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Abstract:

 A water and sanitation sustainability index (WASSI) was developed and estimated in four cities of the province of Salta, in northern Argentina. The index was built with nine descriptors and fifteen indicators that covered all essential aspects of the sustainability of local water and sanitation management systems. Only one of the cities studied obtained a sustainability value above the acceptability threshold adopted (50 of 100 points). Results indicate that the water company needs to address some environmental and social issues to enhance the sustainability of the systems studied. The WASSI was conceptually robust and operationally simple, and could be easily adapted to the case studies. The index can be followed and updated online on a web site specially developed for this project. This website could be useful to promote participatory processes, assist decision makers, and facilitate academic research. According to local stakeholders, a more open sustainability assessment based on sustainability indices and supported by virtual tools would be relevant and highly feasible. It would help decision makers improve the sustainability and transparency of water and sanitation management systems, and promote more sustainable water policies in the region and beyond.
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1. Introduction

Sustainability indicators can be used to assess products, sectors, companies, regions, and even countries [1,2]. A number of assessment methods based on sustainability indicators are now available, covering a wide variety of issues and methodological approaches [3,4,5,6,7]. The basic assumption behind the use of sustainability indicators is that they actually assess the “sustainability” of the case under assessment. However, the very concept of sustainability is complex and contested since it reflects, to a great extent, people’s worldviews, social perspectives, and interests [8]. Therefore, the use of sustainability indicators requires a degree of consensus among policy makers, scholars, and other relevant local actors on the concepts and methods that will be used for the assessment [9,10,11].

It is generally accepted that the ultimate goal of sustainability assessment is to assist in decision-making processes [12,13,14,15,16,17]. However, the fact that results from these assessments are rarely incorporated into official decision-making processes has put sustainability indicators under scrutiny [18,19]. Particularly contentious issues in the use of these indicators are concerns with their transparency, openness, and democratic character as a result of the exceedingly technical approaches used that tend to preclude the participation of end users and other relevant stakeholders [17].

The water and sanitation sector is not an exception to this general context. Sustainability indicators have been proposed to evaluate the performance and quality of Water and Sanitation Management Systems (WSMS) [20,21,22,23,24,25]. Such assessments are greatly needed to ensure the provision and sustainable management of water and sanitation, as per Goal Six of the new Sustainable Development Goals (SDG) of the United Nations [26]. As a general framework, the SDG also recommends to “build on existing initiatives to develop measurements of progress on sustainable development”. Such measurements, necessary to understanding and assessing specific management processes, are increasingly being carried out with the help of local stakeholders via participatory processes [27,28,29,30,31,32]. Essential to more genuine participation is unrestricted access to all available information on local systems. Recent advances in information and communication technologies could greatly facilitate this [33,34,35,36]. A more participatory sustainability assessment is a necessary component to improve sustainable “water governance”. Namely, the assessment needs to incorporate the full range of political, organizational and administrative processes through which community interests are articulated, their input is incorporated, decisions are made and implemented, and decision-makers are held accountable in the development and management of water resources and delivery of water services [37,38]. The concept of water governance is based on the interaction process between contributing stakeholders to define clear sustainable water policy goals and targets at all levels of government, ensuring inclusiveness of stakeholders through democratic legitimacy and fairness for society at large [39].

In this paper, we reflect on our experience working with sustainability indicators in the water and sanitation sector in the province of Salta, in northern Argentina. We developed a sustainability index in collaboration with the local water company. The sustainability index was initially tested in the provincial capital (Salta, pop. 550,000) and then validated in three smaller cities under different climatic, geographic, and demographic contexts. For each city, areas were identified where improvements and corrections were needed. To facilitate the use and dissemination of this assessment tool an online interface was developed by which companies, the government, non-governmental organizations, and end users could access real time information on the water and sanitation system, introduce new data, generate their own reports, and make suggestions or comments. Initial feedback from the water company, the regulatory body, and other local stakeholders suggests that this more “open sustainability assessment” methodology better responds to contemporary management needs and can be useful in monitoring water and sanitation systems, and promote more transparent and sustainable water policies.



2. Materials and Methods


2.1. The Water and Sanitation Sustainability Index

The water and sanitation sustainability index (WASSI) was developed as a tool to support governance processes for more sustainable water management [23,40]. The WASSI was built on the five-dimensional sustainability concept proposed by Seghezzo [11]. This idea can be represented with a new sustainability triangle formed by “Place”, “Permanence”, and “Persons”. Place contains the three dimensions of space (x, y, and z), Permanence is the fourth dimension of time (t), and the Persons corner is the fifth, human dimension (i). The corners of this sustainability triangle are closely interrelated and are difficult to deal with in a fragmented way as is generally the case for economic, environmental, and social issues. In the WASSI, each one of these three aspects was described with three “descriptors” [41] or “orientors” [1]. Descriptors could be seen as the characteristics that need to be known to get a comprehensive idea of the system under analysis. Place is related to the system interaction with the biophysical territory upon which it operates (descriptors included availability, infrastructure and equity). The permanence aspect intends to shed some light on the short, medium, and long-term aspects of the WSMS, reflecting local capacity to solve problems and improve the system (descriptors include access, planning and participation). Finally, the persons aspect put the attention on the human dimension that seems increasingly relevant in the case of water and sanitation management (descriptors include use, impact and satisfaction). Descriptors were assessed in terms of one or more “indicators” and variables were selected based on their relevance to assess the satisfaction of the descriptors (see Table 1). For comparison, the same set of descriptors was used in each of the four case studies. Indicators and variables varied slightly with the specifics of each case study, the information available, and the opinions of the scholars, policy-makers, and other stakeholders that were consulted for this assessment.


Table 1. Descriptors, indicators and variables used to build the Water and Sanitation Sustainability Index (WASSI). DW = Drinking Water.



	
Descriptor

	
Indicator

	
Short Description

	
Variable

	
Short Description






	
Availability

	
DW Quantity

	
Quantity of drinking water

	
Water Provision

	
Water from surface, sub-surface, and groundwater sources (L/p.d)




	
Trends

	
Quantity or quality trends

	
Aquifer Depth

	
Yearly average increase in the depth of water wells (m/year)




	
DW Quality

	
Quality of drinking water

	
Residual Chlorine

	
Percentage of Residual Chlorine out of range in water samples (%)




	

	

	
Arsenic Concentration

	
Percentage of arsenic out of range in water samples (%)




	
Infrastructure

	
Risks

	
Water safety

	
Water Safety

	
Relative risks identified by the Water Safety Plan (WSP)




	
Lifetime

	
Lifetime of water infrastructure

	
Infrastructure Age

	
Age of water and sanitation infrastructure (year)




	
Diseases

	
Effects on human health

	
Water Related Diseases

	
Occurrence of diarrheas in children under five in critical areas




	
Equity

	
Coverage

	
Spatial differences of services

	
Lack of Sewage Services

	
Population without sanitation services (critical areas/control) (%)




	
Access

	
Costs

	
Economic accessibility

	
Relative Water Costs

	
Proportion of minimum wage for water and sanitation services (%)




	
Information

	
Information accessibility

	
Web Sites

	
Assessment of the information contained in institutional web sites




	
Rights

	
Access to basic water needs

	
Basic Water Allowance

	
Guaranteed amount of water for basic needs (L/p.d)




	
Planning

	
Institutional Quality

	
Institutional capacity

	
Institutional Assessment

	
Assessment in terms of funds, planning, and personnel




	
Participation

	
Interactions

	
Participation instances

	
Participation Events

	
Number of significant participation events per year (Events/year)




	
Use

	
Consumption

	
Water consumption

	
Excess Consumption

	
Relative water consumption above a given target value (%)




	
Impact

	
Pollution

	
Environmental pollution

	
Untreated Sewage

	
Untreated/poorly treated sewage discharged into environment (%)




	
Satisfaction

	
Perception

	
Public perception

	
Complaints

	
Number of technical servicerelated complaints (No./1000 p)













2.2. Index Calculation

For the calculation of the indicators of WASSI, quantitative and qualitative values assigned to the different variables were converted into a centesimal sustainability scale modified from Bossel [1], as follows: Value < 25 = great concern (red); 25 ≤ Value < 50 = medium concern (yellow); 50 ≤ Value < 75 = little concern (green); and Value ≥ 75 = no concern (blue). Transform functionsfrom quantitative variables into the sustainability scale were built assuming linear relationships and identifying, for each variable, two “anchor points” that represent the best and worst values in terms of sustainability [42,43]. For a more detailed description, Figure 1 shows a graphic example where a variable measured in days is defined by anchor points 5 (sustainability = 0) and 0.2 (sustainability = 100). This defines a linear function that can transform units to a sustainability scale (1.9 days to 64% of sustainability). The reference condition or “band of equilibrium” [2] was set at threshold of 50. This threshold can be adjusted or modified to better fit the needs of management or to foster a process of continuous improvement. Information was analyzed using the Simple Multiple Attribute Ranking Technique (SMART), a multi-criteria decision-making method based on the Analytical Hierarchy Process (AHP) [42,44].

Figure 1. Graphic example describing in detail the mechanism by which variables can be converted to a comparable sustainability scale. NC = No Concern; LC = Little Concern; MC = Medium Concern; GC = Great Concern.
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Information for the calculation of the WASSI was obtained by several means, including literature and press reviews and field visits. Semi-structured interviews were also held with technical staff of the provincial water company (CoSAySa—Compañía Salteña de Agua y Saneamiento S.A.), the governmental control agency of the province (ENRESP—Ente Regulador de los Servicios Públicos), and the provincial Secretary of Water Resources (SRH—Secretaría de Recursos Hídricos). It is important to note that anchor points were selected based on a literature review and several workshops held within the research group. The selection of case studies and indicators used for the construction of WASSI was held in the context of a partnership agreement between National University of Salta (UNSa) and CoSAySa. This project allowed for a close relationship with technicians and decision makers of the water company and other regional institutions. Indicators and variables of WASSI in each case study were also discussed with CoSAySa and other representatives of local institutions. These values need to be adapted to each particular setting, and they can also change over time. Some variables like websites and institutional assessments demanded qualitative evaluations conducted by the research team. The quality of the website of CoSAySa (www.aguasdelnortesalta.com.ar) was evaluated by analyzing technical criteria like quality and quantity of the information available, interaction capabilities, clarity, among others, and was then assigning a score from 0 to 100. Institutional local capacity in each case study was assessed by means of an assessment that involved criteria clustered in three main topics: funds, planning, and personnel. The variable water safety (for indicator risks) was estimated together with personnel from CoSAySa by performing a Water Safety Plan (WSP) based on the methodology proposed by the World Health Organization (WHO) [45]. Due to space limitations, a detailed description of all calculations is not feasible in this paper. More details about the calculation of indicators and variables can be found in Iribarnegaray et al. [23] and Iribarnegaray and Seghezzo [40] Information needed to estimate indicators and variables was updated to December 2014.



2.3. Case Studies

The WASSI was estimated in four cities of the province of Salta, in Northwestern Argentina, namely the capital city Salta (SAL), San Ramón de la Nueva Orán (SRNO), Joaquín Víctor González (JVG), and San Antonio de los Cobres (SAC) (Figure 2 and Table 2).

Figure 2. Case studies selected in the province of Salta, in Northwestern Argentina. SAL: Salta; SRNO: San Ramón de la Nueva Orán; JVG: Joaquín Víctor González; SAC: San Antonio de los Cobres.



[image: Sustainability 07 14537 g002 1024]






Table 2. Short description of the case studies.



	
Characteristic

	
City




	
SAL

	
SRNO

	
JVG

	
SAC






	
Population

	
535,300

	
84,000

	
13,300

	
6100




	
Altitude (m.a.s.l.)

	
1187

	
336

	
366

	
3775




	
Type of climate

	
Subtropical and temperate

	
Subtropical and warm

	
Subtropical with a dry season

	
Arid and cold




	
Temperature (°C)

	
16.9

	
22.3

	
21.5

	
7.7




	
Rainfall (mm)

	
689

	
945

	
578

	
117




	
Water sources

	
Deep wells, surface and sub-surface water

	
Deep wells and sub-surface water

	
Deep wells

	
Small creek




	
Water coverage (%)

	
94

	
82

	
80

	
78




	
Sewerage (%)

	
88

	
75

	
50

	
50




	
Main problems

	
Population growth; aging infrastructure

	
Informal settlements; outbreaks of water-borne diseases

	
Water leakages; lack of local institutional capacity

	
Source water contains arsenic; understaffed water office




	
Others

	
Headquarters of CoSAySa, the provincial water company

	
Population with many basic needs despite intensive agro-industrial activities

	
Located at the center of the soybean region, in the flatland known as the “Chaco” region

	
Strong temperature fluctuations during the day (down to −20 °C in winter)













These cases were selected to maximize the diversity with respect to the number of inhabitants, environmental conditions, water sources, water and sewerage coverage, and main management problems. Information and data were obtained from the National Institute of Statistics and Censuses (INDEC) (www.indec.mecon.ar), CoSAySa (www.aguasdelnortesalta.com.ar), the Ministry of Interior and Transport (www.mininterior.gov.ar), and the ENRESP (www.entereguladorsalta.gov.ar).



2.4. Virtual Interaction and Monitoring Spaces

A thorough description of the cases, methodological details, and the results obtained in this study can be found online at the project’s web site (www.isinenco.com.ar). This site, specifically developed for this project, was created both as a source of information and as a tool to facilitate the transparency and sustainability of local water management systems. The opinion of relevant local actors on the potential of a more open sustainability assessment method facilitated by online tools was solicited in open interviews. The selection of actors was based on a previous study we conducted in the city of Salta using Q methodology (see [19]), in which we identified four social perspectives on water and sanitation, namely: (a) Rights-based consumption advocates; (b) Proponents of market-based and technical water management; (c) Participatory governance advocates; and (d) State-led governance supporters. For the current study, we interviewed one actor for each social perspective identified [46,47,48]. At the start of each interview, we discussed the values obtained for the WASSI in the cities studied, focusing on the potential benefits of the method and possible obstacles for its widespread dissemination. Subsequently, interviewees were provided with a quick visit of the project web site described above. We then asked their opinion on the idea of a more open sustainability assessment in the water and sanitation sector in terms of transparency, technical quality, social acceptability, impact, and other criteria they perceived as being important.




3. Results

As revealed in Table 3, the WASSI was relatively low for all cases, with only one city (JVG) above the acceptability threshold of 50 points. The city of Salta (SAL) obtained a slightly lower value (36) than in a previous assessment (41) (see [23]), due to adjustments in some variables (relative water costs, excess consumption, and untreated sewage).


Table 3. The WASSI in the four cities studied. MC = Medium Concern; LC: Little Concern. DW = Drinking Water.



	

	
A

	
B

	
C

	
D

	
E

	
F

	
G

	
H

	
I

	
J

	
K

	
L

	
M

	
N

	
O

	
P

	
Q

	
R




	

	
Indicators

	
Variables

	
Values

	
Units

	
Anchor Points

	
Sustainability




	
Indicators

	
Descriptors




	
SAL

	
SRNO

	
JVG

	
SAC

	
0

	
100

	
SAL

	
SRNO

	
JVG

	
SAC

	

	
SAL

	
SRNO

	
JVG

	
SAC






	
1

	
DW Quantity

	
Water Provision

	
489.3

	
805.5

	
386.0

	
157.0

	
L/p.d

	
50

	
250

	
100

	
100

	
100

	
43

	
Availability

	
59

	
73

	
100

	
21




	
2

	
Trends

	
Aquifer Depth

	
1.0

	
0.0

	

	

	
m/y

	
2

	
0

	
48

	
100

	

	

	

	

	

	

	




	
3

	
DW Quality

	
Residual Chlorine

	
3.8

	
4.3

	
0.0

	

	
% samples

	
5

	
1

	
29

	
18

	
100

	

	

	

	

	

	




	
4

	

	
Arsenic Concentration

	

	

	

	
100.0

	
% samples

	
50

	
0

	

	

	

	
0

	

	

	

	

	




	
5

	
Risks

	
Water Safety

	
30.7

	
42.2

	
46.4

	
42.7

	
-

	
100

	
0

	
69

	
58

	
54

	
57

	
Infrastructure

	
56

	
40

	
52

	
29




	
6

	
Lifetime

	
Infrastructure Age

	
28.8

	
40.0

	
35.0

	
50.0

	
year

	
50

	
20

	
71

	
33

	
50

	
0

	

	

	

	

	




	
7

	
Diseases

	
Water Related Diseases

	
0.3

	
0.3

	

	

	
-

	
0

	
1

	
27

	
28

	

	

	

	

	

	

	




	
8

	
Coverage

	
Lack of Sewage Services

	
84.0

	
100.0

	
100.0

	
100.0

	
%

	
100

	
15

	
19

	
0

	
0

	
0

	
Equity

	
19

	
0

	
0

	
0




	
9

	
Costs

	
Relative Water Costs

	
1.8

	
1.5

	
1.5

	
1.5

	
%

	
5

	
0.2

	
68

	
74

	
74

	
74

	
Access

	
68

	
70

	
70

	
70




	
10

	
Information

	
Web Sites

	
36.7

	
36.7

	
36.7

	
36.7

	
-

	
0

	
100

	
37

	
37

	
37

	
37

	

	

	

	

	




	
11

	
Rights

	
Basic Water Allowance

	
87.7

	
79.3

	
79.3

	
79.3

	
L/p.d

	
5

	
50

	
100

	
100

	
100

	
100

	

	

	

	

	




	
12

	
Institutional Quality

	
Institutional Assessment

	
62.6

	
23.3

	
36.0

	
31.8

	
-

	
0

	
100

	
63

	
23

	
36

	
32

	
Planning

	
63

	
23

	
36

	
32




	
13

	
Interactions

	
Participation Events

	
0.2

	
0.4

	
0.6

	
0.0

	
Events/year

	
0

	
1

	
20

	
40

	
60

	
0

	
Participation

	
20

	
40

	
60

	
0




	
14

	
Consumption

	
Excess Consumption

	
82.8

	
53.5

	
19.4

	
−78.3

	
%

	
50

	
0

	
0

	
0

	
61

	
100

	
Use

	
0

	
0

	
61

	
100




	
15

	
Pollution

	
Untreated Sewage

	
41.4

	
28.2

	
31.4

	
26.0

	
%

	
50

	
0

	
17

	
44

	
37

	
48

	
Impact

	
17

	
44

	
37

	
48




	
16

	
Perception

	
Complaints

	
190.0

	
38.8

	
56.7

	
4.2

	
No./1000 p

	
250

	
4

	
24

	
86

	
79

	
100

	
Satisfaction

	
24

	
86

	
79

	
100




	

	
WASSI =

	
36

	
42

	
55

	
37




	

	
Sustainability range =

	
MC

	
MC

	
LC

	
MC









Even though all cities studied are served by the same water company, differences could be detected for some indicators. For instance, this was the case for the indicator DW quantity, which was assessed through the amount of water provided by the company per person (variable: water provision). This indicator was limiting for SAC (Table 3, line 1, column M) but not for the other three cities. For this variable, the upper anchor point of 250 L/p.d. was adopted based on the recommendation of Provincial Law N°7017/98. We also found differences for the indicator coverage (variable: lack of sewage services). With the exception of SAL, the rest of the cities lack adequate coverage of sewage services (collection and treatment) (Table 3, line 8). This indicator is usually critical in developing countries, where water companies concentrate efforts on the provision of drinking water, and where sewage services might be circumscribed to urban cores or affluent neighborhoods, leaving the outskirts of the city and other marginal areas unattended. The spatial unfairness of this situation is unacceptable in terms of sustainability [49]. When it comes to water consumption, SAL and SRNO have a daily per capita consumption that exceeds the value recommended by local regulations by more than 50% (see variable excess consumption in Table 3, line 14, columns C and D). Citizens from JVG consume less water, but they still exceed the recommended value (Table 3, line 14, column E). SAC was at the other end of the spectrum (Table 3, line 14, column F). In this city, due to severe water shortages, water consumption is even lower than the recommended value and the sustainability value assigned was therefore at the maximum (Table 3, line 14, column M).

The calculation procedure was different for specific indicators. The indicator DW quality was calculated using two possible methods, depending on the city. For SAL, SRNO, and JVG, the percentage of water samples from the grid with residual chlorine out of range (variable: residual chlorine) was used. In this case, worst and best anchor points were five and 1% of the water samples, respectively (Table 3, line 3, columns H and I). SAC was a particular case because its current drinking water source contains high concentrations of arsenic. For this city, arsenic concentration was considered a better indicator of water quality than the degree of water disinfection. As shown in Table 3 (line 4, column F), all assessed water samples contained arsenic concentrations exceeding the standard of 0.01 mg/L established as the national norm (the Argentinian Food Code).

Some variables could not be calculated in all cities due to lack of information. The indicators trends and diseases, for instance (Table 3, lines 2 and 7), could only be calculated for SAL and SRNO. Statistics for these indicators were not available in the other two cities due to institutional limitations. This situation affected the estimation of the indicator institutional quality, which was significantly higher for SAL, location of the water company’s headquarters (Table 3, line 12, column C).



The values of other indicators, like coverage, were very low in all cities (Table 3, line 8, columns C through F). This indicator was based on the provision of sewage services in critical areas of each city [23]. Indicators included in descriptor access (costs, information, and rights) (Table 3, lines 9, 10, and 11) are relatively independent of the location, since they are related to national and provincial policies (such as the minimum wage, water cost per cubic meter, information shared through the company’s web site, and the minimum water allowance provided for free per household). For this reason, variables have the same value in all cases (differences in the variable relative water costs originate in slightly different water costs for SAL) (Table 3, line 9, columns C through F). It is expected that these types of indicators will be more sensitive in relation to comparing the WSMS of different regions or countries.

Finally, the indicator perception, based on the number of user complaints, may be somewhat misleading. The low value obtained in SAL (Table 3, line 16, column J) does not necessarily mean that the service is worse in this city. It simply shows that either people in SAL complain more, or that the water company keeps a record of their complaints. This indicator might be determined by the availability and quality of internet services, the spread of cell phone coverage, citizens’ awareness of their rights, the degree of trust in the ability of the water company to solve problems, income, or other site-specific cultural aspects.

As shown in Figure 3, several descriptors fell below the acceptability threshold in all cities, reducing the sustainability of their WSMS.

Figure 3. Values obtained for the descriptors of the WASSI ordered according to the averages obtained for the four cities (averages shown within bars).
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Equity, participation, and impact received the lowest scores when averaged for the four cities (5, 30, and 37, respectively). Conversely, availability, access, and satisfaction exhibited the best scores (63, 70, and 72, respectively). Planning, use, and infrastructure scored in the middle (39, 40, and 44, respectively). Equity, measured through the indicator coverage, was the worst-ranked descriptor of the WASSI in the cities assessed. The variable used (lack of sewage services) was very useful to show differences even within cities. In a context of intensive urban growth, sewer services are usually provided later than water services, especially in peri-urban areas, revealing deficiencies in urban planning. Risks arising from this situation are high in the most disadvantaged areas of the cities. Low scores obtained for the descriptor participation are a direct consequence of the little number of formal interactions between the water company and end users. This suggests that more efforts are needed to promote new (and more frequent) interaction points to enhance deliberation and promote agreements. All case studies showed scores below the threshold for the descriptor impact because an important percentage of the wastewater remains untreated or is poorly treated prior to its discharge into the environment.

These figures suggest that the water company is focusing its efforts only on issues directly related to the provision of drinking water and pays less attention to other environmental and social issues that also affect the sustainability of the system but are potentially less visible to managers and customers. It is possible that the incorporation of additional quality standards, which may include equity indicators, citizen involvement, and information transparency, could force the water company and other institutions to pay more attention to these aspects of the service.

Figure 4 shows in detail the average values of the descriptors for SAL (Figure 4, left), where Availability, Infrastructure, Planning, and Access are in the little concern zone. If descriptors are calculated using the worst indicator per descriptor (Figure 4, right) only Planning remains in the little concern zone.

Figure 4. Descriptors of the WASSI calculated as averages of their respective indicators (left) and taking into account only the worst (limiting) indicator per descriptor (right).
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4. Discussion

The structure of descriptors, indicators, and variables used to build the WASSI was useful to assess the sustainability of the WSMS in each of the case studies. This structure was easily adapted to the different settings of each case study with minor adaptations at the variables level. We believe that the lower the level of the analytical category (descriptors, indicators, variables), the more flexible the index becomes. A different structure could also be used, provided that the assessment pays sufficient attention to the spatial, temporal, and personal aspects of the management system under study, as postulated by the conceptual framework adopted. In this manner, the index is both conceptually robust and operationally flexible and simple. We acknowledge that a number of different indices could be built in different places or for different periods of time. This is not seen as a drawback to the approach, but rather a reflection of the intricacies of social-environmental issues contingent to local circumstances and bound to a large degree on human subjectivity.

Lack of information is always a hindrance to building trustworthy decision-support models. Yet it should not prevent policy makers from making decisions using the best available information [50]. Establishing a working set of explicit criteria and variables is a valuable effort to initiating a more rational and potentially more participatory decision-making process. Based on this idea, our model is an attempt to capture the complexity of WSMS in situations where information is often lacking or fragmented.

Assigning numerical values to relatively subjective variables poses important methodological and political challenges. The validity of these values will be directly related to the social acceptability of the person or persons in charge of the assessment. Different stakeholders can assign different or opposing values to some of the variables used, and even select a different set of variables since these models are not objective accounts but interpretations of reality that are influenced by social contexts [51]. Model building raises many scientific and policy questions and the choices made are determined by the priorities of the participants. Because the range of possible social perspectives, stakeholders, variables, classes, and values is hypothetically very large, so are the possible outcomes that might emerge from the assessment. Therefore, the informed participation of all relevant stakeholders is necessary for planning processes to be legitimate and democratic [52].The role of scientists and experts is important in these assessment processes since they can generate missing information, propose pertinent conceptual models, help identify stakeholders, and assist during decision-making processes [53].

We believe that the selection of indicators should always follow the “principle of parsimony” to avoid over-specifying the explanatory model by using more variables than strictly necessary to describe the system under analysis [54,55]. This means that the fewer descriptors, indicators, and variables are better, as long as all essential aspects of the system are considered. Fewer indicators simplify the analysis, reduce the risk of overlaps, and increase the feasibility of the assessment. The bottom line should be that estimates should be useful in clarifying the relevant aspects of the conceptual model of sustainability that we adopted for our particular case study.


4.1. Scope and Limitations of the WASSI

The structure of nine descriptors of the WASSI follows a conceptual framework that postulates that sustainability can be understood by looking at its spatial, temporal, and personal aspects [11]. To maximize the consistency of the method, this structure has also been applied at the level of descriptors by defining three descriptors per aspect that respectively point to the spatial, temporal, and personal facets of each aspect. At the level of indicators and variables the WASSI becomes more flexible to facilitate its adaptation to the specific characteristics of each particular case. In our case, the variable aquifer depth, for instance, was adopted to describe long-term trends when groundwater was the main source of drinking water. However, another variable can be used to better reflect trends in water availability when local conditions so dictate without compromising the integrity and analytical power of the index. We believe that this flexibility in the selection of categories is one of the strengths of the WASSI, and allows for more bottom-up public participation, arguably enhancing the potential of the method to help formulate specific policies and solve practical problems [56].

Whether water and sanitation aspects need to be described by the same number of indicators and variables is subject to debate. A balanced index seems desirable, but the selection of indicators and variables is, to a great extent, case-specific and contingent upon the stakeholders and experts involved in the assessment. For instance, a water safety plan could well be replaced by a water and sanitation safety plan [57] to give values to a variable such as water safety (indicator: risks). The selection of cases is also a delicate issue.

Although we selected our cases to maximize social, demographic, economic, climatic, and geographical differences, all our case studies are embedded in the same legal and institutional framework since they belong to the same provincial state (with only slight differences in municipal legislation). Besides, water and sanitation services are provided by the same water company. Larger differences between case studies might be needed to better judge the adaptability of the WASSI to different settings.

The WASSI can also be enriched by paying attention to other sustainability-related issues such as nutrient recovery, energy efficiency, climate change, global water trade, and so on [58]. Further research is needed to fully address these issues in a comprehensive yet simple way.



4.2. Sustainability or Un-Sustainability?

For practical, historical, and epistemological reasons, it seems easier to assess the “un-sustainability” of a system (the problems that affect it) rather than its actual sustainability (its proximity to a hypothetically desirable state) [7]. Building on this idea, and on Liebig’s “law of the minimum”, it might be better to focus only on those indicators that are “limiting factors” to the sustainability of the system [1]. This focuses information retrieval and improves the efficiency of the assessment in identifying areas where improvements are needed, since corrective measures will be specifically focused on addressing the weakest aspects of the system. In the case of SAC, for instance, the presence of high concentrations of arsenic in water was so serious that a very expensive water catchment and transportation project was initiated to solve the problem.

Financial considerations aside, this intervention alone could improve the sustainability of the entire system more than any other measure or combination of measures that might enhance the value assigned to other indicators. It is clear that an index built on averages (Figure 4, left) will always be higher than one built on limiting factors (Figure 4, right). This might not be attractive for water companies, yet the latter will probably better reflect the real sustainability (or un-sustainability) of the system and may be more useful for decision making and monitoring.



4.3. From Indicators to Policies

Monitoring the quality of water and sanitation services demands ever increasing levels of technical efficiency [59]. The use of indicators is one of the ways by which sustainable governance practices can be promoted in the water and sanitation sector [60]. Indeed, achievement of the new Sustainable Development Goals (SDG) set out by the United Nations will require a combination of accurate monitoring methods (including the estimation of sustainability indicators) and adequate governance processes that include full social participation [30]. Thus far, even though there is a multiplicity of approaches and methodologies for the estimation of sustainability indicators, the impact of these indicators on concrete governance processes seems disappointingly small [16,61,62]. This disconnection may partially be due to the fact that researchers, who concentrate their efforts on the descriptive aspects of sustainability and governance, do not always satisfactorily engage with the more normative and fully political aspects of governance “for” sustainability [40,63].

It is also possible that current methods for sustainability assessment do not fully incorporate mechanisms of societal participation. Participation mechanisms need to ensure that all societal actors have the opportunity to take part in the decision-making process, including the implementation phase [64]. Most participation methodologies still seem too “reductionist” (quantitative and expert-led). A more “conversational” methodological paradigm (bottom–up, more qualitative, and participatory philosophy) might better assure success [17,65]. By combining both approaches, it is possible to acknowledge the importance of local contexts and diverse local perspectives, while maintaining the rigor provided by explicitly quantitative indicators [66]. In any case, full availability of accurate, transparent information and genuine public participation seem essential to fostering more open sustainability assessment practices that can be coupled with the deliberation processes necessary to reaching agreements for political action [62,67].

The project website that was developed to increase accessibility to relevant information on the system and facilitate public participation has recently been uploaded onto the internet. This site can be updated in real time and can also be used to add new cases from the region, the rest of the country, or from anywhere in the world. Confidential, unconfirmed, or provisional information can be safeguarded by assigning specific entry credentials to different users. This online tool can help promote participatory processes and might be useful for both decision making and academic purposes [68]. Salta’s water company is currently assessing the feasibility of incorporating such an online tool into their management processes.

As depicted in Figure 5, a more open sustainability assessment demands a smooth and constant flow of information to the stakeholders that will be in charge of the decision-making process. In an open sustainability assessment, indicators and indices (information) are essential to providing stakeholders with science-based decision-making tools [21,53]. Such governance processes could take place in specific virtual spaces by allowing two-way communication, where stakeholders agree to participate and interact to know and understand the problems of the WSMS and incorporate their own visions [69]. Websites, social media, and other virtual spaces are potentially good channels for societal interactions and can increase the availability and accessibility of sustainability information [49,70]. The use of interactive websites can also generate trust, promote social learning processes, and improve the efficiency of management policies [71]. However, these spaces can complement but not replace the institutionalized mechanisms of representative democracy, complemented by instances of face-to-face deliberative processes that could be designed and facilitated by governmental and non-governmental organizations, multilateral institutions, and companies [72,73,74]. Well-coordinated instances of deliberative and personal interaction can empower stakeholders irrespective of their social perspectives, interests, relative influence, values, or feelings [75,76]. Deliberative communication is characterized by a close relationship between institutions and stakeholders in specific, planned, and physical interaction places. To make this possible, institutions need to play a proactive role to operationalize and organize deliberative interaction processes and facilitate the formulation of policies that can move the system toward a situation of more sustainability [65,66].

Figure 5. Elements and relationships in a more open sustainability assessment approach.
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All stakeholders interviewed at the end of this study considered that a more open sustainability assessment approach backed by virtual tools such as the project website would be relevant and feasible in the province of Salta (Table 4).

Table 4. Summary of the results obtained during the interviews (see Materials and Methods for a description of the different social perspectives).


	Stakeholders (Perspectives)
	Information on the Water System
	Government Proficiency
	Participation Processes
	Stakeholders Commitment
	Relevance of Virtual Spaces





	A
	Low
	Low technical expertise; little decision power
	Poor; should be improved
	Low; little knowledge on the water system
	High; virtual spaces useful and feasible



	B
	Sufficient
	Enough technical expertise; little decision power
	Adequate
	Low; little knowledge on the water system
	High; virtual spaces useful and feasible



	C
	Low
	Low technical expertise; little decision power
	Poor; should be improved
	Very low; unaware of the problems
	High; virtual spaces useful and feasible



	D
	Low
	Low technical expertise; little decision power
	None; Water Company not interested
	High; very aware of the problems in the water system
	High; virtual spaces useful and feasible










Whether such tools would change the way things are done in water and wastewater management is debatable, since all interviewees expressed doubts about the decision making power of governmental control offices. With the exception of the stakeholder representing perspective B, they also agreed on the need to improve the level of public participation in water management. However, there is less agreement on the level of stakeholder commitment to participating in decision-making processes and on their knowledge of the water and wastewater system. As usual, real management systems cannot be easily explained, let alone governed, by resorting to simplistic models or by underestimating issues of power and economic interests. However, we believe that a thorough assessment of the sustainability of these systems, coupled with some knowledge on the social perspectives held by local stakeholders, can shed some light on issues that are usually disregarded in traditional governance schemes.




5. Conclusions

The WASSI was successfully assessed in four cities of the province of Salta. None of the cities exhibited very high levels of sustainability, with only one city above the acceptable threshold of 50 points over 100. Results suggest that the water company in charge of the WSMS in the province should direct more attention to some of the environmental and social issues that are currently not adequately addressed and are severely impeding the sustainability of the systems studied. We believe that the WASSI is conceptually robust and operationally simple and could be easily localized to the particular cases with minor adaptation.

The web site developed for this project has recently been made operational on the internet. It can be updated in real time and can be used to add new cases from the region, or from other regions. Such online tools can be useful to promoting participatory processes, assisting decision makers, and facilitating academic research in water and sanitation.

A more open sustainability assessment based on indicators and indices (such as the WASSI) can be a useful tool in assisting stakeholders and decision makers improve the sustainability and transparency of WSMS in the region and beyond. Local stakeholders support the use of an open sustainability assessment approach facilitated by virtual tools as relevant and feasible to the province of Salta.
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