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Abstract

:

Water affordability as a dimension of water poverty is becoming an increasing source of concern in cities of the Global North. Studies on water affordability are either based on water wants and not needs or tend to use spatial scales too large for effective analyses of local inequities that can truly guide policy actions. In this contribution, we calculate and map a Water Affordability Index (WAI) based on the minimum water requirement of 100 litres/person/day at the scale of the census tract for the Metropolitan Area of Barcelona. We also apply global and local spatial autocorrelation analyses to investigate spatial relationships between the WAI and poverty-related sociodemographic variables. Results show that, even though average WAI values are moderate, the distribution pattern of higher and lower values tends to be clustered in some districts and neighbourhoods of the study area. Bivariate correlations indicate that water affordability is not only related to poverty variables but also to the diversity of water prices. Findings exemplify how the constructed index can complement existing affordability indicators, revealing and mapping important risk groups struggling to meet the costs of essential water needs. Water affordability could be mitigated by supportive water pricing policies for vulnerable households in water poverty hotspots.
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1. Introduction


1.1. Theoretical Framework


The concept of water poverty achieved international recognition when the United Nations declared access to water and sanitation a human right [1]. Individuals, communities, regions, and countries could be defined as water-poor if they failed to comply with at least one of the five dimensions of the human right to water and sanitation, namely that water must be safe, acceptable, sufficient, physically accessible, and affordable [2,3,4]. Safe, sufficient, and physically accessible water represents a major problem in many developing countries [5]. Although access to water is by no means universally safe and secure in the Global North [6,7], for most water-poor people in rich countries, affordability, or the inability to pay for water, remains the main problem [6,8,9]. This ushers in water security concerns even in affluent societies enjoying extensive network coverage and sophisticated treatment systems [9]. Since our focus is on the Global North, in this paper we have understood water poverty as, primarily but not exclusively, an affordability question [8] and have attempted to estimate water affordability in quantitative terms using as an example the Metropolitan Area of Barcelona (MAB). We have employed a needs-based approach considering only those uses of water satisfying minimum standards of living according to the literature [10,11]. The scale chosen for analysis is relatively rare in Europe where most studies select data at the national, regional or in some cases municipal levels but rarely at submunicipal units such as census tracts (CTs), for which detailed sociodemographic information is increasingly available in many European countries. Through a fine-grained spatial analysis, our study attempts to shed light on the relationship between poverty and water affordability. In disentangling the relationships between water affordability and poverty, we have identified spatial clusters of unaffordability and have tested the relationships of water affordability with variables such as income, gender, migration, or age. All these calculations may be of interest to guide the application of policy actions specifically tailored to the different socio-spatial realities found in urban areas across the Global North. This approach would complement analyses based on household-level surveys collecting information on water affordability (e.g., the European Survey on Income and Living Conditions [EU-SILC]), allowing us to detect where, and in some sense also why, water affordability may be a problematic social issue. Results at the submunicipal scale may assist in the design of site-specific policies for helping households face an issue of growing concern and social impacts.



Given the multifactorial nature of water poverty [12], the main goal of the paper is to build an affordability index based not only on income but also on household data and water prices and taxes. Moreover, and to avoid superfluous uses, we developed an index that includes essential water uses only. The first objective of the paper was to provide a quantitative estimation of household water affordability at the CT level based on this index. The water affordability index is understood as the proportion of the economic cost (in EUR) of water for essential uses as reflected in the water bills over the total household income. Due to the disparity of affordability thresholds and the wide variety of methods and criteria to define a household as water-poor [9,13], we did not seek to establish such a threshold or to make comparisons with other thresholds. Rather, our interest lay in finding possible associations of water affordability with sociodemographic variables used in poverty and deprivation studies at appropriate scales such as gender [14], population at risk of poverty [15], foreign-born population [16] or economic inequality [17]. Along this line, the second and third objectives included, respectively, the identification of spatial clusters of water affordability, and the comparison of affordability with sociodemographic variables used in poverty studies.



The paper is organised as follows. After this introduction, we reviewed the literature on water affordability with an emphasis on the Global North. In this review, we paid attention to the debate on the selection of the appropriate threshold to define water-poor households, particularly on the figure of 3 percent of available household income spent on water which remains the most cited benchmark for defining water-poor households [9]. The following section presents the materials and methods of analysis. As stated above, our study area was the Metropolitan Area of Barcelona (MAB), but our scale of work was the CT for which information on the economic cost of water and household income, as well as other sociodemographic variables, was available. After calculating the water affordability index (WAI) for each CT, spatial autocorrelation analyses were developed to test the robustness of the resulting spatial clusters of water affordability which we then related to several sociodemographic variables. In the results section, we present the main findings on water affordability in the MAB and its internal dynamics. Results were discussed in terms of their possible relation with other studies such as the Survey of Income and Living Conditions conducted in the MAB, and especially, regarding the possible relationships between water affordability and variables traditionally associated with poverty. Finally, in the conclusions, we summarise the most relevant aspects of the research, assess possible limitations of the study, and propose some possible avenues for future research on this topic.




1.2. Water Poverty as an Affordability Problem: An Emerging Field of Study


The literature on water poverty as an affordability problem in the Global North is extensive [11,18]. Many contributions focus on the United States where water poverty has grown worse in recent years as water prices have risen above the capacity to pay for low-income households [6,13,19,20,21]. In Europe, water poverty has been studied in countries such as the UK [22], France [23]; Italy [24], Belgium [10], Portugal [9], Spain [8,25,26,27,28], and the so-called transition countries [29]. Most studies work with household data although the scale of statistical aggregation is usually much larger (city or metropolitan area and more frequently region or country). To our knowledge, water affordability studies using CT data are rare in Europe in contrast with the US where the use of this spatial unit is more common [21].



Most of the contributions aim at finding quantitative thresholds for affordability from which a condition of water poverty can be defined. Usually, the threshold is the quotient, represented by an index or a percentage defined as the Water Affordability Index, between the economic cost of water for households and household income. In Europe, the most common threshold for defining a household in a condition of water poverty is when the economic cost of water represents 3 percent or more of household income [9,13,30]. It is acknowledged that such an economic effort is high enough to force households to refrain from spending money on other basic needs [19]. The figure of 3 percent has become the standard benchmark for international comparability in water poverty studies [30]. However, both the numerator (water expenditure) and denominator (household income) have been criticised for possibly masking large water consumption by rich households (lawns, gardens, and swimming pools) based on wants and not on needs [19]. Perhaps more significantly, when using averaged aggregated data at the regional or national level of household water expenditure and income in Global North countries, the 3 percent threshold appears to be too high to rule out the presence of households under these conditions. Although the WAI in Global North countries is lower because of higher average incomes, the higher cost of living may mask cases of water poverty masked by lower WAIs than those of other countries. According to Smets [30], the average values of the WAI for 14 countries of Western Europe oscillate between 0.6 and 1.8 percent with an average value of 1.1 percent. For Eastern European transition countries, the range is between 1.5 and 4.6 percent with an average value of 2.6 percent or more than twice the figure for Western Europe. Hence, the selection of the threshold appears to be related to the level of development. Thus, and rather convincingly, other authors argue that the 3 percent threshold would be more meaningful for developing rather than developed countries [24].



The identification of the water-poor at the level of households using the 3 percent benchmark is only possible through specific survey work such as Martins [9] for Portugal or Domene [31] for the Metropolitan Area of Barcelona. When aggregated data are used, the most extreme values tend to dissolve among averages. The European Survey on Income and Living Conditions [32] includes data from interviews at the household level that may be extrapolated to national, regional, or provincial scales but not to urban or suburban units. Therefore, for large urban agglomerations, the lack of disaggregated data on water- and energy-poor households, may impede the identification of spatial clusters of water poverty. Cluster identification facilitates the location of vulnerable areas in terms of water affordability.



To make visible water-poor households, more refined methods of estimation can be found in the literature [11,13]. First, for the numerator, it has been proposed that the economic cost of water for households includes only the cost of essential uses (drinking, cooking, personal hygiene). Some authors have produced very precise estimations of the water satisfying these basic needs [10,33], although substantial variations may be found between and within countries. Other authors have estimated essential water uses from the proportion of this water statistically determined to be inelastic and therefore essential [34] while others have opted for using a fixed figure such as the 100 L/person/day (lpd) of the OECD considered to cover basic needs for households in Global North countries [35]. As to the denominator, some approaches use income subgroups, usually defined as those receiving a fraction of average income such as the lowest income quintile in the United States [20] or the 40 and 60 percent of the average income in certain European countries [10,30]. In Western Europe, when considering only the household group with an average income of 40 percent or less than the national average income, the WAI climbs to 2.75 percent [30]. At any rate, values above 3 percent remain rare, making evident the need for other approximations to water poverty beyond this criterion.





2. Materials and Methods


2.1. Case Study: The Metropolitan Area of Barcelona (MAB)


The Metropolitan Area of Barcelona (MAB), one of the most populated conurbations of Southern Europe, is located in the northeast of the Iberian Peninsula, The MAB (636 km2) includes 36 municipalities and more than 3.3 million people, combining highly compact areas with low-density enclaves [8]. Moreover, the MAB concentrates on important poverty hotspots and water prices that are among the highest in Spain [36,37]. Average domestic water consumption in the MAB was around 105 lpd in 2018, with averages at the municipal level varying from 85 to 140 lpd, these differences are mostly explained by urban density and income levels in the different municipalities [31].



The MAB may be an interesting setting for studying the spatial distribution of water affordability, given the presence of strong spatial segregation patterns in terms of income and other variables defining socioeconomic status [38], the diversity in the number of companies providing the water supply services, and the differences in water prices according to water companies and municipalities. In 2018, average household incomes ranged from EUR 27,367/year in the poorest municipality to EUR 61,718/year in the wealthiest (refer to Table A1 in Appendix A); average household size oscillates between 1.9 and 3.44 persons per household while the municipal population density in 2021 ranged from 21,406 inh/km2 to 133 inh/km2.



In 2020, one in four inhabitants of the MAB was at risk of poverty, defined as the population with an income 60 percent or less than the average income of the MAB. This figure had risen by 23 percent in comparison with the figure before the COVID-19 pandemic. Furthermore, 12 percent of the metropolitan population was at risk of extreme poverty, defined as the population with an income 30 percent or less than the average income of the MAB [39]. Data from the Spanish Survey on Income and Living Conditions (EU-SILC) showed that, using the 3 percent benchmark, around 10 percent of MAB households (125,300) were in water poverty in 2019 [40]. If only households at risk of poverty were considered, this figure rose to 83 percent of the total. Water prices also show important variations among the municipalities. For an average consumption of 12 m3/month, in 2022 some residents paid EUR 1.49/m3 while others paid EUR 3.27/m3 [41].



If households are granted the status of “vulnerable” by municipal social services they are eligible for discounts on the water bill [8]. However, it is not possible to introduce subsidies in this study due to the lack of data at an appropriate scale.




2.2. Calculation of the Water Affordability Index at the Census Tract Level


We defined the Water Affordability Index (WAI) as the percentage of household income allocated to the payment of essential water uses. We did not include the total amount of the water bill but only the cost of the water for fulfilling basic needs such as drinking, cooking, personal hygiene and washing. In our case, we selected the standard figure of 100 L/person/day (lpd) proposed by the OECD to cover all these basic needs [35]. As to the other component of the index, we used the average household income of the area estimated at the CT level [34]. The CT scale allowed us to work on a small spatial scale and at the same time comparable with other similar spatial units that contain the same type of information for other European countries such as Belgium (Statistical Sector), France (Statistical Block), or Italy (Census District) [42]. Unfortunately, the structure of Spanish statistical data [32] precluded refining this variable to include only households at risk of poverty (households with an income of 60 percent or less than the average metropolitan income).



In order to calculate the WAI for the 2146 CTs of the MAB, two sets of data were prepared. First and for the year 2018, we obtained sociodemographic and economic data at the CT level (population, number of households, average size of households, and average household income) for the 36 municipalities included in the MAB. The data were provided by the Spanish Statistical Institute [43] together with data concerning the rest of the sociodemographic variables used in the study. The second set of data concerned the cost of the water bill in each municipality. Both sets of data require information at different levels of disaggregation, which is generally available in many European countries. Currently, 23 of the 36 municipalities are supplied by “ABEMCIA”, a public–private company (80 percent of the shares are owned by the private company “Aigües de Barcelona”) while the rest are served by other public–private companies, private companies, or public companies (the latter only 2 out of the 36 municipalities). The amount of the water bill presents differences between municipalities according to the items included (water supply and sanitation, and several taxes). We obtained information on the water price from the “Catalan Observatory Water Prices” [41]. The Catalan Water Agency provides an online tool to calculate the monthly amount of the water bill for each municipality according to different monthly consumptions (from 1 m3 to 30 m3). The amount of the invoice is broken down into different concepts: the water supply rate, the sewerage fee, and the regional water fee. In this case, the total cost included the price of water plus these three components, plus VAT. Moreover, to this basic structure, some municipalities such as Barcelona add an extra item which is the domestic waste fee. Given the complexity of the water bill we provide below a basic formula with all the components included in the bill:


TWBA = WSF + SF + RWT + VAT








where:




	
TWBA is the total amount of the bill (in EUR).



	
WSF is the Water Supply Fee, including the Fixed Consumption Fee, the Variable Consumption Fee, and the Water Meter fee. The Fixed Consumption Fee depends on the number of water-using devices present in homes (taps, baths, toilets, etc.), and, in the case of ABEMCIA (the largest water company in the MAB) ranges from EUR 2.6/month (one tap, one toilet) to EUR 64/month, (households with several bathrooms and a garden and swimming pool). The Variable Consumption Fee includes the cost of the water consumed, which is priced according to a progressive block structure. On average, the fixed fee may represent up to 25 percent of the cost of the water supplied to households and a smaller proportion depending on the amount of the different taxes collected.



	
SF is the Sewerage Fee.



	
RWT is the Regional Water Tax. This tax also varies according to consumption blocks.



	
VAT, which is generally 10% of the total bill except for the water meter fee, which is 21%.








For the purposes of this paper, we calculated the average water consumption of households based on the 100 lpd benchmark, multiplying the amount consumed by the average household size of each CT. We are aware that this method may overestimate water consumption and expenditure in the household regarding essential needs due to economies of scale, such as the use of washing machines. However, by excluding non-essential uses, we were able to gain a more realistic perspective on households with affordability issues. Subsequently, figures in litres/household/day were converted into cubic metres per household per month, with final quantities oscillating between 7 and 9 cubic metres. This total water consumption per household was then multiplied by theoretical costs in the water bill of each municipality, considering that these costs included the fixed components, the variable components, and the different taxes in each municipality and we obtained the total water bill amount (TWBA). Once the TWBA was obtained for each CT, it was divided by the average net income of each household (AHI) in that same CT and multiplied by 100 to obtain the percentage (WAI).


  W A I =   T W B A   H I   × 100  








where:




	
WAI is the Water Affordability Index (in %).



	
TWBA is the total amount of the bill (in EUR).



	
AHI is the Average Household Income (in EUR).








From this data, we calculated the value of the following variables at CT and MAB levels (Table A1): (1) Average water spending (EUR/year), (2) Average Water Affordability Index (WAI) and (3) Percentage of CTs above the Average WAI.




2.3. Spatial Autocorrelation Analyses


Spatial autocorrelation analysis was used to identify patterns of spatial clustering or spatial dispersion of the WAI across different census tracts. The analysis helped to determine whether the values of WAI were spatially dependent and provided important insights into the spatial distribution and patterns of the water affordability index, which can aid policymakers in making informed decisions and developing effective local-scale policies. To carry out the spatial analysis of the WAI in the MAB, we used the software Geoda (1.22.0.6 version) [44]. Concretely, we applied four types of autocorrelation analysis: Global Univariate Spatial Autocorrelation (Univariate Moran’s I); Global Bivariate Spatial Autocorrelation (Bivariate Moran’s I); Local Spatial Autocorrelation (LISA), and the Bivariate Local Spatial Autocorrelation (BLISA).



To assess local spatial associations, the software clusters spatial entities such as CTs providing some weight to the locational pull (spatial compactness) of the observations, although this is by no means binding. In a second approach, the problem is turned into a form of multi-objective optimisation, where both the objective of attribute similarity and the objective of geographical similarity (co-location) are weighted so that a compromise between the two can be achieved [44,45]. Once weights are created, Global Spatial Autocorrelation (Univariate or Bivariate) allows to reject the null hypothesis of spatial randomness in favour of clustering. Such clustering is a complete spatial pattern descriptor and does not provide an indication of the location of the clusters [45]. Local Spatial Autocorrelation (Univariate–LISA or Bivariate–BLISA) is a statistical measure used in spatial analysis to assess the local spatial correlation between one variable (LISA) or two different variables (BLISA) across a given geographic area. This method helps identify clusters of areas where the values of one variable are correlated with the values of another variable in nearby areas. This measure provides a statistic for each location with an assessment of significance, and it establishes a proportional relationship between the sum of the local statistics and a corresponding global statistic [45].



In the study case, the program clusters those CTs with a statistically significant “High” and/or “Low” WAI depending on the co-location relations between the entities. This spatial autocorrelation can be statistically strong or weak depending on the distribution of the data. If the data are spatially concentrated in a non-random way, following some type of spatial clustering, the autocorrelation and therefore Moran’s I will be high. Moran’s Index indicates the existence of statistical spatial autocorrelations and their strength, with a scale that goes from 0 to 1, being 0 the perfectly random spatial distribution, and 1 the perfectly non-random spatial distribution. This index is represented in a scatterplot, where Moran’s I is the slope of the bivariate regression line of the variable at each location going back from the mean of values in neighbouring spatial entities. The 0 value in the plot indicates the sample mean, and the units on both the X and Y axes are measured in standard deviations. The formula for Moran’s Index, often denoted as I, calculates the degree of spatial autocorrelation by comparing the value of a variable at each location with the values of the same variable at neighbouring locations. The formula is as follows:


  I =   n   W         ∑   i = 1   n     ∑   j = 1   n       ω   i j   (   x   i   −   x  ¯  ) (   x   j   −   x  ¯  )     ∑   i = 1   n   (     x   i   −   x  ¯  )   2      








where:




	
  n   is the number of spatial units (census tracts).



	
  W   is the sum of the spatial weights.



	
    x   i     and     x   j     are the values of the variable at locations   i   and   j  , respectively.



	
    x  ¯    is the mean value of the variable across all locations.



	
    ω   i j     represents the spatial weigh between locations   i   and   j  .








Although the CT is the most disaggregated spatial scale at which this methodology can be used, it may still include in some cases thousands of people, due to the high population density of some municipalities of the MAB. This tends to mask the most extreme values where households suffering from water poverty may be found. Although we did not define a threshold for households at risk of water poverty, we attempted to identify CTs in which the WAI relates to variables associated with social vulnerability. To estimate the possible associations between WAI and poverty, we carried out bivariate spatial statistical comparisons (BLISA) between the distribution of the WAI and the following variables: (1) Percentage of population at risk of poverty expressed as population with an average income 60 percent or below the MAB average income; (2) Percentage of women at risk of poverty expressed as women with an average income 60 percent or below the MAB average income; (3) Percentage of men at risk of poverty expressed as men with an average income 60 percent or below the MAB average income; (4) Percentage of residents born in Global South countries; (5) Percentage of underaged population (below 18 years of age); (6) Percentage of elderly population (above 65 years), and (7) Gini Index. All this information was obtained from the National Institute of Statistics of Spain [32] for the year 2018. The map processing was carried out using the results obtained in the Geoda software (1.22.0.6 version) and the symbolisation in the QGIS software (3.28.2 version).





3. Results


The average WAI value for CTs in the MAB was 0.79 (std. dev. = 0.22). That is, on average, 0.79 percent of household income in the MAB was spent on essential water uses. The lowest WAI values found were around 0.5%, and the highest were around 2%. Table A1 (Appendix A) provides a summary of the CT results at the municipal level. While it is not clear that private management leads to higher water prices [46,47], the two public water companies were among the five municipalities with the lowest water cost in the MAB. Figure 1 shows the spatial distribution of the WAI in the CTs of the MAB, reflecting the polarisation characteristic of the area in terms of water affordability.



3.1. Global and Local Spatial Autocorrelation of WAI


The results of the statistical analysis regarding the spatial distribution of the WAI indicated that there was a spatial correlation of CTs having a strong and positive statistical relationship of high and low values (at a 0.05 significance level), as shown by the Global Moran’s I results (Moran’s I = 0.742) (Figure 2).



To evaluate possible heterogeneity in the data at the CT level and to locate the different patterns of autocorrelation at the local level, LISA analyses (the local version of Global Moran’s I) were conducted. The resulting LISA map (Figure 3) identified four types of CT clusters. First, CTs having a high WAI and being surrounded by CTs also having a high WAI (labelled as “High-High”). Second, CTs having a low WAI and being surrounded by CTs also having a low WAI (labelled as “Low-Low”). Third, CTs having high WAI values but that are surrounded by CTs having low WAI (labelled as “High-Low”), and fourth, CTs having low WAI but that are surrounded by CTs with high values of WAI (labelled as “Low-High”).



After applying the local Moran’s I indicator, if results were not statistically significant at the 0.05 level, CTs were excluded from the LISA map. Of the total CTs analysed, 379 CTs belonged to the High-High cluster type (18% of the total), 425 CTs to the Low-Low type (20% of the total), 11 CTs to the Low-High cluster and 13 CTs to the High-Low type (0.5 and 0.6% of the total, respectively). The remaining CTs (61%) were classified as “non-significant”. LISA clusters showed a clear spatial aggregation within different CT values for WAI (Figure 3).



The results for LISA autocorrelation shown in the LISA Map (Figure 3) enabled us to identify the CTs forming the WAI High-High clusters. These clusters mostly, but not exclusively, pertained to low-income neighbourhoods of Barcelona and other highly populated municipalities of the MAB, basically located in four areas: two in the east and northeast of the MAB; one in the Ciutat Vella or the historical downtown district of the city of Barcelona, and another one in the northern zone of l’Hospitalet de Llobregat, in the southwest of the MAB. Smaller clusters could be found in other low-income districts of Barcelona, in very dense metropolitan cities. However, one “High-High” cluster has been found in low-density and high-income suburban areas toward the west of the metropolitan area (see Corbera del Llobregat in Table A1). In contrast with High-High spatial clusters, large extensions of the MAB could be classified under the Low-Low cluster typology. These areas included some of the wealthiest districts of Barcelona in the north and northwest of the city as well as in several high-income towns of the north, northwest, southwest and extreme southeast of the MAB. However, also some of the municipalities with the lowest income in the metropolitan area are clustered in the Low-Low typology in the north of the study area (see Ripollet and Barberà del Vallès in Table A1).



It is also interesting to highlight the CTs clustered around the High-Low type. These CTs were located in municipalities with diverse socioeconomic characteristics and their clusters were small (from one to three CTs). The same trend could be found in the Low-High group.



More than 60% of the CTs had a “non-significant” statistical autocorrelation for WAI, meaning that there was no significant spatial clustering or dispersion of WAI values across the study area. As shown in (Table 1), the High-High CTs cluster group represented only 5.11 percent of the CTs of the MAB area but concentrated 17.50 percent of the total population. Approximately the same proportion of the population could be found in the Low-Low cluster which occupied, however, over a third of the MAB area.




3.2. Bivariate Correlations: WAI and Population at Risk of Poverty


In the same way as in the former auto-correlation analysis (LISA), bivariate analysis (BLISA) identifies those CTs with high values for both variables (WAI and population at risk of poverty) that are surrounded by CTs with the same pattern (that is, with high values for both variables). The Bivariate Global Moran’s I at the CT level was calculated for the variables WAI and population at risk of poverty. Results indicated a moderate to strong spatial autocorrelation between these variables (Moran’s I = 0.548) in MAB municipalities (Figure 4).



High-High clusters, or spatially clustered CT with high values of both variables, were found in the four areas described in the previous section. The main differences between the WAI LISA autocorrelation map (Figure 3) and BLISA maps occurred in the Low-Low cluster type. The area occupied by this cluster type was significantly smaller in BLISA Maps (low values for both variables in clustered CTs), as some metropolitan municipalities and some northern districts of Barcelona saw most of their CTs changing to statistically “non-significant”. In these cases, therefore, no statistical similarity between those CTs and their neighbours could be found, since the variable percentage of the population at risk of poverty was also considered for each CT. However, it is important to note that the “High-High” cluster located in the western MAB low-density and high-income suburban area (Corbera del Llobregat) has also changed to “non-significant”. When we compared the WAI LISA autocorrelation map with the bivariate correlation map of the population at risk of poverty, we saw some differences that could indicate in some cases an increased vulnerability of households to water poverty vulnerability combined with high percentages of the population at risk of poverty. Accordingly, in these CTs water prices likely exerted an important influence on water affordability.




3.3. WAI, Gender and Residents Born in Global South Countries


The comparison between WAI values and the percentage of women and men (separately) at risk of poverty yielded no significant differences between women (Moran’s I = 0.519) and men (Moran’s I = 0.527) (Figure 5). In contrast, the Bivariate Global Moran’s between WAI and the percentage of the population born in countries of the Global South showed a positive and strong spatial correlation (Moran’s I = 0.572) (Figure 6). This indicated that high WAI values tended to be located close to CT having a high proportion of residents from these countries. The clusters shown on the Bivariate LISA cluster map (Figure 6) for these residents highlight similar spatial groupings. The High-High category indicated once again a spatial aggregation in the same four areas mentioned in previous sections. In this case, however, the High-High clusters included fewer CT than the WAI autocorrelation (294 vs. 379). Some of the small clusters located outside the four main areas in the WAI LISA autocorrelation map disappeared and the extension of these main clusters diminished.




3.4. Bivariate Correlation: WAI and Percentage of Elderly and Underaged Population


The application of Bivariate Global Moran’s I at the CT level to calculate the statistical correlation between WAI and the percentage of the elderly population (over 65 years) showed a negative and weak spatial correlation (Moran’s I = −0.111) (Figure 7). Something similar occurred when we calculated the statistical correlation with the percentage of the underaged population (18 years or younger), observing also a negative and weak (Moran’s I = −0.140) but significant at the 0.05 level spatial correlation (Figure 8).



Despite this weak spatial correlation, the Bivariate LISA cluster maps (Figure 7 and Figure 8) deserve some comments. In the case of the population over 65 years (Figure 7), there was a clear correlation in the Low-Low cluster category. Most of the northern MAB areas previously categorised as Low-Low in the WAI autocorrelation found themselves in a similar situation for this variable (low WAI values and low percentage of this population group). The four main cluster areas described in the previous sections remained clustered although with lesser CTs than previously. In this case, however, all CTs changed to High-Low, indicating high values for WAI and low values for the proportion of the population 65 years old or older. Some other CTs in the same municipalities near these four main areas were categorised as High-High. Here, the most important aggregations belonged to the dense, low-income, and peripheral districts of Barcelona and its neighbouring municipalities.



In the case of the population 18 years old or younger, the Bivariate LISA cluster map (Figure 8) showed a completely different pattern. In this case, only three of the four areas mentioned previously were significant. Both clusters in the northeast were categorised as High-High, meaning that high WAI values and a high proportion of the population 18 or younger were present. In the Ciutat Vella district of Barcelona, the cluster was catalogued as High-Low, since the proportion of young people was statistically low. Most of the northern MAB municipalities and the Barcelona affluent neighbourhoods were part of the Low-High cluster typology. This situation indicated that the majority of these mostly wealthy municipalities had low WAI values and a high proportion of underaged residents, except for some specific CTs and the western cluster previously highlighted (Corbera del Llobregat), where values for WAI were also statistically High.




3.5. Bivariate Correlation: WAI and Gini Index


The Gini Index has been used to represent economic inequality. This Index typically ranges from 0 to 1, where 0 represents perfect equality (everyone has the same income or wealth) and 1 represents perfect inequality (one person or household has all the income or wealth, while others have none). The spatial comparison of the relations between WAI and the Gini Index produced a negative and weak correlation (Global Moran’s I = −0.173) (Figure 9). This indicated a tendency to find lower WAI values associated with higher Gini I values.



As the Bivariate LISA cluster map (Figure 9) shows, these clusters differed significantly compared to the other cluster maps. In this case, the southwest of the MAB was mostly occupied by the Low-Low CTs cluster typology, pointing at a spatial aggregation of CTs with low WAI values and less income inequality. A similar pattern could be detected in eastern and northeastern municipalities. The two municipalities having a public water supply company fell in the Low-Low category while wealthy municipalities and neighbourhoods of Barcelona city had a significant Low-High type. In the Ciutat Vella District of Barcelona, the High-High type was found in most of the area.





4. Discussion


Next, we discuss the results obtained in both methodological and empirical terms in light of the debates on water poverty. Regarding the methodology used, and especially the definition of a threshold to highlight water-poor households, and in agreement with Smets [30], Miniaci [24], and Vanhille [10], we acknowledged that, at least in the context of Western Europe, the threshold of 3 percent of household income spent on the water bill to define water poor households is too restrictive. This holds true even at relatively disaggregated scales such as CTs. Universal benchmarks are hard to establish because of the highly contextual socioeconomic conditions governing affordability [13]. Identifying water-poor households using the 3 percent threshold seems most feasible through survey methodologies that analyse households as individual units and extrapolate the findings to the desired scale, as demonstrated in the studies conducted by Martins [9] in Portugal and Domene [31] in the MAB. The main problem with the latter approach is that results are then aggregated at scales (national or regional) that do not allow precise socio-spatial assessments of the magnitude and characteristics of this type of poverty, serving as input to policy initiatives based on fine-grained analyses.



As some US-based studies have shown [13,20,21], working at the CT scale may not yield estimations of water-poor households based on a fixed relation between expenditure and income at the household level. However, working at this scale allows for the recognition of differences in the cost of essential water uses for households at a very disaggregated scale. Furthermore, this methodology may provide a clearer picture of the relationships between affordability and other sociodemographic variables related to poverty. By abandoning the 3% debate and focusing instead on comparing the water affordability index with other variables at the CT scale, we coincide with some of the results obtained in USA studies on water poverty. Water affordability may reveal important relationships not only with income but also with other sociodemographic data, most notably the population born in developing countries [13]. Likewise, we have found that variations in the economic cost of water as reflected in the bills exert a distinctive effect on affordability, especially in cases where the same and usually high water prices apply to areas with highly different income levels. In contrast with the European studies, USA studies such as that by Mack and Wrase [21] do not work with the cost of basic water requirements but with the cost of total water consumption. Considering basic needs, and although some corrections may apply, it can be argued that the spending effort made by households in low-income areas may be comparatively much larger than the equivalent for high-income households. This appears to be especially true when regional and municipal taxes are added to the bill. Thus, municipalities supplied by the same company may produce water bills that are substantially different and that may increase or decrease WAI values even in low-income metropolitan areas (Table A1). In our case, 34 out of 36 municipalities in the MAB are supplied with water from companies totally or partially private.



Our quantification of the WAI using a needs-based approach introduces a spatial dimension (CT) absent in most European work where the scale of analysis is generally national [24]; regional [10] or municipal [34]. Even performing the analysis at the metropolitan scale, figures would not suggest affordability problems for the MAB where, on average, water expenses represent 2.3 percent of household income [40]. In our study case, high WAI values were unevenly distributed across the study area (Figure 1). Spatially, the strong relationship with income was evident and expected in most cases but when considering the average size of households or, especially, the cost of water, some differences appeared. For example, the only two municipalities where water supply is managed by a public company required a smaller effort in the payment of water bills. For a monthly consumption of 8 m3, the water cost in these two municipalities represented 66 percent of the water cost of the municipality of Barcelona (EUR 1.7/m3 and EUR 2.57/m3, respectively). On the opposite side, in certain peripheries of the MAB, some municipalities recorded higher WAI values than expected according to their income. In the most extreme case, water was managed privately, and the cost rose to EUR 3.46/m3.



Local Spatial Autocorrelation Analysis allowed for the identification of CTs spatially clustered by WAI values and identified the areas where the index of essential water affordability was higher, indicating a higher spending effort reflected in the water bill. Even though most of the High-High WAI autocorrelation clusters were mostly located in high-density, historically deprived cities and neighbourhoods, we could also appreciate some clusters located in wealthier municipalities due to high water prices (see Table A1). Most of the High-High-clustered low-income neighbourhoods were built between the 1950s and the 1970s to accommodate the thousands of families from other regions of Spain arriving in the Barcelona Metropolitan Area. Decades later they became the home for many of the Global South immigrants arriving in the area since the year 2000. In 80 percent of the High-High CTs, the population density stands above 25,000 inh./km2. This population usually live in small flats in high-rise residential buildings, conforming to the low water consumption pattern characteristic of this urban model [27]. Average municipal per capita water consumption in these areas usually falls below the 100 lpd threshold, with consumptions as low as 92.9 lpd, and often around 95 lpd [48]. These quantities mean that at least, part of the population in the four areas with high WAIs might not be fulfilling entirely its basic water needs as determined by the 100 lpd threshold. Thus, our results can be compared with those of Vanhille [10] in that we do not only provide an indication of water affordability but also give an indication of the population with consumptions below the threshold of 100 lpd. Finally, we compared some of our results with those of the European Survey of Income and Living Conditions for the specific case of the Metropolitan Region of Barcelona [31,32]. According to survey results in the MAB, on average, 2.35 percent of household income went to pay for the satisfaction of minimum water requirements, but in households at risk of poverty, this proportion jumped to 7.46%. Surveys may offer a more precise picture of the extent of water poverty in the area [8] but cannot be meaningfully extrapolated to the municipal or submunicipal level within the MAB.



All bivariate correlations provided additional information on the relationships between water affordability and sociodemographic vulnerability. When comparing WAI with variables such as the percentage of the population at risk of poverty or the percentage of the population coming from Global South countries, the spatial correlations were strong and positive. These results concurred with data from recent reports stating that almost half of foreign-born Spanish residents lived under precarious economic conditions. This proportion is twice the equivalent for those born in Spain [36]. Comparing High-High CTs (high values for WAI and high social vulnerability) with the WAI autocorrelation map (Figure 3), similar cluster areas were generated. In fact, of the 294 CTs categorised as High-High in the WAI spatial autocorrelation, 231 were also categorised as High-High in the bivariate spatial correlation analyses (population at risk of poverty and population born in developing countries) (Figure 3). Those 231 CTs concentrate more than 357,000 people or about 11 percent of the population of the MAB. Therefore, the water affordability index developed in this research was useful for locating, at a highly disaggregated spatial scale, areas in which social and economic deprivation is related to water affordability, showing how the distribution pattern of low affordability does not occur randomly but tends to cluster in areas already suffering from poverty conditions [13,49,50] and with average municipal water consumptions per capita below 100 lpd.



Regarding relationships between the WAI and age, in both groups (65 years or more and 18 years or less) correlations were weaker but still statistically significant. The results obtained show diverse demographic realities in the metropolitan area. Thus, the spatial bivariate correlation map between WAI and the percentage of the underaged population (Figure 8) reflected the higher percentages of this population group at both ends of the social spectrum. The demographic cohorts of young people were more present in low-income areas heavily populated by immigrants but also in the affluent districts and especially suburbs of Barcelona where the number of young professionals with children is growing. The same pattern could be found in the districts of Barcelona where the proportion of the underaged population in the more affluent areas tended to be higher than in certain traditional middle- and lower-class neighbourhoods and suburbs increasingly dominated by older demographic groups [31]. Regarding the Gini Index, the spatial correlation obtained showed a weak and negative correlation, which concurs with the trend that differences in income tend to be higher in higher-income areas than in lower-income areas. From the BLISA map (Figure 9) comparison with the LISA map (Figure 3), only the historical downtown district of Barcelona showed a statistically significant High-High cluster meaning that in these CTs economic inequality is high. This was probably caused by gentrification processes common to old and degraded areas in certain European historical city centres [51].



It is also important to mention some limitations of the study. First, although CTs are the most disaggregated scale for which data could be obtained, it is still an aggregated unit that may hide extreme values. Second, it would have been more convenient in the calculation of the WAI to use as income the average income of the population at risk of poverty (i.e., population with an income of 60% or less than the average income of the MAB). However, as explained in the text, this has not been possible due to the peculiar structure of Spanish statistics in this regard. The selection of 100 lpd as representative of the quantity able to fulfil essential uses is also open to criticism because, among other problems, it ignores economies of scale in water consumption. Finally, some households with difficulties in paying their water bills are benefitting from subsidies by the water companies or local/regional governments influencing in this way affordability issues. Some issues remain for future work such as, for example, the possibility of considering the cost of bottled water (highly present in many low-income households) in affordability estimates; the need to attend to the specific cases of households with members sick or disabled, and the effects of the introduction of subsidies to attenuate the impacts of high water costs.




5. Conclusions


This paper has evaluated water affordability for essential uses in the Metropolitan Area of Barcelona with the aim of assessing its relevance and relationships with poverty-related variables. The main contributions of the paper can be summarised as follows. First, in the literature review, we noticed a certain “Atlantic divide” between European studies using a basic needs approach for estimating household expenditures on water, and North American studies in which the use of total water expenditure is more common. In contrast, US-based studies provide a much more spatially detailed analysis of water affordability than European contributions, taking advantage of the rich data historically available at disaggregated scales such as CT. Our study attempts to bridge both approaches in that we use the basic needs approach and perform our analysis at the scale of the CT even though the data available are not as complete as in the USA cases. Some data at this scale may be difficult to obtain. However, national statistical services, at least in most European countries, are increasingly able to provide basic sociodemographic information at small scales. In this regard, our study might be one of the first to use spatially disaggregated units to investigate water affordability in Europe. Second, and in line with the US contributions we have also provided results at the scale of the CTs on the relations between water affordability and several sociodemographic variables common in the studies on poverty such as income and income inequality, population born in countries of the Global South, or age. Third, following American and some European references [9,19,30] we have stressed the important role of water prices in determining affordability. Some contributions tend to emphasise the income variable, deflecting the attention away from prices. Water prices and the myriad of other items included in the water bills of households in the Metropolitan Area of Barcelona rose significantly during the decade after the economic crisis beginning in 2007 amid growing unemployment and general income stagnation or decline. In this respect, the WAI indicator may also be used to simulate the effects of alternative, more just tariff structures on water affordability. Moreover, our study could help in designing public policies more attentive to correct high water costs at least for the more vulnerable households. Finally, we may also conclude that the selection of a universal threshold such as 3 percent of available income to calculate and identify water-poor households is very problematic and probably of little practical use due to several reasons such as the highly contingent nature of data aggregation. Therefore, studies on vulnerability to water poverty may find useful methodologies such as the one employed in this study.
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Table A1. Results obtained for each municipality in MAB area.






Table A1. Results obtained for each municipality in MAB area.





	Municipality
	Total Population
	Average Household Income (EUR/Year)
	Supply Company
	Average Essential Water Spending (EUR/Year)
	Average WAI (%)
	CTs with WAI Values Higher than MAB Average Values (%)
	Population Living in CTs with WAI Values Higher than MAB Average Value (%)





	MAB
	3,222,654
	37,546
	-
	273.73
	0.79
	47
	43.66



	Badalona
	218,538
	31,745
	ABEMCIA
	251.20
	0.84
	59
	55.30



	Badia Del Vallès
	13,387
	27,367
	SOREA
	242.76
	0.89
	100
	100



	Barberà Del Vallès
	32,745
	35,670
	Aigües de Barberà *
	207.19
	0.59
	0
	0



	Barcelona
	1,595,747
	39,678
	ABEMCIA
	279.40
	0.77
	41
	40.51



	Begues
	7065
	51,243
	ABEMCIA
	338.47
	0.66
	0
	0



	Castellbisbal
	12,359
	39,231
	AICSA
	242.00
	0.62
	0
	0



	Castelldefels
	65,711
	45,091
	ABEMCIA
	320.88
	0.78
	50
	42.98



	Cerdanyola Del Vallès
	56,693
	40,866
	ABEMCIA
	268.58
	0.70
	27
	26.27



	Cervelló
	8837
	43,271
	SOREA
	298.29
	0.69
	0
	0



	Corbera De Llobregat
	14,525
	43,474
	SOREA
	418.64
	0.99
	91
	93.08



	Cornellà Del Llobregat
	87,898
	32,062
	ABEMCIA
	267.69
	0.86
	67
	55.57



	Esplugues De Llobregat
	46,194
	43,493
	ABEMCIA
	272.39
	0.70
	28
	29.79



	Gavà
	46,557
	36,683
	ABEMCIA
	284.87
	0.80
	61
	53.80



	Hospitalet De Llobregat
	262,365
	30,249
	ABEMCIA
	270.93
	0.92
	77
	76.83



	La Palma De Cervelló
	2917
	41,991
	ACAT
	251.47
	0.60
	0
	0



	Molins De Rei
	25,795
	39,164
	AQUALIA
	201.10
	0.52
	0
	0



	Montcada I Reixac
	35,851
	33,440
	ABEMCIA
	273.27
	0.84
	50
	50.12



	Montgat
	11,970
	38,078
	ABEMCIA
	286.35
	0.76
	25
	26.69



	Pallejà
	11,275
	42,475
	ABEMCIA
	277.40
	0.67
	0
	0



	El Papiol
	4131
	39,581
	ABEMCIA
	273.53
	0.70
	0
	0



	El Prat De Llobregat
	63,867
	34,337
	Aigües del Prat *
	199.98
	0.60
	5
	3.95



	Ripollet
	38,561
	31,763
	SOREA
	190.53
	0.61
	0
	0



	Sant Adrià De Besòs
	36,745
	28,854
	ABEMCIA
	279.49
	1.03
	79
	73.04



	Sant Andreu De La Barca
	27,183
	35,553
	AQUALIA
	211.46
	0.60
	0
	0



	Sant Boi De Llobregat
	82,725
	33,671
	ABEMCIA
	269.39
	0.82
	54
	50.47



	Sant Climent De Llobregat
	4107
	40,511
	ABEMCIA
	322.62
	0.80
	50
	46.72



	Sant Cugat Del Vallès
	88,966
	61,718
	SOREA
	323.68
	0.56
	10
	5.83



	Sant Feliu De Llobregat
	44,430
	37,825
	ABEMCIA
	270.76
	0.74
	40
	30.43



	Sant Joan Despí
	33,892
	40,022
	ABEMCIA
	272.36
	0.70
	36
	28.22



	Sant Just Desvern
	17,287
	60,551
	ABEMCIA
	268.13
	0.48
	11
	5.32



	Santa Coloma De Cervelló
	8093
	43,866
	ABEMCIA
	291.09
	0.67
	0
	0



	Santa Coloma De Gramanet
	117,934
	28,497
	ABEMCIA
	280.73
	1.01
	93
	92.36



	Sant Vicenç Dels Horts
	27,681
	34,501
	SVH
	181.39
	0.53
	0
	0



	Tiana
	8716
	56,547
	SOREA
	272.95
	0.49
	0
	0



	Torrelles De Llobregat
	5978
	42,174
	ABEMCIA
	323.06
	0.77
	50
	41.45



	Viladecans
	66,144
	35,706
	ABEMCIA
	276.96
	0.79
	53
	49.47







Note: * Public management.
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Figure 1. Distribution of the Water Affordability Index in the Metropolitan Area of Barcelona for the year 2018. The variable values are represented in quintiles. 
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Figure 2. Global Moran’s I univariate scatter plot for WAI. 
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Figure 3. Univariate LISA cluster map for WAI. 
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Figure 4. WAI and population at risk of poverty BLISA cluster map and scatter plot. 
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Figure 5. Global Moran’s I bivariate scatter plot for Gender and Water Affordability Index: (a) % of men at poverty risk and WAI; (b) % of women at poverty risk and WAI. 
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Figure 6. WAI and percentage of population born in Global South countries BLISA cluster map and scatter plot. 
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Figure 7. WAI and percentage of elderly (>65 years) population BLISA cluster map and scatter plot. 
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Figure 8. WAI and percentage of underaged (<18 years) population BLISA cluster map and scatter plot. 
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Figure 9. WAI and Gini Index BLISA cluster map and scatter plot. 
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