High. Water supply, Sanitation and WGI’s variables 

only show two levels (High and Low), because of the shape of their 

distribution which increases the error classification rate of models (Annex A). 

 DAG design: The structure of the DAG is crucial and relies on previous 

multivariate analyses and expert knowledge. This information is used to 

specify the link directions between variables on which the computation of 

probabilities is done. In this way, the DAG design allows the integration of a 

priori knowledge into the statistical computation. 

 Probabilities computation: Bayesian theorem is applied and probabilities are 

computed for each variable and each level (High, Mid, Low) according to the 

input in this case the country observations of a specific profile. 

 Scenarios: different probabilistic scenarios can then be run to describe the 

interaction between variables and simulate effects of changes. In concrete, the 

BN compiles the probabilities instantly when modifying one or several 

parameters that allows scenario making on demand. In the frame of this paper, 

the input data includes the 25 sub variables the 5 composite indicators values 

related to the countries belonging to Profile 1 (as observations).  

3. Bayesian Networks in support to the decision making process 

A Bayesian network model quantitatively characterizes the features of the profile 1 

and complements in this way the previous analysis of the profile 1 countries (section 

1.2). This section provides the analysis of the profile 1 at the lights of the probabilistic 

estimations. It also gives two examples on how to use the BN to make scenarios and 

their potential application. The complete modelling and the detailed methodology is 

available in Dondeynaz et al, 2013. 

3.1. The Bayesian network for Profile 1 (Figure 2.4)  

The dataset modelling is done in two main levels: 1) the integration of thematic 

composite indicators in a global model; 2) the creation of a specific model for each 

dimension represented by the composite indicators. Separated models are built for 

Water Supply and Sanitation. 



The percentages calculated for each variable and categories describe the probabilistic 

distribution of the Profile 1 countries. This gives the main characteristics of the 

profile; i.e 51.1% of the countries have medium level HDP, only a small minority 

(11.6%) is estimated to have a low level. 

 

Fig.4.a: Water Supply (WS) Fig.4.b Sanitation (S) 

 
 

Figure 2.4: DAG and initial probabilities computed by the models
2
- 4a for Water supply 

and 4b for Sanitation –related to countries belonging to Profile 1. 

 

The model confirms that profile 1 countries benefit from high level of access to 

improved water supply (87%). Sanitation access steps behind (with 76.5% high 

probability) but still basic services are ensured for a majority of the population. 88.3 

% of countries belonging to this profile like Brazil benefit from medium or high level 

of HDP together with high CEC (for 69% of countries). The pressure on water 

resources is considered well-distributed among the various uses ranging from 

industries, agricultural sector (cattle and/or crops) and municipal activities (that 

includes services, commercial and domestic uses). Note that agriculture remains the 

main consumer of water drawn (over 50%) but other usages exist significantly. 

Therefore, the AP value is mainly at a medium level for almost 45 % of countries like 

Brazil and at high level for 35% of countries where agriculture pressures more the 

water resources. The financial support is secondary in these countries (with 50% 

benefiting of low ODA CI such as Brazil) which show increasing capacities to 

support their own development. Most of the countries (53%) including Brazil benefits 

from an abundance of water resources.  

3.2. Scenarios for Profile 1 (Table 2.2 and Figure 2.5) 

The WS and S level is often already high in this group of countries compared to other 

developing countries. Therefore, the variation changes that can be observed are 

limited. The trends for WS and S are similar but as stepping behind, sanitation results 

are presented. We remind that scenarios are based on input data related to profile 1’s 

countries in 2004. As examples, two scenarios are run: i) using general model, S is set 

to 100 % HIGH probability to visualize what would imply reaching this target 

(Simulation1- Table2), ii) using sub-model, HDP is set to 100% probability HIGH 

(Simulation2 – Figure 2.5).  

Simulation 1 aims at estimating the effects in term of progression of development to 

give access to Sanitation basic services above 58% for all profile 1 countries. 

Simulation 2 estimates what would be the impact of advanced governance on the 
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HDP indicator but also the different sub-variables included such as education, school 

enrolment, living conditions. Advanced governance (WGI-GE) is understood in terms 

of government capacities and efficiency in making and applying law/ rules, providing 

services and limiting corruption. Indeed, governance aspects are often crucial in 

supporting country’ socio-economic development and vice versa. For instance, 

Transparency international (2008) notes that corrupt practices remove investment that 

might be used to extend services to the poor, divert finance from the maintenance of 

deteriorating infrastructure and take cash from the pockets of the poor to pay 

escalated costs and bribes for drinking water. 

Simulation S1: increasing access to Sanitation, what benefit? 

Table 2.2: Simulation 1 for Sanitation general model. The error rate of classification 
compared to reality is low (8.69%). Only probabilities related to relevant category are reported 
in the table and used for interpretation. 

Variable* Level Initial Probability 

(IP) 

Re computed 

Probability (RP)  

Δ 

Simulation1** 

HDP HIGH 36.5% 38.5% 5% 

ODA CI  HIGH 11.5% 7.5% -35% 

CEC HIGH 66.7% 73.2% 10% 

AP HIGH 36.3% 35.6% -2% 

S HIGH 76.5% 100% 31% 

*WR is excluded as water resources are a constant in 2004.  

**Δ Simulation1 corresponds to the variation rate between S1 and IP. 

Related to profile 1, increasing of the access to basic sanitation (high level for all 

countries) will contribute to: 

 the improvement of living conditions; +5% for HDP. 

Access to sanitation has a direct impact on health with reduction of water pollution 

and dissemination of diseases such as Malaria or Diarrhea. It also improves school 

attendance as well as living conditions in particular in slums. Hutton and al, 2007 

estimates that the improvement of WSS is cost beneficial if considering mainly time 

saving to fetch water and reduction of diseases because of the access to WSS. “For 

developing countries, the return on a US$1 investment was in the range US$5 to 

US$46, depending on the intervention.”  

 the improvement of CEC by 10% while it slightly decreases AP (-2%).  

The slight change for AP is assumed to be an improvement of municipal activities 

facilitated by an access to basic services. The CEC improvement means the 

reinforcement of commitment towards the environment and the strengthening of civil 

society. This positive association between sanitation (also valid for Water supply) and 

CEC is supported by literature and field experience that describes underlying 

mechanisms (Dondeynaz et al, 2013). 

Simulation S2: the positive impact of advanced governance  

In case of good governance experiences an important increment, the HDP would be 

high for almost half of the countries (+26% if compared with Initial Probability -IP). 

In this context, good governance is therefore mainly associated with: 

  An increment of the income per capita (+14%) and the reduction of the 

poverty rate (-10%), 



 A limitation of urban slums (-7%), malaria (-5.5%) and children mortality (-

5.5%) through better health care. 

 The increment of education (+3%) and an increment of girls’enrolment ratio 

(+5.4%) 

 

Figure 2.5: DAG 
for HDP sub-
model. 

The error rate of 
classification 
compared with the 
reality is limited with 
4.35%. 

The external aid flow is expected to remain stable. The improvement of governance is 

not the principal aspect that increases the country development but still contributes 

significantly through an enabling context for growth and public authority’s efficiency.  

4. Discussion and Conclusions 

This paper aims at understanding how Water Supply and Sanitation interact with other 

sectors in particular in contributing to country development. The positive results 

found between WS and S and country development provide incentives to push for 

ensuring access to WSS to all. Two concrete tools were presented to help visualizing 

and analyzing the complex interaction between heterogeneous and numerous 

variables of the different sectors involved in country development process. This 

dataset used included variables related to socio-economic status, governance and 

environmental aspects, for a total of 25 variables. These variables were the basis for 

the computation of 5 composite indicators (named thematic axes). 

The first tool consisted in the definition and analysis of five country profiles 

according to five thematic axes: HDP-human development, AP-activity pressure, 

CEC-country environmental concern, WR-Water resources availability and ODA CI-

Official Development Aid. This analysis syntheses both geographically and 

thematically, the heterogeneous data gathered across developing countries. In fact, 

ranking the profiles facilitates the adaptation of strategies and resources. In the 

example, for 2004, Brazil belongs to country profile 1 that is considered the most 

favourable with high human development and a good access to WSS. Knowing 

similar countries can also support preferred knowledge and experience exchanges, in 

the case of Brazil with the other Latin American countries. However, compared to 

other neighbour countries, Brazil shows margins for improvement and poverty 

alleviation in particular with the adoption of policies oriented to control slums 

development. 

The Bayesian Networks method appeared flexible and adapted to model a high 

number of variables. BN also offers the capacities to run probabilistic scenarios 

immediately and on demand. In practice, BN computes probabilities according to 

conditional links between variables. This can contribute to prioritize efforts on one or 

several aspects included in the model and estimate their impacts probabilistically. 

Several models for WS and S were built and presented to enable running scenarios 
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specifically to the Profile 1 countries to which Brazil belongs. The models represent 

well the reality of the data with error rates below 8%. 

As example, two simulations were run for this group of countries: 

1) With the increment of Sanitation, the human development (HDP) will increase by 

5%. This highlights the wide benefit of ensuring access to Sanitation services.  

2) In case of good advance governance, the HDP measured is supposed to increase by 

26% (considering profile 1 country group) and subsequently all HDP sub-variables 

(income per capita, children mortality rate under 5 years, female economic 

participation, proportion of urban population, proportion of urban population living in 

slums, advanced governance, school enrolment rate, ratio of girls to boys school 

enrolment, malaria prevalence and ODA CI). 

Country profiles and Bayesian network models aim at supporting the analysis of 

Water supply and Sanitation situation at worldwide scale. These tools may help in 

refining the strategies at national level to progress towards ensuring the access to 

Water Supply and Sanitation. Considering Brazil, these analysis and models may be 

adapted and scaled down at local-regional level (i.e. municipal-district level). In this 

case, several opportunities may be opened: 

  At this level, the variables selection can be enlarged according to the data 

collection made within the country. For instance, qualitative indicators on 

performance of infrastructure, water quality, type of management that are not 

available at global level, can be added. This type of variables can orient the 

modelling to find out what is needed, what is conditioning the improvement of 

WSS access. 

  The crucial point is to ensure the data comparison between national level and 

sub-scales (harmonized household survey at all administrative scales, 

centralized information system at national level….).  

 A multi-level modelling can be made based on district/local information and 

regional aggregates. The scenarios could be run either at the national level to 

provide the global picture or at regional/local scale (modifying the input data 

accordingly). In this case, particularities could be taken in account such as 

areas under water stress in Brazil.  

 As made with country-observations, the clustering analysis could also be 

performed for regional/local observations to help the prioritization of the most 

needed areas according to selected variables, but also the challenges they face 

corresponding to low-level variables (Section1.3). In fact, the grouping similar 

observations extract and synthesise the main the characteristics out of 

extensive information. It enables also to run specific probabilistic scenarios for 

each group and tests and simulates ways for improvement  

These methods offer the flexibility to adapt to variables availability. The number 

of variables can be adjusted and organized in the DAG according to the existing 

knowledge. The discretization of variables in categories (in this paper HIGH, 

MID, LOW) can be adapted to Brazil context through the number, the type 

(qualitative or numerical scale) of categories and the definition of their limits. 

Qualitative variables, constant variables can also be included in addition to 

quantitative variables used in this paper. 



Annex A 

Table A1: Limits of variable categories, High, Mid, Low. 

Variables Categories Unit or 

intervals* 

 LOW MID HIGH  

 Lower 

limit 

Upper 

limit 

Upper 

limit 

Upper 

limit 

 

Water Supply (WS) 22 82 n/a 100 % 

Sanitation (S) 9 58 n/a 100 % 

CEC -2.70 -0.86 1.08 2.78 
n/a 

HDP -4.56 -0.27 2.96 5.04 
n/a 

ODA CI -2.35 -0.75 1.62 3.01 
n/a 

AP -4.39 -2.30 0.61 3.23 
n/a 

WR -2.43 -1.62 -1.39 2.87 n/a 

Advanced governance (WGI GE) 
-1.69 0.10 Na 1.25 

[-2.5,2.5] 

Ratio of school attendance for Girls to Boys 
0.63 0.72 0.87 1.02 

n/a 

Income (GDP per cap) 

 0.58 11.11 19.17 24.03 

n/a 

Malaria 
0.00 143.86 287.71 428.14 

/1000 

School enrolment index 
22.70 38.69 66.75 94.10 

n/a 

% of female economically active  
17.60 39.12 73.10 91.80 

% 

% of urban population living in Slums 
0.00 31.72 64.31 97.00 

% 

Poverty Rate 7.60 29.00 51.62 71.30 % 

Urban Pop 10.00 44.58 78.29 98.00 % 

Child Mortal 5 7.00 84.14 166.19 265.00 /1000 

*n/a: non applicable  
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Abstract 

 

The chapter systematizes a set of conceptual categories for analyzing the data of the 

National Survey of Basic Sanitation 2008 (Pesquisa Nacional de Saneamento Básico - 

PNSB 2008), accomplished by the Brazilian Institute of Geographic and Statistics 

(IBGE). PNSB is a census study with a target population encompassing all municipal 

governments, organizations with primary responsibility for managing basic 

sanitation, public agencies, and private entities engaged in delivering basic sanitation 

services to the public. 
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Introduction 

This chapter presents an analytical framework to be adopted for the interpretation of 

disaggregated data in the past two editions of the National Survey of Basic Sanitation 

(Pesquisa Nacional de Saneamento Básico – PNSB), 2000 and 2008. At the first 

section it´s introduced a brief discussion of Brazil’s political and administrative 

organization. At the second section it´s made a proposal for building an analytical 

framework based on the population density and size of the Brazilian municipalities, in 

order to present a clearer picture of basic sanitation services supply, with particular 

emphasis on the water supply and sewage disposal components, specifically in regard 

to the respective infrastructure, adequacy, quality, and coverage. The third section 

will address the quality of the data captured by both Surveys. In the concluding 

section, the key points of the previous analysis will be highlighted. 

 

1. Political and Administrative Organization of the Brazilian 

Federation 
 

1.1. Definitions 

The districts are the smallest basic unit considered by the questionnaire applied to 

collect data by the PNSB 2008 Survey on water supply, sewage, solid residues and 

drainage. Therefore, it is important to reconstruct the concepts governing the 

administrative division of Brazilian municipalities, in this case, it was used the same 

methodology presented in Census 2000 (IBGE, 2000): 

 

 Municipality – The autonomous unities of lower hierarchy inside the Brazilian 

political-administrative organization. Their creation, incorporation, fusion or 

dismembering is regulated by state laws, observing the territorial continuity, 

the cultural-historic unity and the requirements anticipated by state laws.  

These transformations depend on previous population consultations through 

referendum. Ruled by organic laws, observing the principles of Federal 

Constitution and state Constitutions where they are located and can create, 

dismember and organize districts, observing state laws.  

 City – Where the administrative center of the municipality is located. It is 

made of the main-district urban area and delimited by the urban perimeter 

defined on the municipal law.  

 Districts – Municipality administrative units. Their creation, dismembering or 

fusions are made by municipal laws, observing the territorial continuity and 

the requirements anticipated by state laws. They can be subdivided, according 

to state legislation, in sub-districts, administrative regions, zones etc. 



 Village – it is the district site that does not cover the city. It’s delimited by the 

urban perimeter defined on the municipality laws, like the urban area of the 

district that is not the municipality site. 

 Administrative Regions – Sub-districts and Zones: Municipality administrative 

unities, normally established on big cities, created by ordinary laws made by 

the municipality legislation and approved by the mayor. 

 Urban Area – Areas inside the urban perimeter of a city or village, defined by 

municipal laws. For cities or villages where there is no legislation that rules 

these areas, it must establish an urban perimeter with census purposes which 

must be approved by the local mayor.  

 Isolated Urban Area – Areas defined by municipal laws and separated of 

municipalities or districts by a rural area or another legal limit. 

 Rural Area: Areas outside the urban territory. 

 Urban Area of city or village – The urban areas are characterized as 

urbanized areas legally defined usually characterized by its constructions, 

streets and intense human occupation; the areas affected by transformations 

derived from urban development; and those reserved for the urban expansion. 

 Weighting Area – A geographical unity, formed by a group mutually exclusive 

of census sectors, in order to apply a calibration procedure for survey 

information taken from Sample Questionnaires. 

 Non-urban Area of a City or Village – Those legally defined as urban, 

occupied by rural population. 

 

Based on the population component, the city concept should be classified as such, 

permanently, by virtue of having a minimum number of inhabitants. In qualitative 

terms, at least from a theoretical standpoint, a city must be highly organized, 

including planning measures to ensure public welfare at all sectors with a direct 

influence on quality of life. (Pina, José Hermano A. et al., 2008) 

The concept of district is inseparable of the relationship between the municipality, 

city, district, and village.  

The municipality is the smallest territorial unit of the government sphere in Brazil. It 

is made up of a main district, where the municipal government seat is located, 

corresponding to the municipal urban zone and, in addition, the surrounding area, the 

municipal rural zone, which may be divided into districts, of which the largest, in 



terms of population, are generally designated villages. (Pinto, 2003, p.29, apud Pina, 

José Hermano A. et al.) 

To deal with the results obtained by PNSB 2000 – 2008, initially it´s necessary to pay 

attention to the target establishments of both Surveys  – public or private companies 

and entities engaged in delivering basic sanitation services to municipal populations, 

including: state and/or municipal basic sanitation companies, autarchies and 

foundations, direct public administration agencies, public consortia, private 

companies and associations. In many cases. different combinations of entities are 

acting at the same territory and the respondents to the Surveys do not have an exactly 

information for the boundaries of their services. In many cases service coverage is 

restricted to a portion of the districts in a given municipality or, further, to the 

principal district.  This issue requires special attention in evaluating the progress 

identified in the period 2000-2008 with respect to effective service expansion, from 

the standpoint of population and households totals. 

 

1.2.The Urban Rural Hierarchy 
 

Another key aspect to the definition of the public needs on water supply and sewage 

is the degree of urbanization reached in each Brazilian municipality. According to 

Veiga (2007), the understanding of the urbanization process in Brazil is hindered by a 

rule that is unique in the world. The country considers urban every seat of a 

municipality (city) and district (village), whatever are their structural or functional 

characteristics. The same author proposes combining the criterion of municipality 

population size with at least two other variables: population density and its location. 

 In short, the author proposes that Brazilian municipalities should be ranked into five 

tiers, the first three corresponding exactly to the characterization of the urban network 

- study developed by the IPEA / IBGE / UNICAMP, 2001 ( apud Veiga, 2007). 

Applying the referred methodology were found 12 metropolitan agglomerations, 37 

settlements and 77 other urban centers, formed by 455 municipalities of the three 

types, plus two other groups of municipalities that were outside the urban network 

called "ambiguous" and "rural" according to their population size and demographic 

density.  

Therefore, from Veiga´s work (2007) results five types of Brazilian municipalities 

which can be classified according to a mix of three criteria: location, population size 

and demographic density. The author estimated, from the 2000 Demographic Census 

that something like 4500 seats of municipalities were imaginary cities, which seemed 

to be confirmed by functional indicators, in other words, like not having a law of 

zoning; regional planning and development programs; residential garbage collection; 

streets sweeping; property tax collection; road maintenance and sanitation. 

It should be emphasized that the use of this trichotomy (population size, demographic 

density and degree of urbanization) to display Brazilian territorial configuration is 

based on a hierarchy that combines several functional and structural criteria. It begins 

with the recognition that the big agglomerations have striking factors - whether in 

functional and structural terms - and that this is a sufficient criterion to define the top 

of the hierarchy. The opposite extreme is defined by the lower anthropogenic 

pressure, reasonably detected by the population density criterion. Finally, the 

intermediate category corresponds to micro regions which have reached a degree of 

urbanization still ambivalent or, which is the same, remain relatively rural. 



In order to develop a new analysis on the quality of water and sewage services in 

Brazil it is crucial to discuss two essential items that must be fully unraveled: a- the 

unequal access to services and; b- the identification of appropriate equipment needed 

to adequate sanitation services in thousands of Brazilian cities with a common 

characteristic of low demographic density. 

 

2. Population Size and Demographic Density 
 

The current methodological proposal concerning ranking Brazilian municipalities 

intends to adapt the categories suggested by Veiga (2007), to the ones presented in the 

IBGE publication – Região de Influência das Cidades 2007, Regic (IBGE, 2008). The 

definition of a municipality class size does not involve in itself a complex problem. 

The analytical attribute size range depends crucially on its discriminatory capacity in 

a given set of cities subsystem. Thus, small cities considered more densely in a given 

region can be ranked in another way if compared to others in other areas; it would 

depend on the explanatory power of each aggregation and its ability to discriminate 

different roles or functions in their respective urban network. 

The same, however, can’t be said about urban agglomerates and metropolis. In this 

case, it is necessary to use standards which reflect the concepts adopted on the 

definition of each of these urban phenomenon, even when its operationalization 

cannot always be easily implemented, mostly because of the lack of information about 

the type of interrelationship among the urban areas of a region. It requires a new 

characterization of the urban network derived from its role, hierarchy and typology, a 

task assigned to IBGE in the new edition of the research – Região de Influência das 

Cidades 2007, Regic (IBGE, 2008). 

The Regic 2007 (IBGE, 2008) document presents an analysis of the Brazilian urban 

network profile. In that study, first a classification of urban centers was defined and 

then their influence areas were delimited. The definition of those centers consists of 

cities composed of big urban agglomerates; the observation unity is the set of 

Population Concentration Area (Área de Concentração de População - ACP, in 

Portuguese) and its sub-areas. The ACPs are defined as big spots of continuous urban 

occupation, characterized by the size and density of the population, by the 

urbanization level and by the internal cohesion of the area, given that the population 

moves to work or to school. The ACPs build up near one or more urban centers, in 

some cases adopting the name of the capital municipality or the biggest population 

municipality. Altogether, 40 ACPS were characterized, resulting of the aggregation of 

336 municipalities. 

For the whole country, 802 cities which have another city on their influence area were 

defined, as evidence of the existence of an extra municipality centrality. Those urban 

centers were hierarchically organized considering two main criteria: the influence 

region dimension, in terms of municipality resident population; the relation intensity 

indicated by how many times the center is mentioned on the applied questionnaire. 

Regic 2007 (IBGE, 2008) displays the urban centers organized hierarchically in: 

metropolis, region capital, sub-regional center, zone center and local center, defined 

according to the following criteria: 

Metropolis: The twelve main urban centers of the country, characterized by their big 

size, the strength of their relationship, and by the fact that generally they have a vast 



direct influence area. They are divided in three sub-levels, according to their territorial 

extension and the intensity of their relationships (followed by the number of 

municipalities that are in this case): 

 1A – Great national metropolis  – One municipality 

 1B – National metropolis  – Two municipalities 

 1C– Metropolis  – Nine municipalities 

Regional capital: 70 centers are part of this level, as the metropolis, they also have 

relations with the superior urban network layer. With a managing capacity slightly 

inferior to the metropolis, their influence area is regional, being reported as the target 

of a set of activities by a large number of other municipalities. As the previous level, 

this one also has three different sub-divisions. The first group includes the state 

capitals which are not included in metropolitan level and the city of Campinas. The 

second and the third, apart from the size differentiation, their location pattern are 

more regionalized, with the second group located on the South-Center and the third on 

the other Brazilian regions. These are the Regional capital groups: 

 2A – Regional capital A – Eleven municipalities 

 2B – Regional Capital B – Twenty municipalities 

 2C – Regional capital C – Thirty-nine municipalities  

Sub-regional centers: In this level there are 164 centers with less complex 

management activities, their area of influence is reduced, and their relations with 

external centers are restricted to three metropolis. They are mainly located on the 

Northeast and South-Center most occupied areas, and a few on the North and West-

Center less occupied areas. They are also divided in sub-groups: 

 

 3A – Sub-regional center A – 85 municipalities 

 3B – Sub-regional center B – 79 municipalities 

Zone Center: This level includes 566 cities of smaller size and with activities in their 

own area; They present only basic management activities. They are: 

 

 4A – Zone Center A – 192 municipalities 

 4B – Zone Center B – 364 municipalities 

 

According to Veiga´s  (2007) and  Regic´s  2007 (IBGE,2008) classifications, at the 

current proposal in order of creating a new ranking of Brazilian municipalities most 

appropriated to the analysis of basic sanitation services, it was composed a new set of 

groups, which were incorporated at PNSB 2008 final report (IBGE, 2010). These 

groups consider only information about population size and demographic density as 

it follows: 



Group 1: Municipalities with a population inferior to 50.000 residents and a 

demographic density smaller than 80 per km². 

Group 2: Municipalities with a population inferior to 50.000 residents and a 

demographic density bigger than 80 per km². 

Group 3: Municipalities with a population between 50.000 and 100.000 residents and 

a demographic density smaller than 80 per km². 

Group 4: Municipalities with a population between 50.000 and 100.000 residents and 

a demographic density bigger than 80 per km². 

Group 5: Municipalities with a population between 100.000 and 300.000 residents 

and a demographic density smaller than 80 per km². Except the cities that  did  not 

present  a proportional pattern between population and demographic density. 

Group 6: Municipalities with a population between 100.00 and 300.00 residents and 

a demographic density bigger than 80 per km² 

Group 7: Municipalities with a population between 300.000 and 500.00 residents. 

Group 8: Municipalities with a population between 500.000 and 1.000.000 residents. 

Group 9: Municipalities with a population bigger than 1.000.000 residents. 

Table 3.1. Number of municipalities ranked by population size and 
demographic density 

Group Number of Municipalities 

Group 1 4501 

Group 2 497 

Group 3 147 

Group 4 166 

Group 5 47 

Group 6 127 

Group 7 43 

Group 8 22 

Group 9 14 

 

It is important to highlight that despite the creation of 57 new municipalities between 

the 2000 census and the year 2007, the number of municipalities found in the group 

one, is very close to which one was estimated by Veiga (2007), given by the data of 

the previous Census (2000), around 4,5 thousand of Brazilian municipalities can be 

considered as imaginary cities (VEIGA, 2002), that is they have essentially rural 

aspects. 

In order to incorporate, even partially, Veiga’s concept of anthropic pressure and 

Regic’s urban centers—cities that have other cities in their influence area, the 802 

centers identified by Regic 2007 (IBGE, 2008) had been located into the nine 

previously referred groups. The results are below. 

 



Table 3.2. Municipalities with populations under 50,000 inhabitants and 
demographic density below 80 inhab./km² 

Level of Centrality 2007 Number of Municipalities 

Sub-Regional Center B 8 

Zone Center A 83 

Zone Center B 291 
 

Table 3.3. Municipalities with populations under 50,000 inhabitants and 
demographic density above 80 inhab./km² 

Level of Centrality 2007 Number of Municipalities 

Sub-Regional Center A 2 

Sub-Regional Center B 8 

Zone Center A 26 

Zone Center B 50 
 

Table 3.4. Municipalities with populations between 100,000 and 50,000 
inhabitants and demographic density below 80 inhab/km² 

Level of Centrality 2007 Number of Municipalities 

Sub-Regional Center A 17 

Sub-Regional Center B 31 

Zone Center A 43 

Zone Center B 14 
 

Table 3.5. Municipalities with populations between 100,000 and 50,000 
inhabitants and demographic density above 80 inhab/km². Except the cities 
that did not present a proportional pattern between population and 
demographic density. 

Level of Centrality 2007 Number of Municipalities 

Regional Capital C 1 

Sub-Regional Center A 27 

Sub-Regional Center B 15 

Zone Center A 32 

Zone Center B 8 
 

Table 3.6. Municipalities with populations between 300,000 and 100,000 
inhabitants and demographic density below 80 inhab/km² 

Level of Centrality 2007 Number of Municipalities 

Regional Capital C 10 

Sub-Regional Center A 15 

Sub-Regional Center B 7 

Zone Center A 3 

Zone Center B 1 

 



Table 3.7. Municipalities with populations between 300,000 and 100,000 
inhabitants and demographic density above 80 inhab/km² 

Level of Centrality 2007 Number of Municipalities 

Regional Capital B 7 

Regional Capital C 19 

Sub-Regional Center A 21 

Sub-Regional Center B 10 

Zone Center A 4 

 

Table 3.8. Municipalities with populations between 300,000 and 500,000 
inhabitants and demographic density below 80 inhab/km² 

Level of Centrality 2007 Number of Municipalities 

Regional Capital A 2 

Regional Capital B 9 

Regional Capital C 7 

Sub-Regional Center A 3 

Zone Center A 1 

 

Table 3.9. Municipalities with populations between 500,000 and 1.000,000 
inhabitants 

Level of Centrality 2007 Number of Municipalities 

Regional Capital A 8 

Regional Capital B 4 

Regional Capital C 2 

 

Table 3.10. Municipalities with populations between above 1.000,000 
inhabitants 

Level of Centrality 2007 Number of Municipalities 

Regional Capital A 1 

Large National Metropolis 1 

Metropolis 9 

National Metropolis 2 

 

The tables above (3.2 to 3.10) show that there is an expressive number of urban 

centers in each of the groups created based on the current methodological proposal; it 

also can be observed how hard it is to generalize conclusions given the diversity of 

Brazilian municipalities. However, it is important to detach an expressive number of 

urban centers in groups 1, 2 and 3 above, that included small-sized municipalities – 

the first two with populations under 50,000 and the third with populations between 

50,000 and 100,000 inhabitants,  “… the zone centers (a and b) develop basic 

managing functions; the sub-regional centers have less complex managing areas (…) 

and their relationships with the outside of their own network are with only three 

national metropolis, with a dense presence on the bigger occupation areas of 



Northeast and South-Center, and sparse on the less populated spaces on the North 

region and West-Center. “ (Regic 2007, p.11-13, IBGE, 2008) 

 

3. Different Dimensions for Variables Analysis 

3.1. Suitable Solutions for Water Services 

The groups of municipalities presented above were proposed in order to provide 

methodological conditions for the analysis of selected variables among those collected 

by the PNSB 2008 for water supply and sewage services considering their suitability 

and quality.    

In a broad sense, sanitation is characterized by the mediation of human beings with 

their own environment in order to provide better health conditions—through 

preservation, protection and health promotion—life quality and environmental 

protection. Collective actions of sanitation must act on the contexts, transforming 

them by healthy public policies, which promote environments propitious to health, 

life quality and environmental sustainability. (COSTA, 2009) 

The Basic Sanitation Law (Lei de Saneamento Básico - LSB) n° 11.445/2007, 

regulated by the decree n° 7.217/2012, stated the principles and national directives for 

this public policy. Basic sanitation is defined by this law as the set of services, 

infrastructure and operational facilities of water supply, sewage services, urban 

cleaning and solid residues management, draining system and rain water management. 

The law n° 11.445/2007 states that actions and services must be made in an integral 

and universal way, suited to health promotion, environmental protection and better 

life quality, considering inter-sectorial articulations. This law also points out the need 

of methods, techniques and processes for paying attention at local and regional 

peculiarities.  

The current methodological approach proposed for the analysis of data collected by 

the PNSB 2008 on services quality  is centered on the concepts of 

suitability/unsuitability, and not only in terms of the presence/absence of the related 

utilities. Thus, observing the municipality based aggregated data, they will always 

have some kind of action or sanitation service, individual or collective, public or 

private. What matters is to distinguish the extension of the services delivered in the 

territory and what is being conceptualized as suitable alternatives so it can be possible 

to point out more effective public policies solutions. 

In order to define the parameters, variables and indicators that can stand for suitability 

solutions, the following items should be considered: i) the federal legislation related 

to quality standards of each one of the four components of basic sanitation; ii) 

specialized literature and technical references from national and international 

organizations; and iii) the local and regional peculiarities as municipalities 

characteristics  on their groups of population and demographic density thus the LSB 

establishes that local and regional peculiarities must be considered according to the 

population size and demographic density of the municipalities. 

Concerning to the alternative of possible parameters for water supply services, some 

examples can be pointed like: a) the patterns of water portability of human 

consumption; b) catchment and pollution protection of the water source; c) minimum 

per capita water consumption. 

  



3.2. Water Services Supply and Access   

In order to proceed to data analysis concerning water services quality, two more 

dimensions can be added. These should correspond, respectively to services supply 

and access: the concepts of public and domestic domain (Cairncross et al., 1996) 

 

The public domain is under direct responsibility of the providers’ side, expressing the 

services supply. The domestic domain concerns the availability of services in 

households and nearby, expressing access characteristics. Both points of view sum up 

distinct perspectives. Besides those two points of view, the environmental dimension 

has to be considered within the public domain, due to its sustainability and life quality 

relevance. 

 

3.3. Service Providers  

 

According to the PNSB 2008 Interviewer Manual (MPOG/IBGE, 2008), on block 3 

of the water supply questionnaire (question 1) there is a field which deals with the 

legal and fiscal nature of the entity. The options for this field are: municipality direct 

administration or municipality indirect administration (autarchies, public enterprises, 

mixed economy companies, public foundations). 

On the same block 3 (question 2), the administrative sphere has a space to be filled 

with one of the following options: federal, state, municipality and private – which 

does not belong to the public sector; includes more than one federation unity (inter-

federal - municipality and/or state and/or Union); or inter-municipality – which 

includes more than one municipality. 

At last, on question 3, named coverage area at the municipality on the water supply 

services:  

 the entire municipality—when the entity acts on the whole 

municipality territory; 

 Only in the main-district—when the entity works only on the main-

district or first district; 

 In some districts or in only one district—when the entity acts in one or 

some districts other than the main-district. 

 

3.4. Restrictions on the Household Registers 

 

Finally, it is necessary to draw the attention to the fact that water providers in the 

country which were the main subjects of the PNSB 2008 Survey have only the 

registers of households legally linked to the water supply services network.  

Generally the connections to water services are registered and executed on the name 

of the property owner requiring the following documentation: i) the land deed or the 

sale contract; ii) identity card or national private individual register (CPF in 

Portuguese), if the person is an individual; iii) in case of an entity, the national entity 

register (CNPJ in Portuguese); iv) a copy of the construction license, issued by the 

designated municipality organ; v) a copy of the blueprint approved by the 



municipality, or by IBGE or Regional Engineering and Architecture Council 

certification including the construction area. 

The data collected during PNSB 2008 Survey refers to the existing records of the 

water supply services providers, which generally represent only the consolidated 

urban areas meaning the “legal cities”, for urbanities purpose, tributary and revenue 

charges of water services. 

However, especially low income population represents millions of settlements, and 

those were established in a spontaneous and disoriented way in Brazil. They were 

settled with no legal relation between occupiers and respective owners: are they 

private areas or public ones. 

Therefore, in the PNSB 2008 Survey universe, some of the water supply  services has 

not been considered: in favelas and/or irregular occupations, flood areas and general 

invasions, even though these populations are being served in a clandestine and 

unsuitability way. 

4. Final considerations 
 

The main objectives of the current methodological approach for the PNSB 2008 data 

analysis can be summarized as follows:  

a-  to identify the legal water supply services  in order to build a precise level of 

coverage of these services in the country, including an estimative of the number for 

the uncovered households; 

b- to organize the main variables related to water supply services data collected by 

groups of Brazilian municipalities ranked by the population size and demographic 

density in order to evaluate aspects of the respective network facilities as a function of 

the urban development level, and then, analyze the quality of the services provided; 

c- to adapt the concepts of suitability/unsuitability to water services  after the choice 

of the respective parameters, following this stage, analyze the variables included on 

the public and domestic domain context and also the environmental dimension; 

d- to point out the legal nature and administrative sphere as a fourth dimension for the 

analysis of the selected variables, especially, on the perspective of being able to 

compare the performance of each group of counties in respect to the evolution of the 

coverage between 2000-2008; 

e- to estimate the number of households increase between PNSB 2000 and PNSB 

2008 with a double objective: to be able to measure the actual increase of new water 

supply connections facing the addition of new residences and the real number of 

uncovered households during this period estimating the difference between the 

number of water supply connections declared by providers and the number of actual 

existing households. 

Unfortunately, none of these dimensions could be fully developed for the analysis of 

PNSB 2000-2008 given the weakness of the statistical results obtained specially by 

the last one of both Surveys. 

It is important to call attention to the fact that the Brazilian sanitation service 

providers representatives which were the respondents to PNSB 2008 have residential 

registries that are legally tied to water supply and sewage disposal networks through 

billing services. 



The information collected is presumed to be associated to the current registry of the 

respective entities. In general, water and sewage connections are registered and 

executed in the name of the property owner through submission of the following 

documentation: i) property deed or purchase and sale agreement; ii) identity card and 

individual tax registry number – CPF, in the case of individuals; iii) national corporate 

tax registry number – CNPJ, in the case of legal entities; iv) copy of the construction 

permit issued by the jurisdictional municipal body; v) copy of the situation plan and 

floor plan of the architectural design approved by the municipality or a corresponding 

certificate issued by the IBGE or the Regional Engineering and Architectural Council 

(Conselho Regional de Engenharia e Arquitetura – CREA) including the respective 

built area and additional information. 

The data collected by PNSB 2008 refer to existing registries filed with the respective 

water and sewage disposal service providers, which generally serve only consolidated 

urban areas, representing, in most cases, the “legally incorporated city” for purposes 

of urban planning, taxation, and the assessment and collection of water and sewage 

services. However, low-income settlements erected spontaneously and in disorganized 

fashion throughout Brazil have emerged without formalization of the required legal 

relationship between their occupants and the respective property owners, whether 

private or public. 

Therefore the PNSB 2008 universe excludes data related to water supply and sewage 

disposal services in slums and/or illegal occupations, households built on swamps, 

and all type of invasions, even though the respective populations are being attended in 

a clandestine or precarious way. 

 

5. Conclusions 
 

In a broad sense, the objective in these pages was to provide some methodological 

guidelines for the analysis of the PNSB 2008 final tabular results.  

To summarize the current proposal, first the information by districts level was 

considered essential, in order to be possible the construction of an accurate scenario 

for the actual level of water supply and sewage services coverage all over the country. 

However, there are significant restrictions to the implementation of this guideline, 

involving specifically the quality of the disaggregated information by districts, since a 

good portion of the databases operated by water supply and sewage disposal providers 

are not organized to reflect this level of disaggregation, resulting in imprecise 

estimated values for districts and inconsistencies which are nearly impossible to be 

corrected and/or overcome. 

Secondly it was created a methodology for grouping Brazilian municipalities to be 

adopted on the PNSB 2008 data analysis for the four components of the Brazilian 

basic sanitation system according to population size and demographic density. The 

main objective here was to enable evaluation of aspects relating to presently installed 

networks based on expected infrastructure needs and degree of urban development, 

followed by more in-depth analysis of the quality of services deliveries. 

On a third perspective, the current Chapter introduced the concepts of 

adequacy/inadequacy in respect to the water and sewage services delivered in Brazil, 

founded on a proposal of selected parameters. The variables under analysis should be 

incorporated in the context of the public domain or domestic sphere, and the 



environmental dimension would be considered as part of the first of these 

frameworks.  

In a fourth dimension, It was detached the providers legal status in order to make it 

possible to compare the economic and institutional performance by types of 

companies selected.   

The final issue with respect to the water supply and sewage disposal components 

involves the need to estimate the increase of the households number in the period 

between the two PNSB Surveys (2000-2008), with a double objective: estimate the 

expansion in total households in relation to the amount of households water and 

sewage disposal connections and measure as accurately as possible the actual deficit 

in the provision of both services. 
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Introduction 

The previous Chapter recommends a conceptual analysis to interpret the data 

collected for the National Survey on Basic Sanitation - 2008 (Pesquisa Nacional de 

Saneamento Básico – 2008) related to its water supply services component.  

The current chapter offers a critical analysis of the structure and organization of the 

PNSB 2008 Survey questionnaires, mainly the one for water supply services (WSS), 

in order to identify flaws which may contribute to elucidate the inconsistencies on 

PNSB 2008 data and propose changes on PNSB main research instruments for future 

studies, which was one of BraSIS project objectives. 
 

1. The National Survey of Basic Sanitation 
 

The first national Survey of basic sanitation in Brazil was performed in 1974 through 

an agreement between the Ministry of Health and the Brazilian Institute of Geography 

and Statistics (Instituto Brasileiro de Geografia e Estatística - IBGE), under which the 

latter Institution was tasked solely with collecting the related data. In 1977, the 

agreement was renewed and a new Survey was performed. At that time, the IBGE 

took over responsibility for all stages of the Survey (planning, collection, and 

counting).  

In 1988, after previous experiences, a complete methodological rearrangement was 

proposed for 1989 data collection.  
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In 1999, the IBGE concluded a new agreement, and with the support of the Special 

Secretariat for Urban Development at the Presidency Office (Secretaria Especial de 

Desenvolvimento Urbano da Presidência da República – SEDU/PR), the National 

Health Foundation (Fundação Nacional de Saúde – FUNASA), and the Federal 

Savings Bank (Caixa Econômica Federal), the Institute conducted the National 

Survey of Basic Sanitation – PNSB 2000. The PNSB 2000 was more extensive than 

the previous one, incorporating a new topic – urban drainage – and new variables to 

the water supply services, sewage disposal, urban cleaning and waste collection 

components. 

In 2008, the IBGE signed an agreement with the Ministry of Cities to launch a new 

edition of the PNSB using the same collection instruments of the previous Survey, 

however adopting a new terminology for the questionnaires on Urban Cleaning and 

Waste Collection – designated Solid Waste Management (Manejo de Resíduos 

Sólidos) – and Urban Drainage – denominated Rainwater Management (Manejo de 

Àguas Pluviais) . In addition, a new collection instrument referred called Municipal 

Basic Sanitation Management (Gestão Municipal do Saneamento Básico) was 

incorporated and applied to all municipal governments (IBGE, 2010). 

 

2.  The National Survey of Basic Sanitation – 2008 Design 

The National Survey of Basic Sanitation 2008 consisted of a census survey directed to 

all municipality services administration (autarchies, direct administration, public 

companies, mixed economy companies, foundations, associations and others). 

According to the National Survey of Basic Sanitation 2008 final report   (IBGE, 

2010): “The number of respondents to the Survey was determined by the number of 

basic sanitation service providers, public or private, in each Brazilian municipality” 

(p.21). So, a municipality with water supply services, sewage disposal, solid waste 

management, and rainwater management services could include many different 

respondents to the PNSB, even related to only one of these services. For this reason, 

the IBGE’s initial contact with the municipality was always the municipal 

government, where the number of respondents would be determined by the 

application of the Municipal Basic Sanitation Management questionnaire (MBSM). 

Therefore, PNSB 2008 included as respondents all public and private providers in 

charge of basic sanitation services at every municipality in the country, among them: 

• Prefectures  (direct government); 

• State and/or municipal basic sanitation companies; 

• Foundations; 

• Inter-municipal consortia; 

• Private companies 

• Community associations. 

Associations not registered under the National Corporate Tax Registry (Cadastro 

Nacional da Pessoa Jurídica – CNPJ) at the Ministry of Finance were not included in 

the Survey, only those legally constituted. 

 



The Survey questionnaires were applied by the IBGE research network at all five 

geographic regions in Brazil.  

  

The PNSB 2008 also provided the following spatial disaggregation, based on each 

applied questionnaire model:  

 

• Municipal Basic Sanitation Management – disaggregated by municipality. 

• Water Supply – disaggregated data at the district lev 

• Sewage Disposal – disaggregated data at the district level; 

• Solid Waste Management – disaggregated by municipality; 

• Rainwater Management – disaggregated by municipality; 

 

For the purposes of the current chapter, only the Municipal Basic Sanitation 

Management (MBSM) and Water Supply Services (WSS) questionnaires will be 

discussed in more detail below.  

 

3.  Description of the Questionnaires in Analysis  

3.1. Municipal Basic Sanitation Management Questionnaire (MBSM) 

According to the interviewer handbook (Manual do Entrevistador da PNSB 2008, 

IBGE, 2008), the MBSM questionnaire is composed of 8 blocks: 

1
st
 Block – Questionnaire identification 

2
nd

 Block – Prefecture identification 

3
rd

 Block – District sanitation services mapping 

4
th

 Block– General Data 

5
th

 Block – Water Supply Services (WSS) 

6
th

 Block – Sewage Services (SS) 

7
th

 Block – Rain Water Management (RWM) 

8
th

 Block – Solid Residues Management (SRM) 

The Municipal Basic Sanitation Management (MBSM) questionnaire was designed 

mainly to identify the existence of services and their current status at each 

municipality as follows: 

–  general water supply system network; 

– the principal alternative solution adopted to serve the majority of the population in 

districts not covered by water supply services connected to the general network; 

– sewage disposal; 

– the principal alternative solution adopted to serve the majority of  the population in 

districts not covered by sewage disposal services through the sewage collection 

system; 

– rainwater management; 



– solid waste management; 

– inter-municipal/inter-federation consortia in the basic sanitation sector; 

– structures for community participation in oversight of basic sanitation services; 

– occurrence of disease related to basic sanitation; 

– applied methods for executing sanitation services; 

– existence of a legal instrument to regulate services; 

– the municipal provider legal status; 

– billing for solid waste management services; 

– municipal budget for solid waste management; and 

– information on active waste collectors at the municipality. 

 

3.2. Water Supply Services Questionnaire 

In addition to registration data for services providers, the Water Supply Services 

(WSS) questionnaire collected information on: 

– water supply services in the district; 

– water catchment and water supply; 

– water treatment; 

– fluoridation  

– water distribution network; 

– billing rates and commercial information; 

– general data; 

– active staff; and 

– relationship between providers and respective communities in the past 12 months. 

 

Eventually, it´s important to observe that on PNSB 2008 technical notes (IBGE, 

2010) it´s also detached that some research procedures employed at the application of 

the questionnaires should be observed to a correct understanding of its results as 

follows: 

 

 General Water Distribution System: Municipalities were deemed to have an 

available water distribution system when at least it could be found at one 

district, or even at a part of a district, independently of the system’s size, and 

the number of households connections. When the provider employed more 

than one adductor of the same type (raw water or treated water) at different 

frequencies for the same type of analysis, it was considered the adductor 

frequency with the highest water volume. When the provider employed more 

than one water treatment plant with different frequencies for the same type of 

water treated analysis, it was considered the frequency of the water treatment 

plant with the highest volume of treated water. When the district had only one 

sewage treatment plant engaged in performing more than one treatment 

process on the same volume of water, it was considered the treatment on the 

most comprehensive volume. 



 

 Main alternative solution for water supply and sewage disposal: It was 

considered as the main solution for water supply and sewage disposal the one 

which is applied to the majority part of the district population.  

 

 Employees engaged in basic sanitation services: The information about the 

employees engaged in basic sanitation services refers to the number of persons 

effectively involved in the basic sanitation services delivered by the provider, 

and not the full staff number. An individual could be registered for more than 

one basic sanitation service and even in more than one municipality. With 

respect to water supply and sewage disposal, the individual connected to the 

administration as well as the operation/maintenance of the services was 

considered under the latter group of activity. 

 

 Code 8 – Not Available: It was assigned the number 8 at all the blank spaces 

corresponding to the information which the services provider representative 

did not know how to answer, in other words, the number 8 indicates 

“Information Not Available.” 

 

 Aggregate information: In the case of municipalities composed of more than 

one district for which the provider could not present data per districts, the 

information was registered aggregated corresponding to an unique 

questionnaire by provider.   

 

 

4.  Comments on the MBSM and WSS Questionnaires  

 

4.1. Municipal Basic Sanitation Management (MBSM) Questionnaire 

Considering the Municipal Basic Sanitation Management (MBSM, Appendix II) 

questionnaire, it´s important to point out the following critical aspects:  

 

a) there isn’t any field (blank space) to define the set of districts of each 

Prefecture consulted, which means that the first page identifies only the 

Prefecture (2nd block) and the second page (3
rd

 block) shows a big number 

of possible districts, however there is no any way of automatic verification, 

which means it is impossible to check if these numbers are actually the 

numbers of the districts that form the municipality. A problem that could 

be easily solved if, on the 3
rd

 question of the 1
st
 block, there was a blank 

space to be filled with the number of municipalities’ districts next to their 

names and codes. 

 

b) Even though the other questionnaires: Water Supply Services (WSS, 

Appendix I), Sewage Services (SS), etc. were developed to be answered by 

the services providers representatives, there are several concerns with this 

option. The official jurisdiction for these services is assigned at the 

municipalities seats, but there is more than one provider with different 

jurisdiction areas in each municipality and the PNSB 2008 Survey Design 



did not detach an effective link between Prefectures and providers 

answers.  

 

c) Although the main subjects in PNSB 2008 Survey are the providers, on the 

3
rd

 block (BSMM Questionnaire) there is an attempt to map basic 

sanitation services at districts level. However, in each Prefecture there are 

few employees who can answer this part of the Questionnaire—in other 

words, hardly anyone knows how water services is provided at each 

district, which are the different providers or what is the alternative 

technological solution adopted. For these reasons, it would be better if the 

BSMM Questionnaire 3
rd

 block was a mapping of the services providers 

acting on the municipality/districts, giving the research interviewer the 

alternative for checking the answers on this block using the original 

Survey list of providers; 

 

4.2. The Water Supply Services (WSS) Questionnaire  

 

The first critical point observed at Water Supply Services questionnaire was its 

identification, that is to say there is no space to register the number of providers on 

the municipality which are responsible to answer the questions as if it was an unique 

one.  

All over the Interviewer Handbook (Manual do Entrevistador da PNSB 2008) (IBGE, 

2008) there is not any specific information about a link between questionnaires 

(BSMM and WSS). There is not any mention related to  of  controlling district 

numbers by providers and not even for the fact that a particular municipality can 

present more than one provider for each type of service (in the present case, Water 

Supply Services).  

In other words, PNSB 2008 design did not establish a control of districts numbers per 

municipality on the first questionnaire—MBSM—and neither present the control of 

districts numbers per provider on the second questionnaire – WSS. 

It is important to mention that the same critics above can be applied to the Sewage 

Disposal (SD) questionnaire. 

Following the hypothesis presented at this point, it will be presented next a short 

analysis of PNSB 2008 results for the Water Supply component. 

 

5.  PNSB 2008 Selected Tables Analysis – Water Supply 

Component 
 

The PNSB 2008 identified 5.531 Brazilian municipalities that present water supply 

services per general distribution network on at least part of their territory, but the data 

provided by the IBGE did not allow the development of the first line of analysis, 

proposed at Chapter 3, which means identifying the intra-municipality inequity. The 

Survey, despite being structured by districts, could not present disaggregated data at 

this level, in its final tabular plan, for it showed great inconsistencies. 

Also, the information related to the providers legal status in different tables produced 

inconsistent results as will be shown below. 



Table 4.1 (below) sums up all the results presented by data collected from Water 

Supply Services (WSS) questionnaires, it presents 7.704 providers which in 5.532 

municipalities were in charge of water supply services connected to general 

distribution network in at least part of a district inside each municipality.    

Table 4.1 Municipalities, total and with water supply services connected to  
general distribution network, by legal status of service providers, by 5  
Brazilian geographic regions and states –2008 

 

Source: Pesquisa Nacional de Saneamento Básico,2008, Table 24, p.89. (IBGE, 2010)  

Notes:1 - It is considered the municipality which at least one district (or part of it) has water supply 

connected to the general network. 

2 - The municipality may present water providers with more than one legal status. 

 

With respect to the administrative sphere, the PNSB 2008 design, as discussed above, 

had established 6 categories: federal, state, municipal, private, inter-federation, and 

inter-municipal. At the final tabular plan it can be observed contradictory information, 

if it´s compared the results presented on Tables 5.1 (above) and 5.2 (below), for 

example, the number of private providers is 249 on the first of these tables and 956 on 

the second. Besides and much important than this last observation, the universe 

5564 5531 2347 555 170 3605 10 249 34 724 10

449 442 190 50 32 109 - 138 1 5 -

52 48 4 4 3 39 - - 1 - -

22 22 10 13 - - - - - - -

62 62 36 17 1 14 - 1 - - -

15 15 1 - - 14 - - - - -

143 140 109 14 12 42 - 11 - 5 -

16 16 7 - 16 - - - - - -

139 139 23 2 - - - 126 - - -

1793 1772 836 169 60 1344 6 13 10 392 3

217 215 164 38 34 87 - 1 4 22 -

223 218 180 7 4 139 - 2 - 83 -

184 184 93 30 9 140 - 2 1 141 1

167 167 29 15 - 152 6 2 - 75 -

223 212 107 5 1 170 - - 3 51 1

185 185 58 5 1 167 - 1 - 3 -

102 102 29 19 1 75 - 1 - 1 -

75 75 8 4 - 72 - - - 1 -

417 414 168 46 10 342 - 4 2 15 1

1668 1668 670 216 43 1035 2 31 1 34 1

853 853 439 96 27 566 - 4 - 26 1

78 78 28 25 1 51 - 1 - 6 -

92 92 28 7 12 50 2 13 - 1 -

645 645 175 88 3 368 - 13 1 1 -

1188 1185 451 91 29 826 1 26 1 246 5

399 399 92 41 3 342 - 10 1 114 2

293 292 45 42 2 202 1 7 - 35 1

496 494 314 8 24 282 - 11 - 97 2

466 464 200 29 6 291 1 39 21 47 1

78 78 22 6 5 67 - 4 21 43 1

141 139 95 14 1 2 - 32 - - -

246 246 83 9 - 221 1 3 - 4 -

1 1 - - - 1 - - - - -

Brasil
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Geographic 
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Total

Total Public Direct 

Administrations
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São Paulo
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Mato Grosso



number of providers on Table 4.2 decreases to 6.636, without any plausible 

justification. 

  

Table 4.2. Municipalities, total and with water supply services connected to 
general distribution network, by administrative sphere of the service 
providers, by 5 Brazilian geographic regions  and states – 2008 

Source: Pesquisa Nacional de Saneamento Básico 2008, Table 26, p. 91, (IBGE 2010). Translated by 

the authors. 

Notes: 1- It is considered the municipality which at least one district (or part of it) has water supply 

connected to the general network. 

2 - The municipality may present water providers in more than one administrative sphere. 

 

Table 4.3 contains similar inconsistencies to those cited above, once more time the 

universe of providers varies to 7.636. Also in Chapter 3 it´s indicated the 

5564 5531 44 3775 1850 956 2 9

449 442 3 154 223 142 - -

52 48 - 38 13 - - -

22 22 1 18 4 - - -

62 62 - 9 55 1 - -

15 15 - 14 1 - - -
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16 16 1 16 7 - - -
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methodological proposal for analyzing PNSB 2008 final tabular results the need to 

rank Brazilian municipalities by groups depending on population size and 

demographic density in order to observer different kinds of variables by municipality 

characteristics. 

The success of that proposal depended on a good quality of the main information 

gathered by the Survey, but unfortunately the results obtained were low in robustness. 

At this point what it´s important to detach is that consistent information about 

providers legal status and administrative sphere were essential to qualify the initial 

marks of all collecting data process. Besides, all other variables from the most 

important to the less relevant must had been surely linked to the previous universe of 

providers.    

Table 4.3. Municipalities, total and with water supply services provided 
connected to  general distribution network by service providers 
administrative sphere, by groups based on size of municipalities and 
population density – Brazil – 2008 

 

 

Source: Pesquisa Nacional de Saneamento Básico 2008, table 25, p,90, (IBGE, 2010). Translated by 

the authors. 

Notes: 1 - It is considered the municipality which at least one district (or part of it) has water supply 

connected to the general network. 

2 - The municipality may present water providers in more than one administrative sphere. 

 

5564 5531 44 3775 2850 956 2 9

4511 4482 38 3038 2376 787 1 6

487 483 1 360 189 67 - 2

148 148 4 99 96 42 - -

165 165 - 113 76 20 - 1

39 39 1 21 27 6 - -

135 135 - 89 56 26 1 -

43 43 - 30 18 5 - -

22 22 - 15 8 1 - -

14 14 - 10 4 2 - -
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Total
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Total
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Table 4.4 below offers a summary of water distribution providers in Brazil, based on 

the registry presented by the Ministry of Cities which supposedly should had been the 

reference for the previous PNSB 2008 list of providers to be visited by the IBGE 

researchers at the beginning of the Survey . Note that there are approximately MORE 

2,600 entities not included in the total identified at the IBGE universe for the same 

Survey.  

Table 4.4. Water Supply Providers - 2008 

 

 

Source: List of providers presented by the Ministry of Cities, 2008. Prepared by the authors. 

Notes: 1_Water and Sewage Autonomous Services  Serviços Autonômos de Água e Esgoto (SAE) – 

This kind of provider can be classified as autarchies. 

2- Water and Sewage Departments – Departamentos de Água e Esgoto (DAEs) their legal status is 

direct government. 

 

 

Finally, on Table 4.5 there is a list with the variables proposed at the PNSB 2008 

Design for Water Supply Services  

 

 

 

States

Public State 

Companies

Water and Sewage 

Autonomous Services¹ 

Water and Sewage 

Departaments² Private Prefectures Associations Others Total

Rondônia 38 5 - 0 6 - 2 51

Acre 19 1 - 0 3 - - 23

Amazonas 15 15 1 1 36 - 1 69

Roraima 14 - 0 0 1 - - 15

Pará 63 13 2 0 108 28 6 220

Amapá 16 - 0 0 7 - 1 24

Tocantins 125 1 0 1 19 - 5 151

Maranhão 141 29 0 0 163 75 7 415

Piaui 148 2 1 0 181 245 - 577

Ceará 153 32 0 2 90 1002 2 1281

Rio Grande do Norte 154 15 0 0 28 306 2 505

Paraíba 177 4 1 0 105 139 3 429

Pernambuco 171 7 0 1 53 3 - 235

Alagoas 79 14 1 1 30 1 - 126

Sergipe 72 4 0 0 8 3 - 87

Bahia 353 46 0 0 172 32 2 605

Minas Gerais 600 70 16 6 438 91 6 1227

Espírito Santo 52 24 0 0 28 12 2 118

Rio de Janeiro 61 7 0 0 26 12 7 113

São Paulo 369 56 12 14 178 5 17 651

Paraná 342 41 0 2 95 340 15 835

Santa Catarina 208 30 0 0 42 176 29 485

Rio Grande do Sul 316 2 7 0 311 529 19 1184

Mato Grosso do Sul 72 5 1 3 21 134 25 261

Mato Grosso 3 9 27 3 69 1 32 144

Goiás 223 5 1 0 82 5 6 322

Brasília 1 - 0 0 - - - 1

Total 3985 437 70 34 2300 3139 189 10154



Table 4.5 Variables - Water Services Supply – PNSB 2008 

 

 

Source:Pesquisa Nacional de Saneamento Básico 2008 (IBGE, 2010) 

 

6.  Conclusion 

On the current Chapter there are some tentative hypotheses to explain possible causes 

that might have generated so high inconsistencies observed at the PNSB 2008 final 

tabular plan.  

The main critics to the PNSB 2008 Design can be divided into two distinct categories: 

a) first there is an obvious discontinuity among the different research 

instruments; 

b) Secondarily, great part of the information gathered  variables elected to be 

collected on the WSS questionnaire (for example) are inaccurate and do not 

conform to a predetermined logical research design. 

For future surveys it is of fundamental importance a previous analysis of the structure 

of basic sanitation sector in Brazil with particular focus on existing companies, their 

geographic scope, legal status, service coverage, and a number of economic and 

financial indicators.  

Finally, it is essential to adopt geo-processing methods, in order to locate existing 

water supply and sewage disposal networks, whether by districts and/or by Census 

tracts as defined by the IBGE.  

  

Districts covered by water distribution network

Districts supplied by a distribution network, type of water catchment, without treatment or simple desinfection

Volume of treated water distributed per day

Treated water analysis at Water Treatment Plants by district

Districts with fluoridation and the means to adjust fluoridation

Water samples analysis in the distribution network by district

Districts covered by distribution network, by existence of  water rationing and it's reasons

Raw water analysis at the catchment by district

Districts, total and with surface catchment, by existence and type of catchment protection

Districts, total and with shallow well catchment, by existence and type of catchment protection

Districts, total and with deep well catchment, by existence and type of catchment protection

Districts, total and with surface catchment, by existence and type of catchment contamination or pollution

Districts, total and with shallow well catchment, by existence and type of catchment contamination or pollution

Districts, total and with deep well catchment, by existence and type of catchment contamination or pollution

Districts, total and with geration and transfer of slime in water treatment process

Districts, total and by existence and number of water treatment plants and with environmental operating license

Districts, total and with other form(s) of water supply

Residential volume distributed in m
3
 per day

Municipalities, total and that establish minimum fees for water consumption

Districts, total and water supply services and/or complaints attended
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Chapter 

5 
Information Systems and Performance in 

Brazil’s Basic Sanitation Sector – Water Supply 

Component              

 (1) 
Contact: Adauto Santos do Espírito Santo, Civil Engineer – BraSIS 
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adauto.santos2@gmail.com 

 

 

 

Introduction 

There are some research and information systems in Brazil dedicated to collecting 

data and computer-generated indicators on water supply services, the most important 

of which are coordinated by the Ministry of Cities, specifically the National 

Sanitation Information System (Sistema Nacional de Informações sobre Saneamento 

– SINIS), and the Brazilian Institute of Geography and Statistics (Instituto Brasileiro 

de Geografia e Estatística – IBGE), through the National Survey of Basic Sanitation 

(Pesquisa Nacional de Saneamento Básico – PNSB). The first is published yearly 

since 1996 with 1995 data, while the other is published in alternating time periods (3 

editions have been issued to date: 1989, 2000, and 2008). The SNIS collects 

information from a sample of service providers, while the PNSB involves a survey of 

all service providers reported by municipal governments. However, both instruments 

are limited in terms of content and deficient with respect to the quality of the 

information collected and the indicators calculated. The key challenge is to reduce the 

observed inconsistencies between the information collected and/or indicators 

computed, in order to bring them closer to reality. 
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1. The National Sanitation Information System – SNIS 

This chapter discusses the National Sanitation Information System (Sistema Nacional 

de Informações Sobre Saneamento – SNIS) and more specifically the variables and 

indicators regarding the components of water supply and sewage systems. 

 

1.1. Overview of the SNIS 

The SNIS is an information database on sanitation networks implemented in 1996 

(base year 1995). That year, information on water supply and sewage disposal, was 

furnished voluntarily by individual service providers. In 2002, a survey of information 

on solid waste management was included. 

Since 1996, SNIS has collected information each year and expanded its database as 

well as the number of service providers participating and answering the respective 

questionnaires. Currently, the water and sewage component of the SNIS collects 

aggregate information by groups of variables as: general, accounting information 

(except for autarchies and those of the public direct administration), operational 

information – water and sewage, financial, quality related information (municipal 

level), surveys on alternative systems (local only), information on the Municipal 

Basic Sanitation Plans, and service fees. 

Based on this information, indicators aggregated by category are computed, namely: 

economic-financial and administrative, operational – water and sewage, accounting 

(companies only), and quality (municipal level) indicators. All information relating to 

the SNIS is available at: http://www.snis.gov.br/. 

In 2010, the Ministry of Cities, through the National Secretariat of Environmental 

Sanitation (Secretaria Nacional de Saneamento Ambiental), mandated the reporting of 

information to the SNIS as a requirement for all new projects and services to be 

contracted with the Ministry. In some cases, applicants capable of demonstrating that 

they have entered information in the SNIS are awarded additional points as part of the 

project ranking criteria applied to individual contracting procedures. In other cases, 

companies failing to enter information in the database may be barred from receiving 

funds.  

According to the material published by the Ministry of Cities at www.snis.gov.br, the 

SNIS is organized to achieve the following key objectives: a) planning and execution 

of sanitation policies; b) guidance on the allocation of resources; c) knowledge and 

evaluation of the sanitation sector; d) performance evaluation of service providers; e) 

enhanced management to raise efficiency and effectiveness levels; f) guidance to 

regulatory activities; and g) benchmarking and reference guide to measure 

performance. 

The Ministry of Cities publishes an annual Diagnostic Analysis of Water and Sewage 

and Solid Waste Management Services (Diagnósticos dos Serviços de Água e Esgotos 

e de Manejo de Resíduos Sólidos) based on information collected by the SNIS. 

However, the database’s primary contribution is the historical series application, 

available on the Internet, which enables consultation of the entire database, subject 

specific searches, preparation of maps, organization of tables, etc. The application 

also provides an information glossary and a list of indicators. Reviews of the 

information collection and processing methodology are conducted each year. 

http://www.snis.gov.br/
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The approach adopted to build and implement the system takes into consideration a 

number of significant aspects, the most important of which are: (i) gradual expansion 

of the database; (ii) a commitment to secure tangible advances every year in relation 

to the previous year through implementation of innovative features, from expanded 

samples or glossary revisions to new computerized information collection systems; 

(iii) growing participation by service providers responsible for reporting information; 

(iv) consistency analyses conducted through the information collection application or 

by SNIS analysts; (v) collection of primary information exclusively from service 

providers. Indicators are computed by the System in an uniform manner for all service 

providers. 

The database’s content encompasses institutional, administrative, operational, 

economic-financial, management, and quality information collected from service 

providers. The indicators computed by the SNIS based on primary information are 

laid out in the Diagnostic Analysis and grouped by corresponding category: 

economic-financial and administrative; operational – water and sewage; accounting; 

and quality of water and services. 

Providers are classified in three ways: coverage, legal-administrative status, and types 

of sanitation services delivered to users. 

The coverage component distinguishes the quantity and complexity of service 

provision systems in physical, policy/institutional, and spatial/geographic terms. The 

legal-administrative component distinguishes the legal norms to which all aspects of 

service provision are subject and the types of sanitation services offered to users: 

water, sewage, none, and water and sewage.  

For the purposes of this chapter, only the coverage component in the SNIS databases 

is examined. 

In regard to the coverage component, service providers registered in the SNIS are 

divided into three categories: 

a) Regional Service Providers: entities legally constituted to manage services and 

operated  systems for various municipalities through separate or integrated systems. 

State-level companies fall under this category;  

b) Micro-Region Service Providers: entities legally constituted to manage services 

and operate systems for more than one municipality through separate or integrated 

systems. The respective municipalities usually consist of a small number grouped 

together and located adjacent to each other. Inter-municipal consortia are 

encompassed under this category; and  

c) Local Service Providers: entities legally constituted to manage services and 

operate systems in the municipality where they are based. On occasion, and 

unofficially, in almost all cases, they serve small portions of adjacent municipalities. 

This category includes municipal services (public or private).  

With respect to coverage, local service providers respond to only one set of aggregate 

data forms (consolidated information on the service provider). In addition to the set of 

aggregate data forms, regional and micro-regional service providers furnish 

information on each municipality served (disaggregated data). The disaggregated data 

includes, with only a few exceptions, the same information collected for the aggregate 

data and the same conceptual definitions for the information. Initially, the 

disaggregated data should coincide, in its totality, with the value reported for the 

aggregate information of an individual regional or micro-regional service provider.  



The SNIS is composed of three distinct information databases: Aggregate 

information database – Set of general information on all service providers reporting 

to the SNIS drawn from specific aggregate data forms. The values reported by a 

service provider may correspond to the value of a set of municipalities in which the 

service provider operates. Aggregation is applied to regional and micro-regional 

service providers engaged in two or more municipalities. The database allows for the 

analysis of two or more service providers engaged in the same municipality. 

Disaggregated information database – Information from each municipality covered 

by a given reporting service provider. The disaggregated data forms are only 

completed by regional and micro-regional service providers. However, the 

disaggregated database is composed of information from each municipality covered 

by the service providers responding to the SNIS. That is, in addition to the 

information furnished by regional and micro-regional service providers for the 

municipalities in which they are engaged, information from local service providers is 

included as well. Thus, through the database it is possible to observe more than one 

service provider at the same municipality; Municipal information database – 

Consolidated information by municipality. The database consolidates the information 

on a given municipality based on the number of service providers responding to the 

SNIS. 

For each database, indicators are computed for the available/consolidated information.  

If a municipality is covered by a single local service provider, all three databases will 

carry the same information on that municipality. If a municipality is covered by more 

than one service provider, information on all service providers responding to the SNIS 

and on the corresponding municipality will be indicated in the disaggregated database, 

allowing for collection of information and indicators by service provider. However, 

this same information is also consolidated in the municipal information database 

(according to specific criteria for each separate survey element) by municipality, 

generating information and indicators on service provision in the municipality, not for 

individual service providers. Nevertheless, information on service providers may also 

be collected from the municipal database. 

The original conceptual idea behind the SNIS was to interconnect the information 

generated with other databases. From the beginning, the territorial divisions and 

municipality identification codes adopted were those applied by the Brazilian Institute 

of Geography and Statistics (Instituto Brasileiro de Geografia e Estatística – IBGE), 

with a view to future integration of the separate databases. Besides, concepts and 

terminology adopted by SNIS were based on which has being used by the various 

institutions engaged on water and sewage services. 

In regard to software, only open-source applications were used.  

Currently, the SNIS collects information on-line from service providers, eliminating 

the need for software downloads. Providers need only to access the site and enter the 

registered login and user password. As additional assistance, information manuals are 

available to service providers at: http://www.snis.gov.br. 

After entering the information, the application provides a series of consistency 

analyses through warnings (data with potential inaccuracies based on unusual values) 

and errors (data with reported values that are not compatible with the field or in 

comparison to another field). The corresponding glossary is available at: 

http://www.snis.gov.br. In the event of an error observed in filling the form, the 

application will not allow the procedure to be completed. 

http://www.snis.gov.br/PaginaCarrega.php?EWRErterterTERTer=94
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Despite the source information critique functions, responses may still contain 

inconsistencies. Analyses of the reported information are performed by SNIS staff. 

When inconsistencies are found, the service provider is contacted in an effort to better 

understand the facts behind, clarify the reasons for the mistake, and correct the 

identified inconsistencies. Service providers do not always respond to all questions, in 

which case the information previous provided is maintained. Information with 

unreasonable indicators does not necessarily contain errors, as there are innumerable 

singularities and specificities for the more than 4,500 municipalities on which the 

SNIS provides information. 

After consolidating all the information, the data is released, the indicators are 

calculated, the tables and a disclosure report are elaborated. A preliminary version of 

the information and indicator tables is distributed to all service participating 

providers, to fostering critiques, suggestions, and revisions. Once submitted, all 

comments and corrections are processed and the pertinent changes made. On 

completion of this stage, annual updating of the SNIS is finalized and the resulting 

Diagnostic Analysis published. 

For 16 years the staff in charge of SNIS publications  has identified a number of 

important issues, among them: a) despite the fact that the system’s development was 

based on a collective effort, an independent leadership and coordinating structure is 

needed; b) construction of a nationwide information system takes time; c) although 

voluntary reporting of information has proved to work well, it is important to 

implement incentives and obligations to strengthen responsibilities and the accuracy 

of the reported data; d) the system has in fact emerged to become the guiding basis for 

measuring the sector’s performance in Brazil; e) once the system is consolidated, it 

becomes self-sustaining (temporary resistance proves counter-productive); f) the 

information must be available for use and analysis in the public domain, as indeed has 

been the case of SNIS. 

 

1.2. Water Supply Component 

As described above, the objective of this chapter is to evaluate the water supply 

component based on SNIS’s annual data. Despite the importance of providers legal 

information, it was not considered in the current report. The analyses were performed 

exclusively on the basis of general and quality operational information on water, in 

specific connection with the delivery of water services. The respective accounting 

balance information was not the subject of analysis either. 

Information on existing water supply systems on the SNIS considered in this study is 

indicated in Tables 5.1 to 5.3 below, with each table reflecting a particularly category 

of information. The glossary of definitions for each information element above, as 

well as all other information collected by the SNIS, is available at: www.snis.gov.br. 

Table 5.1. Analyzed SNIS information – General Categories 

Information 

Code 
Description of Information 

G06A Urban population of municipalities with water supply 

G12A Total population of municipalities with water supply 

GE001 Number of municipalities supplied with water through existing delegations 

GE002 Number of municipalities supplied with water through expired delegations 

GE003 Number of municipalities supplied with water without delegations 

GE005 Total number of municipalities served 
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GE008 Municipal seats covered by water supply services 

GE010 Localities (not including municipal seats) covered by water supply services 

GE017 Year of expiry of water supply delegations 

GE019 Location of water supply service deliveries 

GE025 Number of municipalities without water supply, with existing delegations 

GE026 Number of municipalities without water supply, with expired delegations 

GE027 Number of municipalities without water supply, without delegations 

GE098 Justification field 

GE099 Observations 

 

Table 5.2. Analyzed SNIS information– Water Category 

Information 

Code 
Description of Information 

AG001 Total population covered by water supply services 

AG002 Number of active water connections 

AG003 Number of active water households 

AG004 Number of active micro metered water connections 

AG005 Extension of water system 

AG006 Volume of water produced 

AG007 Volume of treated water in Water Treatment Plants 

AG008 Volume of water distributed metered 

AG010 Volume of consumed water 

AG011 Volume of billed water 

AG012 Water metered in district meter areas 

AG013 Quantity of active water households connections 

AG014 Quantity of active water distributed metered households connections 

AG015 Volume of water treated by means of simple disinfection 

AG017 Raw water exported volume 

AG018 Volume of treated imported water 

AG019 Volume of treated exported water 

AG020 Volume of water distributed meter for active water households connections 

AG021 Quantity of total water connections 

AG022 Quantity of  active distributed metered water households connections  

AG024 Service volume 

AG026 Urban population served by water supply services 

AG027 Volume of fluoridated water 

AG028 Total consumption of electric power by water systems 

AG029 Volume of pumped water to a standard manometric height of 100 mca 

AG098 Justification field 

AG099 Observations 

 

Table 5.3. Analyzed SNIS information– Quality Category 

Information 

Code 
Description of Information 

QD001 Type of compliance with water quality directives  

QD002 Number of shutdowns in water distribution system 

QD003 Duration of shutdowns (sum of shutdowns > than 6 hours per year) 

QD004 Quantity of active households connections affected by shutdowns 

QD006 Quantity of residual chlorine samples (analyzed) 

QD007 Quantity of samples of residual chlorine with non-standard results 

QD008 Quantity of turbidity samples (analyzed) 

QD009 Quantity of non-standard turbidity samples 

QD015 Quantity of active households affected by systematic interruptions 



QD019 Minimum quantity of turbidity samples (mandatory) 

QD020 Minimum quantity of residual chlorine samples (mandatory) 

QD021 Quantity of systematic interruptions 

QD022 Duration of systematic interruptions 

QD023 Quantity of service complaints or requests 

QD024 Quantity of executed services 

QD025 Total service execution time 

QD026 Quantity of total coliform samples (analyzed) 

QD027 Quantity of total coliform samples with non-standard results 

QD028 Minimum quantity of total coliform samples (mandatory) 

QD099 Observations 

 

2. Analysis of SNIS Information 

The overall objective of BraSIS project, action approved as part of the 6
th

 

Announcement on EU-Brazil Sector Dialogues, was to examine the available data, in 

order to improve the quality of the studies and national information systems relating 

to the management, operation, and maintenance of water supply services.  

As part of meeting these objectives, water supply information available in the SNIS 

was evaluated. 

 

2.1. Water Quality Information and Indicators 

With regard to water quality information, the description below indicates that the best 

strategy for this component would be to eliminate the quality form from the SNIS and 

substitute it by the Quality Surveillance Information System on Water for Human 

Consumption (SISAGUA – Sistema de Informação de Vigilância da Qualidade da 

Água para Consumo Humano), operated and maintained by the Ministry of Health. 

However, this would require restructuring the System, including the information on 

the quality of service provision as reported in the SNIS. Another central measure 

would be to set a timetable for data collection to ensure preparation of a diagnostic 

analysis of service provision. 

SISAGUA is an Information System maintained by the Ministry of Health. The 

purpose of the System is to monitor the quality of water for human consumption, a 

core duty of the Unified Health System (Sistema Único de Saúde – SUS). Evaluating 

the risks to human health from water consumption constitutes an underlying principle 

of water quality surveillance efforts. The SISAGUA provides information on control 

and surveillance measures relating to water for human consumption delivered through 

public water supply systems, alternative collective strategies, and alternative 

individual water supply solutions, divided into modules. The information and 

indicators entered in the SISAGUA are based on World Health Organization (WHO) 

model adopted to analyze the cause and effects of specific health problems. O 

SISÁGUA  includes questions relating to health, sanitation, and the environment. 

The SNIS computes 11 water quality indicators, the respective descriptions and 

definitions of which are available in the Glossary of Indicators on the SNIS site 

(www.snis.gov.br). 

SISAGUA provides indicators on the microbiological quality of water, turbidity, 

residual chlorine, water supply coverage, water treatment, water disinfection, per 
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capita consumption, and frequency. Similarly, the SNIS lays out information and/or 

figures that allow for calculation of the indicators above. 

The SNIS provides two sets of three information elements that address the 

deficiencies in water supply, the first of which is related to shutdowns, fields QD002, 

QD003, and QD004, and the second to interruptions, fields QD021, QD022, and 

QD015. The first set refers to shortages caused by operational problems, while the 

second involves shortages due to system limitations (insufficient wellsprings, 

deficiencies in reserves, inadequate distribution network to serve peak hour demand, 

etc.). These concepts are highly pertinent and should be applied to a new system. 

However, the information glossary should be reviewed in order to better define the 

different concepts.  

The information submitted in these fields by various providers is not reliable, as the 

interruptions arising from system limitations should be refered systematically, as is 

proposed in the field description. Yet, unitary information or a number approximated 

to this value is often entered in QDO21, clearly indicating a lack of understanding of 

the concepts which are to be applied to the respective response. 

Another common issue, one associated specifically to shutdowns, involves the 

concept in field QD002, for purposes of which only shutdowns above 6 hours should 

be considered. Yet, when indicator IN072 – Average duration of shutdowns (IN072 = 

QD003/QD002) is computed, the resulting average is less than 6 hours, suggesting 

that the indicators on which the related responses should be based were not properly 

applied. 

The information in the SNIS on residual chlorine samples (QD020, QD006, QD007), 

turbidity (QD019, QD008, and QD009), and total coliforms (QD028, QD026, 

QD027) may be substituted with information collected by SISÁGUA.  

The information relating to service complaints and requests (QD023, QD024, and 

QD025) could be employed. However, this would require qualification of service 

providers in order to standardize the criteria for collecting the information, because  

when analyzing the results obtained by indicator IN083 – Average Duration of 

Executed Services (QD025/QD024) it can be observed lower values in some cases 

and significantly higher values in others, thereby failing to reflect the reality of 

service providers.  

Another situation requiring qualification with respect to the information involves 

separating complaints or requests by service type, because, currently  this kind of 

information is reported indistinctly, either for water supply and sewage disposal, 

services. 

The indicators computed by the SNIS require reevaluation and adjustment as well, 

based on new consensus definitions agreed to at the time the Information System is 

restructured. In this light, it is important to redefine the SISÁGUA, eliminating 

collected information and computed indicators that appear more than once in the two 

Systems. 

Further, based on the systematic methodology applied to the SNIS, there is no logical 

reason to collect aggregate water quality information by service provider, as the 

respective information should be presented by water supply system instead. This 

requires a reevaluation of the information collection strategy adopted by the SNIS, to 

the extent the basis for data collection is the municipality and the Water Supply 

System (Sistema de Abastecimento de Água) should serve as the underlying water 

quality control instrument. As an example, take a municipality with two independent 



water supply systems. If the service provider conducts more analyses on one of these 

than necessary for purposes of water quality control while no analyses are performed 

for the other system, the resulting average for the municipality could indicate that the 

analyses conducted exceed the required minimum, leading to the erroneous 

conclusion that the corresponding provision of the Directives regulating water quality 

has been fulfilled.  

 

2.2. General Information and Indicators 

The SNIS collects General Information. However, there are no indicators for this 

category. Some of the information contained in this category is used to calculate 

operational indicators on water, such as field G06A and G12A (urban resident 

population and total population, respectively). 

Field G06A and G12A are obtained from the Brazilian Institute of Geography and 

Statistics (Instituto Brasileiro de Geografia e Estatística – IBGE) for population and 

demographic census years. For those years in which the IBGE does not conduct 

population counts, field G06A is obtained based on the total estimate resident 

population of individual municipalities as reported by the IBGE for the year in 

question and the last urban population index published by the IBGE on the basis of 

the pertinent population or demographic census. This calculation method is necessary 

by virtue of the fact that the population projections published by the IBGE only 

consider total population, without providing separate urban and rural population 

counts..  

The method may generate distortions in the resident urban population. Indeed, these 

distortions can become more acute with the passage of time. For example, when the 

IBGE does not conduct population counts between two census surveys, the urban 

population calculated for the year prior to the following census will be based on the 

same urbanization rate applied in the previous census, reflecting a 9-year gap. Given 

that approximately 85% of the resident population of Brazil resides in urban areas, the 

distortions outlined are not significant when compared to the entire country, or even a 

substantial number of municipalities, but they may generate significant distortions for 

a small municipality. 

With respect to delegations (GE001, GE002, and GE003 – see SNIS glossary at: 

www.snis.gov.br), the respective fields lay out information that is easy to collect and 

high in quality. Field GE005 corresponds to the sum of the values reported for the 

fields cited above. For municipal service providers, field GE005 is equal to 1 and the 

sum of fields GE001, GE002, and GE003 should also provide a unitary result. In the 

event fields GE001 or GE002 are equal to 1, field GE017 is made available, from 

which the year the respective concession expired or will be expired can be obtained. 

Fields GE025, GE026, and GE027 are only made available for completion by regional 

and micro-regional service providers and refer to situations in which a given provider 

holds a delegation to deliver services to a municipality to which does not in fact 

deliver services. 

Fields GE008, GE009, and GE019 provide information on the locations covered by 

service providers, whether the local municipal seat exclusively, other locations 

exclusively, not including the municipal seat, or both. This information may qualify 

many other providers responses.  
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The fields relating to the observations identified in the forms (in the case of the 

general data form – GE099) should be completed for purposes of providing 

justifications in the event of a Warning, including a justification, or allowing the 

service providers to clarify a specific atypical situation. However, service providers 

do not generally offer justifications. 

The justification fields (GE098) are made available only for regional and micro-

regional service providers and should be completed any time the reported aggregate 

value for a given field differs from the sum of the disaggregated values for the 

corresponding field. As described for the observation fields, the respective 

justifications are often not properly completed by service providers. 

Creating mechanisms to guarantee appropriate responses to these fields is of 

fundamental importance for enhance the quality of responses. This point applies, in 

addition, to all SNIS forms. 

 

2.3. Water Information and Indicators 

Since base year 2011, the SNIS has collected two information components on 

population segments covered under this category, one relating to urban population 

(AG026) and the other to total population (AG0001). In years prior to 2011, the 

collected population figures corresponded to urban population (AG026) and rural 

population (AG025). The recent changes are aimed at reducing distortions in the 

information reported by providers. 

The diagnostic analysis for base year 2009 reveals that the urban population covered 

by water supply services (AG026) in a given municipality was often larger than the 

urban resident population as a whole (G06A), resulting in a water service coverage 

index (IN023) greater than 100%. Yet, the index value in the SNIS tables was limited 

to 100%. The same situation was found, although more infrequently, with respect to 

total population covered by water supply services (AG001) and total resident 

population (G12a), again leading to a water service coverage index (INO55) greater 

than 100%. In this category, the SNIS tables were also limited to an index value of 

100% 

The information provided clearly generated distortions in service provider water 

supply coverage rates and the average values computed for a given set of 

municipalities or for an individual state. 

These distortions may be related to errors in computation of the information in 

AG026 and AG001 and, in addition, the estimate for G064A executed by the SNIS for 

those years with no official IBGE population or demographic census. 

The SNIS’s technical coordinators have held discussions with service providers on 

measures to reduce the distortions and since base year 2010 (diagnostic analysis 

published in 2011) the System has considered an error in the collection program every 

time when AG026 > G06A and AG001 > G12A. This measure has served to reduce 

distortions in cases involving coverage rates above 100%, but has not reduced 

distortions in which situations the calculated coverage rates are equal to or less than 

100%. 

In order to define the number for population covered by water supply services, SNIS 

suggests to providers the application of the product of the quantity of active water 

households connections (AG013) divided by the average rate of residents per 

household in the respective municipality, as reported in the IBGE’s last Census or 



Population Count. Still, service providers to estimate the quantity of active water 

households connections should subtract corresponding number of residences covered 

by water services which do not have residents. Moreover, the SNIS sets out, for 

example, cases in which residences may be used as vacation homes, serve as weekend 

homes, maintained unoccupied, and others. For these cases, the SNIS recommends 

that the quantity of active water households connections considered for purposes of 

the population estimate be lower than that reported in AG013. The SNIS further 

requires that the covered population (AG026 and AG001) be less than or equal to the 

resident population (AG06A and G12A, respectively). 

A review of the SNIS information finds that municipalities rarely take into account 

the deduction and, in general, simply multiply the value reported in AG013 by the 

average occupancy rates of the respective municipalities. This fact alone would 

suggest that the figures for the total population covered by water services are distorted 

in a number of municipalities, to the extent that are taken into account active water 

households connections (AG013) without resident inhabitants. 

The information on total connections, active and inactive households connections 

(AG002, AG003, AG004, AG013, AG014, AD021, AG020, and AG022) are 

important and frequently provide reliable information for purposes of the evaluation 

of historical information on the System (1995-2010), while qualifying the range of 

additional data. As such, this information should be maintained in any kind of SNIS 

rearrangement.  Also, this information reported by large- and medium-sized service 

providers is highly accurate. However, the same quality is not identified for small-

sized service providers. 

Another important information component, and one that is generally reliable (based 

on the evaluation of 1995-2010 data), regards to the extension of water systems. Yet, 

small- and medium-sized service providers generally do not maintain updated 

technical details of their existing networks, leading them to report estimated values. 

The identification of water volume (see AG006, AG007, AG008, AG010, AG011, 

AG012, AG015, AG017, AG018, AG019, AG024 e AG027) is very important to the 

calculation of various indicators and usually present reliable results, particularly when 

providers present an efficient operational control and a service of water metered in 

district meter areas. However, this information contains significant distortions in the 

case of some small- and medium-sized providers, resulting in unreasonable figures, 

such as per capita water consumption (IN022) greater than 1,000 l/person/day or less 

than 30 l/person/day. Recently, the SNIS introduced at the data collection program 

consistency controls for cases in which the respective indicator is extremely high or 

low. 

The principal problem identified on SNIS forms related to water volume involves the 

different concepts applied to the same possible response for aggregate and 

disaggregated information (this occurs in AG017, AG018, AG019, AG010, and 

AG011). The export and import volumes of water concepts applied to the aggregate 

data forms, which have a direct impact on consumed and billed volumes (AG010 and 

AG011, respectively), refer to situations in which a service provider exports or 

imports water to or from another service provider. In the disaggregated data forms, 

export and import refer to each municipality served by a given provider and indicate if 

the water is exported or imported to or from another municipality, whether served or 

not by the same provider. For these fields, the information supplied in the 

disaggregated forms may results in higher sums in comparison to the values reported 

in the aggregate data forms. A recommendation for eliminating this problem would be 



for the related fields, which employ distinct concepts, to display different alternatives 

(spaces) as well for purposes of the comparison of the aggregate and disaggregate 

data responses. 

The operational indicators for water computed by the SNIS and indicated in the 

Glossary of Indicators (www.snis.gov.br), totaling 22, enable an adequate evaluation 

of service deliveries, but do not offer assessments on system capacity. The 

imprecision in data collection cause distortions in some indicators, as for instances 

negative billing loss rates (IN013) and fluoridation rates (IN057) GREATER THAN 

100%. 

Despite the low quality of the information reported by some service providers and the 

consequent inaccuracy of a portion of the information and indicators, the SNIS 

results, taken together with the instruments provided through the system, offer a 

number of relevant contributions, while broadly reflecting national realities. 

 

3. The National Basic Sanitation Information System – SINISA 

The National Basic Sanitation Information System (Sistema Nacional de Informações 

sobre Saneamento Básico – SINISA), fixed by Law No. 11,445/2007 (article 53), is 

set to replace the SNIS. In the new System, basic sanitation, includes information 

related to four components: water, sewage, solid residues and drainage; and  a large 

number of government bodies take part in its organizational structure (Ministry of 

Cities, Ministry of Health, Ministry of the Environment, Ministry of Social 

Integration, Ministry of Education, Ministry of Social Development and Hunger 

Alleviation), in addition to the Brazilian Water Agency [Agência Nacional de Águas 

– ANA], the Brazilian Institute of Geography and Statistics [Instituto Brasileiro de 

Geografia e Estatística – IBGE], and other institutions engaged in the sector). The 

purpose of the SINISA is: “… I – to collect and systematize data on the status of 

public basic sanitation service deliveries; II – to provide statistics, indicators, and 

other relevant information for purposes of determining the supply and demand for 

public sanitation services; III – to foster and facilitate monitoring and evaluation of 

the efficiency and effectiveness of basic sanitation service deliveries. Paragraph 1. All 

SINISA information is public and available to society and must be published on the 

Internet. Paragraph 2. The Union shall provide support to service providers for the 

purpose of developing information systems on basic sanitation, pursuant to article 9, 

sub-section VI, heading, of this Law.” (art. 53/Law Nº 11.445/2007) 

 

The SINISA will be developed initially within the scope of the INTERÁGUAS a co-

sponsored program between the Brazilian government and the World Bank. The 

Program for the Development of the Water Sector (Programa de Desenvolvimento do 

Setor Água – INTERÁGUAS) was created to promote a more effective articulation 

and coordination of the measures adopted within the water sector (multiple uses of 

resources and associated services), with a view to creating an environment capable of 

fostering effective integration and ensuring the continuity of successful sector 

programs, in addition to strengthening inter-sector initiatives.. Additional information 

on the INTERÁGUAS Program is available at: http://interaguas.ana.gov.br. 

One of the underlying premises of the SINISA involves the integration of existing 

systems, among them the SNIS, the Inter-Agency Health Information Network (Rede 

Interagencial de Informação para a Saúde – RIPSA), which includes the Basic 

Indicators on Health, and the Quality Surveillance Information System on Water for 

http://www.snis.gov.br/
http://interaguas.ana.gov.br/Paginas/default.aspx


Human Consumption ( Sistema de Informação de Vigilância de Qualidade da Água 

para Consumo Humano – SISAGUA), both components of the Ministry of Health 

(MS), the National Water Resources System (Sistema Nacional de Informações em 

Recursos Hídricos – SNIRH), coordinated by the Brazilian Water Agency (Agência 

Nacional de Águas), the National Information System on Cities (Sistema Nacional de 

Informações sobre as Cidades – SNIC), operated by the Ministry of Cities, the 

Unified Registry of Federal Government Social Programs (Cadastro Único para 

Programa Sociais do Governo Federal – CADÚNICO), and the Cistern Program 

Management System (Sistema de Gerenciamento do Programa Cisternas – SIG 

Cisternas), both managed by the Ministry of Social Development and Hunger 

Alleviation (MDS), the National Environmental Information System (Sistema 

Nacional de Informações em Meio Ambiente – SINIMA), a Ministry of the 

Environment effort currently under development, as well as other research 

mechanisms, including those of the IBGE. 

Thematic reports on the status of basic sanitation in Brazil were prepared within the 

framework of the National Basic Sanitation Plan (Plano Nacional de Saneamento 

Básico – PLANSAB, http://www.cidades.gov.br ). Item 7 of the PLANSAB sets out a 

recommendation for developing the SINISA. As set forth, this proposal makes it very 

clear the SNIS does not fulfill Law No. 11,445/2007, and it must be restructured. . 

This would indicate the need for measures to enhance the quality of the information 

collected through the SNIS and the information that is to be collected through the 

SINISA, with a view to: a) strengthening the analysis process and verifying the 

consistency of the information reported; b) performing audits based on statistical 

criteria as to the quality of the information entered; c) developing incentive 

mechanisms and penalties for the entities charged with supplying information 

(municipalities, service providers, regulatory and enforcement agencies); d)providing 

continuous capacity building to entities tasked with processing and submitting 

information; e) improving information collection instruments; f) incentivizing and 

supporting the assembly of Municipal and State Information Systems on Basic 

Sanitation in conjunction with the generation of information for the SNIS; g) ensuring 

broad dissemination of the SINISA, stimulating third-party use and analysis of the 

information, in particular the academic community; h) designating and organizing a 

permanent, largely independent, specialized body, properly scaled in terms of 

technical staff, material and technology resources; i) building glossaries of 

information and indicators, including indicator qualification files; j) evaluating the 

existence of redundant or unnecessary information and indicators in current systems; 

k) incorporating additional information and indicators within diagnostic analyses, 

based on, for purposes of reference, similar international systems, such as 

International Benchmarking Network for Water and Sanitation Utilities – IBNET; 

American Water Works Association – AWWA, International Water Association 

(IWA), and others; l) incorporating as part of the diagnostic analyses information on 

water and sewage disposal services in the primary operational units (water 

withdrawals, Water Treatment Plants , reservoirs, pumps, Wastewater Treatment 

Plants, and waste water discharges), followed by georeferencing of the respective 

units and utilization of the available resources of the National Information System on 

Cities (SNIC). The same procedure should be adopted for solid waste management 

and urban drainage systems; m) including in the SINISA the applicable state 

legislation and service contractors, the results of the Basic Municipal Sanitation Plans, 

the regulations adopted by regulatory and enforcement agencies, the pertinent 

delegation and service provision contracts, the respective environmental licenses and 

permits, the required financial and income statements of providers, all financing and 



fund transfer agreements executed with the Union, the outcomes and conclusions of 

municipal conferences, etc.; n) coordinating and integrating the existing systems; o) 

organizing databases with information having a direct connection to basic sanitation 

management (SNIS, CENSOS DEMOGRÁFICOS / IBGE , PNSB / IBGE, 

CADÚNICO / MDS, SIG CISTERNAS / MDS, SISAGUA), health and 

environmental information relevant to basic sanitation inside SINIMA, 

SHIRH/CNARH, DATASUS, and information to support data analyses and 

contribute to basic sanitation management (PNAD, MUNIC, RIPSA, ANA Atlas, 

SNIC, Resource Investment Reports – Public spending on basic sanitation, for the last 

one, see www.cidades.gov.br), among others.  

Plansab´s thematic report also offered recommended indicators to evaluate the 

efficiency, effectiveness, and efficacy of basic sanitation service deliveries, in 

addition to outlining a conceptual approach to the SINISA based on the following 

premises: scope of all stages of the sanitation service management process; planning, 

regulation, enforcement, provision, and public oversight; universalized information on 

the four components of basic sanitation in all Brazilian municipalities; systems 

integration, with a view to ensuring rational data collection and reducing double data 

capture; clear specification of the information and indicators targeted for capture, with 

a view to strengthening the National Sanitation Plan - PLANSAB’s principles and 

guidelines; systems interoperability to permit information exchanges and rational 

maintenance procedures; frequency to ensure monitoring of trends in service 

provision and the development of projects, contributing to the creation of new 

programs designed to meet the demand for basic sanitation; standardization of 

content, process specification, parameters, and indicators, for the purpose of 

facilitating data capture at the municipal level and guaranteeing fulfillment of 

SINISA’s objectives; flexibility of the implementation process to enable the System’s 

adjustment to different socioeconomic and cultural realities in Brazil; security to 

ensure the credibility and quality of information; and visibility with respect to the 

content, sources, and structure of information systems capable of providing guidance 

to municipal, state, and federal government planning processes as well as direction 

and substance to PLANSAB guidelines. 

The same Thematic Report, moreover, identified a number of significant gaps which 

must be addressed, including: the absence of information on supply and demand 

(provision); the absence of other aspects in connection with public basic sanitation 

service management procedures, such as planning, regulation, and enforcement, 

delegation and contracting of public services, and public participation and oversight; 

the inadequate number of municipalities covered by information on urban waste 

collection and solid waste management in the SNIS; deficiencies in the information 

reported by providers and municipal governments; inconsistency of the information in 

the existing database, and others.  

Finally, the Thematic Report recommended, based on the existing systems and with a 

view to fulfilling Law No. 11,445/2007, organizing the SINISA around 3 subsystems: 

Subsystem 1 – Basic sanitation service management centered on the supply of 

services, initially established under the current SNIS, at an expanded scale and scope, 

supplementary information and enhancements as necessary coordinated with the 

PNSB (IBGE) and SISAGUA (Ministry of Health). This subsystem should focus on 

information collected from the contracting entities (municipalities), service providers, 

and regulatory and enforcement agencies with primary responsibility for public basic 

sanitation services, systematizing, analyzing, and disseminating annual information 

and indicators by municipality. As a component of the SNIS’s evolution, the report 



recommended that the subsystem continue to be managed by the Ministry of Cities 

through the National Secretariat for Environmental Sanitation (Secretaria Nacional de 

Saneamento Ambiental). Subsystem 2 – The status of supply and demand, 

evaluating, to this end, the effectiveness of investments, through information and 

indicator categories identified as  relevant to basic sanitation systems and 

incorporated in the information systems and databases described above, in particular 

CENSO and PNAD, CADÚNICO, SIG CISTERNAS, DATASUS (with particular 

focus on diseases generated by inadequate environmental sanitation), SNIRH 

(centered on water quality), and SINIMA (with respect to the quality of liquid and 

solid waste discharges, and solid waste management). The information in the 

Resource Investment Reports – Public spending on basic sanitation should also be 

incorporated in the subsystem, as well as the information drawn from the Atlas of 

Urban Water Supply (Atlas Abastecimento Urbano de Água). Subsystem 2 should be 

managed by the SINISA Inter-Sector Coordination Unit, giving priority to inter-

institutional cooperation between the respective institutions responsible for managing 

the respective databases and information systems. Subsystem 3 – Selected 

information and indicators, which should be processed, published, and reviewed 

annually by municipality. The Management of this subsystem, which should be 

implemented as a field of excellence inspired on the Inter-Agency Network for Health 

Information (Rede Interagencial de Informações para a Saúde – RIPSA), should be 

performed by the SINISA Inter-Sector Coordination Unit. 

Each subsystem should be managed by an individual government agency and 

composed of modules. 

Subsystem 1 should be managed by the Ministry of Cities and composed of the 

following modules: a) Municipal management (including planning, regulation, 

enforcement, public participation and oversight); b) Water supply; c) Sewage 

disposal; d) Solid waste management; e) Drainage management; f) Service quality.  

Subsystem 2 should be subject to inter-sector management and composed of the 

following modules: a) Demographics; b) Service accessibility and coverage; c) 

Socioeconomic description of the population covered by services and not covered by 

services; d) Health disorders; e) Environmental quality and environmental licensing; 

f) User satisfaction; g) Registry of water users, grants, and payments for water use; h) 

Consumer rights; i) Service implementation and operation costs; j) Funding.  

Subsystem should also be subject to an inter-sector management arrangement. The 

respective modules, information, and indicators comprising the subsystem should be 

selected by the SINISA Inter-Sector Coordinating Unit. 

The reference base selected for the recommended SINISA information was the 

municipal level. An analysis on the possibility of collecting information by District 

was performed. However, this approach was deemed infeasible due to the system’s 

complexity and the difficulty of obtaining the respective information at the District 

level. That said, there is a need to evaluate information relating to water quality based 

on physical water supply systems and not individual municipalities, as discussed 

above. 

Based on the discussion in these pages, while the proposed SINISA structure has yet 

to be implemented, clearly it represents a promising proposal aimed at enhancing 

existing systems by integrating them and expanding the information provided to the 

sanitation sector. 



When the SINISA is implemented, a number of the current limitations and 

deficiencies of the existing systems will be mitigated and perhaps even eliminated. 

Yet, there are still important questions to consider before SINISA’s implementation. 

The document prepared under the PLANSAB sets forth general proposals without 

addressing which information and indicators should compose each module of the 

individual subsystems. To ensure the discussions on specifying the respective 

information and indicators are as broad-ranging as possible, the process should 

include the representatives of all actors and stakeholders with an interest in the Basic 

Sanitation Sector. 

 

4. Conclusion  

From the discussion above, there is a consensus among those with primary 

responsibility for maintaining the SNIS, as well as the team tasked with developing 

SINISA’s design (Thematic Report on the Overview of Basic Sanitation in Brazil – 

National Basic Sanitation Information System) that the SNIS is of limited scope and 

presents deficiencies with respect to the quality of the respective information and, 

consequently, the resulting indicators, in addition to not fully meeting its primary 

objectives.   

However, despite the efforts undertaken, progress toward addressing these challenges 

has not been made, notwithstanding the extensive and complex diagnostic analysis on 

the issue.   

Similarly, it is clear that building an information system on sanitation involves the 

participation of a number of fields and requires considerable time, primarily by virtue 

of the sector’s complexity, including the diversity of actors engaged in different 

activities who maintain a direct or indirect interface with the sector, as well as the 

need to consolidate the system. 

Another challenge refers to the system’s structure and maintenance, including the 

respective data collection, treatment, and organization activities, the computation of 

indicators, the preparation of products and publications, and other factors. Currently, 

the full cycle of SNIS activities (a small portion of the SINISA system) corresponds 

to 1 year for the development of the diagnostic analysis and the updating of the 

Historical Series application. 

Structuring and maintaining an information system in the sanitation sector requires a 

permanent technical team and a robust physical infrastructure (equipment, software,   

offices, etc.) at considerable cost. Currently, the SNIS has a team of 8 information 

technology professionals and another 12 technical specialists, in addition to non-

permanent collaborators to assist with the preparation of the products developed from 

the collected information and computed indicators. 

Further, the complexity of collecting information from service providers or users 

demands significant infrastructure as well. In the case of the SNIS, which employs a  

Web software and a search instrument, the available infrastructure is limited. 

However, the PNSB (IBGE), which includes local researchers for collecting data, the 

necessary research staff needs are considerably higher. 

Construction of the SNIS indicates, moreover, the need for continuous qualification of 

those with primary responsibility for the submission of information. Yet, due to 

elevated costs and a shortage of staff personnel, this requirement has not been met. To 

address the problem, the SNIS has developed a distance capacity building program 



that will be offered in due course to those responsible for providing the required 

information. 

The proposed SINISA structure is bold, as mentioned above, and aims to integrate the 

various actors, in addition to the diversity of existing systems. Clearly, any measure 

adopted to structure an information system in the basic sanitation sector must consider 

the premises underlying the respective proposal and the experience (positive and 

negative) of the SNIS’s 16-year history. 

While the SINISA proposal is broad and complex, a number of questions requiring 

thorough analysis remain, specifically: 

a) The SINISA proposal does not offer strategies for collecting 

information on solutions adopted by populations segments not covered by 

existing systems and their needs, data which is of fundamental importance in 

the effort to more effectively qualify the information furnished by service 

providers; 

b) The proposals examined do not contemplate information 

systems that provide separate results for urban, rural, and indigenous 

populations, a pertinent issue in Brazil to the extent that different government 

agencies are responsible for the three groups and each one operates its own 

information collection as is in charge of controlling its system;  

c) Enforcing the submission of information is critical to guarantee 

quality as well as the development of incentive mechanisms and penalties for 

entities with primary responsibility for supplying information; 

d) One important source of information will be the Municipal 

Basic Sanitation Plans. The Ministry of Cities and the National Health 

Foundation (Fundação Nacional de Saúde – FUNASA) provide standard 

model Terms of Reference for the municipalities to prepare the Plans. 

Providing the respective studies results in an information system is of critical 

importance to qualify and expand the volume of available information in the 

Sanitation Sector;  

e) Structuring an information system in the sanitation sector 

requires engaging all interested actors to ensure that information collected and 

corresponding indicators are practical and useful; 

f) In structuring an information system, it is essential to separate 

information on water supply from that on sewage disposal, in order to ensure 

more effective qualification of the corresponding indicators. In addition, the 

system should use separate information and compute indicators in 

combination; 

g) No determination has been made on mechanisms or strategies to 

more effectively qualify the pertinent information. Yet, it is crucial that the 

system includes differentiated sources (users and service providers, for 

example) and that the studies be developed so as to ensure cross-referencing of 

collected information, with a view to enabling qualification; 

h) Sample audits of the information is critical and require 

determination of the accompanying criteria and mechanisms for their 

execution. The issuance of certificates of good standing should be reevaluated 

and made available only to those municipalities supplying satisfactory 

information; 

i) Continuous qualification of the entities with primary 

responsibility for providing the required information and the staff personnel 

tasked with maintaining the System in essential to ensure quality information; 



j) The standardization of concepts (involving all actors in the 

sector) should be reflected in the glossaries of information and indicators; 

k) Expanding the content and disseminating the Historical Series 

Application, the SNIS’s key products, is of critical importance. However, 

there is a need for an accompanying user manual; 

l) The philosophy underlying construction and implementation of 

the SNIS, based on the system’s gradual growth, the commitment to secure 

progress each year in relation to the previous year, the increased participation 

of the service providers responsible for submitting the pertinent information, 

the collection of primary information only from service providers, and the 

indicators computed by the System, should be maintained and evaluated by 

individual stages; 

m) The Warning and Error glossaries should be maintained. 

However, there is a need to develop new criteria for validating the 

information, with a view to enhancing its qualification. 
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Abstract 

 

The National Sanitation Information System (SNIS) is developed based on data 

provided by service providers. Each year, the respective data universe has become 

increasingly representative. This study examines the evolution of water supply 

services in the period 1996-2010. Operation and financial indicators for regional, 

micro-regional, and local providers were analyzed. The review revealed progress 

toward the sustainability of services providers, but above all with respect to water 

losses, specifically physical losses and billing losses alike. However, the level of 

water loss remains high and efforts are required to improve the management 

procedures of Brazilian sanitation firms to bring the respective indicators into line 

with international standards. 

 

 

Introduction 
 

The National Sanitation Information System (Sistema Nacional de Informações em 

Saeneamento – SNIS) was created in 1996 under the Sanitation Sector Modernization 

Program (Programa de Modernização do Setor de Saneamento – PMSS). The purpose 

of the System is to give greater visibility to the delivery of sanitation services by 

providers and contribute to federal, state, and municipal government performance 

evaluations of providers and planning and execution of public sanitation policies. 

 The information system is renewed annually based on information reported by 

sanitation service providers. It includes institutional, administrative, operational, 

management, economic and financial, and quality data on the delivery of water, 

sewage, and waste management services. Through analysis of the historical SNIS 

data, trends in service costs, revenues and standards can be identified. 

The number of companies submitting information to the SNIS on their services has 

increased. In 1997, corresponding to the 1996 SNIS, only 59 service providers 

responded to the SNIS questionnaires, namely 26 regional providers and 33 local 

providers serving 3,638 municipalities (73%) and 74% of the urban population. In 

2012, corresponding to the 2010 SNIS, 1,203 service providers reported information: 



27 regional, 6 micro-regional, and 1,170 local providers serving 4,976 municipalities 

(89.4%) and 97.7% of the urban population. 

In this light, the purpose of this article is to evaluate the delivery of water services in 

Brazil for the period encompassing SNIS 1996 through SNIS 2010, based on data 

published and posted on the Internet (http://www.snis.gov.br). The following 

indicators will be evaluated: water coverage; water consumption; water distribution 

losses; billed water losses; water metering rates; and the investment and financial 

status of service providers. 

1. Water Services Delivery Setting in Brazil, according to the 

SNIS 

The evaluation begins with an analysis of the growth in adherence by water services 

providers to the SNIS for the period running from 1996 through 2010, the last year of 

published information to date. 

Table 6.1 shows that over the years an increasing number of providers have adhered 

to the SNIS. In 1996, only 59 providers submitted responses. By 2010, that number 

had grown to 1,203. Similarly, there was a small increase in the number of regional 

providers, from 26 in 1996 to 27 in 2010. Additionally, there was a significant rise in 

the participation of local providers, from 33 to 1,107. In 2010, the category of “micro-

regional” provider was added, a segment not reflected in 1996. 

With respect to the number of municipalities covered by types of services providers, 

in 1996 and 2010 regional providers served the largest number of municipalities: 

3,671 municipalities in 1996 and 4,960 municipalities in 2010. This predominance 

dates to the launch of the National Sanitation Plan (Plano Nacional de Saneamento – 

PLANASA) in the 1970s when the State Sanitation Companies were established. 

Behind the State Companies are the municipal-level services, which delivered water 

to 33 municipalities in 1996 (0.66%) and 952 municipalities in 2010 (17.1%). The 

micro-regional companies and independent agencies, which only appeared as of 2010, 

continue to represent a small percentage of all water service deliveries, 0.32%. 

Regional providers are entities legally constituted to manage and operate systems, 

serving various municipalities with either separate or integrated systems. These 

entities include the state companies. Micro-regional providers are entities legally 

constituted to manage and operate systems in a group of municipalities, usually 

located adjacent to each other or clustered in specific states. This category 

encompasses companies and independent agencies. Local service providers are 

entities legally constituted to manage and operate systems in the municipality in 

which they are based (Brazil, 2012). 
  



Table 6.1.  Number of Services Providers Participating in the SNIS (1996 and 2010) 
and Municipalities and Populations Covered by Water Supply Services. 

Scope Number of providers Number of municipalities Population covered 

 1996 2010 1996 2010 1996 2010 

Regional 26 27 3638 

(73.1%) 

3990 

(71.7%) 

87.6 million 

(89.5%) 

118394993 

million 

(72.5%) 

Micro-

regional 

 6  18 (0.3%)  635682 

(0,39%) 

Local 33 1170 33(0.66%) 952 

(17.1%) 

10.1 million 

(6.8%) 

40219309 

million 

(24.6%) 

Brazil (total) 59 1203 3671 

(73.8%) 

4960 

(89.1%) 

97.7million 

(96.3%) 

159249984 

million 

(97.6%) 

Source: SNIS (1996) and SNIS (2010) 

 

The 1996 SNIS (BRASIL, 1997) does not provide the legal status of regional and 

municipal providers. In other words, the information does not indicate whether the 

respective companies are public or private. There are only references to State 

Companies (Companhias Estaduais – CESBs) and Municipal Services (Serviços 

Municipais – SAEs). Of all regional providers in 2010, 24 were quasi-governmental 

enterprises, 1 autarchy (DEPASA/AC), 1 privately operated company 

(SANEATINS/TO) and 1 government run company (COPANOR/MG). Micro-

regional providers were divided among 3 autarchies and 3 privately operated 

companies. Local service providers were classified as follows: 700 (59.8%) were 

directly operated by local governments, 402 (34,4%) autarchies, 50 (4,3%) privately 

operated companies, 11 (0.91%) quasi-government enterprises, 4 (0.33%) government 

run companies, and 3 (0.25%) social organizations. Table 1 provides data reported in 

the SNIS on the populations covered by water services. However, the data are not 

believed to correspond to reality, to the extent that while a given entity may be in 

operation in a municipality, the population of the entire municipality may not be 

covered by the respective water services. 

1.1. Water Services Coverage in Brazil 

Table 6.2 reveals that in 1996 on average 89.5% of the population was covered by 

water services. In 2010, average coverage was 92.5%. Because the data samples are 

different – in 1996 only state companies were considered, while in 2010 regional and 

municipal providers alike were taken into account – a comparison between the two 

periods is not possible. However, in 1996 and 2010 the North Region had the lowest 

rate of coverage. At the same time, in 1996 the highest coverage was in the South 

Region (96.7%), while in 2010 the Southeast Region registered the highest coverage 

(96.6%). In 2010, meanwhile, coverage rates in the Southeast, South, and Center-

West were very similar, while the disparity between the region with the highest 

coverage rate and that with the lowest was 23%. 

 

 

  



Table 6.2. Water Services Coverage Rates by Major Regions, Brazil (1996 and 
2010) 

Major Regions Water Coverage Rates by Urban 

Population 

% Change 

 1996
a 

2010
b 

1996/2010 

North 66.1% 71.8% 5.7% 

Northeast 89.0% 87.1% (-)1.9% 

Southeast 91.9% 96.6% 4.7% 

South 96.7% 96.0% (-)0.7% 

Center-West 88.5% 95.3% 6.8% 

Brazil 89.5% 92.5% 3.0% 

Source: SNIS 1996 and SNIS 2010. 

Notes: 
a
 – The 1996 SNIS considers the coverage rates provided by State Companies only.  

b _ 
The 2010 SNIS takes into account the average coverage rate for state providers and municipal and 

micro-regional providers alike. 
 

The status of services was then examined by state. In 1996, the following state 

companies registered water service coverage rates above 95%: (North Region): 

AGESPISA/PI, CAERN/RN, CAGEPA/PB, DESO/SE, EMBASA/BA (Northeast 

Region); CESAN/ES, COPASA/MG, SABESP/SP (Southeast Region); 

CORSAN/RS, SANEPAR/PR (South Region), and CAESB/DF and SANESUL/MS 

(Center-West Region). With regard to municipal providers, in 1996 only Caxias do 

Sul had a very low water service coverage rate: 24.5%. The remaining companies 

reported rates above 95%. It is worth noting that some claimed coverage rates above 

100%, indicating an error in computational procedures. In 2010, only the state of São 

Paulo and the Federal District provided water services through their respective supply 

systems to nearly 90% of the respective populations. On the other end, Amapá 

provided services through the existing water supply system to less than 40% of the 

state’s population. 

In addition to coverage rates, other indicators are important to determine the 

efficiency of water service deliveries: water consumption; distribution water losses; 

billing losses, investments; revenues and expenditures; and fees. 

1.2. Water Consumption 

Average per capita water consumption is an important indicator, reflecting 

environmental conscientiousness, particularly today in age when the trend is toward 

reduced per capita consumption worldwide. The European countries consume 100 

liters of water per inhabitant each day (Kligerman, 2001). The indicator is also used to 

estimate the volume of sewage collected for treatment. Table 6.3 sets out the change 

in maximum, minimum, and average consumption of service providers by region and 

in Brazil as a whole. The data was drawn for the SNIS 1996 and SNIS 2010, 

respectively. 

 

 

  



Table 6.3. Change in Maximum, Minimum, and Average Consumption by 
States and Major Regions 

Major 

Regions 

1996 (liters per inhabitant per day) 2010 (liters per inhabitant per day) 

 Maximum Minimum Average Maximum Minimum Average 

North 193.4 

(Roraima) 

89.5 

(Amazonas) 

120.4 159.1 

(Roraima) 

139.1 

(Tocantins) 

143.6 

Northeast 143.3 (Ceará) 86.6 (Piauí) 127.1 139.4 (Ceará) 91.6 

(Alagoas) 

117.3 

Southeast 257.2 (São 

Paulo) 

161.0 (Minas 

Gerais) 

232.7 236.3 (RJ) 147.0 (MG) 185.9 

South 144.5 (Rio 

Grande do 

Sul) 

117.8 (Paraná) 128.9 155.6 (Rio 

Grande do 

Sul) 

136.5 

(Paraná) 

145.4 

Midwest 205.9 (FD) 123.0 (Mato 

Grosso do Sul) 

150.8 183.3 (FD) 137.9 

(Goiás) 

154.9 

Brazil   174.7   159.0 

Source: SNIS 1996 and  SNIS 2010. 

The SNIS 1996 reveals that the Southeast Region registered the maximum 

consumption, specifically in the state of São Paulo (252.7 liters per inhabitant per 

day), while Piauí had the minimum consumption total (86.6 liters per inhabitant per 

day). Average national consumption was 174.7 liters per inhabitant per day. The SNIS 

2010 indicates a reduction in average national consumption to 159.0 liters per 

inhabitant per day. The Southeast Region continued to account for the highest 

consumption levels, although with the state of Rio de Janeiro leading the way (236.3 

liters per inhabitant per day), while the Northeast Region remained at the bottom of 

the ranking, with Alagoas replacing Piauí as the state with the lowest per capita 

consumption (91.6 liters per inhabitant per day). The state of Pernambuco had also 

presented a low rate of water consumption, 96,6 liters per inhabitant per day. Alagoas 

and Pernambuco were the only two Brazilian states that approached international per 

capita consumption levels, under 100.0 liters per inhabitant per day. However, this 

indicator cannot be analyzed by itself.  Physical water losses must be considered as 

well. High consumption levels in general suggest significant distribution water losses. 

1.3. Distribution Water Losses 

Distribution water loss is an indicator that compares the volume of water 

provided for distribution and the volume consumed. It is directly related to the 

quality of water infrastructure and management systems (SNIS, 2012). Table 6.4 

lays out information on distribution water losses reported by the service 

providers participating in the SNIS 1996 and SNIS 2010. 

Table 6.4 reveals that at the national level micro-regional service providers had the 

highest average distribution loss, 46.1%, SNIS 2010. Regional providers secured a 

reduction in average distribution loss from 1996 to 2010, specifically 44.9% to 

39.2%. However, service providers in the North Region and Northeast Region 

registered an increase in average distribution losses in the period 1996-2010. The 

region with the highest distribution loss rate by provider in the SNIS 1996 was the 

South (53.7%), while the North led the way in the SNIS 2010 (53.2%). The Center-

West had the lowest distribution loss rate in the SNIS 1996 and again in the SNIS 

2010, 38.7 % and 30.2%, respectively. The regional provider with the lowest 

distribution loss rate was CAESB/DF (CO), 24% in the SNIS 1996 and the SNIS 

2010 alike. The following regional providers registered water distribution losses 



above 50% in the SNIS 1996: COSAMA/AM (60.1%); AGEPISA/PI (57.2%); 

CAESA/AP (56.4%); CAEMA/MA (55.9%); SANETINS/TO (54.2%); CAGEPA/PB 

(54.1%); COMPESA/PE (54%); SANEMAT/MT (53%), and CEDAE/RJ (52.2%). In 

the SNIS 2010, the following regional providers reported water distribution losses 

above 50%: CAESA/AP, (77.3%); CAEMA/MA (67.9%); COMPESA/PE (66.2%); 

CASAL/AL (65.9%); CAERD/RO (63.8%); COSAMA/AM (62.3%); 

CAERN/RN(60,5%); DESO/SE (59.0%); CAER/RR (56.2%); AGESPISA/PI 

(53.6%). Water distribution losses remained high for the majority of service providers 

in the SNIS 2010, with significant loss levels. This increase took place in the period 

spanning the SNIS 1996 and the SNIS 2010. 

Table 6.4. Rate of Water Distribution Losses by Services Provider for each 
type of Provider, Major Regions, Micro-Regional, Local, Brazil (SNIS 1996 and 
SNIS 2010) 

 

Major 

Regions 

 

Rate of water distribution loss by type of provider (%) 

Regional Micro-Regional Local 

 1996 2010 1996 2010 1996 2010 

Public 

Law 

2010 

Private 

Law 

2010 

Privately 

Operated 

North 52.1 53.2 -   38.3 - 59.4 

Northeast 42.6 52.6 -  26.7 36.6 12.8 - 

Southeast 41.6 33.3 - 47.5 25.3 38.0 28.8 32.2 

South 53.7 36.1 - 28.9 36.5 32.8 43.3 43.7 

Center-

West 

38.7 30.2 - 56.6  38.9 58.5 27.0 

Brazil 44.9 39.2 - 46.1 29.1 37.1 35.9 42.5 

Source: SNIS 1996 and  SNIS 2010. 

 

As indicated above, the SNIS 1996 did not include a survey by micro-regional 

provider. Local service providers were not differentiated, meaning that all providers 

were classified as municipal companies. Note that in the period 1996-2010 there was 

an increase in the level of water losses among local providers. Based on the fact that a 

25% water loss rate is considered acceptable, the analysis found this target was only 

registered among local service providers in the Southeast Region for the SNIS 1996. 

According to the SNIS 2010 (2012), water losses are related to: failures in the 

detection of leaks or distribution networks with excessively high pressure or other 

operational problems. The indicator clearly reveals which providers invest in 

enhanced environmental performance and increased productivity. Distribution losses 

constitute wasted public resources, as the full cost of water treatment efforts literally 

goes down the drain. To meet increasing water demand, service providers invariably 

request more financial resources to expand their networks, when the first step should 

be to detect the cause of distribution water losses. 

1.4. Water Billing Losses 

Calculating water losses includes, in addition to distribution losses, billing losses, 

determined by comparing the volume of distributed water with the volume of billed 

water (BRASIL, 2012). Table 6.5 presents the rate of water billing losses by service 

provider, region, and Brazil as a whole. 



Table 6.5. Water Billing Losses by Services Provider, Major Regions, 
Regional, Micro-Regional, Local, Brazil (SNIS 1996 and SNIS 2010) 

Major 

Regions 

Water billing losses by type of provider (%) 

Regional Micro-Regional Local 

 1996 2010 1996 2010 1996 2010   

Public 

Law 

2010    

Private 

Law 

2010  

Privately 

Operated 

North 56.9 51.0 -   - 59.3 51.5 

Northeast 49.9 44.8 -  52.0 19.3 - 44.3 

Southeast 38.1 34.2 - 33.2 14.5 24.4 25.3 34.3 

South 37.5 20.9 - 18.3 44.6 36.7 25.4 24.1 

Center-

West 

37.2 30.5 - 56.6  58.5 9.0 32.4 

Brazil 41.2 35.7 - 32.9 26.1 32.8 35.9 35.9 

Source: SNIS 1996 and  SNIS 2010. 

 

Table 6.5 indicates that regional providers were responsible for the highest level of 

water billing losses in the SNIS 1996 (41.2%). In the SNIS 2010, losses among 

regional providers fell to 35.7% of all billed water. The North Region registered the 

highest billing loss rates in the SNIS 1996 and the SNIS 2010 alike, although the 

figure fell between the first and second survey. The South Region boasted the lowest 

level of water billing losses by regional providers in the SNIS 2010, 20.9%. The 

following regional providers reported water billing losses above 50% in the SNIS 

1996: CAEMA/MA (66.2%); COSAMA/AM (58.9%); CAERD/RO (57.2%); 

COSANPA/PA (56.5%); CAESA/AP (56.4%); SANETINS/TO (54.2%); 

CAGEPA/PB (53.7%); SANEMAT/MT (53%); CEDAE/RJ (52.2%); COMPESA/PE 

(51.8%); CORSAN/RS (50.5%). In the SNIS 2010, CASAN/SC was the state 

company with the lowest loss rate, 18%. The following providers had billing loss 

rates above 50% in the SNIS 2010: DESO/SE (52.1%); CAERN/RN (52.7%); 

COMPESA/PE (57.0%); CASAL/AL (60.7%); DEPASA/AC (62.0%); CAERD/RO 

(62.2%); CAER/RR (64.3%); CAEMA/MA (68.2%); CAESA/AP (74.2%), and 

COSAMA/AM, 79,6%. 

Note that for the SNIS 1996 data virtually the same companies with water distribution 

losses above 50% reported water billing losses above 50%: CAESA/AP; 

COSAMA/AM; SANEATINS/TO; CAEMA/MA; COGEPA/PB; COMPESA/PE; 

CEDAE/RJ; SANEMAT/MT.  

The exceptions are AGEPISA/PI, which only appears on the list of providers with the 

highest water distribution loss rates and CORSAN/RS, CAERD/RO, and 

COSANPA/PA, which are only included on the list of providers with water billing 

loss rates above 50%. The SNIS data for 2010 (BRAZIL, 2012) are virtually the same 

with respect to the companies registering the highest distribution losses and billing 

losses, with the sole exception of AGESPISA/PI, which reported distribution losses 

above 50% but is not reflected among the providers with the highest billing losses, 

and DESAPA/AC, which had a significant billing loss rate, but was not among the 

companies with the highest distribution losses.  

Based on the data from the SNIS 1996 (BRASIL, 1997), only 6 regional providers 

had water billing losses above the corresponding figure for water distribution losses: 

CAER/RR, CAERD/RO, COSANPA/PA, CAEMA/MA, EMBASA/BA, and 

CORSAN/RS. The SNIS 2010 data (BRASIL, 2012) found that only 6 regional 

providers registered billing losses above their distribution losses: CEDAE/RJ, 

COSAMA/AM, DEPASA/AC, CAER/RR, SANEAGO/GO, and CAEMA/MA. Only 



CAER/RR and CAEMA/MA appear in both surveys with billing losses above the 

corresponding distribution losses, indicating that neither company secured progress on 

this front in the survey period.  

The SNIS 1996 provides no data on micro-regional providers. However, the SNIS 

2010 reveals that micro-regional providers in the South Region had the lowest water 

billing loss rates, 18.3%. In addition, the SNIS 2010 confirms that the municipalities 

of Capinzal/SC, Cabo Frio/RJ, and Joaçaba/SC had billing losses below 25%, while 

the municipalities of Itapemirim/ES, Araruama/RJ, and Nova Xavantina/MT 

registered results above this level, with the latter exceeding 50%. 

Moreover, the SNIS 1996 did not differentiate between types of local providers. Only 

one type of water service provider was classified, the municipal provider. The survey 

shows an increase in water loss levels from 1996 to 2010 among local providers. For 

its part, the SNIS 2010 registered significant differences between the reported values 

for water billing losses, as demonstrated below: 463 (49.0%) providers with rates 

below 25%, 308 (32.6%) between 25% and 50%, and 174 (18.4%) with rates above 

50%. At the lower range, there were 165 providers with loss rates below 5%, 

indicating possible flaws in the information on which computation of the indicator 

was based, as rates at that level are highly unlikely in the Brazilian context. 

 

1.4.1. Water Metering Rates 

Billing losses occur when the consumed water volume exceeds the billed water 

volume and, consequently, consumed water is not billed by the service provider. 

Billing losses stem from: difficulties in controlling and eliminating clandestine 

connections; during verification/calibration of water meters; and the absence of a 

water loss tracking system. Table 6.6 sets out the rate of water metering by type of 

service provider. 

Table 6.6. Rate of Water Metering by Services Provider, Major Regions, 
Regional, Micro-Regional, Local (SNIS 1996 and SNIS 2010) 

Major 

Regions 

Regional (%) Micro-Regional 

(%) 

Local (%) 

 MR MR MR 

 1996 2010 1996 2010 1996 2010 

      Public  Private PLPA 

North 31.8 42.4    34.5 91.9  

Northeast 49.9 80.3   61.4 45.7 - 39.9 

Southeast 84.1 90.4  93.3 97.4 73.2 95.2 99.9 

South 82.4 96.4  100 86.2 84.9 100 82.5 

Center-

West 

84.6 97.5  100 - 64.0 97.3 84.2 

Brazil 72.6 81.4  97.8 93.5 60.5 96.1 76.6 
Source: Prepared based on the SNIS 1996 and SNIS 2010 Tables 

. 

Note: Where MR = water metering rate; CVMR = consumed volume metering rate; Public = Local under Public 

Law; Private = Local Private Enterprise; PLPA = Local under Private Law, Public Administration 
 

Between 1996 (BRASIL, 1997) and 2010, there was an increase in water metering 

(WM) rates among regional providers and local private companies. The average water 

metering rate for regional providers in 1996 was 72.6%, while in 2010 the figure 

climbed to 81.4%.  



The North Region registered the lowest rate of water metering in both 1996 and 2010. 

For its part, water metering in the Northeast Region advanced at the fastest rate, rising 

30.4% from 1996 to 2010. The following regional providers recorded water metering 

rates below 25% in 1996: COSAMA/AM; COSANPA/PA, and CAEMA/MA. The 

regional providers with water metering rates equal to or above 95% included: 

COPASA/MG, SABESP/SP, SANEPAR/PR, and SANEAGO/GO. In 2010, only 2 

regional providers registered water metering rates below 25%, COSAMA/AM and 

CAESA/AP, while 9 had water metering rates above 95%: SANEATINS/TO, 

CAGECE/CE, DESO/SE, COPASA/MG, SABESP/SP, SANEPAR/PR, CASAN/SC, 

SANESUL/MS, and CAESB/DF. 

In 2010, micro-regional providers recorded average water metering rates of 97.8%, 

above that of regional and local providers. Private local providers obtained water 

metering rates near 96.1%. 

Water distribution losses above water billing losses indicates that the volume of billed 

water exceeded the volume of consumed water. This occurs in the absence of water 

metering, where billing is based on average historical consumption. 

Table 6.7 and Table 6.8 offer a comparison between distribution losses and billing 

losses by type of provider in 1996 and 2010, respectively. 

Table 6.7 reveals that the water distribution losses exceeded water billing losses for 

regional and local service providers alike. The North Region and Northeast Regions 

were the only areas in which water billing losses were higher than water distribution 

losses for regional providers. In the case of local providers, water billing losses were 

higher in the Northeast Region and the South Region. 

Table 6.7. Comparison between Water Distribution Loss and Water Billing 
Loss Rates by type of Services Provider (SNIS 1996) 

Major 

Regions 

Type of provider (1996) 

 Regional Local 

 WDL WBL WDL WBL 

North 52.1 56.9   

Northeast 42.6 49.9 26.7 52.0 

Southeast 41.6 38.1 25.3 14.5 

South 53.7 37.5 36.5 44.6 

Center-West 38.7 37.2   

Brazil 44.9 41.2 29.1 26.1 

Source: SNIS 1996 

 

Note: WDL – water distribution loss rate; WBL = water billing loss rate 
 

The following regional service providers had water distribution losses greater that the 

corresponding water billing losses in 1996: COSAMA/AM, AGESPISA/PI, 

CAERN/RN, CAGECE/CE, CAGEPA/PB, CASAL/AL, COMPESA/PE, DESO/SE, 

CESAN/ES, SABESP/SP, SANEPAR/PR, and SANESUL/MS. CESAN/ES 

registered a disparity of 10.8% between WDL and WBL, while the disparity for the 

remaining providers was below 8%. 



The municipal companies below registered distribution losses above the 

corresponding billing losses in 1996: Araraquara/SP, Campinas/SP, Jacareí/SP, Santo 

André/SP, Juiz de Fora/MG, Mogi Guaçu/MG, and Uberaba/MG. 

In examining Table 1.8, corresponding to the 2010 data, the average distribution loss 

remained above the average billing loss for regional, micro-regional, local companies 

under private law, and privately operated companies. Only local private companies 

registered distribution loss rates equal to billing loss rates. 

Regional providers in the North Region and Southeast Region had WBL rates above 

the corresponding WDL rates. WBL rates were equal to WDL rates for micro-

regional providers in the Center-West, while in the rest of Brazil micro-regional 

providers registered higher WDL than the corresponding WBL. Local providers 

varied in performance. The WBL rates for those under private law in the South 

Region and Center-West Region were greater than the corresponding WDL rates. 

Local privately operated companies in the Southeast Region and Center-West Region 

also registered higher WBL rates than WDL. 

The following regional companies had higher distribution losses than billing losses in 

2010: CAERD/RD, COSANPA/PA, CAESA/AMAPÁ, SANETINS/TO, 

AGESPISA/PI;CAGECE/CE, CAERN/RN, CAGEPA/PB, COMPESA/PE, 

CASAL/AL, DESO/SE, EMBASA/BA, COPASA/MG, CESAN/ES, SABESP/SP, 

SANEPAR/PR, CASAN/SC, CORSAN/RGS, SANESUL/MS, and CAESB/DF. The 

highest WDL to WBL disparity was registered by CORSAN, 18.5%. 

 

Table 6.8. Comparison between Water Distribution Losses and Water Billing 
Losses by type of Services Provider (SNIS2010) 

Major 

Regions 

Type of provider (2010) 

 Regional Micro-Regional  Local Public 

Law 

Local Private 

Law 

Local 

Privately 

Operated 

 WDL WBL WDL WBL WDL WBL WDL WBL WDL WBL 

North 53.2 51.0   38.3 - - 59.3 59.4 51.5 

Northeast 52.6 44.8   36.6 19.3 12.8 - - 44.3 

Southeast 33.3 34.2 47.5 33.2 38.0 24.4 28.8 25.3 32.2 34.3 

South 36.1 20.9 28.9 18.3 32.8 36.7 43.3 25.4 43.7 24.1 

Center-

West 

30.2 30.5 56.6 56.6 38.9 58.5 58.5 9.0 27.0 32.4 

Brazil 39.2 35.7 46.1 32.9 37.1 32.8 35.9 35.9 42.5 35.9 

Source: SNIS 2010. 

Note: WDL – water distribution loss rate; WBL = water billing loss rate 
 

A majority of micro-regional providers registered higher distribution loss rates than 

billing loss rates, with the exception of SETAE Nova Xamantina/MT. Prolagos/RJ 

had the greatest WDL to WBL disparity, 22.3%. 

In only 6 states: Acre, Amazonas, Sergipe, Espírito Santo, São Paulo, and Mato 

Grosso do Sul, did WDL rates for local service providers under private law exceed 

WBL rates. With regard to local privately operated providers, in only 2 states: 

Amazonas and Santa Catarina was the WDL rate not higher than the WBL rate. In the 

case of local providers under the public administration WDL was higher than WBL in 

only 3 states: Minas Gerais, São Paulo, and Santa Catarina.  

 



1.5. Investments and Financial Status of Service Providers 

Of total investments of R$ 835,557,988.00 in 1996, 87.9% were channeled to regional 

service providers and only 12.1% to municipal companies. In addition, there were 

disparities between regions. The Southeast Region received 55.9%, followed by the 

Northeast Region, 15.9%, South Region, 12.8%, Center-West Region, 11.1%, and 

North Region, 4.7%. In 2010, investments totaled R$ 3.4 billion. A full 83.8% was 

allocated to regional providers, 15.9% to local providers, and 0.4% to micro-regional 

providers. The Southeast Region continued to receive the bulk of investments, 45.5%. 

However, there was an increase in the percentage allocated to the Northeast Region, 

28.7%, and the North Region, 5,9%. Investments to the South Region and Center-

West Region fell, registering 11.0% and 8.9%, respectively. Local service provides 

saw a change in investment allocations, with 11.4% channeled to local providers 

under public law, 2.6% to privately operated companies, and 1.9% to companies 

under private law managed by the public administration. 

However, it is important to note that not all investments are directed to projects. 

Capital expenditures are directed to cover service provider operations and design, 

enforcement, administrative, and other costs. There are also investments channeled 

toward equipment and water system facilities, as well as the purchase of goods in 

general. 

Table 6.9 sets out financial data by type of provider and for 1996 and 2010. 

 

Table 6.9. Financial Data by type of Services Provider (1996 and 2010) 

Scope Total operating 

revenue from water 

(R$ million) 

Income (R$ 

million) 

Total service costs 

(R$ million) 

Service delivery 

costs (R$ million) 

Cash flow 

adequacy (%) 

1996 2010 1996 2010 1996 2010 1996 2010 1996 2010 

Regional 4555.00 24835.00 6295.00 23782.30 6570.00 23748.6 4554.00 16447.8 85.7 110.7 

Micro-

Regional 

- 154.9 - 145.4 - 121.3 - 78.8 - 161.7 

Local 463.00 7105.7 714.00 6832.9 525.00 5833.2 534.00 5126.7 122.4 121.7 

Brazil 5018.0 32095.6 7009.0 30760.6 7095.0 29703 5088.0 21653 104 113 

Source: SNIS 1996 and SNIS 2010. 

Table 1.9 reveals that in 1996 total operating revenue, the amount billed by service 

providers was less than total costs for regional and local providers alike. In 2010, 

there was a change in this component, with total operating revenue exceeding total 

costs. In 1996, a full 71.7% of total costs involved service provision related expenses. 

In 2010, this percentage climbed slightly to 72.9%. Total income is the amount of all 

revenue collected by service providers. In 1996, total operating revenue for water 

services was less that total income. By 2010, total income represented 95.8% of 

operating revenue. 

The average cash flow adequacy rate was above 100% for the two periods, indicating 

that on average service providers collected sufficient revenues to cover the related 

costs. However, in 1996 regional providers recorded an 85.7% rate. The lowest cash 

flow adequacy rate was registered in the North Region, 55,7%. The remaining 

Regions had the following cash flow adequacy rates: Northeast, 91.3%; Southeast, 

94.1%; South, 94.05%, and Center-West, 86%. Companies achieving a cash flow 

adequacy of more than 100% included: AGESPISA/PI, EMBASA/BA, SABESP/SP, 

and SANEPAR/PR. Note that AGESPISA/PI; SABESP/SP, and SANEPAR/PR, 

which registered water distribution loss rates above water billing loss rates obtained 

average cash flow adequacy levels. 



In 2010, 14 regional service providers registered rates equal to or above 100%: 

SANEATINS/TO, CAER/RR, CAGECE/CE, CAERN/RN, COMPESA/PE, 

EMBASA/BA, COPASA/MG, CESAN/ES, CEDAE/RJ, SABESP/SP, 

SANEPAR/PR, CASAN/SC, SANESUL/MS, and SANEAGO/GO. According to the 

SNIS 2010, CESAN/ES and SANESUL/MS had surpluses of 20%; SABESP/SP, 

CAER/RR, and CASAN/SC, between 10% and 20%. SABESP/SP reported a surplus 

of R$ 1.19 billion, above the national average. Surpluses greater than R$ 100 million 

were secured, additionally, by COPASA/MG, CEADE/RJ, and SANEPAR/PR. 

SANETINS/TO, CAGECE/CE, CAERN/RN, COMPESA/PE, EMBASA/BA, 

COPASA/MG, CESAN/ES, SABESP/SP, SANEPAR/PR, CASAN/SC, and 

SANESUL/MS, which came in with cash flow adequacy rates above 100%, were 

among the regional providers with higher water distribution losses than water billing 

losses. 

According to the SNIS 2010, regional service providers with deficits included 

CORSAN/RS, DEPASA/AC, and COSAMA/AM. The latter two registered deficits of 

nearly 80%. Regional providers DESO/SE; CAEMA/MA; COSANPA/PA; 

CORSAN/RS, and AGESPISA/PI had deficits above R$ 100 million.  

Among the 6 micro-regional services participating in the SNIS 2010, only 1 had a 

deficit, CAJ Araruama/RJ. The average difference between operating revenues and 

total costs was R$ 33.7 million, 27.8% higher revenues than costs. 

Of the 1,170 local providers, a full 559 (47.9%) brought in more revenue than their 

corresponding costs. The difference between operating revenue and total costs was R$ 

1.27 billion, resulting in a revenue total 21.8% higher than the related costs. However, 

the SNIS 2010 (2012) noted that there were 222 local providers that did not charge for 

the services delivered. This is a source of concern, for how can companies sustain 

their services deliveries without income? 

Table 6.10 reveals that the national average service fee of R$ 2.14 is higher than the 

average cost, R$ 2.06. In addition the average service fee charged by regional 

providers, R$ 2.37, exceeds that assessed by local and micro-regional providers, R$ 

1.59 and R$ 1.46, respectively. There is also significant variation between the service 

fees charged by providers and between the attendant costs.  

Table 6.10. Average Fee Assessments and Costs by Geographic Scope of 
Provider, Brazil (1996 and 2010) 

Scope Variations in service 

fees (average) 

(R$/m
3
) 

Average service 

fees (R$/m
3
) 

Variations in total 

costs (average) 

(R$/m
3
) 

Average total 

costs (R$/m
3
) 

1996 2010 1996 2010 1996 2010 1996 2010 

Regional 0.53 - 

2.70 

0.80 - 3.66 0.79 2.37 0.72 - 

4.19 

1.48 - 

5.47 

1.13 2.32 

Micro-

Regional 

- 0.97 - 2.25 - 1.46 - 0.91 - 

1,71 

- 1.21 

Local 0.58 - 

0.67 

0.30 a 

5.47 
1,2 

0.67 1.59 0.6 - 

0.81 

0.30 - 

4.90 
1 

0.75 1.39 

Brazil 0.53 - 

2.70 

0.30 - 5.47 0.73 2.14 0.6 - 

4.19 

0.30 - 

5.47 

0.94 2.06 

Source: SNIS 2010 (2012).  
 

Notes: 1
 Values below R$ 0.30/m

3
 were not considered as they indicated flawed figures far below the 

national average.  
2 

In addition, excessively high values far above the average of other municipal services were 

disregarded. 



 

In 1996 and in 2010, there was considerable variation in the average service fee 

assessments. In 1996, regional providers accounted for the largest variation, from R$ 

0.53 to R$ 2.70. By contrast, in 2010 local providers registered the sharpest variation, 

from R$ 0.30 to R$ 5.47. In 1996, the average service fee for regional and local 

providers was lower than the overall average. In 2010, every type of service provider 

registered average service fees above average total costs, indicating an improvement 

in the sustainability of service providers. Notwithstanding this favorable setting, an 

analysis of average service fees indicated that in the North Region and Northeast 

Region average costs were higher than the average service fee assessments. 

 

When examined by Region, the figures revealed that the Northeast Region had the 

lowest average service fee in 1996, R$ 0.66/m
3
, while the South Region charged the 

highest average service fee, R$ 0.96/m
3
. The lowest service was charged by 

CAGECE/CE, R$ 0.53/m
3
, and the highest by CAERD/RD, R$ 2.70. In 2010, the 

North Region offered the lowest average service fees, R$ 1.89/m
3
, with 

COSANPA/PA, R$ 1.36/m
3
, charging the lowest amount. For its part, the Center-

West had the highest service fee assessments, R$ 2.48, while the regional provider 

with the highest fee was CORSAN/RS, R$ 2.81/m
3
.  

2. Conclusion 

This chapter offered an overview of water services in Brazil through data drawn from 

the National Sanitation Information System (SNIS) for the years 1996 and 2010. In 

addition to service coverage, operational and financial indicators were reviewed. The 

key findings of this analysis follow: 

 The representativity of service providers in the period analyzed grew; 

 Progress was made in water service coverage. However, this does not mean 

that services are delivered to the full population of survey municipalities, but only that 

a given service provider operates in at least a portion of those municipalities;  

 The national increase in the coverage of water systems does not mean that the 

indicator rose in all regions. In the Northeast Region and the South Region, service 

coverage fell. At less than 40% service coverage, Amapá registered the lowest level 

of any state.  

 Although national average per capita consumption dropped, it remains high. In 

Europe, the standard consumption rate is 100 liters per inhabitant per day. In Brazil, 

only Pernambuco and Alagoas approximate this figure. 

 In Brazil, elevated per capita water consumption stems from significant 

distribution water losses, 39.2%, when an acceptable level is below 25%; 

 In addition to physical losses, water billing losses are considered as well. Here 

too Brazil’s average of 35.7% is deemed high, the product of clandestine connections 

and relatively low water metering levels, 81.4%. In the absence of metering, billing is 

determined on the basis of average historical consumption; 

 From 1996 to 2010, investments expanded R$ 835 million to R$ 3.4 billion, 

but in addition to these varying by type of provider, they also varied by Region. 

Historically, regional providers have been the primary recipients of investments due 

to their scope, with the bulk of investments flowing to the Southeast Region; 



 In the period under study, the financial situation of providers improved. In 

2010, evidence emerged that total operating revenue surpasses total costs. Similarly, 

approximately 70% of total costs related to service provision. Four regional providers 

registered cash flow adequacy rates above 100%; 

 With respect to service fees, progress was secured in the study period. In 1996, 

average service fees were lower than total average costs. By 2010, this scenario was at 

least partially inverted, as average costs remained higher than average service fees in 

the North Region and the Northeast Region. 

Finally, since the 1980s when the National Commission for the Control of Losses 

(Comissão Nacional de Controle de Perdas) and the State Program for the Control of 

Losses (Programa Estadual de Controle de Perdas) were established some state 

companies have invested in Institutional Development Projects (Projetos de 

Desenvolvimento Institucional – PDI) and implemented the following utilities in the 

commercial field: micro-metering (water metering); commercial registries; billing and 

collection policies; and investments in customer assistance. In the operational field, 

they have instituted: macro-metering/pedometric measurements; water leak studies 

and operational studies. In addition to water loss controls, these entities have actively 

engaged in public policy-making, corporate efficiency efforts, and results 

management processes. Yet, the bulk of service providers, whether, regional, micro-

regional, or local, must invest further in solutions to reduce water losses and in 

sustainability strategies. 
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Abstract 

Over the last few years Information and Communication Technologies (ICT) are 

playing a key role in the field of development cooperation. The importance is 

becoming so high that the International Community decided to include the 

development of Information and Communication Technologies as one of the priority 

issues within the Millennium Development Goals (MDG) framework. One of the most 

important applications of information technology is Geoinformation, as it facilitates 

the work of planning by technicians and decision makers. In Brazil, planning is a key 

factor for social and economic development allowing the detection and valuation of 

national development priorities. In this paper, we provide an overview of ICT tools 

based on the latest technologies and propose a set of techniques that could be used to 

improve the current Brazilian water and sanitation information system with the use of 

a geographic information system (GIS). 

1. Introduction 

During the past decade, due to technology evolution, information systems have 

evolved to become more and more usable and able to record tasks, events and 

situations more and more complex. Complex elements, such as maps, were gradually 

digitized and integrated within these systems and geoinformation ceased from being 

exclusively based on paper maps and documents. Digital geoinformation associated to 

information systems became known as geographic information systems. 

In natural resource management, such as monitoring drinking water distribution 

networks, information is based on values associated to geographical positions (the 
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location of households equipped with tap water along with their consumption, the 

location of the different pipes of the water distribution network along with their 

average flow, etc.). Hence, information systems have evolved and integrate more 

complex geographical information. Databases were merged with systems that were 

able to host digital maps. Nowadays, geographic information systems contain both a 

database and digital geographical representation of the world. 

1.1. What is a geographic information system (GIS)? 

A Geographical Information System (GIS for short), like any other  Information 

System (IS), is composed of the three basic elements: hardware, software and people 

who use and maintain both. However, GIS has the particularity of including specific 

spatial information that can represent geographical information and features usually 

represented using paper maps (administrative divisions, road/river/pipe networks, 

urban/rural areas, topology, etc.). 

Technically it is a database with some means to represent geography through 

geometrical elements stored within it. The power of the system rests on this database 

which also stores standard information that is linked to the geometrical data (hence 

linking the data, such as population, to geographical elements, such as urban areas). 

Geographic information systems combine two sorts of information: where things are 

(e.g. where are located the water resources in a municipality) and what are these 

things (e.g. what is the water quality—for example according to some pollution 

indicators—of each of these sources). 

GIS has empowered analyses of geographical features. They can perform calculations 

using the geometrical elements stored in the system and used for representing the 

geographical features, such as surface sizes, distances, circumferences, evolution 

through time, etc. This has allowed a ten year rapid growth and evolution of the 

associated software and has become one of the core components of natural resource 

management. 

1.2. Why use a GIS in water and sanitation management? 

Information related to the environment such as sanitation (water distribution, waste 

water sewage collection, solid waste management and rain water drainage) contains a 

major geographical component. Maps are one of the core information sources for 

natural resource management (e.g. all four sanitation facets). Thus, Geographic 

Information Systems represent an interesting solution for managing sanitation-based 

data. These systems are adapted for providing a complex mix of topography, drainage 

patterns, population and land use [Johnson 2009]. 

In [Wing and Bettinger 2008], the authors provide a good series of examples of why 

use a geographic information system for natural resource monitoring and 

management. Indeed, if natural resource such as water management relies on paper 

maps, some tasks will be very tedious or impossible (e.g. get the total amount of 

Brazilian households with pipe water whose water quality is over a certain threshold). 

Planning and design processes for developing and managing water resources involve 

several levels of data abstraction [Johnson 2009]. GIS environments allow collecting 

data at different levels of detail (or scale). Thus these systems can contain a precise 

description of the available resources. Decisions can be taken more easily as this 

detailed data allows a better understanding of the real world natural environment. 

Finally, a GIS, as an Information system, can be a core element of a decision support 

system, which would help decision makers in managing resources they are in charge. 



In the case of water distribution monitoring, a GIS tool is very handy. It can allow 

users to manipulate and visualize data to present a general overview of the situation 

occurring in the country at different scales (building block, municipality, state, etc.). 

If focused on water distribution network, its situation can be evaluated both in time 

and space. If used as part of a decision support system, such tools allow taking 

informed decisions to ameliorate apparent problems. It can also model and simulate 

the impact of alternative interventions (for example what could happen if a main 

collector is shutdown for maintenance). It is also a planning tool that can program and 

coordinate follow-up activities. 

The rest of this document is organized as follows: section 2 details the architecture of 

geographic information systems (GIS) along with their characteristics; section 3 

presents current GIS software; section 4 describes what GIS can do when associated 

to decision support systems; section 5 presents some geographical data integration 

tools; and finally section 6 states a few methodological recommendations.  

2. Architecture of geographic information systems and 

characteristics 

“A GIS is a computer-based information system that supports capture, modelling 

manipulation, retrieval, analysis and presentation of spatial data” [Johnson 2009]. A 

GIS is a fusion of two technologies: a traditional database that contains information 

on certain interesting attributes (water flow, water quality indicators, etc.) linked to a 

geographical representation of places (maps of districts, maps of water pipe and 

sewage networks, etc.). This link between information allows crossing them (e.g. get 

the water consumption according to the length of the piped distribution network) 

while the availability of a geographical layer allows observing information at different 

scales. All this eases analyses and allows displaying analysis data like tabular report 

according to map/geographical features (for example displaying over each major city 

area, tabular information containing average water consumption, water price, 

population size, etc.). 

2.1. Overview of the architecture 

A geographic information system (see the figure hereafter) is composed of several 

technical elements. It first requires data sources. These are of two types: classical 

database data (also called attribute data or thematic data in the GIS field) and 

geographical data. 

Classical database data comes from existing databases. In the case of the BraSIS 

project, such data could come from the SNIS
4
 database, the national census IBGE

5
 

database and the national survey on basic sanitation database also from IBGE. 

Geographical data usually comes from national institutions in charge of maps. 

However, it is interesting to note that with the ever growing social collaboration 

community over the Internet, some solutions such as the Open Street Map
6
 project can 

be considered. Depending on the regions of the world and the activity of the local 

community, such data can even have a better precision than national ones, especially 

when considering cities. Both of these databases are then linked together within the 
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GIS, a database associated to a technical solution for storing geographical data 

(detailed in the next subsection).    

The user queries the system as a standard database management system with either 

standard query languages or with proprietary ones. The system provides the results to 

the user using a map-like interface if the query data has a geographical component, 

otherwise a standard table will be used as in any database if there is no geographic 

component. 

 

Figure 7.1. General architecture of a geographic information system (GIS). 

  

In some cases, the system provides the user with an interactive map allowing him to 

query data and adapt his query to his exact information need. 

2.2. Characteristics of GIS 

GIS has several characteristics. Among them, we detail here the most used databases 

and the two techniques for storing the geographical information. Moreover, the 

subsection ends with the notion of layers and query language that are the true power 

of GIS. 

2.2.1. Storing geographic and non-geographic data 

A geographic information system (GIS) is composed of two main core elements a 

database for storing non-geographic information and a specific data structure for 

storing the geographic information. Initially, these systems were operated side by 

side, but nowadays, both systems are fused in same kind-of “geographical database”. 

The database is used to store the non geographic data, also called the attribute or 

thematic data. It is usually a relational database. In this type of database, data is stored 

in tables—called relations. As shown in the toy example on the following figure, a 

table could contain the information about water provider companies and another table 

could contain information about municipalities. Tables can be linked together by 

associating elements in each table. This allows representing the fact that some 

information is associated to some other information. In the example shown in the 

following figure, there is a link between  water providers and municipalities. This link 

means that a water provider delivers water to a municipality. A table is also used for 

storing these links (here the table is called “provides water for”). In relational 

databases, links (called associations of joins) are based on unique codes (for example 

unique codes for identifying each water provider and unique codes for identifying 

municipalities) associated together. 
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Figure 7.2. Toy example of a relational database storage system (3 tables that 
indicate who provides water for what municipality). 

 

The geographical part of the information is stored according to two major techniques: 

raster or vector. In the case of raster data, the geographical data is stored using a 

matrix of pixels (similar to a digital image). This solution has the advantage of being 

very close to scanned images of paper maps but takes more space in terms of 

computer storage and is not as precise as the other solution (the more precise the 

raster data is, the bigger the matrix is and the more storage space it requires). In the 

case of vector data, geographical data is decomposed into points, lines and surfaces. 

Vectors takes much less space, is more precise (see further in this section) but has 

overlapping problems. For example, in the case of two zones that have a common 

section, raster data uses a unique line to draw this section; but vector data uses two 

lines for the common section: one line belonging to each zone and superimposed onto 

the other. 

 

Figure 7.3. Different vector data types for representing geographic elements. 

In terms of computer processing, raster data requires less processing power to display 

or execute geometrical functions (calculating distances, inclusion/exclusion tests, 

etc.). However, programming custom geometrical functions is more complex. 

Moreover, the fact that raster is like scanned images, map data integration is 

sometimes easier. 

Note that in the internal GIS database engine, different techniques are used to store 

the vector data and the use of objects is one of the common elements, but flat files 

also exist, although it is a more complex solution (like the .svg format). Raster data is 

usually stored in flat files in a specific digital image format. Note also that vector data 

format can be stored using formats based on the XML language (eXtensible Markup 

Language) which is one of the today’s most common data exchange formats. 
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Figure 7.4. Vector versus raster data types. 

2.2.2. Stacking up information with layers and accessing it 

Two of the greatest advantages of GIS are: the possibility to have layers of different 

information linked on a common geographical reference and using the geometrical 

representation of the geographical data for computing information. 

Piling up layers of geographical information is very powerful when managing natural 

resources. For example, as shown in the top part of the following figure, it could be 

possible to view the position of households along with the water distribution pipe 

network and the administrative area where this is: the municipalities. Moreover, on 

top of these geographical layers (represented in the system by different geometrical 

layers of points, lines and shapes even possibly mixed together) it is possible to 

display the non-geographical information that is also contained in the database (see 

the bottom part of the following figure).  

However, in order to have these piled-up layers, data whether geographical or non-

geographical has to be very precisely located. This is where GIS data integration tools 

are    handy as they have functions to check correspondences between data and ensure 

that the geometrical elements are coherent (for example a city represented by a point 

is not located in a lake). See the section on geographical data integration for more 

details. 

Finally, accessing geographic information using the database engine and its 

geometrical representation is the true power of geographic information systems. 

Indeed, the query language used to access data allows calculating values based on the 

geometrical elements stored in the system. Thus, for example, it is possible to 

calculate the overall distance of a pipe network as well as the area it covers; and the 

distance between two cities would correspond to the distance between the two points 

that represents the centers of each city in the geometrical system. This functionality is 

very powerful and allows calculating many geographical indicators (distances, 

circumferences…) [Johnson 2009]. 

DATA TYPE Vector Raster

Example

Description Assembly of elemental
geometrical elements
(vertices, edges and
shapes)

- Less storage space
- High precision
- Geometrical functions
easier to customize

Matrix of pixels

- Less processing time for
display/computing
- Similar to digitized maps

Advantages

- Higher probability of
overlapping errors
- More processing power
for display/computing

- Higher storage space
- Precision depends on
matrix resolution
- Geometrical functions
harder to customize

Inconvenients



 

Figure 7.5. Layers of geographical information associated to non-geographic 
information. 

3. Open source GIS tools 

Ten years ago, there were only few tools for implementing geographic information 

systems. Today, thanks to the need in natural resource management, many tools are 

available.  Three major types of software are used in the GIS community: 

- Desktop GIS are mapping tools that run on personal computers, some have 

their own internal GIS database while others require to be connected to a GIS 

database and/or a map server. These tools allows users updating, displaying 

and querying data concerning geographic locations; 

- GIS databases (or spatial databases) are database management systems that 

manage not only traditional attribute/thematic data but also vector or raster 

data to represent the geographical part of the information stored in the 

database; 

- Map editors/servers are softwares that manage and allow editing maps 

whether in raster or vector formats. These can be considered as “map 

databases”. 

These types of software are used in a general architecture. As shown in the following 

figure, desktop GIS are used to directly access the information. However, these tools 

can also be used as editors for verifying the acquired data that has to be loaded into 

the system. These tools although not designed for this task can undertake minor 

editing and cleaning of the data. For more complex processing, see the section on 

geographic data integration. GIS data is stored in a storage area usually composed of a 



spatial database (but it can also be a standard database associated to a map server). 

Indirect users will access the spatial data with their own client tools and thus access 

data on-line using a GIS Webserver that presents geographical data in a more 

convenient way than would a direct access to the spatial database. 

 

Figure 7.6. Typical GIS software use. 

There exists several GIS commercial software (ESRI’s ArcGIS, Intergraph/ERDAS 

and MapInfo are some of the most used) However, in the rest of this section, we will 

detail only open source GIS software. Note that a more complete list is available on 

the Wikipedia page providing the list of GIS software
7
.  

The open source community is very active and the monitoring Website 

http://opensourcegis.org lists over 300 software projects. The authors of a recent 

survey [Steiniger and Bocher 2009] state that 4 out of the 10 reviewed projects are 

supported by government funding. This shows the importance of such software 

projects. Moreover, in [Ramsey 2007], the author presents case studies based on the 

free open source PostGIS spatial database. Among these case studies, the authors 

detail the implementation of the IGN—Institut national de l’information géographique 

et forestière—the French national geographic institute. 

Based on [Ramsey 2007, Steiniger and Bocher 2009 and Johnson 2009], we present 

the most used open source desktop GIS software (see figure in appendix for a few 

screenshots of some user interface): 

- GRASS (Geographic Resources Analysis Support System), initially started in 

1985, this software is backed up by a very large community. It supports both 

raster and vector and is associated to numerous processing tools; 

- gvSIG (generalitat valenciana, Sistema d’Informacio Geografica) is supported 

by some Spanish administration (Valencia) since 2003 to create a tool similar 

to ESRI’s commercial ArcView. The graphic user interface (GUI) is simple 

and the tool is well documented, however the tool depends a lot on external 

programming libraries making customization more difficult [Steiniger and 

Bocher 2009]. It manages both raster and vector data. Developed in the Java 

programming language it is compatible with many platforms (Windows, 

Linux, etc.); 

- uDIG (user-friendly Desktop internet GIS) is a tool initiated by the Canadian 

company Refractions Research. The uDIG software can be used as a front end 

for the PostGIS spatial database (see below). The project is based on the 

Eclipse plateform; 
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- ILWIS is, like GRASS, one of the most mature GIS software. It handles both 

raster and vector data and is very similar to GRASS. It became open source in 

2007. This software is only available under Windows; 

- JUMP GIS was originally designed by Canadian provincial ministries and 

companies. It is now independent and became known as OpenJUMP. 

Numerous child software were developed from different versions of JUMP. 

DeeJUMP, SkyJUMP, PirolJUMP and KOSMO (led by a Spanish company) 

just to cite a few. JUMP is mainly focused on vector and has no raster analysis 

functions, on the other hand, the KOSMO version supports raster data; 

- QGIS (Quantum GIS) is a powerful graphic user interface for GRASS. It 

handles raster and vector data and has an architecture that eases the 

development of extensions and custom functionalities; 

- SAGA (System for Automated Geo-Scientific Analysis) was initially designed 

to work with raster data and focuses on landscape analysis. It is designed for 

implementing geoscientific methods and simulations ; 

- MapWindow is the current GIS software used by the United States 

Environmental Protection Agency. The core delivers functionalities for 

manipulating and querying spatial data along with a user interface. The 

development community of this software is very active and there is a tool for 

manipulating hydrological data (HydroDesktop); 

- OrbisGIS is a French GIS was created following an initial study in 2006 

showing that none of the GIS software met the projects requirements. It is 

currently under its fourth version. 

A few open source spatial databases also exist. These databases are specialized in 

storing geographic information as vectors within a database allowing a powerful 

combination of a database with spatial capabilities: 

- PostGIS is a spatial extension of the open source database server PostgreSQL. 

The most comparable system to Oracle, SQL Server or DB2 [Ramsey 2007]. 

- SpatiaLite is a spatial extension of the most used open source database 

throughout the world: SQLite (embedded in many tools such as Mozilla 

Firefox and Thunderbird). 

Moreover, all these tools can be integrated in a greater system designed to help 

decision makers by allowing analyses. 

4. Going further: GIS-based decision support system 

Within organizations with information systems, the management usually uses specific 

tools to ease their decisions making process. Two types of systems exist: decisional 

systems and decision support systems (DSS). 

The first, decisional systems are systems that take decisions and are generally based 

on artificial intelligence, probabilistic or fuzzy models, machine learning approaches, 

etc. These systems are out of the scope of this paper. The second, decision support 

systems (DSS for short) are a big family of tools that originated in large companies. 

Although some state that GIS are decision support systems, they are only one tool 

among others that can be used in this kind of system. 

They are usually associated with On-Line Analytical Processing (OLAP) tools that, 

when plugged into a DSS, allow producing dashboards and reports. These latter ease 



the understanding of data and thus ease the decision making process. OLAP tools ease 

the processing of summarized and aggregated data in order to obtain, on the first 

hand, a global view of the system (for example yearly values of water distribution 

over different regions of Brazil) and, on the other hand, a detailed view on specific 

problematic or sensitive information (for example weekly values during summer in 

very dry regions). 

4.1. Decision support system architecture 

A decision support system is an autonomous system that is plugged onto an 

information system. It accesses all or only part of the data of the underlying 

information system, depending on the type of decision that have to be taken. The 

following figure details the architecture of a decision support system. 

 

Figure 7.7. General architecture of a decision support system (DSS). 

In information systems of large institutions, there are several data sources. They are 

scattered around the institution, have different formats and are frequently hosted on 

different systems. These sources are gathered in a central repository system: a data 

warehouse [Kimball and Ross 2013]. Data is taken from the sources into the 

warehouse using Extract, Transform, Load—ETL processes: data is extracted from 

the different sources of institutions, possibly transformed in order to be compatible 

between the different source formats and then loaded into the data warehouse. This 

warehouse provides a uniform view of all the available data of the different sources 

available throughout the institutions or even over Internet.  

From the data warehouse, selected data is extracted (and possibly transformed again) 

and loaded into a multidimensional database (also called analytical or OLAP 

software). This database is optimized for quick response time allowing interactive 

exploration of the analyzed data. Such tools provide the user with a graphical 

interface for querying and displaying the data. The user can explore the whole data 

warehouse viewing summarized and aggregated data. He can also “zoom” into the 

detailed data and observe a specific part of the selected information. 

 Note that if the size of the data is reasonable and the analytical queries are not 

sufficient for crashing the databases servers of the information system, the data 

warehouse may be virtual. Thus, the analytical software will be directly plugged onto 

some of the data sources and it will compute data summarization on-the-fly. Note also 

that, technically, data warehouse systems are database management system (usually 

relational databases). 

Some OLAP tools have the capacity of displaying analyzed data over maps. However, 

as in the current interface of the SNIS, these maps are not part of a GIS. They are only 

used for displaying data. No calculations can be made on them and the only 
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calculation would be on what the GIS community calls the attribute database (the 

SNIS data attributes). 

4.2. Spatial On-Line Analytical Processing (SOLAP) 

Fusing geographic information systems (GIS) and On-Line Analytical Processing 

(OLAP) has been a current research trend, led by the University of Laval in Canada 

[Rivest et al. 2005]. It allows summarizing and aggregating not only over 

geographical features (for example average duration of annual water distribution cut-

offs for each municipality), but also summarizing and aggregating geographical data 

itself (for example, the average land surface concerned by the annual water 

distribution cut-offs). With such systems, by knowing the extent of the water 

distribution network, it would be possible, for example, to use the average population 

per km² to get the amount of people concerned by the cut-offs. 

In geographic information systems, data is spread over several layers (for example, 

terrain topology, settlement maps, water pipe networks, etc.). Due to this data 

organization, there is a natural place for aggregation and summarization. Indeed a user 

zooms in and out on top of maps and data is displayed according to the chosen scale. 

OLAP software are based on this kind zooming in and out associated with data 

aggregation techniques (called Drill Down—zooming in—or Roll Up—zooming out 

of the data), thus there is a natural join between these two technologies. Note that 

some analyses that can be performed with the current SNIS tool are typical of OLAP 

software. 

In a GIS, combining the spatial data and the information held in the standard database 

can help generate reports usually associated with maps. In recent software, this can be 

done interactively, thus easing natural resource management decision support. 

Moreover, a GIS allows exploring data by viewing it usually with specifically colour-

coded maps. Spatial-OLAP (SOLAP) provides these techniques [Rivest et al. 2005]. 

OLAP technology rests on aggregating data (for example monthly values aggregated 

into yearly values when summarizing monthly data over whole years). Aggregating is 

done using specific functions. In GIS, the same concept exists and for example it is 

possible to monitor river flow by aggregating the affluent flows. This aggregation 

depends on mathematical operators, for example, in the case of river flow monitoring, 

aggregation could be summing up the affluent flow values (getting the total flow) or 

averaging over a time period (thus getting an average flow for the time period). 

Generating a synthetic report in OLAP tools uses charts, graphs, pivot tables and 

other data visualizations. In natural resource management, maps are rather the core 

element for displaying data. GIS associated to a decision support system can easily 

provide this functionality. Specific maps can be generated, not only with the desired 

scale but also with all the desired summarized information displayed on them (for 

example, if river networks are not necessary for a report, they can be easily removed 

from the maps). Of course, geographical data (stored as geometrical data in the GIS) 

can be also summarized using charts and pivot tables (for example, computing 

average distances, average surfaces, etc.). 

Going even further, mathematical tools can come in handy during analyses when 

using data mining. However, one must note that decision support systems are 

designed for letting the user explore data; data mining is the opposite: it shows where 

some data can be explored, revealing hidden patterns in the data). Using techniques 

such as clustering, AHC (Agglomerative Hierarchical Clustering), PCA (Principal 

Component Analysis), MCA (Multiple Correspondence Analysis), CA 



(Correspondence Analysis), SVM (Support Vector Machines), etc. will not allow the 

user to explore data but will directly point some parts of the data to the user. Hidden 

patterns found in the data could be, for example, grouping water providers that could 

be encouraged (those who have many cut-offs, but also invest a lot in modernizing 

their distribution network while also trying to maintain prices as low as possible). 

Although, combining databases or GIS with data mining is still on-going research, 

associating a research team with a project like the design of a second generation SNIS 

would be very beneficial. 

Decision support systems are sensible to input data. This is why, in the architecture, 

there is a whole step that takes care of integrating data. With GIS, similar constraints 

apply; the next section details how to perform data integration within GIS. 

5. Geographical data integration 

As in any information system integrating data is one of the many critical issues of 

these systems. Integrating data is done using software suites similar to data warehouse 

integration. 

5.1. Description of Extract, Transform, Load—ETL processing 

The Extract, Transform, Load—ETL process is used. In this process, data is extracted 

from data sources (e.g. data on water distribution can be taken from the database of a 

provider). However, it might not meet the requirements of the new system (e.g. water 

flow expressed in cubic meters whereas the new system could require liters). In this 

case, data is transformed in order to be compatible with the new system. Finally the 

data is loaded into the new system. 

Today there are more and more database programmers and database programming 

interfaces have made a lot of progress. Thus some developers prefer to load all 

available data, even with errors, into a database and perform transformations within 

the database. This makes intensive use of the database management system engine but 

allows using powerful query languages such as SQL for the transformations. This 

process is called Extract, Load, Transform—ELT process. 

Nearly all ETL tools provide the basic set of operators for transforming and 

manipulating the data to be integrated. Among these, one may find: verification (sets 

of operations for comparing datasets and ensuring that they meet a certain quality), 

merging (fusing different dataset), cleanup (removing or isolating problematic data, 

i.e. data with errors) and translation (conversion between different available data 

formats/structures). 

Spatial ETL use also specific functions notably for verifying the geometrical elements 

representing the geographical aspects. Indeed, it is common to have data which 

contain city surfaces that extend over lakes or seas, instead of stopping at the coast 

line. In these tools, more specific transformations are available, such as spatial 

transformations, topological transformations, etc. All these transformations are 

designed for manipulating the geometrical data representing the spatial objects in 

order to ensure their correctness or to adapt them to the system in which the data is 

being integrated. 



 

Figure 7.8. ETL: Extract, Transform, Load process. 

5.2. Spatial ETL software 

Several software tools exist for integrating spatial data within geographic information 

systems. Due to all the possible transformations and conversions of spatial data, the 

interfaces of these tools are generally complex. However, in some cases, conventional 

scripting languages (see further) can replace them. 

Among the available tools, one may list: Feature Manipulation Engine—FME (from 

Safe software), ArcGIS Data Interoperability Extension (from ESRI), Spatial Data 

Integrator of Talend and GeoKettle of Pentaho. The two latter are open source 

softwares. FME is the oldest and most mature application and the ESRI product is 

based on it. However, both of these solutions are proprietary. 

Talend Open Studio is an Open Source data integration tool based on the Eclipse 

Integration Development Environment. GeoKettle is a spatial oriented extension of 

the Pentaho Data Integration tool called Kettle. Pentaho is one of the biggest open 

source software for decision support systems based on data warehouses. Both of these 

solutions are not as easy to manage as the proprietary ones but they have a greater 

power of customization as all transformations can be modified if necessary (using 

Java and XML). These two tools are supported by an already big and still growing 

community. 

In some cases, source data can be quite clean and already in the correct format. Thus, 

transformations and verifications are not very complex, thus a scripting language is 

generally preferred rather than a complete ETL tool suite. Indeed, using such 

languages is much faster in terms of development and there are more competent 

developers available. Scripting languages based on regular expressions such as 

Python are used for this kind of processing. 

Note that for ELT processing, the idea would be using the GIS internal engine for 

transformations. However, not all GIS databases allow powerful transformations 

without a certain amount of programming and complex manipulations using SQL. 

6. Design methodology and recommendations 

Designing and implementing a Geographic Information System (GIS) faces similar 

challenges to those of an information system. However, care should be taken if a 

decision support system is also designed. 
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The initial major requirement of the design of such a system is the involvement of 

the organization. Users, data providers and decision-makers that will use the system 

will have to be associated all along the design and implementation of the system. This 

is critical as their support is required for the project. More specifically, there is a need 

for the support of the management of the driving institution (in our case, this could 

be the Ministry of Cities). If required, management should be educated in order to not 

only understand all the stakes behind the project but also master all the possibilities 

that the project will provide. This will ensure their commitment and thus will drive 

the development of the project. Public support is also useful and avoiding 

public/private management arguments will help and give the project independence 

over possible changing government orientations. 

The second most important requirement is acquiring user requirements. This is 

usually done with interviews and using prototypes or typical other software design 

tools. Requirements will provide the base functionalities that the system must have. 

Other functionalities can be added after the design and implementation of these initial 

bricks. Moreover, an analysis of the existing systems is required. At least to ensure 

that users will not use required functionalities in the new system. 

The project should start as a pilot project over a region or just a set of motivated 

municipalities. This will allow solving a whole set of problems at a small scale. The 

pilot project should be designed to scale up progressively and generalization over the 

whole country could be considered in a second time when most design issues would 

be solved. Generalization will reveal more specific issues that could be handled 

progressively using the knowledge acquired from the pilot project. 

6.1. Requirements for geographical information 

For the design of a GIS, selecting the spatial data and its format will condition the use 

of the system. For example, not having the rivers in the system will not allow 

managing natural water flow. Many data sources are available over the Web (even 

freely—although it will require more transformation). Such geographical terrain data 

will ease implementation. In a second step national data could also be used (for 

example IBGE geographical data models). If national data is already available, then it 

should be used preferably. 

Attribute data that is to be inserted into the system will have to be coordinate-based 

data (latitude/longitude localized data or using any other localization method). Thus 

all standard data has to be “spatialized”: households, central pipe network nodes and 

other elements have to be placed geographically. When designing the standard 

database (the one containing the attribute data), it is recommended to design 

simultaneously the source extraction processes (ETL or ELT). Thus this ensures that 

the database will be regularly updated. 

As stated previously, geographical information can overlap, especially in the case of 

vector based spatial database information. Information about the polygons stored in 

the spatial part of the database will have to be crossed: for example where each water 

provider is operating, with the administrative boundaries of districts (partition of 

municipalities—if such exist). Note that using weighing areas
8
 of the IBGE as a 

subdivisions of municipalities could also be used and provide up-to-date census data 

that could be crossed with water distribution data, see data quality issues detailed 

further. 

                                                      
8
 Weighing areas are used by the IBGE for the partial intermediate census. They correspond more or 

less to areas with “statistically similar characteristics” and they decompose municipalities. 



Another important issue is maintaining a link with the existing data sets. This can be 

done by “named entity” linking: using place names (as it is currently done in the 

SNIS) to link data to a real digital map. For example, this would allow linking data in 

the SNIS associated to the place named “Rio de Janeiro” to a map of the Rio de 

Janeiro area. This is not as accurate as a real geographically positioned data (with 

precise latitude/longitude coordinates), but would provide a nice transition system. It 

would also preserve existing SNIS data. A mathematical distribution model could 

then “spread” the data over the whole surface occupied by the city of Rio. 

The ISO, the International Organization for Standardization and other organizations 

such as the ANSI (American National Standards Institute) or the OGC
9
 (Open 

Geospatial Consortium) are working on standardizing GIS. This eases interoperability 

of systems as well as data exchange. Moreover, if the reader would like more details 

implementation, although ten years old, the authors of the book [Harmon and 

Anderson 2003] based their approach on well known principles of information system 

design. Thus, for more complementary information, this book is still accurate in the 

design methodology description. 

6.2. Designing a decision support system 

When designing a decision support system (DSS), the most important part is the 

specification of the analysis indicators (for example, the weekly water consumption of 

households or the daily water flow in the major pipes of each distribution network of 

water providers). These indicators are the core objectives of the design of a DSS. 

 For example on one of the original required BraSIS indicators (what is the 

coverage of pipe water distribution in each municipality over all Brazil) was 

impossible to get with the SNIS and the PNSB
10

 2008 survey was not accurate 

enough due to questionnaire limits. 

Three main DSS design strategies exist:  

- Bottom up approaches (also called data-driven approaches) start by analyzing   

available data in the sources. Indicators are designed from this available data. 

Note that this is typical of a project where there are few or no decision makers 

involved: the design is mainly led by computer specialists. 

- Top down approaches (also called demand-driven approaches) start by 

gathering user requirements in terms of analysis indicators. Then data in the 

different sources is selected and extracted in order to build these indicators. 

- Mixed approaches mix both other approaches in order to minimize the 

problems of each and maximize the advantages of each. It requires a design 

that goes back and forth between gathering user requirements and analyzing 

the data sources. 

Bottom-Up and Top-Down approaches have well known issues: they can either 

produce a useless multidimensional database if all indicators specified in a bottom-up 

approach are not useful by decision makers or they can produce impossible 

multidimensional databases if indicators cannot have the required data in the case of 

top-down approach. Mixed approaches are highly recommended but require more 

time as an analyst will have to interview users (decision makers) while a computer 

                                                      
9
 OGC, the Open Geospatial Consortium, an international standardization organization for geographic 

information systems (http://www.opengeospatial.org). 
10

 PNSB 2008: Pesquisa Nacional de Saneamento Básico, National Brazilian survey on basic sanitation 

of 2008 from the IBGE. 

http://www.opengeospatial.org/


specialist will analyze the data sources. Then both will have to find a common 

possible solution. 

For a future system, we highly recommend a mixed approach. However, if the project 

lacks access to decision makers (ministries, regulators, providers, municipalities, etc.) 

then a bottom-up approach could give better results but an evaluation of the 

usefulness of all the designed indicators would have to be undertaken in a second step 

(where useless indicators should not be kept). 

If one considers the SNIS as a component of a decision support system, many 

indicators of the SNIS were designed after implementation: data was available, so an 

indicator was created. This work should not be lost, thus we recommend a thorough 

analysis of the usefulness of all the SNIS indicators. This would give a very 

interesting start for the user requirements of the system. Moreover, this might show 

that some indicators are specific to a class of decision makers (for example, it is 

obvious that a ministry does not require the same indicators as a regulation agency or 

as a water provider company). This process will define user categories and allow 

grouping indicators according to these user categories. 

Identifying the analysis indicators is done by interviewing the future users of the 

system (decision makers). Identifying the data required for building these indicators is 

done by computer specialists that will analyze available data either in the current 

systems of the SNIS and the IBGE but also in the internal data of regulation agencies 

and water providers. Gathering the specification of the indicators and the data source 

provides the base of the specification of the multidimensional database. 

The multidimensional database can be designed according to several approaches. 

Ralph Kimball’s approach is one of the simplest [Kimball and Ross 2013], but there 

also exists an Italian approach [Golfarelli and Rizzi 2009]. 

6.3. Data quality issues 

The SNIS as the PNSB of the IBGE face a lot of quality issues. The SNIS has even 

collected and recorded most of its internal inconsistencies [SNIS 2011]. Such 

documents should be preserved and serve as a basis for a diagnosis on the data quality 

(for example, are data aggregations inconsistent? Are some specific water provider 

data inconsistent? Etc.). 

The PNSB 2008 faces similar issues, and all documents containing critics should be 

preserved also and serve as a basis for improving the data quality.  If several 

data sources of similar content are available, cross-validation procedures should be 

considered. This will allow detecting inconsistencies all along the operational process 

of the system. Note however that perfect quality is difficult to achieve, thus in this 

context it is easier to improve progressively the quality of the system. 

During the design phase, the ETL processes whether for the decision support system 

of the geographical information system, should be designed neatly, using the 

information available in the existing documents concerning data quality. More 

specifically, the transformations of the ETL (or ELT) processes have to be carefully 

overlooked and clearly documented. This part of the documentation is critical for 

maintenance issues. 

Using a system compatible with the IBGE weighing areas would allow more 

“statistically” up-to-date data about municipalities. This would allow the 

administrative part of the standard database of the system to be regularly updated and 



not have to wait 10 years for each census. Although not fully accurate this solution 

has the advantage of using existing systems and techniques and avoids wasting time. 

Conclusion   

This document presents an overview of how a geographic information system (GIS) 

could benefit the drinking water monitoring in Brazil.  It details the architecture of 

geographic information systems; notably the characteristics of the underlying spatial 

databases and the associated data types. A review of existing open source software is 

presented. The document also presents decision support systems based on GIS as well 

as tools for loading spatial data within such systems using Extract, Transform, Load 

(ETL) processes. Finally a few implementation guidelines and recommendations are 

provided. 

As future task, we recommend that the Brazilian government launches a new PNSB 

once the new system is up and running, and that all existing data has been integrated, 

with inconsistencies removed (or at least limited). However, following our 

discussions over the PNSB 2008 data quality, we also recommend that the IBGE 

works with the BraSIS project team in order to avoid questionnaire limitations that 

could lead either to poor data quality or worse, to data inconsistencies. 

Finally, we invite the reader to notice that although geographic information system 

are very well adapted for natural resource management, they can also be used in very 

different situations. For examples projects exist for library services [Abresch et al. 

2008]. 
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Appendix 

 

Figure 7.9. Screenshots of some open source desktop GIS. Top: GRASS GIS 
6.4 (left), MapWindows GIS 4.5 RC2 (right); middle: IDRISI Taige 16.05 (left), 

gvSIG 1.0 (right); bottom: OrbisGIS 3 (bottom screenshot from 
www.orbis.org, all others are Wikimedia commons). 
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Abstract 

‘Garbage in leads to garbage out’. An appropriate information system is quite 

important for the quality or development of any sector. This chapter analyzes the 

major sources of information in the Brazilian drinking water sector. The two most 

important are the SNIS (Sistema Nacional de Informações sobre Saneamento), under 

the responsibility of the Ministry of the Cities (Ministério das Cidades), and the PNSB 

(Pesquisa Nacional de Saneamento Básico) which results from a survey under the 

responsibility of the Brazilian Institute of Geography and Statistics (IBGE – Instituto 

Brasileiro de Geografia e Estatística). This chapter describes the SNIS and IBGE 

questionnaires and compares them with the international experience. The drinking 

water quality issues are particularly analyzed here. Based on the best practices, a set 

of suggestions and recommendations to improve the state-of-affairs is presented. 

Resumo 

‘Fracos dados, fracos resultados’. Apropriados sistemas de informação são 

fundamentais para a qualidade e desenvolvimento de qualquer sector. Este capítulo 

analisa duas das principais fontes de informação do sector de saneamento no Brasil, 

nomeadamente o SNIS (Sistema Nacional de Informações sobre Saneamento) sob a 

responsabilidade do Ministério das Cidades e o PNSB (Pesquisa Nacional de 

Saneamento Básico) que resulta de uma pesquisa do IBGE – Instituto Brasileiro de 

Geografia e Estatística. O presente documento descreve os dois questionários e 

compara-os e analisa as principais fontes de informação de outros países. Os aspetos 

relativos à qualidade da água são aqui particularmente analisados. Tendo em 

consideração as boas práticas internacionais aplicáveis, o documento apresenta um 

conjunto de sugestões e recomendações para melhorar as atuais fontes de 

informação.          

mailto:rui.marques@ist.utl.pt


1. Introduction 

An appropriate information system is quite important for the quality or development 

of any sector. Statements like ‘garbage in leads to garbage out’ or ‘if you torture the 

data enough they will confess’ or also ‘make what’s important measurable not what’s 

measurable important’ provide evidence that the need for appropriate data and with 

sufficient quality is vital for any sector and for water sector
11

 in particular. The water 

sector and, particularly, water services (providers) make available services of general 

economic interest which are essential for human life and the society and are very 

relevant for the social and economic cohesion. However, they correspond to very 

complex network industries endowed with several market failures and with multiple 

stakeholders (Marques, 2010).  

For these reasons, information systems and good and enough data reveal themselves 

indispensable for all the stakeholders, especially for decision makers and water 

providers. This chapter analyzes the core contents of the information systems in the 

Brazilian drinking water sector and compares them with the worldwide context.  

In Brazil there are several information systems related to the water sector. The two 

most important are the SNIS (Sistema Nacional de Informações sobre Saneamento) 

under the responsibility of the Ministry of the Cities (Ministério das Cidades) and the 

PNSB (Pesquisa Nacional de Saneamento Básico) under the responsibility of the 

Brazilian Institute of Geography and Statistics (IBGE – Instituto Brasileiro de 

Geografia e Estatística). The former is published on an annual basis and the latter, 

which truly is a survey, is unevenly published.  

Notwithstanding the key role of these two tools, they have some drawbacks and their 

users are aware of the need to improve them. For example, some relevant information 

is not collected (e.g. the slums and the illegal settlements are out of the 

questionnaires), there is a lot of inconsistencies and there is no control of the collected 

data quality. This chapter will discuss the two questionnaires referred to and will 

compare them with the best practices and international experience. Particularly, the 

water quality issues will be addressed.  

Note that there are additional information systems related to the water sector in Brazil 

but with a more limited focus (see Montenegro and Campos, 2009). However, it is 

important to highlight that in Brazil all the information of the different systems are 

oriented towards the public sector or the water provider and there is no such system 

that includes the perspective of the demand or of the water sector users (customers). 

This might be an important bias concerning the information and results obtained.        

The remainder of this chapter is organized as follows. Section two will describe the 

Brazilian information systems and, in particular, the SNIS and IBGE questionnaires. 

Section three will present some of the most important information and performance 

systems used in the international context and in other countries. Section four will 

discuss the SNIS and IBGE questionnaires taking into account the international 

experience and the best practices. Section 5 will analyze specifically the drinking 

quality issues, defining the information required and the most relevant indicators that 

should be calculated. This is one of the relevant aspects to be analyzed which is 

considered one of the weaknesses in the current Brazilian questionnaires. Finally, the 
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 In this document, the water sector (and when it is not expressly defined) includes not only the 

drinking water supply but also the wastewater collection and treatment, the collection and drainage of 

stormwater and the collection and treatment of urban waste. This expression corresponds to the 

Brazilian word ‘saneamento’. Nevertheless, this document will focus mostly on the drinking water 

supply. 



concluding remarks of this research are drawn and some guidelines for the future will 

be provided.          

2. The Brazilian Context  

2.1. Overview 

As mentioned, in Brazil there are two major information systems in the water sector 

(SNIS and PNBS). Both SNIS and PNBS are based on questionnaires developed close 

to the stakeholders. In particular, in SNIS the respondents are the water providers
12

 

and in PNBS the municipalities are the ones which answer directly or forward the 

answers to the providers, for example, the state owned companies or the consortia.  

However, the periodicity of the questionnaires is not the same. SNIS is developed 

every year since 1995 whereas PNBS was only developed in 2000 and in 2008 in the 

last 15 years, although other questionnaires had previously been done (the first 

happened in 1973).  

The scope of the questionnaires is diverse as the PNSB encompasses all the water 

providers and is carried out in field and in the SNIS the enquiries are answered in an 

electronic platform and therefore, in practice, not all the providers answer them since 

the answers are voluntary. Furthermore, the PNSB includes not only drinking water 

and wastewater (collection and treatment) but also stormwater drainage and waste 

collection and treatment whereas SNIS has focused only in drinking water and 

wastewater and more recently also in solid waste. The contents are also quite 

different, as we will see next.      

2.2. SNIS 

The SNIS intends to provide information and indicators about the performance of the 

drinking water and wastewater (collection and treatment) services in all Brazilian 

territory to the different stakeholders. Since 2002 a questionnaire has also been 

published focusing on urban waste. However, it is out of scope of this document.  

The SNIS is published since 1995 in an annual basis. This is a very well structured 

data base founded on three levels: the aggregated basis, the disaggregated basis and 

the municipal basis. In the first case the questionnaire is developed by a water 

provider and it can encompass several municipalities and services; in the second case 

it is by provider itself but disaggregated by municipality and per service and the third 

case it is by municipality including all the providers and services (for example, if 

there is one provider per water services and another per wastewater services, as in 

Mauá).  

All the information is presented and organized in tables and in the form of indicators 

in a disaggregated and aggregated way. Therefore, a good picture about each area of 

activity in the Brazilian water sector is given by the performance indicators computed 

with the information collected.  

In addition to the information available in spreadsheets, an annual publication named 

‘Diagnosis of Water and Wastewater Services” is published where the major 

indicators and their comparison is done (benchmarking exercise). Graphically, the 

report is very appealing and it seems to work well in the dissemination and 
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 Water providers might include also other activities besides the drinking water supply, such as the 

collection and treatment of wastewater (see footnote 11). 



publicizing of the information (allowing for, in a certain way, developing some 

sunshine regulation
13

).
14

    

Compared with the PNSB, the SNIS information system is less informative but more 

focused on the performance of the water providers. Furthermore, it encompasses 

several financial indicators as well as important information relative to the 

investments in the sector. However, issues related to the drinking water quality and 

public health are less handled.  

Examples of the information collected and performance indicators computed in the 

SNIS questionnaire include the levels of access to the services, the consumption per 

capita, the water losses (real and apparent using different indicators), the investments, 

the revenues, the expenses, the operation and maintenance expenses, the tariffs and 

average expenses, the employment and the efficiency of the water sector.          

The questionnaire of the SNIS is organized into seven classes which are presented in 

the following table. 

Table 8.1. Contents of the SNIS questionnaire. 

Class Information required 

1 – Descriptive data Status, current identification and observations 

2 – Cadastral data  Identification of the water provider, representative, 

data collector and other contacts 

3 – General data Quantity of municipalities served, quantity of 

districts served, population served, resident 

population, staff and observations 

4 – Drinking water supply   Connections, households, volumes, mains length, 

energy consumption and observations 

5 – Wastewater  Connections, households, volumes, sewers length, 

energy consumption and observations 

6 – Quality   Failures of the systems, interruptions, blockages, 

upfront office, chlorine tests, turbidity tests, 

microbiologic tests, complaints or queries and 

observations 

7 – Financial Revenues (per type), collection, expenses (per type), 

investments done by the provider, investments done 

by municipality, investments done by State and 

observations 

 

2.3. PNSB 

The major aim of the PNSB developed by the IBGE is to investigate the status-quo of 

the drinking water, wastewater collection and treatment, stormwater collection and 

drainage and urban waste services.  

It is a census whose target population is the municipalities and other public and 

private bodies which provide the water services referred to, such as state owned 

companies, municipal owned companies, independent municipal bodies, foundations, 

public consortiums and private companies.  

The last PNSB, dated of 2008, was categorized into five questionnaires, respectively 

drinking water supply, wastewater collection and treatment, stormwater drainage and 

management issues. Here we will focus only on drinking water supply. 
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 See Marques (2006) and Marques and Simões (2008). 
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 Using the Google tool to search the words SINS and PNSB we found that the SNIS questionnaire is 

much more popular. 



The reference data was based on the interviews done. Almost always the information 

was gathered with this tool, unlike the information required concerning previous years 

to that of interview and some information about floods and other similar phenomena. 

It was normal that each municipality had several respondents depending on the 

number of water providers and the source of service (questionnaire) inquired.   

The questionnaire related to the drinking water supply included information about the 

cadastral data, drinking water supply in each district, water intake, water production 

and water transmission, drinking water treatment, fluoridation, drinking water 

distribution network, tariffs and other commercial information, staff and relationships 

between the providers and communities in the last 12 months.  

Each questionnaire was divided into sections. The drinking water supply 

questionnaire was categorized into 12 sections. Table 8.2 presents and summarizes the 

information required in each section.  

3. International Context 

The most known and relevant performance information systems found in the literature 

and empirically applied will be presented in the following paragraphs.    

 

a) IWA – International Water Association 

International Water Association (IWA) developed and agreed on a set of performance 

indicators for the water and wastewater services which are probably the information 

and performance system more utilized in the world. After some years of research, the 

IWA work resulted in two main outputs, two Manuals of Best Practice, dedicated to 

the water and wastewater services performance, respectively.  

For the drinking water supply It comprised a set of 138 performance indicators for 

water supply, in a first edition of the manual (Alegre et al., 2000), and of 169 

performance indicators in a second edition (Alegre et al., 2006). Although it is applied 

worldwide, the manual is more focused for the developed countries. 

The objectives of the manuals are to provide (Alegre et al., 2006): 

• Guidelines for the establishment of a management tool for water supply 

undertakings based on the use of performance indicators; 

• Coherent framework of indicators that may allow for future comparisons 

between undertakings in the scope of metric benchmarking initiatives; 

• Coherent framework of indicators that may be adopted by regulatory agencies; 

• Coherent framework of indicators that allow progressively enlarging and 

consolidating the international statistics collected by the IWA. 

Table 8.3 presents the structure of the performance indicators organization, having in 

mind the types of utility and the uses of the system. 

As it is well known, the results obtained from the performance indicators calculations 

may be (largely) influenced by the operational and institutional environment. As a 

consequence, the manual and the performance indicators system “comprise a set of 

performance indicators and related data elements which represent real instances of the 

undertaking context”.  

Figure 8.1 illustrates the use of data elements, the variables, the explanatory factors 

and the context information.  



Table 8.2. Contents of the PNSB questionnaire. 

Section Information required 

1 – Identification of the questionnaire Identification of the municipality 

2 – Identification of the provider  Legal and institutional data on the provider 

3 – Characterization of the provider Juridical nature of the provider, administrative scope and 

working area 

4 – Services provided  Scope of the services provided, informal systems, type of 

informal systems and percentage of population supplied  

5 – Source of water Number and type of sources; volume of water abstracted in 

this district for own consumption, for consumption in other 

districts and in other municipalities; frequency and tests for 

water at source, protection of the water sources, type and 

forms of protection and existence of pollution and causes of 

pollution   

6 – Water transmission  Treated or bulk water and frequency and tests for water 

transmission 

7 – Water distribution Existence of treatment, type of treatment and volume of 

non-treated water 

8 – Drinking water treatment Existence of water treatment plant (WTP), number of WTP, 

existence of WTP permits, number of WTP permits, type of 

WTP, consumption of water treated in the own district, in 

other districts and in other municipalities, frequency and 

water tests at WTP, sludge production, existence of sludge 

treatment, final destination of sludge and existence of WTP 

in construction, without utilization or not working 

9 – Fluoridation  Existence of fluorine, addition of fluorine, time spent since 

fluoridation is done, interruption of fluoridation in the last 

year, longest period of fluoridation interruption, supervision 

and location of fluoridation, frequency of tests and 

concentration of fluoridation  

10 – Water network Tanks, mains length, water distribution network, type and 

frequency of treated water tests, number of connections, 

number of effective connections, number of households, 

number of households per type, billed service and volume of 

water distributed in the district 

11 – Tariffs and other commercial 

information 

Payment collection, lack of payment, percentage of lack of 

payment, existence of a minimum tariff, block of minimum 

tariff, minimum tariff for residential customers, social tariff 

and number of households with social tariffs   

12 – General data on water provider 

district  

Vigilance of water health authority, water district meters, 

percentage of water district metered, water losses, existence 

of water losses, percentage of water losses, existence of 

apparent and real leakage detection campaigns, 

rehabilitation and replacement of the water assets per 

component, water constraints, seasonality of water 

constraints, frequency and periodicity of water constraints 

and causes of water constraints          

13 – Relationship between the water 

provider and the community  

Queries or complaints, existence of sensitization campaigns, 

type of sensitization campaigns, publicizing of campaigns, 

existence and type of community campaigns involvement, 

drinking water quality information and publicizing, 

movement of claims, leadership and aim of the movement of 

claims  

14 – Staff Specific staff for the drinking water supply, education, full, 

provisory or temporary staff, contracting out staff, specific 

staff for the water supply and wastewater, education, full, 

provisory or temporary staff, contracting out staff, training 

and capacity building and type of training for administrative 

staff and for operation and maintenance staff  



4. International Context 

The most known and relevant performance information systems found in the literature 

and empirically applied will be presented in the following paragraphs.    

Table 8.3. Structure of the set of performance indicators proposed by IWA. 

Performance indicator category Indicators (no.)  

Water resources 3 

Personnel 26 

Physical 15 

Operational 44 

Quality of service 34 

Economic and financial 47 

 

Figure 8.1. Components of a performance and information system (Alegre et al., 
2006). 

b) IBNET – The World Bank Water Benchmarking  

IBNET, the Water and Sanitation International Benchmarking Network, was set up by 

the World Bank together with the UK’s Department for International Development. 

IBNET provides a set of tools for water services (water and wastewater) to develop 

national or regional groupings to promote benchmarking, on a regular basis.  

IBNET provides also the opportunity for these “local” benchmarking initiatives to 

undertake international comparisons, and introduce international benchmarks, by 

making available easy to use, search and solve queries from its website. It is focused 

on developing countries but it can also be useful for the developed countries. 

IBNET supports and promotes benchmarking by (Sjovold et al., 2008): 

• Providing guidance on indicators, definitions and methods of data collection; 



• Providing guidance on setting up national or regional benchmarking schemes; 

• Providing the ability to undertake peer group performance comparisons; 

• Linking people with common interests; 

• Holding and giving access to a pool of water service performance data in the 

public domain. 

Using benchmarking and the performance assessment of the water services are 

facilitated through the use of a core (minimum) set of performance indicators. Having 

in mind that data availability is always a critical factor, mostly in developing 

countries, the selection of performance indicators was widely discussed among the 

different stakeholders.  

The performance indicators adopted by IBNET is presented in the following table. 

Table 8.4. Performance system of IBNET. 

Performance indicator category Indicators (no.) 

Service coverage 2 

Water consumption and production 3 

Unaccounted-for-water 1 

Metering practices 2 

Pipe network performance 2 

Cost and staffing 4 

Quality of service 3 

Billing and collections 6 

Financial performance 2 

Capital investment 2 

c) WHO – World Health Organization 

Operation and maintenance problems have been recognized as the key constraints to 

reach the sustainability of the water services. In order to address these problems in 

both urban and rural areas of developing countries, the World Health Organization 

(WHO) developed in 2000 the “Tools for assessing the O&M status of water supply 

and sanitation in developing countries”. In this document, WHO also show a set of 

performance indicators, from which the most appropriate to the local situation can be 

selected by the user. 

The WHO performance indicators are categorized into 8 groups presented in table 8.5. 

Table 8.5 WHO performance indicators system.  

Performance indicator category Indicators (no.) 

Assessing users’ opinion and satisfaction 6 

Community and household management 5 

Financial 7 

Levels of service 6 

Materials 5 

Personnel 5 

Parts and equipment 5 

Work control 2 

d) ISO 24500 

The ISO (International Organization for Standardization) promoted a standardization 

project entitled “Service Activities Relating to Drinking Water Supply Systems and 

Wastewater Systems – Quality Criteria of the Service and Performance Indicators”. 

In particular, for the drinking water supply systems, it comprised the “ISO 24512, 



Activities relating to drinking water and wastewater services — Guidelines for the 

management of drinking water utilities and for the assessment of drinking water 

services”. 

The project aimed at improving governance, quality and efficiency of water services. 

It includes methodological proposals for quality assessment using performance 

indicators. Moreover, some examples of performance indicators are given there.  

e) ADERASA – America’s Water and Sanitation Regulatory Bodies Association) 

During the past years, most of the Latin American countries implemented regulatory 

agencies dedicated to the water sector. In October 2001, representatives of 10 

regulatory agencies created the ADERASA (Asociación de Entes Reguladores de 

Agua y Saneamiento de las Americas). This regional association of regulators 

encompassed the Argentina, Bolivia, Colombia, Honduras, Panama, Peru, Nicaragua, 

Costa Rica, Paraguay and Chile. Later other countries, such as the Brazil and 

Dominican Republic, entered the ADERASA.  

ADERASA brings together countries with very different levels of development. So, 

one of the first challenges was to define a common set of information and indicators, 

having in mind the objective of assuring a share of information and an easy 

comparison of the results among the different countries. 

ADERASA initially defined 80 performance indicators and 144 data entries 

(variables). However, after tested, this system has been reduced. Nowadays, it 

comprises a set of 30 performance indicators (ADERASA, 2012).  

Table 8.6 presents the organization of the set of performance indicators adopted by 

this association. 

Table 8.6. ADERASA performance indicators. 

Performance indicator category Indicators (no.) 

Service structure 3 

Operational 10 

Quality of service 6 

Economic 11 

f) AWWA – American Water Works Association 

AWWA, together with the Water Environment Federation (WEF), created the 

AWWA Qualserve, a program aimed to provide benchmarks in the different areas of 

water and wastewater utility operation, such as organizational development, business 

management, customer relations, water and wastewater operations. 

The benchmarking system uses 20 performance indicators, from which, each year, the 

“Benchmarking Performance Indicators for Water and Wastewater Utilities: Survey 

Data & Analysis Report” is developed.  

g) SUNASS – Regulatory Agency for Water and Sanitation Services in Peru 

SUNASS (Superintendencia Nacional de Servicios de Saneamiento) was created in 

1992 to regulate the water services in Peru. The benchmarking system promoted by 

SUNASS was implemented to encourage the quality of service improvement keeping 

on track the financial sustainability of the water services.  

The set of performance indicators used by SUNASS is presented in table 8.7 

(SUNASS, 2012).  

 



Table 8.7. SUNASS performance indicators. 

Performance Indicators 

Wastewater treatment 

Coverage of water service 

Coverage of wastewater service 

Human resources 

Unaccounted-for-water 

Metering 

Customer satisfaction index 

Transparency in web 

Index of global fulfillment 

Management of risks 

Index of work conditions 

Complaints 

Accessibility 

Energy costs 

h) SISS - Superintendent of Water and Sanitation Services 

The SISS (Superintendencia de Servicios Sanitarios) is the Chilean regulatory agency 

for the water (and wastewater) services, since 1990. Among its responsibilities, the 

SISS regulates the tariffs and quality of service of the water sector in urban areas.  

In order to provide incentives for quality of service improvement among the 

operators, the SISS established a set of performance indicators.  

The organization and number of performance indicators adopted by SISS is presented 

in Table 8.8. 

Table 8.8. Performance indicators used by SISS. 

Performance indicator category Indicators (no.) 

Service coverage 2 

Operational management 4 

Economic and financial 8 

Quality of service 6 

Economic 11 

Environmental management 2 

i) WSAA – Water Services Association of Australia  

In Australia, the water issues have been always very relevant and the regulation of the 

water sector has been spread out in the country since early years. In 1995, the Water 

Services Association of Australia (WSAA)
15

 was created to “provide a forum for 

debate on issues of importance to the urban water industry and to be a focal point for 

communicating the industry views”. Since then, the association has been publishing 

the WSAA facts, which is basically a compilation of information and performance 

indicators and data collected from all its members. 

One of WSAA’s key roles is to promote the development of the water services. In this 

regard, WSAA calculate more than 120 performance indicators and their progress for 

the water services, together with some context information for each utility. The data 

are externally audited and made public every year.  

Table 9 shows the organization of the WSAA performance indicators (WSAA, 2012). 
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 This association includes the biggest utilities in Australia which were 30 in 2012 (73 % of the 

population).  



Table 8.9. Structure of the WSAA performance indicators. 

Performance indicator category Indicators (no.) 

Water resources 29 

Pricing 13 

Finance 30 

Customer 19 

Asset 15 

Environment 13 

Health 7 

j) ERSAR - The Regulation Authority for the Water and Waste Services  

The Regulation Authority for the Water and Waste Services (ERSAR) is the 

Portuguese regulator for the water supply, wastewater and solid waste sectors. Among 

its activities, the regulation of quality of service is one of the most important and 

better recognized. In this way, it calculates a set of performance indicators to evaluate 

the quality of service and promote its improvement through a public disclosure of the 

individual and collective results (name and shame policy), the so-called sunshine 

regulation (see Marques, 2008).  

This approach started in 2004 with the calculation of a set of 20 performance 

indicators for each one of three sectors, and categorized into three main groups – 

customer interests’ protection, operators’ sustainability and environment 

sustainability. Later, in 2011, ERSAR revised this system, reducing the set of 

performance indicators to 16. 

k) OFWAT – Office of Water Services 

The Office of Water Services (OFWAT) is the economic regulator for water services 

in England and Wales. Its mission is to ensure that the economic and financial 

sustainability of the water companies, ensuring the adequate quality of service to the 

users.   

Besides the economic regulation, implemented based on diverse parametric and non-

parametric benchmarking methodologies (see Marques, 2010), OFWAT also assess 

the companies’ performance regarding four high-level areas (customer experience, 

reliability and availability, environmental impact and finance). Figure 8.2 shows the 

calculation of this set of performance indicators as well as the qualification of the 

result for each indicator. 



 
Note: SOSI – Security of Supply; SIM – Service of Incentive Mechanism 

Figure 8.2. Example of OFWAT performance indicators calculation (OFWAT, 2012). 

l) Six-Cities (Scandinavia) 

The search for efficiency and better performance for the water (and wastewater) 

services motivated the six largest cities of Scandinavia to develop a benchmarking 

system. The idea was to learn from each other. The system includes the cities of 

Copenhagen, Gothenburg, Helsinki, Malmo, Oslo and Stockholm where all the water 

and wastewater utilities are under public control. The benchmarking systems 

comprised a large set of performance indicators. Some examples are given in table 10. 

Table 8.10. Performance indicators examples of “Six-Cities” benchmarking 
system. 

Performance indicators 

Water leakage in network 

Average detention time 

Complaints 

Water leaks 

Network built before 1920 

Network built between 1921 and 1960 

Network built after 1960 

Capacity utilization 

Renewal rate 

O&M Costs 

m) VEWIN 

The VEWIN (the association of the Dutch water companies) has implemented a 

voluntary benchmarking system for its members, since 1997, which encompasses 

almost all water services. The use of this system sought to achieve three objectives: 

transparency, accountability and the production of information to improve the 

operators’ performance.  

The benchmarking exercises compare performance in four areas: water quality, 

quality of service, environmental quality and economic and financial performance, as 

shown in figure 8.3 (VEWIN, 2009).Concerning financial performance, the 

benchmarking exercise is carried out annually while the other categories are 

developed every three years.  



 

Figure 8.3. The four themes of benchmark of VEWIN.  

Table 8.11 presents the performance indicators adopted by the Dutch association 

(VEWIN, 2009). 

Table 8.11 – Performance indicators adopted by VEWIN 

Indicator 

Water quality (average water quality index) 

Non-compliance with norms 

Water quality (by customers) 

Customer satisfaction 

Calls answered within 20 seconds  

Water supply disruptions  

Energy consumption  

Recycled waste  

Service costs  

 

5. Discussion of the Brazilian Context 

Both PNSB and SNIS questionnaires are very good managerial and decision-making 

tools for the different stakeholders of the Brazilian water sector. They provide 

relevant information that can be used with different aims (e.g. for governments, for 

regulators or even for the providers). However, they also provide evidence of some 

problems and weaknesses which should be mitigated or even eliminated to improve 

their credibility and effectiveness. In the next paragraphs we will point out some of 

them and will provide some guidelines to improve the questionnaires, taking into 

account the analysis done to these information systems and the international 

experience in this scope.   

a) PNSB 

As mentioned, the PNSB is one of the most important sources of information in the 

water sector in Brazil. It covers different areas (including, for example, stormwater) 



and collects information through interviews carried out near the water providers and 

local government bodies who own the systems.  

The questionnaire results are published, publicized and made available by the 

promoters (IBGE). Due to its nature and contents, this questionnaire has a broad 

audience, reaching both urban and rural populations. The problems identified in the 

PNSB 2008 questionnaire are mainly the following:  

• The absence of continuity of its implementation. In the last 13 years there 

were two PNSB, one in 2000 and another in 2008. This way, it is not possible 

to observe the evolution in detail and to check if the values are consistent or 

not; 

• The quality of information collected. Although there is a manual for the 

interviews and for the direct interaction with interviewers, which theoretically 

might be effective, it is overly dependent on the interviewer and there is no 

mechanism to check the quality of the information, both concerning its 

accuracy and  reliability, or even to check whether the water provider 

understands the questions thoroughly
16

; 

• Non-inclusion in the questionnaire of the slums and illegal settlements. It is 

known that in urban centers a significant portion of the population lives in 

these areas (e.g. in Rio de Janeiro it is estimated that about one third of the 

population lives in non-conventional neighborhoods
17

 and is out of the IBGE 

questionnaire). Therefore, it is not possible to know what is the coverage level 

of the drinking water supply (and the wastewater service); 

• The questionnaire is very informative in some areas but it is not performance 

based oriented. In fact, few indicators are allowed to compute with the PNSB 

questionnaire;  

• The PNSB questionnaire is biased in the description of the assets and several 

important data are absent; 

• There are several ‘non-sense’ questions like ‘are there water losses’? or ‘is 

there lack of payment? There are always water losses and lack of payments in 

any country in the world. Other questions are vague, such as ‘is there pollution 

in …?’ and the answer has a great probability of being very dubious or useless 

or the information obtained might not relevant (e.g. drinking water quality 

tests in the transmission network); 

• Although the questionnaire is developed close to the water providers, there are 

several concerns with this option because although the responsibility of these 

services belongs to the municipalities, there are many providers with different 

jurisdiction areas. Maybe the best option, as it happens in most of the countries 

in the world, is to consider the unit corresponding to who is legally responsible 

for the services, which is the municipality
18

; 
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 For example, the respondents might assess the answers provided by themselves in terms of accuracy 

and reliability and the interviewers might use consistency and robustness tests to check if the answers 

are credible or not.  
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 In Brazil these slums are known as favelas. 
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 See Melamed et al. (2010) for a discussion about what is the best elementary unit to develop the 

questionnaire in Brazil. Given the heterogeneity of the water providers in Brazil, different solutions 

(depending on the size or on diverse socio-economic features) might be acceptable and work well, at 

least if the questionnaires go on to be developed by the federal government. Other alternative 

recommended and that must be progressively implemented is the decentralization of the questionnaire 

for the State level.  



• A perspective of the demand and of the water sector users is not present in the 

report and thus it provides evidence of some bias related to the orientation of 

the report concerning public institutions and providers;  

• There is a lot of relevant information that is not inquired. The questionnaire 

only allows for a partial picture of the water provider. For example, it lacks:  

a) Information related to the region profile; 

b) Information and indicators of (economic and physical) access to the water 

services;  

c) Information on water balance, including indicators of consumption per 

capita and peak factor;  

d) Quantitative information on quality of service and particularly in the 

continuity indicator to know what is the percentage affected. The 

information asked is useless and this matter is very important;    

e) Information about costs and revenues, for example the average tariff for a 

certain consumption from the conventional service (with network) or non-

convention (by alternative sources) and the coverage of (operating) costs; 

f) Information on investments (new assets and rehabilitation); 

g) Information on governance issues, such as availability of information (e.g. 

tariffs) and public disclosure; 

h) In staff information, the number of accidents, the absenteeism and the 

overtime period; 

i) Other information, including consumption of energy, number of failures, 

pressure problems, number of water tests compared with the compulsory 

number, number of failed water quality tests and consumption per type, 

among other variables and indicators. 

So, although the PNSB initiative is positive, there is a long way to go to make this 

tool more effective and credible, mainly related to the checking of the quality of the 

information collected, identification of inconsistencies, implementation of auditing, 

training and capacity building of the interviewers, improvement of the contents and 

their clearness and sensitizing the respondents for the importance of providing 

credible and comprehensive information. The extension of the questionnaire of the 

informal population (which lives in non-conventional households, such as slums) is 

also fundamental. This can be done if the water providers assume this role as 

fundamental for the progress and improvement of the water sector, irrespective of the 

legal situation of these neighborhoods. Note that at least a part of them is served by 

the water providers and therefore they cannot dismiss themselves from this 

responsibility. Other important issue would be to include some information gather 

neat to the users to know what are your perception about the service provided and 

identify better their needs. Finally, the PNSB questionnaire should be done 

periodically even if it is sparsely carried out.  

 

b) SNIS 

The SNIS collects information under a voluntary way by the water providers in an 

annual basis, as referred to. Year after year the number of respondents to the 



questionnaire has increased and the number of answers has also grown.
19

 The SNIS 

recently created a help system with standard answers to the major issues trying to 

improve the quality of data and a glossary for the same purpose.  

The SNIS information and data is yearly published and made available in 

spreadsheets and publicized, creating a culture of information disclosure and 

performance comparison (Marques, 2005). 

The information collected by the SNIS questionnaire has different categories and it is 

used to compute several indicators in each category. These indicators, besides the 

information conveyed, allow for benchmarking exercises by the different 

stakeholders, particularly by the providers.  

The existence of a panel data is also one of the major strong points of this information 

system since for some providers there are data since 1995, corresponding to 16 years 

of information and indicators.
20

 The main problems and weaknesses of the SNIS 

questionnaire are the following: 

• As the system is voluntary a relevant portion of the water providers do not 

participate or answer the questionnaires. Furthermore, due to its nature the 

SNIS questionnaire is not tailored for rural systems; 

• There is no way to check the quality of information put into the systems, 

therefore the information might be little accurate and reliable and there is no 

effective way to identify the inconsistencies. Moreover, the lack of contact 

with the interviewer (since the information is loaded in an electronic platform) 

can lead and contribute to a careless provision of information. 

• As in the PNSB, the SNIS questionnaire leaves out the slums and the illegal 

settlements. As mentioned before they correspond to a relevant portion of the 

Brazilian population. Thus, it is not possible to know with rigor the coverage 

level of the drinking water supply (and the wastewater service) of the 

Brazilian water providers; 

• The SNIS publication is appealing, which is good to uphold and motivate the 

consultation, but it seems that there is some excess and too much promotion in 

some indicators, like the investments; 

• There are some areas of the water sector, such as the drainage and collection 

of stormwater, which are not included in the SNIS questionnaire;  

• Although more outward facing, the SNIS questionnaire is still oriented for the 

public institutions and providers, forgetting the users’ view of the water 

services;  

• There is relevant information which is not collected. Although in a less extent 

than the PNSB, the following information is absent:  

a) Data and information related to the utility, system and region profiles; 
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 In the last diagnostic published (relative to 2010) the respondents corresponded to a population of 

about 160 million (SNIS, 2010), but this number, although not highlighted in the report, included the 

population living in the illegal settlements (in fact, out of the SNIS questionnaire), which was 

meaningful.    
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 The last report published (in March 2013) was relative to the year 2010. This is one aspect that 

should be improved since we are now in 2013 and only the information of 2010 (3 years later) is made 

available.  



b) Information related to the assets (transmission and distribution network, 

WTP, tanks, water intakes, among others); 

c) Information on economic access to the water services;  

d) Staff information, such as the qualification of employees, training and 

capacity building, accidents, absenteeism and overtime; 

e) Information on non-conventional water services (e.g. standpipes, trucks 

and tanks) including coverage and costs;     

f) Information on governance issues, such as public participation or 

availability of information (e.g. tariffs and drinking water quality) and 

public disclosure; 

g) Other relevant information, such as rehabilitation indicators (investment), 

failures, pressure problems, complaints per type, consumption per type, 

peak factor, among others. 

Although these issues remain, the SNIS questionnaire has been considered a success 

by the successive governments and it has been pointed out as the basis for the future 

SINISA. Indeed, the SNIS questionnaire is very outward facing and oriented towards 

the comparison and publicizing of performance between the water providers and 

regions and states. The most important performance indicators are there and, at first 

sight, the questionnaire and its output (published diagnostic report) seem very 

relevant. Without taking the merit of this tool, the major questions are the facts that 

quality of data is not assured and that there is a relevant part of the population left out 

(both the rural systems and the illegal settlements). Concerning these issues, what has 

been mentioned for the PNSB questionnaire is also valid here. Furthermore, the 

variables and the corresponding indicators are computed in an isolated way without a 

deeper knowledge of the water provider and its particularities since the contextual 

variables (utility, system and region profiles) are not considered but are indispensable 

to comprehensively understand the performance of the water provider. Thus, the SNIS 

questionnaire requires improvement and changes to become wider and more perfect. 

Some measures have been taken in the last years trying to improve the quality of data 

loaded by the water providers (e.g. consistency tests, help tool and glossary) but they 

are still not enough. Finally, measures to widen the scope of the SNIS questionnaire 

to the rural systems should also be recommended.      
 

6. The Case of Drinking Water Quality Information 

Drinking water quality issues are, for logical reasons, one of the most prominent 

aspects in the water sector. On the one hand, it is essential for the public health that 

the water supplied comply with the legal and health requirements to be utilized for the 

human consumption. On the other hand, it is relevant that the customers have 

confidence in the quality of water distributed and consequently reduce the 

consumption of bottled water which cost several times more the tap water. Both in 

conventional (piped water) and non-conventional (non-piped water), the water quality 

matters are always fundamental and should be one of the core matters of the water 

providers and other stakeholders and, in particular, of those with monitoring 

responsibilities.      

The PNSB and the SNIS deal with this matter in a different way, indeed following the 

line of the different questionnaires. Table 8.12 presents the variables and indicators 

included in the PNSB and SNIS questionnaires. The PNSB without considering 



subdivisions includes 44 questions whereas the SNIS only 14.
21

 While in the PNSB 

most of the questions have little meaning in terms of performance or of the 

consequences of the result obtained, the questions in the SNIS are focused on the 

performance highlighted, in fact in what is important. This is a good area to provide 

evidence of the PNSB questionnaire weaknesses.  

Most of the information asked is not relevant or is even non-sense and the results of 

most of the questions are useless. For example, what is the relevance of the water 

quality tests in the water transmission or the microbiological tests in the water at 

source? What is the meaning of the absolute numbers of number of inactive or not 

used WTP? Or what is relevant the answer about the existence of pollution. Is the 

same for a municipality with 5 thousands or 5 million inhabitants?  Or what is 

relevant the answer about the existence of pollution. What is the pollution indicator? 

BOD? Nitrates? Phosphorus or mercury? Conversely, the SNIS questions are 

performance based oriented. In fact, it is possible to assess the performance of the 

water provider in most of the issues concerning the drinking water quality with the 

variables asked. In fact, the major issues are if to know if the water provider makes 

the water quality tests according to the legislation and what are the percentage of the 

failures in those tests. With the 44 questions (and their subdivisions) carried out in the 

PNSB questionnaire these major and more relevant issues are not dealt with. These 

are the most important variables and indicators found in the literature.
22

             

Table 8.12. Water quality related variables/indicators of PNSB and SNIS 
questionnaires 

Questionnaire Variable/Indicator 

PNSB a) Frequency and type of water quality tests (microbiological, physic-chemical, 

organic chemical substances,  inorganic chemical substances, pollution indicators, 

percentage of fluoridate and cyanotoxin) at source per type of abstraction (superficial,  

shallow well, deep well and other); b) Existence of protection of the superficial 

abstraction; c) Type of protection of the superficial abstraction; d) Existence of 

pollution of the superficial abstraction; e) Causes of pollution of the superficial 

abstraction; f) Existence of protection of the shallow well  abstraction; g) Type of 

protection of the shallow well  abstraction; h) Existence of pollution of the shallow 

well  abstraction; i) Causes of pollution of the shallow well  abstraction; j) Existence 

of protection of the deep well  abstraction; k) Type of protection of the deep well  

abstraction; l) Existence of pollution of the deep well  abstraction; m) Causes of 

pollution of the deep well  abstraction; n) Frequency and type of water quality tests 

(microbiological, physic-chemical, organic chemical substances, inorganic chemical 

substances, pollution indicators, percentage of fluoridate and radioactive substances) 

at water transmission (treated and not treated); o) Is the water treated in the district?; 

p) Type of treatment (conventional, non-conventional and simple disinfection); q) 

Water supplied without treatment; r) Existence of WTP; s) Number of WTP; t) 

Existence of WTP with permit; u) Number of WTP with permit; x) Type of WTP 

treatment (conventional, non-conventional and simple disinfection); y) Is the water 

treated in the district and distributed in this district?; w) Is the water treated in the 

district and distributed in other districts?; z) Is the water treated in the district and 

distributed in other municipalities?; aa) The treated water in WTP is tested?; ab) 

Frequency and type of water quality tests (microbiological, physic-organoleptic, 

(organic and inorganic chemical substances), residual chlorine and radioactive 

substances) at WTP; ac) Is there production of sludge?; af) Is there treatment of the 
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 If the subdivisions are considered there are more than 100 questions to fill in the PNSN in this scope. 

This impressive number which does not allow for reaching good results (information) in this area is 

indicative of the weaknesses and ineffectiveness of this tool.  
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 See, for example, the indicators of the International Water Association (Alegre et al., 2006). In this 

set of 144 indicators there are only two indicators for drinking water quality, respectively, the number 

of water quality tests done and the number of non-compliments of the quality tests divided into other 

four each one  (organoleptic, microbiological, physical-chemical and radioactive tests). 



sludge produced?; ag) Destination of the sludge produced?; ah) Is there any 

unfinished WTP?; ai) Is there any WTP without utilization? aj) Is there any inactive 

WTP? ak) Existence of fluorine; al) Addition of fluorine; am) Time spent since 

fluoridation is done; an) Interruption of fluorine in the last year; ao) Longest period 

of fluoridation interruption; ap) Supervision and location of fluoridation; ar) 

Frequency of tests; as) Concentration of fluoridation; at) Are there tests in the water 

distribution network; ab) Frequency and type of water quality tests (microbiological, 

physic-organoleptic, (organic and inorganic chemical substances), residual chlorine 

and radioactive substances) at distribution network.  

SNIS a) Volume of water treated imported; b) Volume of water treated exported; c) 

Volume of water treated in WTP; d) Volume of water treated with simple 

disinfection; e) Volume of water fluoridated; f) Minimal quantity of tests for residual 

chlorine (compulsory) in the exit of the WTP and in distribution network; g) Quantity 

of tests for residual chlorine (done) in the exit of the WTP and in distribution 

network; h) Quantity of non-compliance tests for residual chlorine in the exit of the 

WTP and in distribution network; i) Minimal quantity of tests for turbidity 

(compulsory) in the exit of the WTP and in distribution network; j) Quantity of tests 

for turbidity (done) in the exit of the WTP and in distribution network; k) Quantity of 

non-compliance  tests for turbidity in the exit of the WTP and in distribution network; 

l) Minimal quantity of tests for fecal coliforms (compulsory) in the exit of the WTP 

and in distribution network; m) Quantity of tests for fecal coliforms (done) in the exit 

of the WTP and in distribution network; n) Quantity of non-compliance tests for fecal 

coliforms in the exit of the WTP and in distribution network 

Indeed the information asked in the SNIS questionnaire is all very important and 

should always be included. Most of the PNSB information in this scope should be 

discarded. However, there are still variables and indicators missing from the SNIS 

questionnaire.  

In particular, there are at least four very important indicators, of which one is also 

included in the PNSB questionnaire. The first one is the protection of the abstraction 

areas. This is a very important issue that should be considered. The second one is to 

know if there are or not accredited labs where the water quality tests are made. None 

of the questionnaires deals with it. The third one consists of knowing whether or not 

there is a Water Quality Control Plan. Again, none of the questionnaires include it. 

Finally, it is very relevant that the drinking water quality tests are publicized and 

made publicly available by the water providers. Only in this way can the population 

trust them.  

Table 8.13 presents the variables and indicators of drinking water quality to include in 

the reformulated questionnaires of the PNSB and SNIS. 

Table 8.13. Water quality related variables/indicators of the reformulated PNSB 
and SNIS questionnaires 

Questionnaire Variable/Indicator 

PNSB and 

SNIS 

a) Number of drinking water quality tests done and compulsory according to the 

legislation per type (microbiological, …) and per location (distribution network, 

WTP, …); 

b) Number of non-compliance water quality tests done per type (microbiological, 

…) and per location (distribution network, WTP, …); 

c) Existence and type of protection of the water abstractions; 

d) Number of drinking water quality tests done in accredited labs; 

e) Existence of a Water Quality Control Plan; 

f) Number of drinking water quality fluoridation tests done and compulsory 

according to the legislation  

g) Public disclosure of the drinking water quality tests 
 



7. Concluding Remarks 

This document analyzed the information systems in the Brazilian water sector, 

particularly the PNSB and the SNIS questionnaires. It also reviewed the state of the 

art in the literature and the use of these tools worldwide. Taking into account the best 

practices and the Brazilian state-of affairs (of PNSB and SNIS) several suggestions 

and recommendations were proposed to improve the current systems.    

Both the PNSB and the SNIS questionnaires are already very useful tools for the 

Brazilian water stakeholders. They made available important information that can be 

used with different aims by the stakeholders (governments, regulators, water 

providers, users, financial institutions, donors,…).  

However, they also highlight some drawbacks which penalize their credibility and 

effectiveness. In reality, in such a big and heterogeneous country to develop a perfect 

and agreed on questionnaires is not easy and not possible. Nevertheless, the current 

PNSB and SNIS have space to improve as was pointed out in this chapter. Some 

suggestions and guidelines have been provided to achieve that goal.  

As stressed, the most relevant issues to enhance both questionnaires comprise  

improving the quality of information collected, extending the questionnaires to the 

informal neighborhoods and rural systems, improving the definition of the elementary 

unit of the questionnaires, including the demand and user perspectives in the 

questionnaires, considering several relevant variables/indicators which are still absent 

from the questionnaires (e.g. economic access to the services and governance issues).  

All these issues as well as other were discussed in this document and clues were given 

to eliminate or improve them.    
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Abstract 

There are a number of data sources in Brazil which address water supply and sewage 

systems. However, their specific characteristics contain particular biases and 

limitations which hinder effective planning and monitoring of the sector. Following a 

study conducted by the Economics and Public Policy Group (Economia e Políticas 

Públicas – ECOPP) at FIOCRUZ, the BraSIS project was proposed within the 

framework of the Call for Sector Dialogue (Chamada Diálogos Setoriais). For the 

reasons above, the general goal of the BraSIS project was to analyze available data 

and information system designs to improve the management, maintenance, and 

development of water supply in Brazil. As core component of the project’s principal 

goal, conception of a new set of specifications and preparation of a structure for a 

future information system led to formulation of the proposal considered in this 

chapter: construction of a specific ontology for water supply systems. Brief comments 

are offered on development methodologies, as well as key concepts for the 

development of ontologies, and a simplified proposed ontology model for water 

supply. Emphasis is given to the fact that the development of an ontology is a two-way 

iterative process, which should be extended throughout the life cycle of the ontology. 

The process bears strict relation to competence issues, as they are known, those to 

which the ontology and information system developed on the basis of that ontology 

must answer. 
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Introduction 

 

In Brazil, there are a number of databases that address issues in connection with 

public and private water supply and sewage services, a portion fed by information 

from households and others from service providers. This situation results in an 

significant bias on the principal indicators on these components.  

In regard to households, in some cases the characteristics of the related services 

remain unknown. With respect to providers, companies tend to keep only a list of 

customer addresses, without knowledge of their characteristics. Add to this the fact 

that a significant portion of the Brazilian population, an estimated 10 million 

households, do not have potable water in their homes. 

In 2008, with a view to adopting a new approach toward the available data researchers 

at FIOCRUZ’s Economics and Public Policy Group (Economia e Políticas Públicas – 

ECOPP) proposed an analysis of the National Investigation (Inquêrito Nacional) of 

water and sewage data, for the purpose of distinguishing the domestic and private 

domains. The first refers to the availability of services in and around residences to 

describe the characteristics of service access.  The public domain was defined as the 

service supply component. In addition, the environmental dimension, representing 

sustainability and quality of life, was incorporated for the two domains. 

In addition to the aspects above, for purposes of the specific methodological approach 

a matrix of variables was proposed for consideration in the final report, with a view to 

analyzing the pertinent 2008 data: municipal population, population density by 

municipality, urban and rural distribution of population, legal status of service 

providers, and total number of households in each municipality, the last component 

aimed at enabling an estimate of service coverage percentages. 

Unfortunately, the proposed methodological approach for the 2008 National 

Investigation could not be applied due to the poor quality of the data generated at the 

time, an issue more fully explained in the full text of the BraSIS project. 

The primary reasons underlying the poor quality of the data were the absence of 

standards on data structure and content and the lack of standard concepts obtained 

from the respective databases by consensus between researchers and experts in the 

field. 

 

1. BraSIS Project 

For the reasons above, the general objective of the BraSIS project was to analyze the 

available data and design an information system, in order to improve the management, 

maintenance, and development of water supply in Brazil. 

As part of the Call for Sector Dialogue, the objective was divided into three principal 

measures: 

1. Formulate a new set of specifications, for the purpose of enhancing water supply 

and sanitation information system (IS); 

2. Initiate analysis of the available data; 

3. Prepare the structure for a future system. 



To better direct the measures, a series of working meetings was held at the JRC Water 

Resources, Italy, with experts from participating institutions, resulting in several 

proposals. One involved the first and third measures above: construction of a specific 

ontology for a water supply system. 

2. About Ontology 

In Information Sciences and Computer Sciences, an ontology can be considered as a 

formal representation of a set of concepts within a specific domain and their relations. 

Construction of these concepts and the respective relations obey to rules which will be 

addressed below.  

An ontology provides a “framework” for organizing information, a set of key shared 

concepts and vocabulary for a project and construction of a database, fundamental 

elements for integrating information systems (interoperability) and building 

indicators.  

With respect to the subject of this text – water supply systems – construction of an 

ontology for the domain prior to the development of computer solutions offers 

significant potential for optimizing the desired results. 

Examples of questions that warrant consideration and could be referred to as an 

ontology include those relating to the concepts and “types” of territorial units found in 

Brazil, such as municipalities, districts, towns, administrative regions, neighborhoods, 

urban areas, rural areas, and census sectors. 

The term ontology derives from philosophy and includes a variety of conceptual 

frameworks. According to Almeida and Bax (2003), ontology is the branch of 

metaphysics that examines the types of things which exist in the world. 

Ontologies have been applied increasingly to a number of fields. With the advance of 

computers, the quantity of information subject to analysis in any given field of 

knowledge has grown substantially, which increases the problems, mainly, with 

information storage and recovery. This situation is readily in evidence on the Internet 

any time one conducts an information search on a site. The number of sites located in 

search engines is invariably enormous, but the information in each of these often does 

not correspond to the information sought. One of the reasons for this is precisely that 

lack of consensus with regard to the concepts applied to represent the respective 

information on different sites. 

Ontologies have been used to enhance general understanding of the structure of 

information between individuals and software, beside the fact that it makes the 

domain definitions explicit. Sharing a general understanding of the structure of 

information between individuals and software is one of the most common objectives 

in the development of ontologies (Noy and MCGuinnes, 2003). 

An additional factor is the possibility of reusing the knowledge of the domain 

specified in the ontology. The construction of an ontology may and should refer to 

other ontologies by making use of the respective definitions of concepts and relations. 

For example, a general ontology on time (units of measurement, relations between 

those units, etc.) could be used in any other ontology that used time-related concepts. 

It is important to note that there are a number of ways to classify an ontology, as well 

as a variety of methodologies for developing ontologies. Of the five categories of 

functional ontologies, the category of interest for purposes of this analysis is the 



domain ontology, which describes the concepts of and relations between domains for 

a given segment of the real world.  

A critical aspect, irrespective of the methodology adopted to develop the ontology, is 

the participation of individuals with significant knowledge of the domain considered 

in the ontology. 

3. Development of Ontology  

For the purposes of this chapter, ontology is considered a formal description of 

domain concepts. These concepts are referred to as classes, and each of these is 

described by attributes. 

Classes are the essence of an ontology, as they represent the description of objects 

(individuals, things, or events) corresponding to a certain portion of the real world, 

conceptually mapped within the particular ontology. 

The respective attributes define each class, and once these have been defined in the 

ontology, it allows that the object of the real world can only be mapped in the 

ontology within the limits of these attributes. 

One of the ways for determining the scope of the ontology is to formulate a list of 

questions that a knowledge base grounded in the ontology should be capable of 

answering, namely the competence questions, as they are known (Grüninger and Fox, 

1995). These questions are those that the ontology and the information system 

developed on the basis of that ontology must answer. 

For example: if the need involves determining the size of that portion of the 

population which does not yet have access to quality water, as well as its geographic 

location, the information obtained from information systems maintained and/or fed by 

service supply providers will not be capable of furnishing the necessary responses. 

To build the respective classes and hierarchy, it is important to underscore the 

characteristic that a sub-class inherits as an attribute from a superclass. 

Figure 1 illustrates this: Men and Women are sub-classes of Individuals and inherit 

the attributes from the superclass (in this case: name, sex, age). 

 

 

Source: Prepared by the author. 

Figure 9.1. Example of inherited attributes between classes. 

 

This is a powerful characteristic, as all the attributes of a new sub-class do not have to 

be defined since a least a portion of these are inherited from the broader class. This 

increases the possibility of reusing the ontology. 

Individual 

 name 

 age 

 sex 

 

Men 

Women 



It is important to underscore that when defining individual instances for each class, 

assigning a specific value to each attribute, a knowledge base is created. In practice, 

this corresponds to the design and implementation of a database, to its supply. 

In practical terms, developing an ontology follows the sequence below:  

1. definition of the domain considered and its scope; 

2. definition of the ontology classes; 

3. arrangement of the classes in a hierarchy (superclass – sub-class); 

4. definition of the attribute for each class; 

5. definition of the relations between pairs of classes; 

6. definition of the methods of each class, if applicable. 

 

In developing ontologies, the following considerations should be taken into account:  

1.4.there is no single right way to model a domain. There will always be 

alternatives. Building the most appropriate solution requires a clear 

understanding of the specific application developed and the capacity of 

the ontology development group to anticipate problems not evident at 

the beginning of the process; 

1.5.the development of ontologies is necessarily an iterative process;  

1.6.the ontology concepts should map the physical and logical objects of 

the domain, in addition to the relations between these; 

1.7.who will use and maintain the ontology must be defined. 

It is also important to keep in mind that ontology is a model of the reality of the 

world, and the concepts of the ontology should reflect this reality. After defining an 

initial ontology, that ontology can be evaluated and debugged, employing it in 

applications or methods to resolve challenges or foster discussion with experts on the 

specific issues, or both. As a result, there will almost certainly be a need to review the 

initial ontology. 

 

Considerations relating to the development of ontologies, such as definition of the 

type of content for an attribute, restrictions, the cardinality of relations, and others, as 

well as more extensive discussion on development tools and methodologies and 

ontology analyses, lie outside the scope of this study. 

4. An Ontology for the Water Supply System  

One of the common problems with databases used to analyze water supply coverage 

involves the various “types” of territories considered. 

Figure 9.2 offers an example: a territorial class is evident, with attributes which are 

inherited by represented sub-class. Each of these has attributes within the model, the 

attributes of the broader class or superclass. The figure reveals that within the model 

the classes share common attributes, while containing others that define them, or at 

least should, in unique fashion. 

In addition, it is important to focus on the type of relation between classes: each sub-

class is a type of territory. An additional point warranting attention is the relation 



between classes: each sub-class in a type of territory. The precision of the selection of 

attributes that define the super-class, in the specific case of territories, will condition 

the manner in which the sub-classes are conceptualized.  

The ontology model may and should represent other forms of relations between 

classes, for purposes of conceptually reproducing what occurs in the real world in the 

most precise manner possible. 

 

Source: Prepared by author. 

Figure 9.2 – Model of ontology by types of territory. 

 

Figure 9.3 provides a proposed ontology model for a water supply system, based on 

the type of municipal territory. 

As discussed above, the lines connecting each class includes information on the 

relation between each pair of classes. For example, a municipality is a type of 

territory. It has either one or more water supply service providers. For its part, each 

provider operates in one or more municipalities and one or more water supply 

networks. Each network has one or more connections, and each connection services 

one or more households. 

 

Source: Prepared by author.  

Figure 9.3 – Ontology model for a water supply system. 



5. Discussion 

The model described is basic, especially in regard to the small number of attributes 

per class. It is important to note that there are no pre-established limits for classes in 

an ontology. Therefore, arriving at an “ideal” model is a two-way iterative process, 

which should be extended throughout the lifecycle of the ontology. 

The process is closely related to the competence questions, as they are known, which 

are those, based on the discussion above, to which the ontology and the information 

system developed on the basis of that ontology must answer. It is virtually impossible 

to determine in the early development stages of the ontology these questions 

precisely. In addition, based on an analysis of the information, new needs will 

emerge, often leading to reviews of the ontology itself.  

Returning to Figure 2, it is clear how attributes are inherited by each sub-class. Each 

has attributes in the model, those of the broader class or superclass. It is important to 

note one attribute not contemplated in the existing databases among those commonly 

used for water supply systems, namely what appears in the model as boundary 

coordinates. This encompasses a set of georeferenced information that demarcates the 

boundaries of the territorial types in question. One of the advantages of adopting this 

attribute is the possibility of working with distinct types of territories, even in which 

their respective boundaries overlap. 

A number of issues were not addressed when building the model due to their 

complexity, but they are of fundamental importance for defining and implementing 

water supply policies. They include:  

 mapping of populations and areas with “alternative forms” of access to water, 

such as well, direct collection, etc.; 

 the need to establish a consensus on the concepts of rural area and urban area 

between the various levels of the public administration; 

 visibility for that portion of the population without quality water supply 

services, with clear specification of the territory these segments occupy, 

including, to the extent possible, their dynamics. This aspect is yet more 

important in regions marked by dry seasons; 

 inclusion in the group above of sub-normal agglomeration, as they are known, 

especially in poor outlying areas of large metropolitan centers; 

Based on the concepts established in the ontology, which should be determined by 

consensus between experts and researchers in the field and for which support should 

be sought through existing system glossaries and documents, all new systems, in 

addition to any updated and modified existing systems, will have the capacity to share 

the various concepts. This offers an approach for enhancing the joint use of distinct 

data systems to plan and track water supply policies and measures and promote the 

interoperability of information systems.   
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Introduction 

The overall objective of this chapter is to look for some procedures to link and 

combine the data from the Brazilian Demographic census of 2010 with data coming 

from the water providers that serve the Brazilian municipalities. By doing that we are 

aiming towards a scenario where we would be able to check both information 

systems, to see if there are severe discrepancies, and more important than that, try to 

calculate some indicators such as water consume per capita, etc. 

In order to do that, we should first establish the bases of the census data, what kind of 

data is available for the general public (microdata or aggregated data), at what 

geographical level (municipality, weighting area, census tract), and which are the 

household and person variables that should be of interest. 

On the other hand, from the providers’ side, we have also to see which are the 

variables that might be available, at what geographical level, and what is the 

identification information that could be used to match with the ones coming from the 

census. We assume that we can obtain, from the provider, a list of consumers’ records 

for a specific area. 

 

1. Water Company 

 

1.1. Background 

 

We do not think, for the time being, that this can be done for the whole country, so, 

one municipality will be used as a pilot for this exercise. The one we have chosen is 

Betim, in Minas Gerais, mainly because the consumers’ data for this municipality 

should be obtainable fairly soon. 

The matching should be done at a lower geographical level, say, neighborhood (in our 

example, Betim, it has 20 defined ones). After combining the information from both 

“sides”, census and provider, we expect to reach a situation where the new “database” 

can be exploited in some ways that were not possible before. 

mailto:celinedondeynaz@ext.jrc.ec.europa


The main problem we will face derives from the fact that both data, census and 

provider, do not have a very clear and precise definition of the location and 

composition of their respective geographical areas, that is, for example, if the 

“Barreirinha” (one of the Betim’s neighborhoods), according to the census, is the 

same “Barreirinha” defined by looking at the provider’s data, with the same 

boundaries (as much as possible). 

 

1.2. Betim information 

 

The information from the Water Company refers to the Betim municipality. It is a 

spreadsheet with one line per connection, stating, among other information, the 

number of residential connections (private connections, a proxy to the household), 

and the geographical location (the neighborhood name). In all, it has 127.625 

residential connections spread over 162 different neighborhoods.  

According to the Demographic Census of 2010 (see chapter 2), Betim has 20 

Weighting Areas, which means that we would need to “map” the 162 neighborhoods 

to the 20 census Weighting Areas. So far, the only possibility to do that is by hand, 

using their names, since we do not have access to maps, either at the neighborhood 

level or the Weighting Areas. Moreover, this matching would have to be done by 

people who really know the Betim area, who would be able, by looking at the names, 

to tie one neighborhood from the water company file, to the weighting area from the 

census database. 

IBGE (the Brazilian Institute of Geography and Statistics) is planning to provide the 

weighting area digital maps during this year, which could help us a little, but it would 

not solve the problem unless we could have our hands on the neighborhood maps 

from the Betim municipality. The weighting area maps would be one layer, and the 

neighborhood maps from the Betim municipality would be another layer. By putting 

them one on top of the other we might be able to visually tie the neighborhoods to the 

census weighting areas, and then, compare information provided by the census with 

the one provide by the water company. Even then, this might be very imprecise, since 

the weighting areas were built by combining census tracts, and they might not 

correspond precisely with the neighborhood boundaries.  

Another possibility is to have the provider data associated with geographical 

coordinates at the connection point (connection point being the location where the 

water company delivers the water, that is, the consumer’s address) ,and this, 

combined with the IBGE’s weighting area maps, would make it possible to tie the 

provider information with the consumer information at a sub-municipal level. 

Anyhow, just to see what are the total data we are looking at, according to the census 

data, we have only 112.588 private households in Betim, and from those, only 

110.102 have piped water. Comparing the producer information (127.625) with the 

consumer information (110.102), we have an overhead of 16%. Even using the total 

number of households in Betim (assuming that all of them have piped water), the 

overhead is 13%. 

2. Demographic Census of 2010 

Brazilian Census operation, taken by IBGE, was done using two questionnaires: a) a 

short list of questions is applied to all households (these questions are called Basic, or 



short questionnaire); and b) a more complete list of questions is applied to a sample 

population (these questions are called Sample).  

The combination of the questions in the Basic questionnaire with the same questions 

coming from the Sample questionnaire makes what it is called the Universe.  

The water question, at the household level, belongs to the Basic questions (applied to 

all households, which means that this question is a Universe question). See below. 

 

Figure 10.1 Water Question, Census 2010 (IBGE, 2011) 

 
   

Information coming from the Universe file is available to the general public as an 

aggregated data at the census tract level (that is, for each sector, how many 

households there are with piped water).  

On the other hand, IBGE gave away to the general public the microdata at the 

household and person level of all variables in the Sample, which means that we can 

have access to all the information of each household, one by one, and we can cross 

them as we wish. But the lowest geographical level that identifies one household is 

the “Área de Ponderação”, or “Weighting Area”, which is a combination of census 

tracts. So, weighting areas are subdivisions of municipalities (small municipalities 

have only one weighting area). 

Brazil had a total of 5.565 municipalities in September 2010 (Census reference date). 

 

3. SNIS 

 

3.1. Background 

 

SNIS is the “Sistema Nacional de Informações sobre Saneamento”, storing data about 

water and sewage at the producer and municipality levels, year by year since 2002. 

The database can be accessed through the following link: 
 

http://www.snis.gov.br/PaginaCarrega.php?EWRErterterTERTer=29 
 

The glossary for all the variables is available at www.snis.gov.br. 
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3.2. Combining SNIS with the Census database 

Consulting the SNIS database for the year 2010, we extracted only the AG013 

variable (QUANTIDADE DE ECONOMIAS RESIDENCIAIS
23

 ATIVAS DE 

ÁGUA) at the municipality level, which came out with 4.863 records (municipalities). 

According to the SNIS database, this variable is the number of “economies” 

(households) being served by piped water, informed by the water provider companies. 

 

These records were merged into the Demographic Census database, and from there 

we got the following table, broken down by major regions: 

 

Table 10.1. Municipalities and Economies by Major Regions 

Code Major Region Municipalities 

Covered 

Economias 

1 North 337 1.741.895 

2 NorthEast 1.556 10.028.540 

3 SouthEast 1.480 23.921.738 

4 South 1.080 7.766.364 

5 Central West 410 3.733.453 

  Brazil 4.863 47.191.990 

 

Brazil had a total of 5.565 municipalities in September 2010 (census reference date), 

which means that the SNIS coverage using the AG013 information at the municipality 

level is 87% ( 4.863 / 5.565). The number of Brazilian municipalities, by Region, and 

their respective coverage percentage by the SNIS water information is shown below: 

 

Table 10.2. Number of Municipalities by Major Regions 

Code Major Region Municipalities Coverage 

 Percentage 

1 North 449 75 

2 NorthEast 1794 87 

3 SouthEast 1668 89 

4 South 1188 91 

5 Central West 466 88 

  Brazil 5565 87 

 

The following two tables show the coverage percentage in terms of households (82%) 

and in terms of municipality population (96%). So, as far as the AG013 water variable 

is concerned, the country coverage, either by number of municipalities, or households, 

or persons, is very good. (Acho que este último comentário deveria ser relativizado, 

em função das observações que faço a seguir) 
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 “Economias residenciais” in the SNIS context can be interpreted as a very close proxy to the private 

households at the census side 



Table10.3. Households Coverage 

Private 

Households in 

the Census 

Economies in SNIS Coverage 

percentage 

57.320.555 47.191.990 82 

 

Table 10.4 Population coverage 

Population in 

private 

households - 

Census 

Municipality 

population in the 

municipalities 

having water 

informing in SNIS 

Coverage 

percentage 

189.797.859 182.451.549 96 

 

The difference between those two results (82% and 96%) can be explained by the fact 

that from the population angle, which is higher, we are considering all the 

municipality population, which might (or might not) be served. The SNIS says that 

the municipality is served by water to so many economies (47 million), but it does not 

mention if the whole municipality (all the municipality households) is served. 

As far as the population is concerned, the biggest municipalities with the AG013 

information in the SNIS database are (all of them over 1 million inhabitants): 

 

Table10.5. Biggest Municipalities Having Water Information 

Code Municipality Census Population 

3550308 São Paulo 11.253.503 

3304557 Rio de Janeiro 6.320.446 

2927408 Salvador 2.675.656 

5300108 Brasília 2.570.160 

2304400 Fortaleza 2.452.185 

3106200 Belo Horizonte 2.375.151 

1302603 Manaus 1.802.014 

4106902 Curitiba 1.751.907 

2611606 Recife 1.537.704 

4314902 Porto Alegre 1.409.351 

1501402 Belém 1.393.399 

5208707 Goiânia 1.302.001 

3518800 Guarulhos 1.221.979 

3509502 Campinas 1.080.113 

2111300 São Luís 1.014.837 

 

Looking at the number of economies served by water, the biggest ones are (all of 

them over 300.000 economies): 

  



Table 10.6 . Biggest Municipalities from the Economies Angle 

Code Municipality 

Pessoas em 

domicilios 

particulares 

ocupados 

Economias com serviço de 

agua segundo o SNIS 

3550308 São Paulo 11.209.680 3.906.220 

3304557 Rio de Janeiro 6.284.828 1.883.058 

5300108 Brasília 2.556.766 859.108 

3106200 Belo Horizonte 2.367.129 803.375 

2927408 Salvador 2.662.845 793.362 

2304400 Fortaleza 2.444.994 774.829 

4106902 Curitiba 1.744.897 609.625 

4314902 Porto Alegre 1.397.394 518.953 

5208707 Goiânia 1.299.616 430.863 

2611606 Recife 1.530.723 390.839 

3509502 Campinas 1.074.237 382.455 

1302603 Manaus 1.797.035 357.919 

3518800 Guarulhos 1.214.143 340.345 

 

From this perspective, SNIS is covering all the Brazilian bigger municipalities (just 

looking at the AG013 water variable). We could look at it from another angle, that is, 

the municipalities that are not being covered by SNIS. We listed them, sorted by 

decreasing order of population, and the table below shows the first (that is, the ones 

with more population) 13 municipalities with  more people in private households with 

no water information from the SNIS. We can see that all of them are below the 

100.000 people (Barcarena, the biggest one with no water information, has 99.610 

people). 

 

Table 10.7.  Municipalities with no Water Information in SNIS in Decreasing 
Order of Population 

Code Municipalities 

Domicilios 

particulares 

ocupados 

Pessoas em domicilios particulares 

ocupados 

1501303 Barcarena 24.833 99.610 

1508100 Tucuruí 23.575 96.900 

1301209 Coari 15.136 75.383 

1506138 Redenção 19.820 73.819 

2907202 Casa Nova 17.064 64.860 

2103604 Coroatá 15.930 61.664 

5101803 Barra do Garças 17.794 56.442 

1506708 Santana do Araguaia 13.814 55.157 

2112506 Tutóia 11.343 52.740 

2304707 Granja 13.212 52.571 

2702306 Coruripe 13.411 51.700 

1503457 Ipixuna do Pará 11.409 51.308 

1507607 São Miguel do Guamá 12.589 51.262 

 

  



3.3. Exploring SNIS and Census Together 

 

The study’s scope was limited to the 4.863 municipalities having SNIS information 

for the AG013 variable. From the census microdata dabase, we counted the number of 

private households being served by piped water (variable 2.05, “Forma de 

abastecimento de água no domicilio”, category 1, “Rede geral de distribuição”).  

 

The overall distribution of this variable for the whole country is as follows: 

 

Table 10.8 - Water Distribution (Census information) for the Whole Country 

Categories Cases % 

 1. Rede geral de distribuição 47.418.833 82,7 % 

 2. Poço ou nascente na propriedade 5.771.926 10,1 % 

 3. Poço ou nascente fora da propriedade 2.177.098 3,8 % 

 4. Carro-pipa 312.331 0,5 % 

 5. Água da chuva armazenada em cisterna 343.830 0,6 % 

 6. Água da chuva armazenada de outra forma 49.616 0,1 % 

 7. Rios, açudes, lagos e igarapés 747.420 1,3 % 

 8. Outra 482.268 0,8 % 

 9. Poço ou nascente na aldeia 16.300 0,0 % 

 10. Poço ou nascente fora da aldeia 932 0,0 % 

 Total 57.320.555 100,0 % 

 

According to the census, 82.7% of the Brazilian private households have piped water. 

Looking only to the municipalities informed in the SNIS, the results (see below) show 

a slight increase in the percentage of households having piped water (83.6%): 

 

Table 10.9 - Water Distribution (Census information) for the Municipalities in 
the SNIS  

Categories Cases % 

 Rede geral de distribuição 46.099.937 83,6 % 

 Poço ou nascente na propriedade 5.294.251 9,6 % 

 Poço ou nascente fora da propriedade 1.975.255 3,6 % 

 Carro-pipa 286.372 0,5 % 

 Água da chuva armazenada em cisterna 318.249 0,6 % 

 Água da chuva armazenada de outra forma 44.636 0,1 % 

 Rios, açudes, lagos e igarapés 623.498 1,1 % 

 Outra 456.175 0,8 % 

 Poço ou nascente na aldeia 14.281 0,0 % 

 Poço ou nascente fora da aldeia 701 0,0 % 

 Total 55.113.354 100,0 % 

 

By comparing the AGO13 variable (the provider side) with the WATER information 

in the census microdata database (private households with piped water, the consumer 

side), at the municipality level, we have the following table: 

 

 



Table 10 - Comparison between Producer and Consumer Information 

Categories Counts % 

 1. More providers than consumers 2.750 56,5 % 

 2. More consumers than providers 2.113 43,5 % 

 Total 4.863 100,0 % 

 

In this table, for the 4.863 municipalities, roughly half of them have more 

“economias” than households having piped water, which is clearly incompatible, 

since we cannot have more households being served by water (the producer side) than 

households informing in the census that they have piped water. 

 

a.   More providers than consumers 

 

For those 2.750 municipalities, we defined 6 categories of the differences between 

providers and consumers, shown in the table below. 

 

Table 10.11 - Differences between Providers and Consumers 

Categories Counts % 

 1. Up to 10% 1.592 57,9 % 

 2. More than 10 and up to 20% 759 27,6 % 

 3. More than 20 and up to 50% 295 10,7 % 

 4. More than 50 and up to 100% 57 2,1 % 

 5. More than 100 and up to 200% 32 1,2 % 

 6. More than 200 and up to 500% 15 0,6 % 

 Total 2.750 100,0 % 

 

Looking at the first line, 58% of the municipalities (1.592) have differences that are 

below 10% of the total number of households having piped water in the municipality. 

In other words, for those municipalities, even if there are more economias informed in 

the provider’s side, the difference is small. This could be acceptable, crediting the 

difference to an error either in the SNIS or in the census. On the other hand, 

differences of more than 10% are less likely to be understandable, and the last two 

lines show 32 municipalities with differences of more than 100% and 15 with 

differences of more than 200% (just for curiosity sake, those municipalities are listed 

in the table below). The more relevant ones (from the population point of view) are 

highlighted, being Itaboraí and Matinhos (in a less extent). All the others are below 

9.000 people. 

  



Table 10.12 - Municipalities over 100% Difference 

Code Municipalities 

Private 

households 

with piped 

water 

Economies of 

serviced by water 

according to SNIS 

Percentage of the 

difference when there 

are more providers 

than consumers 

1101104 Itapuã do Oeste 626 2.100 235 

2202091 Caldeirão Grande do Piauí 49 700 1.328 

2616183 Vertente do Lério 35 181 417 

2905156 Caetanos 94 1.037 1.003 

2923035 Novo Horizonte 2.422 8.990 271 

3301900 Itaboraí 18.475 56.913 208 

3302700 Maricá 7.897 24.883 215 

3520426 Ilha Comprida 2.755 8.526 209 

4115705 Matinhos 9.082 29.156 221 

4119954 Pontal do Paraná 6.676 22.423 235 

4301057 Arroio do Sal 1.218 5.756 372 

4301636 Balneário Pinhal 1.903 6.799 257 

4305454 Cidreira 3.998 15.451 286 

4310330 Imbé 5.770 22.968 298 

4323804 Xangri-lá 3.433 14.122 311 

 

Using the same 1.592 municipalities where there are more providers than consumers, 

but counting households instead of municipalities as in Table 10.11, we can see in the 

table below that whereas in Table 10.11 we would accept only 58% of the 

municipalities (the ones with a difference below 10%), the acceptance increases to 

71%. This means that the differences are more concentrated in the municipalities 

having less households. 

 

Table 10.13- Differences between Providers and Consumers weighted by 
Households 

Categories Counts % 

 1. Up to 10% 24.088.335 70,7 % 

 2. More than 10 and up to 20% 7.362.572 21,6 % 

 3. More than 20 and up to 50% 1.624.119 4,8 % 

 4. More than 50 and up to 100% 446.983 1,3 % 

 5. More than 100 and up to 200% 375.939 1,1 % 

 6. More than 200 and up to 500% 165480 0,5 % 

 Total 34.063.428 100,0 % 

 

 

b. More consumers than providers  

Returning to Table 10.10- Comparison between Producer and Consumer Information 

Error! Reference source not found., the second line shows the number of 

municipalities where there are more consumers (households having piped water 

according to the census) than providers (economies served by water according to 

SNIS), close to 44%. Either the services were underestimated, or were provided by 

another source, or the census variable was not answered correctly. Again, splitting 

those differences by categories, we can have the table below. 

 

 

 



Table 10.14 - Differences between Consumers and Providers 

Categories Counts % 

 1. Up to 10% 885 41,9 % 

 2. More than 10 and up to 20% 434 20,5 % 

 3. More than 20 and up to 50% 610 28,9 % 

 4. More than 50 and up to 100% 184 8,7 % 

 Total 2.113 100,0 % 

 

The same comments apply here: up to 10% could be acceptable, but other than that, 

the data are not compatible (the last line shows that 9% of the municipalities have a 

difference of more than 50%). This percentage decreases if we weight the counts by 

the number of households in the municipalities, as shown in the table below, where 

only 5% of the households are located in municipalities where the difference is 

greater than 50%, reflecting, again, that the differences are more concentrated in the 

municipalities having less households: 

 

Table 10. 15 - Differences between Consumers and Providers weighted by 
Households 

Categories Counts % 

 1. Up to 10% 13.225.719 62,8 % 

 2. More than 10 and up to 20% 2.815.115 13,4 % 

 3. More than 20 and up to 50% 3.880.214 18,4 % 

 4. More than 50 and up to 100% 1.126.823 5,4 % 

 Total 21.047.871 100,0 % 

 

 

4. PNSB 

 

4.1. Background 

 

The “Pesquisa Nacional de Saneamento Básico” (PNSB) is a National Survey 

conducted by the Brazilian Institute of Geography and Statistics (IBGE), at the 

geographical district level (districts are subdivisions of municipalities) . It uses 

questionnaires for several sanitation themes (water, sewage, garbage collection, etc.), 

applied to the companies that provide those services. The most recent one was taken 

in 2008. From this survey, we will use the variable V100811 - NUMERO DE 

ECONOMIAS ATIVAS ABASTECIDAS – RESIDENCIAL, which is the number of 

households served by piped water. 

 

As a curiosity, according to PNSB-2008, there were 33 municipalities with no piped 

water, as in the table below. 

  



Table 10.16 - Municipalities with no Piped Water 

Code Municipality 

1100379 Alto Alegre dos Parecis 

1100452 Buritis 

1101005 Governador Jorge Teixeira 

1101492 São Francisco do Guaporé 

1503077 Garrafão do Norte 

1505650 Placas 

1508050 Trairão 

2102374 Cachoeira Grande 

2110278 Santo Amaro do Maranhão 

2201739 Betânia do Piauí 

2202091 Caldeirão Grande do Piauí 

2205953 Marcolândia 

2208650 Queimada Nova 

2209559 São Braz do Piauí 

2500536 Alcantil 

2501203 Areial 

2501351 Assunção 

2501534 Baraúna 

2509503 Montadas 

2513158 Santa Cecília 

2513851 Santo André 

2514651 São José do Brejo do Cruz 

2515104 São Sebastião de Lagoa de R 

2516151 Sossêgo 

2516755 Tenório 

2903508 Belo Campo 

2905909 Campo Alegre de Lourdes 

2922052 Mulungu do Morro 

4211876 Paial 

4300877 Araricá 

4313011 Nova Candelária 

5101852 Bom Jesus do Araguaia 

5108956 Nova Monte Verde 

 

4.2. Combining PNSB with the Census database 

 

From the Brazilian 5.565 municipalities, only 204 of them do not have information in 

the V100811 variable, either because it was not recollected, or the whole municipality 

itself is not provided with a service of piped water. 

 

Repeating the exercise we have done with the SNIS data, by comparing the V100811 

variable (the provider side) with the WATER information in the census microdata 

database (private households with piped water, the consumer side), at the municipality 

level, we have the following table: 

 

 

 

 



Table 10.17 - Comparison between Producer and Consumer Information 

Categories Counts % 

 1. More providers than consumers 455 8,5 % 

 2. More consumers than providers 4.906 91,5 % 

 Total 5.361 100,0 % 

 

In this table, for the 5.361 municipalities that informed the V100811 variable, 8.5% of 

them have more households served by water than households having piped water in 

the census, which is clearly incompatible, since we cannot have more households 

being served by water (the producer side) than households informing in the census 

that they have piped water. 

Applying the same categories used with the SNIS data, the PNSB data has the 

following table: 

 

Table 10.18 - Differences between Providers and Consumers 

Categories Counts % 

 1. Up to 10% 270 59,3 % 

 2. More than 10 and up to 20% 65 14,3 % 

 3. More than 20 and up to 50% 62 13,6 % 

 4. More than 50 and up to 100% 40 8,8 % 

 5. More than 100 and up to 200% 12 2,6 % 

 6. More than 200 and up to 500% 5 1,1 % 

 7. More than 500% 1 0,2 % 

 Total 455 100,0 % 

 

Almost 60% of them have a difference below the 10% limit, which might be 

acceptable. On the other end, 6 of them have 200% or more! (see them in the list 

below). 

 

Table 10.19 - Municipalities over 200% difference 

Code Municipalities 

Households with 

piped water 

according to 

Census 

Houeholds 

with water 

according to 

PNSB 

Percentage 

2300507 Alcântaras 2.833 8.896 214 

2703700 Jaramataia 1.414 11.894 741 

2913408 Igaporã 3.975 21.277 435 

4305454 Cidreira 4.422 15.207 243 

4310330 Imbé 6.039 22.093 265 

4323804 Xangri-lá 3.877 13.279 242 

 

Returning to Table 10.12, the second line shows the number of municipalities where 

there are more consumers (households having piped water according to the census) 

than providers (economies served by water according to PNSB), about 92%. Either 

the service was underestimated, was provided by another source, or the census 

variable was not answered correctly. Again, splitting those differences by categories, 

we can have the table below. 



Table 10.20 - Differences between providers and consumers 

Categories Counts % 

 1. Up to 10% 715 14,6 % 

 2. More than 10 and up to 20% 876 17,9 % 

 3. More than 20 and up to 50% 2.155 43,9 % 

 4. More than 50 and up to 100% 1.160 23,6 % 

 Total 4.906 100,0 % 

 

The same comments apply here: up to 10% could be acceptable, but other than that, 

the data are not compatible (the last line shows that almost 24% of the municipalities 

have a difference of more than 50%). 

 

4.3. Comparing PNSB and SNIS results 

 

The SNIS tables were taken using the 4.863 municipalities having information in the 

SNIS database, while the PNSB tables were taken for the 5.361 municipalities with 

information in the PNSB. In order to compare those tables we will limit both studies 

to the municipalities that have data for both. The results are shown below. 

 

Table 10.21 - Comparison Census - SNIS 

Categories Counts % 

 1. More providers than consumers 411 8,7 % 

 2. More consumers than providers 4.329 91,3 % 

 Total 4.740 100,0 % 

 

 

Table 10.22 - Comparison Census - PNSB 

Categories Counts % 

 1. More providers than consumers 372 7,8 % 

 2. More consumers than providers 4.368 92,2 % 

 Total 4.740 100,0 % 

 

Table 10.23 - Comparison Census with both SNIS and PNSB 

Categories Counts % 

 11. More providers in both 177 3,7 % 

 12. More providers in SNIS but more consumers in PNSB 234 4,9 % 

 21. More providers in PNSB but more consumers in SNIS 195 4,1 % 

 22. More consumers in both 4.134 87,2 % 

 Total 4.740 100,0 % 

 

 

By looking at tables 10.17 and 10.18, the comparison between PNSB and the census 

looks a little bit better than the SNIS because the percentage of more providers in the 

PNSB (7.8%) is smaller than in the SNIS (8.7%), but not that much. Table 19 tries to 

combine those results into a single perspective, showing that only 9% of the cases 

(lines 12 and 21), the PNSB and SNIS point to different directions, which might mean 

that they are consistent (even though they might have the same bias). 

 



5. Comments 

 

It is worth mentioning that both PNSB and SNIS data come from the providers, so, 

their behavior should be basically the same if compared with the census data, 

although there is a 2 year gap between them (SNIS is dated to 2010, while the PNSB 

is dated to 2008). 

 

Looking at the comparisons between SNIS and PNSB with the census data, it is clear 

that there is a strong need to make them compatible: it seems that they represent 

different phenomena, the provider side against the consumer side. 

 

This is not particularly important only studying water consumption, but there is a 

strong need to have data at a lower level other than municipality, being it the district, 

the neighborhood, or any other municipality subdivision. From the census side, it is 

recommended that the study use the Universe data instead of the Sample data. This 

would make it possible to go down to the census tract, and by combining the census 

tracts we could create almost any municipality subdivision. But this has to be 

accompanied with an effort, on the provider side, to attach geographical coordinates 

to the microdata information they have, and that those files could be accessible to be 

studied. Or, at least, that the providers, like in the case of Betim, could have digital 

maps identifying their “bairros”. 

 

There is another problem, which is difficult to measure, concerning the data quality 

coming from the water question in the census. Sometimes, mainly in the poor areas, 

people do not know exactly if they are being served by public piped water, and since 

they have water in their houses, they seem to answer positively to that question, 

although the water might be coming from other sources. 
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APPENDIX II: PNSB  Municipal Basic Sanitation Management 
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Abstract 

 

The Brazilian Sanitation Information System (BraSIS) is one of the projects approved in the frame of the 6th Call for 

the EU- Brazil Sector Dialogue within “Sanitary and Phyto-sanitary Issues” component. This Sector Dialogue is based 

on the principles of reciprocity and complementarity and aimed at fostering the exchange of know-how and 

experiences in areas of mutual interest, in this case water supply and sanitation. The BraSIS project’s two key partners 

are the Oswaldo Cruz Foundation (FIOCRUZ) and the Joint Research Center (JRC) – Water Resources (WR) Unit of the 

European Commission (EC), based in Ispra (Italy).  

The results obtained from the BraSIS project and presented in these pages are based on a previous study undertaken 

by the Economics and Public Policy Research Group (EcoPP/FIOCRUZ/CNPq) through an agreement (2008-2010) 

signed with the Ministry of Cities to evaluate the results from the National Survey of Basic Sanitation 2008 (IBGE, 

2010).   

The expertise and dialogue exchanged between the European and Brazilian partners centered on: i) analyzing the 

management and regulation of water and sanitation services information systems in Brazil as observed from the 

perspective of the different experiences and know-how of the experts involved in the project; and, ii) analyzing 

current data/information acquisition methods employed by the sector in Brazil. These findings have been shared and 

discussed for the purpose of refining and completing the recommendations in this technical report. 
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As the Commission’s in-house science service, the Joint Research Centre’s mission is to provide 

EU policies with independent, evidence-based scientific and technical support throughout the 

whole policy cycle. 

 

Working in close cooperation with policy Directorates-General, the JRC addresses key societal 

challenges while stimulating innovation through developing new standards, methods and tools, 

and sharing and transferring its know-how to the Member States and international community. 

 

Key policy areas include: environment and climate change; energy and transport; agriculture 

and food security; health and consumer protection; information society and digital agenda; 

safety and security including nuclear; all supported through a cross-cutting and multi-

disciplinary approach. 


