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Abstract: The article presents a methodological proposal for assessing water 

sustainability in river basins using the Water Sustainability Index (WSI) and its 

application in the river basins of Chili, Caplina, Chancay-Lambayeque, and Urubamba, as 

well as at the national level in Peru, for the period 2012-2021. The WSI consists of three 

sub-indices based on the components of sustainable development: economic (SiE), social 

(SiS), and environmental (SiA). The WSI rating scale ranges from 0 (lowest) to 100 

(highest). Intrinsic and extrinsic indicators, both economic, social, and environmental, 

were selected. The results show that, both at the basin level and nationally, the social 

component performs best. However, significant challenges remain in the environmental 

component (Caplina and Chili River basins) and the economic component (Chancay-

Lambayeque, Chili, Urubamba River basins, and national level). Additionally, the risk of 

water unsustainability is linked to both physical factors (water scarcity in the Caplina 

basin) and management issues (in the Chancay-Lambayeque basin). 
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Resumen: El artículo presenta una propuesta metodológica para la evaluación de la 

sostenibilidad del agua en cuencas hidrográficas mediante el Índice de Sostenibilidad del 

Agua (ISA) y su aplicación en las cuencas hidrográficas de los ríos Chili, Caplina, Chancay-

Lambayeque, Urubamba, y en el ámbito nacional del Perú, en el periodo 2012-2021. El ISA 

está conformado por tres subíndices basados en los componentes del desarrollo 

sostenible: económico (SiE), social (SiS) y ambiental (SiA). La escala de valoración del ISA 

va de 0 (más bajo) a 100 (más alto). Se han seleccionado indicadores intrínsecos y 

extrínsecos, económicos, sociales y ambientales. Los resultados demuestran, en el ámbito 

de las cuencas analizadas, así como en el ámbito nacional, un mejor desempeño en el 

componente social; asimismo, existen importantes retos en el componente ambiental 

(cuencas de los ríos Caplina y Chili) e importantes retos en el componente económico 

(cuencas de los ríos Chancay-Lambayeque, Chili, Urubamba, y ámbito nacional). Por otro 

lado, el riesgo de insostenibilidad del agua está relacionado tanto a los aspectos físicos 

(escasez de agua en la cuenca Caplina) como a los aspectos de gestión (en la cuenca 

Chancay-Lambayeque). 

Palabras clave: Sostenibilidad del agua. Seguridad del agua. Desarrollo sostenible. 

Objetivos de desarrollo sostenible. Perú. 

 

1. Introduction 

Water is fundamental to all human activities, the maintenance of ecosystems (Bertule et 

al., 2018), and achieving sustainable development, which aims for the balanced and 

integrated development of economic, social, and environmental components (UN, 2015). 

The 2030 Agenda for Sustainable Development (2015) established 17 Sustainable 

Development Goals (SDGs). SDG 6, which seeks to "Ensure availability and sustainable 

management of water and sanitation for all," articulates the aspects of water 

sustainability necessary for national and global policies and impacts other SDGs due  

to existing interdependencies (UN-Water, 2016; Cai et al., 2021; Taka et al., 2021;  

Bertule et al., 2018). 

Sustainability assessment has been of interest to the scientific community since  

the establishment of the concept of "sustainable development", with a parallel  

interest in assessing water sustainability (Juwana et al., 2012; Vollmer et al., 2016;  

Di Vaio et al., 2021). 

Water sustainability assessments have been conducted using an indicator-based 

approach (Juwana et al., 2012; Vollmer et al., 2016). Bertule et al. (2018) reviewed the 

approach for monitoring indicator 6.5.1: “degree of implementation of integrated water 

resources management (IWRM),” comparing it with other indicators, such as the OECD's 

principles of water governance. Cai et al. (2021) analyzed, at the national level, how water 

security or sustainability, in accordance with SDG 6 targets, has become a strategy for 
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addressing water risk in 232 countries and territories. They also proposed the SDG 6 

Index (SDG6I), which has allowed for the determination of a baseline for SDG 6 indicators 

through numerical scores ranging from 0 (lowest score) to 100 (highest score). 

Breuer and Spring (2020) conducted research on the implementation of the 2030 Agenda 

in the Cuautla River basin in Morelos, Mexico. Tinoco et al. (2021), based on Bertule et al. 

(2018), developed a comparative analysis of water governance in Mexico, Chile, and Brazil 

based on SDG indicator 6.5.1. Bezerra et al. (2022) published the results of the 

operationalization of integrated water resources management in basins in Brazil, 

Colombia, and Peru; likewise, the OECD has published on water governance in Peru 

(OECD, 2021). 

In Peru, with the approval of Law 29338, the Water Resources Law, in 2009, as well as the 

creation of the National Water Authority (ANA) in 2008, a new stage of water 

management began, guided by the "degree of implementation of integrated water 

resources management" or IWRM (ANA, 2019a). In turn, the evaluation of IWRM was 

carried out using SDG indicator 6.5.1 (ANA, 2017, 2019b, 2023) and by developing a pilot 

test for the application of the indicators of the OECD Principles of Water Governance 

(ANA, 2019a). 

The objective of this work is to present the proposed Water Sustainability Index (WSI), a 

methodology for quantitatively determining the state of water sustainability in a basin or 

country on an annual and comparative timescale, based on the components of sustainable 

development: economic development, social equity, and environmental sustainability. 

The proposal incorporates the scale for quantifying and using SDG 6 indicators from Cai 

et al. (2021). Furthermore, it differs from the indices proposed by Juwana et al. (2012), 

Vollmer et al. (2016), and Cai et al. (2021) by proposing a balanced quantification of the 

contributions of the components of sustainable development (economic, social, and 

environmental), as well as by incorporating both intrinsic (inherent to water) and 

extrinsic (external but influencing the water situation) indicators. To demonstrate the 

applicability of the index, the application has been developed in four hydrographic basins 

of Peru (Chili, Caplina, Chancay-Lambayeque and Urubamba) and at the national level; it 

should be noted that some limitations were faced in the research 2. 

2. Methodology 

 To establish an index that allows for the quantitative assessment of water sustainability, 

the methodology for determining the ISA is based on three sub-indices, each representing 

a component of sustainable development (economic, social, and environmental), with 

equal weighting (1/3 for each). The sub-indices, in turn, are composed of intrinsic 

 
2 The limitations in the research were: the discontinuity in the evaluation of the Gini indicator (inequality indicator) at the departmental level,  
by the INEI; and the evaluation of the SDG indicator 6.3.2. (percentage of water bodies of good environmental quality) in periods longer than 
annual, since it has been identified that in the period 2015-2021 the evaluation was done only once, as well as not considering any basin in the 
Titicaca slope. 
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indicators, or indicators specific to water itself, and extrinsic indicators, which are 

external factors that influence the water situation. The weighting is 2/3 for intrinsic 

indicators and 1/3 for extrinsic indicators. The number of intrinsic or extrinsic indicators 

in each sub-index is determined by their relevance to the component (economic, social, 

or environmental), as well as the availability of information for the indicator in official 

sources (Aguirre-Núñez, 2023). The number of indicators (which varies for each sub-

index) is moderated by the similar weight assigned to each sub-index (1/3). Figure 1 

shows the ISA schematic. 

 

 

 

 

 

 

 

 

 

 

 

2.1 Criteria for defining the ISA, the sub-indices, and the indicators 

The Water Sustainability Index WSI (ISA) is considered to assess water sustainability (not 

management, which is assessed by SDG 6.5.1), with the WSI itself being an outcome 

indicator rather than a process indicator (Cai et al., 2021), and the processes for weighting 

the indicators should be simple and robust (Munda & Nardo, 2005). Similar to the scale 

used in other indices (Cai et al., 2021), a rating range of 0 to 100 has been adopted for the 

WSI to assess water sustainability. The WSI (ISA) score is determined by summing the 

economic, social, and environmental sub-indices, each with a similar weighting (1/3). The 

range of the sub-indices is from 0 to 33.33. Each sub-index, in turn, is determined from 

the results of the intrinsic and extrinsic indicators. The selection of indicators was based 

on the availability of information from official sources. The WSI (ISA) will allow for the 

development of a comparative spatial and temporal analysis of water sustainability. 
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2.2 Structure, formula and range of values of the WSI (ISA) 

 The structure of the WSI (ISA) is shown in Figure 1 and the formula for the calculation is 

presented in formula (1): 

 

 

Where: 

WSI (ISA) = Water Sustainability Index 

SiE = Economic Development Sub-index 

SiS = Social Equity Sub-index 

SiA = Environmental Sustainability Sub-index 

 

In this sense, the ISA is a composite index, since it requires a series of variables (sub-

indices or indicators) for its determination or evaluation (Munda & Nardo, 2005). 

To determine a composite index, such as the WSI (ISA), the constituent components (sub-

indices) must be aggregated with their respective weights (Cai et al., 2021; Sachs et al., 

2018). This ensures that policymakers, implementers, and decision-makers consider each 

component of sustainable development (economic, social, and environmental) with equal 

importance and in an integrated or indivisible manner. Similar weights are assigned to 

each of the sub-indices: economic (SiE), social (SiS), and environmental (SiA). Specifically, 

the weight of each sub-index is 1/3, considering each sub-index to be equally important 

(Sachs et al., 2018). The formula for determining the ISA is described in Formula 2: 

 

The WSI (ISA) ranges on a scale from 0 to 100 and the sub-indices SiE, SiS and SiA range 

from 0 to 100 on a relative scale and from 0 to 33.33 on an absolute scale, when multiplied 

by their respective weighted values. 

The SiE, SiS, and SiA sub-indices are composed of intrinsic (Iint) indicators, which are 

essential or internal to water, and extrinsic (Iext) indicators, which are external and 

influence the performance of the component represented by the sub-index. The selected 

intrinsic indicators correspond to the SDG 6 indicators, which have been classified 

according to the component with which they are most closely related (economic, social, 

or environmental). For the extrinsic indicators, those representing the respective sub-

index component (economic, social, or environmental) and impacting the water situation 

in the basins have been selected. The number (n) of indicators, whether intrinsic or 

extrinsic, does not necessarily have to be a fixed number, as this number is determined 

based on the number of SDG 6 indicators relevant to each component (economic, social, 
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or environmental). This characteristic gives the methodology a high degree of flexibility. 

The weighting adopted in relative terms for the set of intrinsic indicators is 2/3 or 0.667, 

and for the set of extrinsic indicators it is 1/3 or 0.333, which, expressed in percentage 

terms and in terms of the methodology's rating scale, would correspond to 22.22% for the 

intrinsic indicators and 11.11% for the extrinsic indicators. 

The proposed structure of the ISA provides flexibility that would allow the incorporation 

of more indicators (for example, those that may be very specific to a basin) without 

altering the weighting of the economic, social, and environmental components. 

2.3 Structure and formula of the economic development sub-index 
(SiE) 

The SiE is made up of intrinsic (IintE) and extrinsic (IextE) indicators, whose structure is 

shown in Figure 1 and as described in formula 3: 

 

 

Where  

niE = number of intrinsic economic indicators  

neE = number of extrinsic economic indicators 

 

2.4 Structure and formula of the social equity sub-index (SiS) 

The SiS is made up of intrinsic indicators (IintS) and extrinsic indicators (IextS) whose 

structure is shown in Figure 1 and as described in formula (4): 

 

 

Where 

niS = number of intrinsic social indicators 

neS = number of extrinsic social indicators 
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2.5 Structure and formula of the environmental sustainability sub-
index (SiA) 

The SiA is made up of intrinsic (IintA) and extrinsic (IextA) indicators according to the 

structure shown in Figure 1 and according to formula (5): 

 

 

Where:  

niA = number of intrinsic environmental indicators  

neA = number of extrinsic environmental indicators 

 

2.6 Indicators of the economic (SiE), social (SiS) and environmental 
(SiA) sub-indices 

Tables 1, 2, and 3 present the indicators for the SiE, SiS, and SiA, with their respective 

classifications (intrinsic and extrinsic) and sources of information. The sub-indices are 

calculated using formula (1), formula (2), and formula (3), respectively. 
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https://datos.bancomundial.org/indicator/SI.POV.GINI?locations=PE
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2.7 Scope of application of the WSI (ISA) 

The WSI (ISA) has been applied to the Chili, Caplina, Chancay-Lambayeque, and 

Urubamba River basins, as well as at the national level. The basins were selected to 

represent the country's different hydrographic slopes (Pacific and Amazon), their 

geographical location (north and south), and the availability of basin-scale data. The 

Titicaca basin and the lowland rainforest were not included, as both present greater 

challenges in reconciling basin-scale and departmental-scale indicators. The basin areas 

are represented in Figure 2. 
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2.8 Standardization of the indicator scale 

In order to standardize the information on a single scale, the results have been normalized 

on the scale, with values from 0 to 100. The procedure for standardizing the scale or score 

of the indicators is described in the following sections: 2.9, 2.10 and 2.11. 

2.9 Information on the SiE indicators 

 Intrinsic indicator 1 corresponds to water productivity, which was determined by 

relating water availability in each basin to the departmental GDP. Standardization was 

performed using a threshold value of USD 40.00/m³, above which water productivity is 

considered optimal (Cai et al., 2021). That is, in basins with water productivity equal to or 

greater than USD 40.00/m³, the indicator result is 100; and then, proportionally, the 

results are estimated (0 to 100 according to the economic productivity of water in the 

basin). The results are presented in Table 4. 

 

 

 

 

 

 

 

 

 

 

The extrinsic economic indicator 1 (IextE1) is GDP per capita. Table 5 shows the national 

and departmental GDP per capita. Considering that cities (more than river basins) are the 

primary drivers of the human development indicator (UNDP, 2009), departmental and 

respective river basin GDP have been treated as equivalent. Table 5 presents the GDP per 

capita information in Peruvian soles (S/). 
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The values were normalized by considering the lowest and highest departmental GDP per 

capita values for all departments in Peru. Table 6 presents the normalized national and 

departmental GDP per capita (adapted to the basin) for the period 2012–2021, which is 

the extrinsic economic indicator 1. 

 

 

 

 

 

 

 

 

 

2.10 SiS indicator information 

The indicator “proportion of the population with access to piped water” (SDG indicator 

6.1.1) constitutes intrinsic social indicator 1 (IintS1). Information for the departmental or 

basin level comes from SUNASS (2016, 2017, 2018, 2019, 2020, 2021), and for the 

national level from INEI (2022). Table 7 presents the correspondence between the scope 

of public sanitation service companies (EPS) and the basins under study. 
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For the Chili, Caplina, and Chancay-Lambayeque River basins, the indicators of the water 

and sanitation service providers (EPS) serving the departmental capitals were 

considered: SEDAPAR in Arequipa, EPS Tacna in Tacna, and EPSEL in Chiclayo. For the 

Urubamba basin, the indicator was determined using a weighted average (based on the 

population served) between the SEDACUSCO EPS and the other three EPSs (EMPSAPPAL 

EPS in Sicuani, EMAQ EPS in Quillabamba, and EMSAPA EPS in Calca). Table 8 presents 

the values for the proportion of the population with access to water through the public 

network, corresponding to intrinsic social indicator 1. 

 

 

 

 

 

 

 

 

 

The intrinsic social indicator 2 (IintS2) corresponds to the proportion of the population 

using safely managed sanitation services, including a handwashing facility with soap and 

water (SDG indicator 6.2.1). It should be noted that the information for the river basin 

level comes from the same sources as intrinsic social indicator 1 (IintS1). 
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For the Chili, Caplina, and Chancay-Lambayeque River basins, the indicators of the water 

and sanitation service providers (EPS) serving the departmental capitals (SEDAPAR in 

Arequipa, EPS Tacna in Tacna, and EPSEL in Chiclayo) were considered. For the 

Urubamba basin, the indicator was determined using a weighted average of the EPS 

SEDACUSCO and the other companies within the basin (EPS EMPSAPPAL in Sicuani, EPS 

EMAQ in Quillabamba, and EMSAPA in Calca). The indicator values are presented  

in Table 9. 

 

 

 

 

 

 

 

 

 

 

The extrinsic social indicator 1 (IextS1) is the inequality index, based on the Gini index 

(Castillo, 2020), at the national and departmental levels in Peru. The inequality index 

proposed here corresponds to the Gini index adapted according to formula (4), where the 

range of inequality values goes from 0, the most unfavorable value of social equality, to 

100, the highest value of social equality. 

𝑖𝑛𝑒𝑞𝑢𝑎𝑙𝑖𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 = 100 − 𝐺𝑖𝑛𝑖 𝐼𝑛𝑑𝑒𝑥 

The Gini Index has been obtained from INEI (2016), for the period 2012 - 2015, from 

Castillo (2020) for the period 2016 - 2019 and from the World Bank (2023) for the period 

2020 - 2021, as presented in Table 2. 

Table 10 presents the standardized results of the IextS1 indicator "social inequality" at 

the national level and at the departmental or river basin level for the period 2012-2021. 
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2.11 Information on the SiA indicators 

The intrinsic environmental indicator 1 (IintA1) represents the proportion of wastewater 

treated safely (SDG indicator 6.3.1). The values for the proportion of wastewater treated 

safely correspond to those reported by the water service providers located within the 

basins. The information comes from the same sources as the intrinsic social indicator 1 

(IintS1); for the national level, the information comes from INEI (2023). 
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The intrinsic environmental indicator 2 (IintA2) corresponds to the proportion of water 

bodies of good quality (SDG indicator 6.3.2), and the information from the technical 

document "Situational status and report of indicator 6.3.2. Percentage of water bodies of 

good environmental quality of sustainable development goal 6" (ANA, 2020) was used. 

Table 12 presents the information corresponding to IintA2. 

 

 

 

 

 

 

 

 

 

The intrinsic environmental indicator 3 (IintA3) corresponds to the level of stress due to 

water scarcity (SDG indicator 6.4.2). The information for the basins was obtained from 

the web portal of the National Water Resources Information System (SNIRH) of the ANA 

and from the Water Availability Utilization Plans (PADH) that are prepared in the basins; 

for the national level, the information was obtained from the INEI. 

Regarding the proportion of the flow that should remain in the river, the values or 

proportions estimated in the "Synthesis Study of the Final Report of the Integrated 

Monitoring Project of SDG 6 targets related to Water and Sanitation (GEMI)" (ANA, 2017) 

have been considered. Table 13 presents the values of the water stress level.  
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The extrinsic environmental indicator 1 (IextA1) constitutes the water scarcity 

indicator—an adapted Falkenmark index (Falkenmark et al., 1989). For its application, it 

was necessary to transform or adapt the scale proposed by Falkenmark to one where 100 

represents the most favorable situation (no stress, availability > 1700 m³-capita/year), 

with a scale ranging from 0 to 100 for the proportional range of values from 0 to 1700 m³-

capita/year. Table 14 presents the values for the water stress indicator. 
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3. Results and discussion 

3.1 SiE results 

Figure 3 presents the results of the SiE for the national level and for the basins in the 

period 2012-2021. 

 

 

 

 

 

 

 

 

 

3.2 SiS results 

Figure 4 presents the results of the SiS at the national level and for the basins for the 

period 2012 - 2021. 
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3.3 SiA Results 

Figure 5 presents the results of the SiA for the national and basin levels in the period 

2015-2021. 

 

 

 

 

 

 

 

 

 

 

3.4 ISA results, national and basin scope 

Using information from the results of the social, economic, and environmental sub-

indices, the Water Environmental Sustainability Index (ISA) has been determined for the 

national level and for the basin level in the period 2012 to 2021. Figure 6 presents the 

results of the ISA for that period. 
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3.5 Discussion of WSI (ISA) results in the Chili River basin 

As can be seen in Table 15, the disaggregated results of the WSI (ISA), with their 

respective sub-indices, in the Chili River basin show that the social component (SiS) is the 

one that demonstrates the best performance (25.2 to 26.58), while the social inequality 

indicator had a significant favorable evolution from 59.50 in 2012 to 67.33 in 2021, 

although the challenge of reducing inequality remains. 

The environmental component shows lower comparative values and greater differences. 

The SiA (Safe Wastewater Index) increased from 9.76 in 2016 to 15.06 in 2017, due to the 

implementation of the La Enlozada Wastewater Treatment Plant (the indicator of the 

proportion of wastewater treated safely increased from 15.83 in 2016 to 94.11 in 2017). 

The economic component also shows lower comparative values, but smaller differences 

(10.40 for 2020 and 13.96 for 2016). 

The WSI (ISA) results for the Chili River basin show the lowest performance in 2015 

(48.21) and the highest in 2017 (54.85). Year-on-year ISA values have remained roughly 

the same, at 50.06 in 2012 and 51.14 in 2021. Therefore, the Chili River basin requires 

reducing the pressure (intensive use and deterioration of water quality) exerted on its 

water resources, improving the economic efficiency of water use, and reducing social 

inequality between urban and rural areas. 
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3.6 Discussion of results of the WSI (ISA) Index for the Caplina River 
basin 

As shown in Table 16, the disaggregated results of the WSI (ISA), with their respective 

sub-indices, in the Caplina basin indicate that the social component (SiS) shows the best 

performance (27.56 to 27.96). However, further reductions in social inequality are 

needed, which have improved from 60.60 in 2012 to 62.25 in 2021. The economic 

component also shows good performance (25.35 to 26.83), while the environmental 

component shows low values (SiE from 5.43 to 6.39) mainly due to the physical scarcity 

of water and the pressure exerted by its use. Therefore, greater attention must be paid to 

the environmental component in the Caplina basin to prevent deterioration that could 

eventually lead to collapse. The ISA results in the Caplina basin show a small variability 

throughout the analyzed period (59.70 in 2012 and 59.94 in 2021). 
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3.7 Discussion of results of the WSI (ISA) Chancay-Lambayeque 
River basin 

The results of the WSI (ISA), with their respective sub-indices, in the Chancay-

Lambayeque basin demonstrate that the economic component has the lowest 

performance (SiE from 8.25 to 23.06), attributed to the fact that water use in the basin is 

primarily for low-profit agriculture. The social component shows the highest comparative 

performance (SiS from 25.43 to 26.23); however, further reductions in social inequality 

are needed, which improved from 60.70 in 2012 to 64.13 in 2021. The environmental 

component shows intermediate performance (SiA from 15.68 to 20.35), requiring 

improvement in the proportion of water bodies of good environmental quality (which is 

0 in the analyzed period). In this regard, the Chancay-Lambayeque basin needs to improve 

the economic component through, for example, improving the economic efficiency of 

water, as well as improving the performance of the environmental component with 

respect to water quality. 

 

 

 

 

 

 

 

 

 

3.8 Discussion of WSI (ISA) results in the Urubamba River basin 

The results of the WSI (ISA), with their respective sub-indices, in the Urubamba basin 

indicate that the economic component is the one that presents the lowest and most 

different performance (SiE from 12.19 to 24.54), due to the change in the values of the 

indicator "change in the efficiency of water use" from 100 in 2012 to 44.60 in 2021, which 

is due to the realization in the use of water volumes, considering the results of 2021 to be 

closer to reality. The "GDP per capita" indicator has shown slight variations during this 

period, from 20.88 in 2012 to 20.47 in 2021. The social component shows the highest 

comparative performance (SiS from 26.91 to 27.75); however, the social inequality 

indicator has shown a favorable trend, from 57.60 in 2012 to 58.59 in 2021, and requires 
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further improvement. The environmental component shows high and less varied results 

(SiA from 25.75 to 26.75), due to a comparatively better performance in the "proportion 

of water bodies of good environmental quality" indicator, which is 31.60 throughout the 

period, as well as the low level of water scarcity stress. 

 

 

 

 

 

 

 

 

 

3.9 Discussion of WSI (ISA) results at the national level 

The WSI (ISA), and the analysis of their respective sub-indices, show that the 

environmental component (SiA) had the strongest performance at the national level 

during the analyzed period (except for 2012), followed by the social component (SiS). The 

economic component (SiE) shows a more limited performance (7.58 to 9.98). The ISA was 

56.40 in 2012, and 55.65 in 2015 (SDG baseline), reaching 58.67 in 2021 (most recent 

reference year). reflecting gradual year-on-year variations, as shown in Table 19. The 

lowest ISA value was 55.65 in 2015), while the highest reached 61.15 in 2019. 

The most significant decline in the WSI (ISA) occurred between 2019 (61.15) and 2020 

(58.27), mainly due to the impacts of the COVID-19 pandemic. During this period, the 

economic component fell from 9.98 in 2019 to 7.89 in 2021, while the social component 

slightly declined from 25.16 in 2019 to 24.80 in 2021. Meanwhile, the environmental 

component (SiA) showed practically no variation, rising marginally from 25.97 in 2019 to 

25.98 in 2021. 

The national WSI (ISA) increased from 56.40 in 2012 to 58.67 in 2021, indicating a slight 

improvement. However, national-level results can differ significantly from those at the 

basin level, as we may observe from the results obtained in the basins analyzed in this 

study. At the national level, the environmental sub-index records the strongest 

performance (SiA of 25.98 in 2021), mainly due to the significant water availability in the 
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Amazonian watershed and the relatively low pressure on water resources in its basins. 

However, SiA values in the Caplina (5.53 in 2021) and Chili River (13.59 in 2021) basins 

are significantly lower. The social sub-index at the national level (SiS of 24.80 in 2021) is 

slightly below the values recorded in the four basins analyzed (SiS of 25.83 in the Chili 

River basin, 27.72 in the Caplina River basin, 25.43 in the Chancay-Lambayeque basin and 

27.20 in Urubamba basin), suggesting a relatively similar performance of the social 

component at the national level, as compared to that of the basins analyzed. 

The economic sub-index at the national level had the weakest performance (SiE of 7.89 in 

2021), a value that is well below that recorded in the Caplina River basin (SiE of 26.69 in 

2021). This result highlights the significant challenges that remain in improving the 

performance of the economic component and in achieving sustainability (by enhancing 

water use efficiency) at the national level. 

 

 

 

 

 

 

 

 

 

National-level results consolidate those recorded in the basins and may substantially 

differ from the situation observed in each basin. This is the case in the Caplina basin, 

where the economic component shows a higher performance than that at the national 

level, while the environmental component records a considerable lower result. These 

nuances can be identified through a disaggregated analysis of the sub-indices (SiE, SiS and 

SiA), since the WSI (ISA) values do not reflect such differences (national ISA = 58.67 ; 

Caplina ISA = 59.94). The analysis could even consider indicators such as access to water 

and sanitation between urban and rural areas, at both basin and national levels. 
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4. Conclusions 

This research proposes a Water Sustainability Index (WSI ISA), applied both at the 

national level and in the areas of the of the Chili, Caplina, Chancay-Lambayeque and 

Urubamba River basins. The ISA enabled the evaluation of water sustainability, 

considering its economic, social and environmental components (analyzed through the 

SiE, SiS and SiA sub-indices), across both spatial (basins and national levels) and temporal 

scales (2012 to 2021). 

Furthermore, the WSI (ISA) demonstrated in practice the applicability of the sustainable 

development concept with a focus on water sustainability through a quantitative analysis 

of the balanced contributions of its three dimensions -economic, social, and 

environmental-, taking into account intrinsic and extrinsic indicators. This research 

confirms that achieving water sustainability in watersheds requires adequate 

performance in all these components of sustainable development, and that poor 

performance in any of them—for example, the environmental component in the Caplina 

basin or the economic component in the Chancay-Lambayeque basin— may jeopardize 

sustainability in the corresponding area. 

The results demonstrate that the social component recorded improved performance, both 

within the analyzed basins and at the national level. However, significant challenges 

remain in the environmental component (notably in the Caplina and Chili River basins) 

and in the economic component (Chancay-Lambayeque, Chili, and Urubamba River 

basins). Furthermore, the risk of water unsustainability is associated to both physical 

aspects (water scarcity in the Caplina basin) and management-related factors (Chancay-

Lambayeque basin). The results also show that the social component -assessed by the SiS- 

performed better at the basin than at the national level. However, improving the social 

inequality indicator remains a major challenge in all cases. 

The conceptual framework, mathematical formulations, and availability of official 

information supporting the indicators make the Water Sustainability Index (WSI ISA) 

proposed in this research a useful tool, applicable both at the national and international 

river basin levels. 

Additionally, it is recommended to establish minimum threshold scores for the ISA (e.g., 

50, 40 or 30) and  for the SiE, SiS and SiA sub-indices (e.g., 16, 14 or 12), below which the 

water situation in a basin could be considered unsustainable. 
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