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Abstract

:

This study aims to identify the factors that may influence water consumption in single-family households in the city of Joinville, Southern Brazil. Through questionnaires, data were collected from 108 households in several neighborhoods of the city. The questionnaires contained open-ended and closed-ended questions involving the surrounding infrastructure, socio-economic and demographic characteristics, constructive characteristics, installed plumbing fixtures, and water-use habits, totaling 57 variables. The independent variables were correlated to monthly water consumption (m3/month/household) and per capita consumption (liters/person/day) of each household. The statistically significant variables that affected households water consumption were related to demographic characteristics such as number of residents and educational level, construction features (i.e., number of bathrooms, building age, and built area), the presence of water-efficient appliances and water conservation habits. The results obtained can contribute to the development of new studies on water consumption and sustainable policies and awareness on the importance of water conservation.
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1. Introduction


Water scarcity is an important factor influencing the acceptance of alternative water sources by users [1]. According to the United Nations Office for the Coordination of Humanitarian Affairs (UN OCHA) [2], two-thirds of the world’s population will face water scarcity by 2050. For domestic purposes, one-sixth of the world’s population do not have enough water supply, and two-fifths do not have access to adequate sanitation.



Thus, an analysis of key factors in water usage enables the establishment and assessment of measures to encourage water conservation and reduce water misuse in buildings. This can be achieved by using rainwater, greywater, and water-efficient appliances [3]. Moreover, the savings achieved by water demand management programs can have a significant impact on the water supply system [4].



Consequently, several studies have been conducted around the world in order to understand the determinants influencing water consumption in households. An extensive evaluation of urban water demand has been carried out for decades using new technologies for data collection, analysis, and modeling to plan water supply infrastructure [5].



According to Nauges and Whittington [6], the determinants of domestic water demand have been effectively analyzed in the developed countries, but little effort has been made in the developing countries. In developing countries, water consumption modelling considered different age groups [7], income ranges [7,8,9] and building typologies [9] due to social and economic inequalities.



Cruz et al., [10] analyzed the determinants of water consumption in households from Hermosillo, Mexico. The statistically significant variables were low water cost, number of full bathrooms, measured service supply, use of purified bottled water and number of women in the household.



Domestic water consumption patterns have been investigated for Duhok city, in north-western Iraqi Kurdistan. Data collection was conducted in 407 households typically found in urban areas of the developing world. The statistical analysis showed that per capita water consumption was very sensitive to per capita income, number of children and number of adult males in the households [7].



Fan et al., [8] analyzed urban water consumption and its influencing factors in 286 cities in China by using conditional inference trees and the random forest method. Results indicated that water consumption per capita per day in Chinese cities was highly affected by climate, socioeconomic status, water supply capacity, and conservation. The influencing factors also varied across low, medium, and high consumption cities. High precipitation and economic status were the main factors in high consumption cities. In medium-low consumption cities, water use was restricted by water supply capacity.



Sant’Ana and Mazzega [9] studied water end-uses and domestic consumptions of 118 dwellings in the Federal District, Brazil. The regression models suggest that variables of dwelling characteristics (such as built area and garden area), number of residents and family income affect domestic water patterns.



In the metropolitan region of Barcelona (Spain), Domene and Saurí [11] studied the relationship between urbanization and residential water consumption. The results indicated that housing type, income, inhabitants per household, presence of outdoor uses (garden and swimming pool), kinds of species planted in the garden and consumer behavior play a significant role in explaining variations in water consumption. A similar research was performed by Kontokosta and Jain [12] in New York City, USA. Weighted robust multivariate regression and geographically weighted regression models were applied to analyze water consumption patterns in over 2300 multi-family buildings.



Romano, Salvati, and Guerrini [13] investigated factors affecting household water consumption in 103 Italian towns over a five-year period. The study showed that an applied tariff decreased water use while towns with larger populations presented higher levels of water consumption. Climatic and geographical features were also considered, and only altitude exerted a significant negative effect (water consumption is higher at lower altitudes). Per capita income, precipitation, and temperature did not have an impact on water consumption.



However, it is necessary that Brazilian studies be developed on this subject. Due to the large area occupied by the country, there are several regions with different characteristics, including areas with abundance of water and others with scarcity [14].



This study aims to identify factors that have a significant impact on water consumption in single-family homes in the city of Joinville, Brazil. A total of 108 households were investigated and the questionnaire survey resulted in 57 variables. For each variable, the relationship to monthly water consumption (in m3/month/household) and per capita water consumption (in liters/person/day) were evaluated.




2. Materials and Methods


2.1. Study Area and Sampling Plan


Joinville is the largest city in the state of Santa Catarina [15], Southern region of Brazil, and is geographically situated at 26°18’05” S and 48°50’38” W. The city has a total area of 1127.946 km2 with an estimated population of 583,144 inhabitants [16] and a population density of 457.57 people/km2 [17]. Joinville is the most industrialized city in the state, being an important driver of economic growth [18]. The Human Development Index in the city is 0.809 and a 97.3% schooling rating from six to 14 years [17].



The sample selection process adopted in this study was a non-probability method by quota sampling. In order to ensure the representativeness of the population, this technique encompasses a control characteristic used to calculate quotas for each population subgroup [19].



The study area was divided into subgroups according to the regions of the city. Thus, each subgroup had a sample quota equal or greater than the number of people living in that region. Single-family home was established as a sampling unit, covering houses and row houses of Joinville.



The sample size required for a significant correlation at 0.05 level of significance, power of 0.80 and medium effect size [20] is 85 households. A total of 108 households were investigated, spread out in eight regions of Joinville, as shown in Figure 1.




2.2. Questionnaire Survey


Questionnaire surveys were developed to obtain sociodemographic characteristics, construction features, and water consumption habits from each dwelling. In the process, 46 open-ended and closed-ended questions were designed to collect the following information: Name and educational level of the person responsible for paying the water bill, residence address, existence of public sewage collection system and paving of the street, number of residents, gender and age, monthly income per household, house property (owned, rented, or financed), building age, land and built area, number of bedrooms, number of bathrooms and building floor feature (single story house, double story house, and row house). The existence of swimming pool, reservoir, water pressure booster, bathtub, the presence of alternative water supply system and the water shortage in the house were also investigated. Other factors considered in the survey were the use of water-efficient appliances, washing machine, semi-automatic washing machine, and dishwasher. Regarding water consumption habits, the respondents were asked about the use of purified bottled water, water reuse from washing machine, watering the garden, washing the car, and outdoor areas, including frequency of use and which equipment is applied for this purpose.



This study used only virtual and face-to-face questionnaire surveys to obtain household data. Future researches could employ residential water audits to detect any visible leak, as the study developed by Sant’Ana and Mazzega [9].




2.3. Explanatory Data and Correlation Analysis


Water consumption data was provided by Companhia Águas de Joinville according to the name of the person responsible for paying the water bill and the residence address of each household. The company measures and records monthly water consumption by a water meter installed in each household. Therefore, two dependent variables were defined: Monthly water consumption (m3/month/household) and per capita water consumption (liters/person/day). The average monthly water consumption per household was calculated based on two-year measurement records, from October 2016 to September 2018. All statistical analyses assumed 5% and 10% levels of significance.



First, the normality of the dependent variables was examined using the Shapiro-Wilk test to verify the goodness of fit [21], obtaining a p-value lower than the stipulated significance level. For this reason, dataset from monthly and per capita water consumption did not come from a normal distribution. Consequently, a logarithmic transformation was employed, the same criterion adopted by Cruz et al. [10]. Then, the normality hypothesis was accepted since the probability value resulting from the test were 0.631 for LNMonthlyConsumption and 0.116 for LNPerCapitaConsumption. Figure 2 displays the histograms for the dependent variables.



In order to assess the dataset, an exploratory analysis was carried out through a source code developed in the software R [22] and RStudio interface. The main attribute values obtained were maximum, minimum, mean, median, and standard deviations as well as tables and graphs (boxplots, histograms, and bar charts).



A correlation analysis was also performed in order to identify numerical association between the two dependent variables and the 57 collected independent variables. The Pearson, Biserial and Spearman’s rank correlation coefficients were calculated for the numerical, dichotomous, and ordinal variables to determine the correlation and significance of each variable, respectively [23,24]. The variables whose p-value was less than 0.1 were considered significant.





3. Results and Discussion


3.1. Water Consumption


It was found that the averages were higher than the medians, when analyzing the descriptive statistics of the dependent variables (Table 1), possibly due to the presence of high consumption values.



For the monthly water consumption, the observed minimum value was 3.25 m3/month/household and the maximum value was 42.42 m3/month/household, with an average of 15.01 m3/month/household. The boxplot of this variable reveals an asymmetric distribution since approximately 80% of the data are less than 20 m3/month/household (Figure 3a), proving the need for logarithmic transformation.



Per capita consumption ranged from 50.64 liters/person/day to 389.54 liters/person/day, with an average of 144.91 liters/person/day. Figure 3b shows that about 90% of the single-family households consumed less than 225 liters/person/day.



Other studies involving Brazilian single-family residential buildings obtained similar per capita water consumptions [9,25].




3.2. Correlation Between Variables


The variables that were related to water consumption and per capita consumption were identified through correlation analysis. Table 2 shows the statistically significant variables at 5% and 10% levels (p-value < 0.05 and p-value < 0.10), as well as their correlation coefficient. As in the study by Cruz et al., [10], although most of the coefficients presented low values, with absolute values lower than 0.3 in the scale from zero to one, the correlations were statistically significant. The results indicated that 13 variables were associated with monthly water consumption, while 11 were related to per capita water consumption.




3.3. Surrounding Infrastructure


The surrounding infrastructure refers to the paving of the street and the existence of a public sewage collection system. 76.85% of the 108 households are located in paved streets, but 66.67% are not served by public sewage collection systems. Only 37.35% of the households located in paved streets are served by public sewage collection systems.



The per capita water consumption displayed a negative correlation (r = −0.278, p < 0.05) with sewage collection, and only this variable was significant, indicating that per capita water consumption decreased by the presence of sewage collection system (Figure 4). This result may be related to the fact that, in Joinville, a rate of 80% is charged on the value of water consumption to cover sewage collection, so the bill is more expensive in households where there is public sewage collection. According to Romano, Salvati, and Guerrini (2014) [26], an applied tariff has a negative effect on residential water consumption, i.e., higher tariffs tend to decrease water consumption, and this is a relevant factor for the management of residential water consumption.




3.4. Socioeconomic and Demographic Characteristics


The socioeconomic and demographic characteristics collected from the households are summarized in Table 3. The average number of residents per household was 3.537 people, with a minimum of one and a maximum of six. In relation to family composition, the average number of women per household was 1.852. Residents under 12 years of age were considered children, those aged 12 to 17 years were considered teenagers, the ones from 18 to 64 years were regarded as adults and those older than 65 as elderly [27,28].



There is a positive and significant relationship between the monthly consumption and the number of residents (r = 0.479, p < 0.05), so the higher the number of residents in the household, the higher the monthly consumption tends to be (Figure 5a). In contrast, the per capita consumption has a negative and significant correlation (r = −0.283, p < 0.05) to the number of residents, so the higher the number of residents in the residence, the lower the per capita water consumption is, as shown in Figure 5b. A study conducted in Iraq by Hussien, Memon, and Savic [7] also showed a decrease in per capita consumption related to the number of residents.



The number of women showed to be significant in both analyses. Monthly water consumption increases based on an increase in the number of women in the residence (r = 0.204, p < 0.05), but per capita water consumption decreases (r = −0.208, p < 0.05), as illustrated in Figure 6. In Mexico, Cruz et al., [10] also identified that consumption increased based on the number of female inhabitants.



Related to the educational level of the person responsible for the water bill, 26 people have completed an undergraduate degree, 33 have some type of postgraduate degree, 33 have finished high school, and 16 have completed elementary school. The total income per household is concentrated in the ranges between three to 12 minimum wages (the current value in 2018 is R$954.00), as shown in Figure 7. As for the house property, seven are rented and 12 financed, the other 89 are owned and paid off.



The per capita consumption is significant related to the educational level (r = −0.226, p < 0.05) as shown in Figure 8, indicating that the higher the educational level, the lower the household per capita water consumption is. Pérez-Urdiales and García-Valiñas [29] showed that the education level influences the adoption of technologies that reduce water consumption. The results indicated that families whose head of the household had a higher educational level, the more likely it was to invest in this type of technology.



The monthly water consumption (r = −0.342, p < 0.05) and the per capita water consumption (r = −0.233, p < 0.10) tend to decrease when the household is rented or financed (Figure 9). Dias, Kalbusch, and Henning [30] showed that the higher the percentage of tenants in a multifamily building, the lower the consumption was. These results can indicate that those who have expenses with rent and financing tend to save more in water consumption, since in Brazil, expenses such as water and energy bills are the responsibility of the renting resident and not the owner of the residence.




3.5. Constructive Features


There is an average of 3.102 bedrooms in the households, 2.593 bathrooms, and an average of 20.95 years old, three years is the minimum age and 57 years is the maximum age. Monthly water consumption has a positive correlation related to the number of bathrooms (Figure 10) and the p-value indicates that the variable is significant (r = 0.237, p < 0.05). In Madrid, González, Rueda, and Les [31] obtained a similar result, where consumption is influenced by the number of bathrooms, plumbing devices, and number of bedrooms. Cruz et al., [10] also observed that the increase in the number of bathrooms increased the water consumption of Mexican households.



The age of the property was related to monthly water consumption (r = 0.168, p < 0.10), i.e., the older the house is, the higher the monthly water consumption is. A logarithmic transformation (LNAgeProperty) was necessary due to data distribution. In New York’s multi-family buildings, the age of the building also displayed a significant effect on the intensity of water use [12].



On average the property land area is 499.78 m2 and the average total built area per household is 165.6 m2. The monthly consumption of the household (r = 0.288, p < 0.05) and per capita consumption (r = 0.184, p < 0.10) increase based on the increase of the total built area. Mayer and DeOreo [32] also achieved a relationship between increased water consumption in households with larger built area in the USA, while Loh and Coghlan [33] found a decrease in consumption related to the size of the household in Australia.



One-story houses represented 57.4% of the sample, 32.4% are two-story houses and 10.2% are row houses. 15.7% of the households have swimming pool and 93.5% have reservoir. The monthly water consumption and per capita water consumption decrease based on the presence of reservoir, as it is significant for per capita consumption (r = −0.346, p < 0.05) (Figure 11).



Water shortages are not usual in 79.6% of households. The frequency was also analyzed, indicating that water shortages occur monthly in 17.6% of the households and weekly in 1.9% of cases. Water shortages were significant in monthly water consumption (r = 0.225, p < 0.10) and for the per capita consumption (r = 0.254, p < 0.05) as shown in Figure 12.



There is a bathtub in 15.7% of households, but 64.7% of the residents declared that they do not use this plumbing device. Moreover, it was intended to analyze the existence of alternative water systems (rainwater harvesting system, underground water intake, water reuse system), but only four houses had some of these systems. In one of the households there is a rainwater harvesting system, one household has underground intake (water well), and in two houses there is water reuse system. Water from the alternative system is used for washing external areas of the house in these households, but there is no meter for that system in any of them.




3.6. Installed Fixtures


A total of 42.59% houses have installed water-saving fixtures. 22.22% have dual-flush toilets, 11.11% have 6 liters per flush toilet, 26.85% have tap aerators, and 13.89% have more than one appliance installed. Among the strategies for reducing consumption (rainwater harvesting system, greywater reuse system, and water-efficient appliances), the use of water-saving devices provides one of the greatest environmental benefit due to lower embodied energy throughout their life cycle [3]. Analyzing the devices separately, the presence of tap aerators showed to be significant for decreasing the monthly water consumption (r = −0.237, p < 0.10) and the per capita water consumption (r = −0.226, p < 0.10) as shown in Figure 13. The presence of 6 liters per flush (lpf) toilet also decreases monthly water consumption (r = −0.251, p < 0.10). This information can be helpful when planning incentive policies for the acquisition of water-saving devices since they contribute significantly to decreased consumption. Seattle legislation, for example, has already incorporated several programs focused on water efficiency such as the use of more efficient appliances in the kitchen, bathroom, and irrigation, which could serve as a model for Brazilian cities [34].




3.7. Water-Use Habits


The evaluated water-use habits were the purchase of purified bottled drinking water, reusing washing machine water, car washing, outdoor areas washing, and garden irrigation. Thirty-point-fifty-six percent buy purified bottled drinking water. As for the washing machine water, 24.08% have the habit of reusing, 15.74% use for washing outdoor areas, 2.78% washing other clothes, 1.85% use for flushing the toilet, 2.78% use for cleaning the house and 0.93% use for watering the garden. The reuse of the washing machine water is significant for decreasing monthly water consumption (r = −0.239, p < 0.10) (Figure 14).



70.37% of the respondents wash the car at home (19.44% use bucket, 12.04% use hose, 15.74% use high-pressure washer). The use of high-pressure washer is significant to increasing monthly water consumption (r = 0.258, p < 0.05) (Figure 15). 23.15% use more than one kind of equipment to wash the car at home. 12.04% wash the car weekly, 24.07% twice monthly, and 35.19% monthly.



As for the habit of washing outdoor areas, 67.59% wash household outdoor areas (13.89% use bucket, 12.04% use hose and 32.41% use high-pressure washer and 9.26% use more than one kind of equipment). The use of high-pressure washer for washing outdoor areas is significant to increasing monthly water consumption (r = 0.318, p < 0.05) (Figure 16).



Regarding garden irrigation, 25% of the respondents irrigate the garden (16.7% use hose and 8.3% use irrigator), and the use of irrigators is significant in monthly water consumption (r = 0.382, p < 0.05) and in per capita consumption (r = 0.288, p < 0.10) (Figure 17). Regarding irrigation frequency, 18.5% of those who irrigate the garden, irrigate it daily, 66.7% irrigate it weekly, and 14.8% irrigate it monthly. In the study conducted by Domene et al., [35], the water consumed annually in the garden reached 30% of the total water consumed in the household and 50% during the summer season.



Koop et al., [36] present a literature review on users behavior influence on domestic water consumption. The authors focused specifically on behavior influencing as a way to promote domestic water saving. Most of the 52 analyzed studies were conducted in developed countries with water stress. The authors state that domestic water savings can be achieved through economic incentives, technical improvements or policy instruments and regulations.



Water demand management policies have been employed in recent decades as an important strategy to reduce water consumption in cities [37]. Obtaining information about the factors that influence water consumption is essential to ensure that public policies to reduce consumption are correctly oriented.



As a suggestion for the development of future works, the investigation of the influence of the presence of domestic animals and the type of water heating system can be cited. In Brazil, the use of electric showers is predominant, mainly due to the low initial cost and the ease of installation and operation [38]. Some studies indicate that 83.6% of Brazilian households with water heating system use electricity (predominantly with electric showerheads) and that this average coverage is especially significant in the most populous and cold regions of Southern Brazil [38,39].





4. Conclusions


This study presented an exploratory analysis of factors that may influence water consumption in households in Joinville, Southern Brazil. The surrounding infrastructure, socioeconomic and demographic characteristics, constructive features, installed plumbing fixtures and consumption habits were considered. The correlation of 57 independent variables with monthly consumption and per capita consumption was investigated.



The variables that proved to be significant for increasing monthly water consumption in this study (p-value < 0.05 and p-value < 0.10) were the number of residents, number of women, household situation, number of bathrooms, age of the property, total built area, water shortage, use of irrigators in the garden, use of high-pressure washer for washing the car and outdoor areas. Furthermore, variables such as the presence of aerator on taps, 6 lpf toilets, and reusing water from the washing machine reduced the monthly consumption.



The significant variables for per capita water consumption were the presence of public sewage collection system, number of residents, number of women, educational level, house property (rented or financed), total built area, presence of reservoir, water shortage, the presence of water-saving fixtures, and use of irrigators in the garden. Water shortage, household ownership, built area, and use of irrigator increased the per capita consumption while the other mentioned variables caused a decrease in per capita water consumption.



This study presented variables that influence water consumption in the city of Joinville, Southern Brazil. These results will be used for multiple linear regression analysis and verification of spatial variations in water consumption, proceeding the development of the research. Ultimately, the present study represents an initial step in the evaluation of water consumption in single-family households in Joinville and can contribute to the development of public policies linked to sustainability and population awareness related to domestic water use.



The results presented may guide the creation of public incentives to ensure that the population has access to water reservoirs, which is predicted in the Brazilian technical standards. Similarly, there may be incentives for the purchase of water saving plumbing fixtures or campaigns to promote water saving habits.
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Figure 1. Location of participating houses in the urban area of Joinville. 
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Figure 2. Histogram: (a) LNMonthlyConsumption; (b) LNPerCapitaConsumption. 
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Figure 3. (a) Boxplot of the monthly water consumption (m3/month); (b) boxplot of the per capita water consumption (liters/person/day). 
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Figure 4. Per capita water consumption related to the sewage collection system. 
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Figure 5. (a) Monthly water consumption related to the number of residents; (b) per capita water consumption related to the number of residents. 
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Figure 6. (a) Monthly water consumption related to the number of women; (b) per capita water consumption related to the number of women. 
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Figure 7. Monthly income per household. 
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Figure 8. Per capita water consumption related to educational level. 
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Figure 9. (a) Monthly water consumption related to the house property; (b) per capita water consumption related to the house property. 
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Figure 10. Monthly water consumption related to the number of bathrooms. 
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Figure 11. Relationship between reservoir and per capita consumption. 
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Figure 12. (a) Relationship between water shortage and monthly water consumption; (b) Relationship between water shortage and per capita water consumption. 
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Figure 13. (a) Relationship between monthly water consumption and water-efficient appliances; (b) Relationship between per capita water consumption and water-efficient appliances. 
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Figure 14. Relationship between monthly water consumption and reuse of the washing machine water. 
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Figure 15. Relationship between monthly consumption and the use of high-pressure washer for car washing. 
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Figure 16. Relationship between monthly water consumption and using of high-pressure washer for washing outdoor areas. 






Figure 16. Relationship between monthly water consumption and using of high-pressure washer for washing outdoor areas.



[image: Water 11 01990 g016]







[image: Water 11 01990 g017 550] 





Figure 17. (a) Relationship between monthly water consumption and garden irrigation; (b) Relationship between per capita water consumption and garden irrigation. 
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Table 1. Descriptive statistics of the variables monthly water consumption and per capita water consumption.
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	Variable
	Minimum
	1st Quartile
	Median
	Mean
	3rd Quartile
	Maximum
	Standard Deviation





	Monthly water consumption

(m3/month/household)
	3.25
	10.46
	13.56
	15.01
	18.12
	42.42
	6.669



	Per capita water consumption

(liters/person/day)
	50.64
	103.68
	130.36
	144.91
	162.06
	389.54
	63.370
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Table 2. Independent variables correlated to monthly water consumption and per capita water consumption.
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N

	
Description

	
LN Monthly Water Consumption

	
LN Per Capita Water Consumption




	
Coefficient






	
Surrounding infrastructure




	
1

	
Existence of public sewage collection system

	
-

	
−0.278 a




	
Socioeconomic and demographic characteristics




	
2

	
Total number of residents

	
0.479 a

	
−0.283 a




	
3

	
Number of women

	
0.204 a

	
−0.208 a




	
4

	
Educational level of the person responsible for the water bill

	
-

	
−0.226 a




	
5

	
House property (rented or financed)

	
−0.342 a

	
−0.233 b




	
Constructive features




	
6

	
Number of bathrooms

	
0.237 a

	
-




	
7

	
Logarithm of building age (years)

	
0.168 b

	
-




	
8

	
Built area (m2)—includes house area, garage, and shed

	
0.288 a

	
0.184 b




	
9

	
Presence of reservoir

	
-

	
−0.346 a




	
10

	
Water shortage in the household

	
0.225 b

	
0.254 a




	
Installed fixtures




	
11

	
Presence of water-efficient appliances (dual-flush toilets, 6 liters per flush toilet or tap aerators)

	
-

	
−0.217 b




	
12

	
Presence of aerators

	
−0.237 b

	
−0.226 b




	
13

	
Presence of 6 liters per flush toilets

	
−0.251 b

	
-




	
Consumption habits




	
14

	
Water reuse from washing machine

	
−0.239 b

	
-




	
15

	
Use of high-pressure washer for washing the car

	
0.258 a

	
-




	
16

	
Use of high-pressure washer for washing outdoor areas

	
0.318 a

	
-




	
17

	
Use of irrigator for garden watering

	
0.382 a

	
0.288 b








a The correlation is significant at the level of 0.05. b The correlation is significant at the level of 0.10.
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