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This paper investigates empirically the reasons for delays in the payment of clean water invoice in Algeria. Using a data set of 27 363 households connected to the water services network and a small-sample survey of 172 household, we estimate several duration models to better understand the main determinants of water invoice time to payment. The delayed payment of water bills could be explained by three determinants: the household financial constraints, the quality of the public service provided, and disincentives through increasing water tariff structure, which is used to manage sustainably the demand for water. This study calls for a modification in the tariff structure to promote equity and water resource protection.

It also suggests providing additional efforts to improve the quality of the public water service offered.
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I. Introduction:

The decision to introduce a water target goal (SDG6) among the seventeen SDGs is a clear recognition that water is not only part of many other SDGs but in many ways their prerequisite. Fundamental targets for consuming water supply and sanitation are found within this goal, but also for environmental sustainability. Sustainability refers to the interaction between global, human and social systems, their degradations and the consequences on human well-being [START_REF] Saito | Sustainability Science and Implementing the Sustainable Development Goals[END_REF]; Kanie and Managi, 2014; Kanie et al., 2014). The degradation of environmental system may affect directly the availability of water resources and impose re-thinking about new solutions with respect to water resource management Sustainability in clean water resources management is worldwide implemented by the use of the nonlinear incentive water pricing structure 1 . It is considered as an efficient management tool, applied in more than sixty-seven water stressed countries, to preserve clean water resources for the next generations. In Algeria, this incentive water pricing policy increases the water invoice amount and causes a serious problem of delayed payment of residential water invoice. This issue is likely to destabilize the water regulator financial health. Within this context, the objective of this paper is to examine the impact of the water pricing policy on the delayed payment of residential water bill using a dataset collected from the water authority.

The positioning of this inquiry is motivated by at least three main strands of literature: (i) why focusing on Algeria? (ii), impact of water pricing policy on delayed payment of water bill, and (iii) understand how to avoid delayed payment of water invoice problem. We discuss these strands in further detail below.

First, the climate in Algeria is specific compared to African and European countries. It ranges from Saharan to European rainy climate. This diversified climate between the north and the south of Algeria is characterized by an average temperature from 40 °C in the south to 15 °C in the north. However, annual precipitations are estimated roughly 100 billion m 3 and are unequally distributed within the country as only seven percent of the country benefits more than ninety percent of annual precipitations. Like a water stressed country, Algeria should manage adequately and sustainably its available clean water resources.

The application of a nonlinear water tariff system by the Algerian water authority aims to manage sustainably its strategic water resources. The incentive feature of the tariff allows water preservation and social protection, especially for low-income consumers by imposing lower marginal price to the basic indoor use of water. However, actual water pricing system suffers some problems and should be transformed to implement social equity and environmental protection goals. To ensure its financial stability and water use efficiency, the Algerian water authority (ADE) 2 applies a traditional incentive progressive water tariff scheme that increases per unit water price by the consumed volume. It consists in four consumption blocks (see table 1) with a low price for the first consumption block less than twenty-five cubic meters (6.3 DZD 3 per cubic meter). According to the Algerian water authority (ADE), the production cost of conventional water resource is roughly 28.45 DZD per cubic meter, which is so much higher if it is compared to the price of the first consumption block. Besides, to meet the increased clean water demand, the authority has invested more than 19 billion dollars, during the last two decades, for the mobilization of nonconventional water resources (i.e., the desalinization of seawater). The production cost of non-conventional water resources ranges from 60 to 73,78 DZD per cubic meter.

Consequently, water price will increase to cover mobilization cost but still subsidized by the government for social reasons. By contrast, the increase of water price will affect directly water consumption and consumers' payment behavior. The poorest consumers of the first and the second tariff block are expected to be more sensitive to any change in their block rate tariff than third and fourth consumption blocks' consumers.

The super progressivity of the water tariffs has probably caused a serious problem of long delay in the payment of the water invoice, which threats the financial stability of the water regulator company (ADE) 4 . The later defined legally the term of payment to two weeks from the invoice issuance date then extra fees are added in case of delayed payment that surpasses The estimation of the residential water demand function and the Willingness-To-Pay (WTP)

were the subject of several papers in the literature. In studying the impact of water price on consumers' welfare, the literature show that any increase in the water tariff rate can reduce consumers' welfare and causes a delay in the payment of residential water bill. Consumers are likely to be unable to pay in time their water invoice because of the significant decrease of their net income caused by the water price increase. For instance, in Ivory Coast, Diakité et al (2011) show that any increase in the average water price by 10% will lead to a reduction in consumer net income by roughly 1511 CFA 5 . In addition, Garcia and Reynaud (2004) show that if the French water regulator moves to a marginal cost pricing and increases the water price, the consumer net income might be reduced by 0,4%. However, only two papers have investigated the reasons behind delayed payment of water bill. [START_REF] Olivier | Water tariff increase in Manaus (Brazil): an evaluation of the impact on households[END_REF] stated that bill payment in Brazil within ten days does not exceed 10 %. Besides, the impact of the increasing 5 1CFA = 0.001524 Euro multi step tariff does not have the same impact on all subscribers. Only those consuming below the threshold of 10 m 3 per month are likely to know an increase in their water bill by 31.5% which increased automatically the time to payment of the residential water bill. In addition, [START_REF] Kayaga | Paying for water services: effects of household characteristics[END_REF] studied the WTP and show that the consumers' WTP towards water supply services are likely to affect the water bill time to payment.

Empirical papers that aim at studying the determinants of water invoice time to payment are scarce. To the best of our knowledge, this paper is pioneer in studying the delayed payment of water bill, in a developing country like Algeria, using a novel survival analysis. To identify the duration model which represents the delay in payment of water invoice, we used the previous literature on the determinants of water consumers' WTP. We identify several factors including socioeconomic, environmental, demographic and financial variables that are likely to explain the delay in payment of residential water bill. These variables are described and discussed in depth in section 2.

The rest of the paper is organized in four sections. We describe the data, the context and the descriptive statistics in section 2. In section 3, we use the Kaplan-Meier analysis and the Weibull model to describe and investigate deeply the main determinants of the invoice time to payment. Section 4 deals with the discussion of the results and policy implications.

II. Data and their proprieties

II.1. Water tariff system in Algeria

As mentioned above, the Algerian water resources are scarce, and this scarcity will be more visible before 2030. Algeria is engaged in implementing sustainable development goals.

Access to clean water is the sixth SDG and the Algerian clean water reserves will fall to 350 m 3 per quarter per subscriber in 2030. The mobilization of non-conventional water to meet the demand will not be the best solution for the Algerian economy. The mobilization cost of the non-conventional water resource is higher compared to conventional one and the fragile economy cannot support the negative consequences. Sustainable water demand management by incentive water tariff is therefore used as an alternative to the supply solution. The Algerian water regulator (ADE) is applying an increasing tariff blocks to incite household preserving water. The tariff system is defined and presented in table 1 before and after the 2005 water low. The fixed and variable part of the water bill depend on the quarterly consumed volume in m 3 . 

II.2. Description of the data

II.2.1. Description of the basic dataset

The Algerian water regulator applied an increasing multi-step tariff in four brackets and the frequency of billing is quarterly. We have collected the data describing the household more that 27 thousand subscribers in the BEJAIA city. The time span of the data covers the period from 2004 to 2008. The individual consumers dataset provided by the ADE describes the water consumption in cubic meter per quarter, the water pricing structure, the delay in payment of water invoice described in number of day, the rainfall in mm, the average quarterly price paid by subscriber and a dummy variable describing the consumer location within three areas in Bejaia city in the north of Algeria. We have also collected data describing the type of house, the diameters of subscriber meter, the type of billing (billing based on real or flat-rate pricing), and a variable representing the consumers' virtual income usually used by the water demand literature following the model of [START_REF] Nordin | A Proposed modification of Taylor's demand analysis: comment[END_REF]. Using the data set of 27363 subscribers to the water services network, we have calculated the basic descriptive statistics (see table 2). Descriptive statistics of the main variables presented in table 2 show an important dispersion in term of consumers' behavior. This dispersion can be explained by the income heterogeneity and the impact of the incentive nonlinear water tariff. The quarterly water consumption is highly dispersed, with an average of 33 cubic meters, a minimum of 0 cubic meter and a maximum of roughly 179 cubic meters per quarter. This heterogeneity in water consumption is followed by a dispersion in the average water price with a maximum value of more than one thousand DZD/ m 3 , an average of 62 DZD and a minimum of 10 DZD per cubic meter. The average water price corresponds to the amount of the water bill for each subscriber divided the quarterly consumption. In the literature, several papers have used this variable when the water tariff system is nonlinear. Indeed, the different tariff rate cannot represent the total consumption but the average price which includes all the tariff elements is a good proxy for water price. The different variables P1, P2, P3 and P4 represent the tariff rates presented in table 1. However, concerning the water billing, the descriptive statistics show that more than ninety percent of water invoices are established based on the real consumption and not the flat rate one. The consumers are equally distributed between the different area of Bejaia city and are mostly equipped by a residential water meter. In table A3 in the appendix, we have explained the meaning of the used variables from the survey and the population dataset.

To deeply analyze the delayed payment of water bill, we have presented in table 3 the descriptive statistics of the invoice time-to-payment in number of days. these statistics clearly

show that the delay in payment of water bill is a serious problem in Algeria. The average time-to-payment is equal to 69 days with a standard deviation of more that 149 days. If we compare this average to the legal delay, defined by the water law of 2005, of only 15 days, we conclude that this problem is a serious threat to the financial stability of the water regulator and the Algerian water authority as a whole. The percentiles show that only 25% of water bills are paid before 15 days from their issuance. The distribution of the delay in payment variable is analyzed by the histogram and the Kaplan Maier figures (1 and 2). The variable distribution is right skewed with a form that is rather leptokurtic. Notes: Sources: We calculated the different percentiles of the delayed payment of water bill to show its descriptive distribution expressed in number of days. We also provide some descriptive statistics related to the whole sample. In the next section we present the descriptive statistics of the survey dataset used to test the robustness of our results from the first dataset provided by the ADE.

II.2.2. Survey data description

As we have explained above, we have carried out a survey on 172 consumers connected to the public water service in Bejaia city in Algeria. We have collected the data from the ADE and by calling the subscribers to see the evolution of their socioeconomic characteristics for 12 years. Thanks to the cooperation of the Algerian water authority (ADE), we have obtained the phone number of each subscriber to collect data describing the socioeconomic variables. The survey is used to perform robustness check estimation and data analysis. It allows the collection of subscribers' socioeconomic variables. The descriptive statistics of the main variables measured thanks to this survey are presented below in table 4. 

III. Method and results

III.1. Duration model for Bill time to payment of the dataset

We start the empirical investigation by the identification of the basic determinants of the invoice time to payment. The survival analysis and the Kaplan Meier estimator are a nonparametric statistics approach used to estimate the life-time function of the water invoice. The idea is to observe the survival curve of the water invoice when the data are separated with respect to the determinants of water bill time to payment. Therefore, the survival function is presented according to the tariff type (real vs flat pricing), housing type, consumer localization according to three area in Bejaia city and the tariff block. Figures from 5 to 8 below summarized the behavior of the invoice time to payment according to its determinants.

First, the curve presented in figure 5 shows that consumers receiving their water bill based on flat rate pricing pay quickly that those billed at real pricing. Moreover, Figure 6 shows that households living in a house pay their water bill quickly compared to those living in apartment. We conclude then that living in a house and being billed at flat rate pricing are in favor of a short delay in payment of water bill. 

III.2. Duration model for Bill time to payment of the sample survey dataset

The robustness of the results carried out from the whole population dataset can be tested through the sample survey. We used the survey dataset to conduct the same survival nonparametric analysis of the water invoice time to payment. The figures from 9 to 12 below summarized the behavior of the invoice time to payment according to its main determinants. First, the curve presented in figure 9 shows that consumers receiving their water bill based on flat rate pricing pay quickly compared to those billed at real pricing. Moreover, Figure 10 shows that households having a second residence pay their water bill quickly compared to those living in only one residence. We conclude then that having two residence, as an indicator of high income, and being billed at flat rate pricing are in favor of a short delay in payment of water bill. In the previous literature several authors used the variable of owning a secondary residence as a proxy of income, in the estimation of residential water demand function.

Figure 11: Using or not alternative source of water Figure 12: perceived good water quality versus bad water quality

Next, we grouped the data based on the existence of second water supply source or not, and the consumers' perception toward water quality. The results from curve 11 and 12 show that consumers having access to an alternative source of water take a long delay in the payment of water bill. In addition, consumers having a positive perception towards water quality pay their water invoice quickly. Consumers' discontentment about the quality of water can be considered as a principal determinant of delayed payment of residential water bill.

Finally, the results from the survival analysis in figure 13 and 14 show that the quality of the public service of water supply does not matter for the delay in payment of water bill. The same conclusion can be also carried out from figure 14 about the quarterly billing. 

III.3. Specification and estimation of the duration model

The specification of the time-to-payment model is based on the duration analysis approach.

We specified a duration model that explains the time to payment in number of days. The same model is specified and estimated for both dataset with more individual characteristics collected from the survey and included in the second model. However, the increasing multistep tariff can create an endogeneity and correlation problems 9 . The average price and the marginal one is defined with respect to the consumed quantity of water. Therefore, to avoid such problems, we specified different models for each tariff variable. The first model uses the average price, the second uses the marginal price, the third model uses the consumed quantity of water and the fourth uses the invoice amount.

The invoice time to payment variable is analyzed above using the Kaplan-Meier analysis to determine its distribution. It is clear that this variable does not follow a normal distribution.

Thus, the classic estimation methods cannot be used here to estimate the four models.

However, the shape of the time-to-payment curve is similar to a Weibull distribution. This distribution can be estimated by the duration model without any ambiguity.

In this paper, we are looking to investigate the delayed payment of residential water bill. We have used the Weibull probability distribution which is appropriate for studying this phenomena. Three parameters characterize this distribution, which are the threshold, the scale and the probability function. The latter is given by the following equation: 9 See Arbuès et al (2003) for a discussion about the nonlinear water tariff and the endogeneity problem. 
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The survival analysis function is therefore used to identify the principal determinants of water invoice duration.
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In equation 2, ( ) is the cumulative function of the distribution. is the time between the bill issuance date and the payment date and ( ) is the probability which indicate that the payment has been made at .

Its reliability function R (t) (also called probability of survival) is defined as the probability that a given phenomenon or a component will function for a period of time without failure. Its associated function is given by the following equation:
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where h(T) is the link of ( ) with ( ) representing the probability that the water bill at time experiences the result in the next quarter.
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where ( ) is a cumulative hazard probability function that the invoice at time T experiences the result in the next period.

Using the different tariff variables, we have estimated and reported the results in table 6.

Using the panel of the whole dataset collected by the national water utility (i.e., more than 27 300 consumers observed over seventeen quarter), we estimated four models to understand the water invoice time-to-payment and explain the reasons for the delayed payment for residential water demand. However, to test the robustness of our estimation, we estimated and reported in table 7 the different models using the dataset from the survey (i.e., 172 consumers over seventy-five quarter). The duration model can be specified and presented as follow in equation 5: 11 [START_REF] Zaied | Threshold Effect in Residential Water Demand: Evidence from Smooth Transition Models[END_REF] where would correspond to different measures depending on the estimated model: The econometric duration models are specified and presented in equation ( 6) and [START_REF] Zou | A new technique to estimate regional irrigation water demand and driving factor effects using an improved SWAT model with LMDI factor decomposition in an arid basin[END_REF]. We choose to estimate these models by the Weibull model as it was recommended by the distribution of the time-to-payment. The empirical results are reported in Table 6 and Table 7, where standard errors are reported in parenthesis to test parameters significance. The water pricing policy is represented by the marginal and average price. The coefficient of the water pricing variable is very useful to see the impact of the incentive water tariff, used to manage sustainably the scarce water, on the delayed payment of clean water bill.

To avoid endogeneity problem, we used different tariff variables and we can see from table 6 that the results are rather robust and consistent. To choose the best model, the Weibull probability value (P =0,79), generally used to test the explanatory power and the quality of the model, shows the ability of the Weibull specification to explain the time-to-payment of water in invoice.

The impact of the water tariff on the delayed payment can be captured by the positive elasticity of the average water price which equals 0.03 (marginal impacts are calculated and reported in table 1 in the appendix). It means that any increase of the average water price by 10% will lead to an increase of the invoice time-to-payment by 0.3%. Moreover, any increase by 10% in the marginal water price will lead to an increase in the invoice time-to-payment by 0.8%. if we add this result to the impact of water bill amount on the time-to-payment, we can clearly conclude that the delayed payment of water bill is due to financial difficulties. To manage sustainably its limited clean water resources, the public water authority (ADE) applies a public policy of water supply restriction. The water supply is stopped for some hours during the day in order to incite household conserving the precious resource. The impact of this public policy on the delay of payment of residential water bill is positive. Consumers try to stock water to be used in case of restriction during the day. This common practice increases their water bill amount and then the delay in payment. Moreover, the seasonal dummy variables show that subscribers pay their water bill quickly in winter than in summer. This impact can be explained by the Algerian climate and weather variabilities. With a higher temperature and a zero rainfall in summer, the water invoice amount increases and leads to a longer delay.

As an indicator of standard of living, the results show that having a house may reduce the average time to payment by seven days. The results also show that living in the old city or in the Ihadadane district may reduce the average time to payment by 12 days. Finally, water invoice calculated in the basis of real consumption may increase the time to payment compared to the bill calculated using flat rate pricing.

To sum up, the different estimations of the duration model show that water tariff structure is a principal determinant of delayed payment of clean water bill. The increasing structure of the water tariff increases the water bill amount and make its payment impossible especially for those living in low-income district. The public water authority is therefore called to reform the nonlinear multi-step water tariff to reconsider the problem of delayed payment of residential water bill.

In order to check the robustness of the previous results, we have estimated the same duration models based on a survey of more than one hundred and seventy consumers. The survey allowed the collection of several individual characteristics which can explain deeply the delayed payment of residential water bill. These results are presented in table 7 with their significance level. Marginal effects that refer to elasticity are calculated and reported in Table A2 in the appendix. These results confirm those obtained from the population dataset reported in Table 6. Indeed, the marginal and average water price as well as the invoice amount and the residential water consumption in quantity have a positive impact on the time to payment of water bill. The delayed payment is likely to increase by 4.8% if the water authority increases the average price by 10%. Moreover, any increase of the marginal price or the water consumption by 10 % will increase the delay in payment by 9 days. Besides, concerning the house characteristics, the results show that any increase in the house surface by 10% will increase the time-to-payment by roughly 2%. The latter results can be explained by the need to consume more water for big houses with more than one bathroom and restroom. In addition, the individual characteristics, collected from the survey, show that consumers having a second residence are likely to pay quickly their water bill. The time to payment for these consumers is reduced by 50 days compared to consumers having only one residence.

This result confirm that delayed payment of water invoice is basically due to consumers' financial constraints. However, the survey estimation results show that the exploitation of a second water source is likely to increase the time to payment by 10 days. This is due to the fact that subscribers having a second source of water are likely to be less concerned by the water supply cut-off and take long delay in the payment of their water bill.

The income variable has a negative impact on water invoice time to payment. The estimation results based on the survey dataset show that any increase by 10 % in the consumer income will reduce the time to payment by 7.5%. However, the water supply restriction policy, applied by the public water regulator, increases the water bill time to payment by 13 days.

This is due basically to consumers dissatisfaction towards this policy applied by the public authority to manage sustainably the available water resources in Algeria.

Finally, the estimation results presented in Table 7 show that the consumers' perceptions towards water quality have a significant impact on their behavior in paying quickly their water bill. When the consumer perceived a good water quality, the water invoice time-topayment is reduced by 13 days. Concerning the billing strategy, the results show that flat rate pricing, as in the case of the total population, reduces the invoice duration payment about 44 days (in the models estimated with average price and marginal price). In summary, it seems that some invoices paid late are due to socio-economic characteristics of subscribers.

However, another part appears to reflect the customers' dissatisfaction about the management quality.

III.4. Discussions:

The aforementioned empirical investigations clearly show that sustainable water demand management goal, implemented by the application of an incentive nonlinear tariff system 12 , affects positively the time to payment of residential water bill. It means that consumers are unable to pay in time their residential water bill giving the current increasing multi-step pricing scheme. The current nonlinear tariff has a negative impact on subscriber's income, which can explain the higher delay in payment of water invoice. The water pricing policy should move to an equitable tariff. Indeed, a modified multi-step pricing scheme with a lower price for the first two blocks (from 0 to 55 m 3 ) will help low-income consumers to pay in time their water bills. However, for the upper consumption blocks, any increase in the marginal water price might incite households to conserve the precious resource by reducing their excessive use of water. The proposed modification of the lower blocks water price can be compensated by an increase of the upper blocks water tariff. Therefore, the water pricing policy can achieve its goal of environmental protection and social equity. Access to clean water and sanitation as the sixth SDG, can be then implemented and managed sustainably if the water authority switch to a more equitable tariff that protects the scarce resource and achieve social equity.

The policy makers are also called to improve the quality of residential water. Thus, policy makers in the north Africa have to consider seriously the Algerian determinnats of delayed payment of water invoice to react adequately.

IV. Conclusion and policy implications:

Access to water has become an important policy goal in Algeria. The application of a nonlinear water tariff system by the Algerian water authority aims to manage sustainably its strategic water resources. The incentive feature of the tariff allows water preservation and social protection, especially for low-income consumers by imposing lower marginal price to the basic indoor use of water. The super progressivity of the water tariffs has probably caused a serious problem of long delay in the payment of the water invoice, which threats the financial stability of the water regulator company (ADE). The later defined legally the term of payment to two weeks from the invoice issuance date, then extra fees are added in case of delayed payment that surpasses two weeks. The main purpose of this paper is to empirically investigate the delay in payment of residential water bill and understand its main reasons.

Using two kind of dataset, one is collected by the Algerian water authority (ADE) and the other is collected by the author to test the robustness of the results obtained from the first dataset.

The survival analysis and the duration models estimated by the Weibull approach show a crucial and important results. The nonlinear water tariff, that increases progressively water prices by the consumed quantity, appears as the main determinants of the water invoice time to payment. It contributed positively on the delayed payment of residential water bill. In addition, socioeconomic variables as well as climate variables contribute significantly on the delayed payment of residential water bill but in a lower proportion compared to the water tariff. Despite the efficiency of the water pricing policy in managing sustainably the available clean water resources, its impact on consumers delay in the payment of water bill is positive and significant.

The paper calls for a reform of the used tariff policy to reduce its negative impact on the financial health of the Algerian water authority. It could be also interesting to improve the quality of water as well as the quality of the public service. The consumers perception towards water quality affects positively the delayed payment of residential water invoice. 
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( 1 )

 1 the average water price billed for the consumer at period in Model 1; (2) the marginal water price billed for the consumer at period in Model 2; (3) the water consumption of the individual at period in Model 3; (4) the amount of the water invoice bill paid by the consumer at time in Model 4. The variables used to construct the duration model are both climatic and socioeconomic factors characterizing the household. In equation (6), plv, Supply, Diam, Virtuel_income represent respectively rainfall, supplied water quantity, the diameter of the consumer water meter and the virtual income variable of Nordin (1976). However, March, June, December, pricing-type, BJA, IHD and House are variables used to describe respectively the quarter, the billing type (flat rate versus real consumption) and the location of subscribers into three different districts in Bejaia city. In contrast, the duration model estimated from the survey dataset is relatively different from the model presented above by equation (6). It was augmented by consumers' characteristics using survey data. This model is presented in equation (7) : 11 Detailed description of variables is reported in

  Where would correspond to: (1) the average water price billed for consumer at time in Model 1; (2) the marginal water price billed for consumer at time in Model 2; (3) the water consumption consumer at period in Model 3; (4) the amount of the water invoice paid by the consumer at time in Model 4. The variables used to estimate the model for the survey data and check for robustness are respectively surface, hours, study and quality and they indicate the house surface, the number of hours of water supply during the day, the education level of the family father and the perceived quality of water.

  It appears through the empirical investigation that the bad quality of water increases the time-topayment of water invoice. The public water distribution infrastructure of the Algerian water authority should be also improved to encourage consumers paying their water invoice in legal time. Several countries in the MENA region are suffering the same water demand crisis. Tunisia, Morrocco and Egypt are considered by the world bank reports as a water stressed countries. Even if they are applying the same water tariff system to avoid water waste and manage sustainably their limited water resources, they are exposed to the same problem of delayed payment of water bill (BEN Zaied & Binet (2015); Zaied (2013); Zaied et al (2019)).

  'Algérienne Des Eaux (ADE) is a national public industrial and commercial establishment with legal personality and financial autonomy. It was created by executive decree n ° 01-101 of 27 Moharem 1422 corresponding toApril 21, 2001. The establishment is placed under the supervision of the minister in charge of water resources, and its head office is fixed in Algiers. Next, the water supply is stopped if the legal department fail to recover the unpaid invoice and the consumer should legally pay the water meter reopening fees. Thus, the delayed payment of water invoice is another problem that is added to the natural constraint or the scarcity of clean water resources. Consequently, a deep understanding of the key financial and extra-financial factors behind consumers' payment behavior could be very useful for the public authority not only to manage pretty adequately this extra-environmental problem but also to achieve goals of social equity and environmental protection.Several papers have previously investigated the water demand function to identify the basic determinants of consumers' behavior. The literature interested in estimating and comparing the price elasticity of the demand for water, especially when the increasing multi-step tariff is applied. Then policy makers can use these results to carry out efficient decisions towards

2 ADE : ''Algérienne Des Eaux'' is the national water company that manages the distribution of clean water for residential and non-residential water use. L3 DZD is the Algerian Dinars which is the national currency (1 € = 141,8 DZD).
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As such, it is responsible, by delegation: standardization and monitoring of the quality of distributed water; initiate any action aimed at saving water, in particular by improving the efficiency of the transfer and distribution networks; the introduction of any water preservation technique; the fight against waste by developing information, training, education and awareness-raising actions aimed at users, the design, with public educational services, of school programs disseminating the culture of saving water; plan and implement annual and multi-year investment programs; two weeks. sustainable water demand management (Zou et al., 2018; Li et al., 2019; Whittington and Hoffman, 2008; Nauges and Whittington, 2010; Grafton and Ward, 2008). The delayed payment of residential water invoice, which is a specific problem related in most cases to the economic development, was never investigated. Because it becomes a major issue for the Algerian water regulator, this paper is pioneer in studying the delay in payment of water bill. As a sustainable development goal, access to clean water can be negatively affected by the delayed payment of residential water bill. The delayed payment can clearly destabilize the financial health of the water authority and disrupt clean water supply. It is therefore a factor that can postpone the implementation of sustainable development goals.

Table 1 : water tariff system in Algeria Consumption block Marginal price before 2005 (DZD 6 /m 3 ) Marginal Price after 2005 (DZD/m 3 )

 1 

	Block 1 ]00-25 m 3 ]	4.30	6.30
	Block 2 ]25-55 m 3 ]	13.98	20.47
	Block 3 ]55 -82 m 3 ]	23.65	34.65
	Block 4 > 82 m 3	27.75	40.85
	Fixed fee (3 DZD/ m 3 )	+	+
	Fixed quality fee (4 % of total)	+	+
	Fixed water conservation tax (4 % of total)	+	+
	VAT (18%)	+	+
	Sanitation fee	+	+
	Fixed general fee	26 DZD	245 DZD
	Notes: Sources: The national water regulator in Algeria (ADE) defined this tariff structure in four blocks and adds the
	different fixed fees related to sanitation, quality, management of water distribution.	
	The second tariff rate is three times the first one. The third one is five time the
	marginal price of the first consumption block, and the fourth block tariff rate is six times the
	first tariff rate. The goal of this nonlinear tariff rate is to incite household preserving water. It
	is worldwide considered as the unique useful tool for sustainable water demand management.

Table 2 : Descriptive statistics of the variables 7 Variables Mean Std dev Min Max
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	Water bill amount	1,076	1,277	240	42,878.16
	Quantity consumed	33.14	28.78	0	178
	Average water price per m 3	62.95	86.77	10.65	1316
	Marginal water price per m 3	15.21	10.27	4.3	40.95
	Precipitation	178.58	120.81	11	394
	P1	5.82	0.84	4.3	6.3
	P2	18.95	2.75	13.98	20.48
	P3	32.06	4.66	23.65	34.65
	P4	37.89	5.51	27.95	40.95
	Supply	4.47	0.42	3.84	5.86
	Bejaia Median	0.34	0.47	0	1
	Ihadedene	0.39	0.48	0	1
	Quartier Seghir	0.26	0.44	0	1
	Individual House	0.29	0.45	0	1
	Diameter	15.22	1.04	15	20
	Real consumption	0.91	0.28	0	1
	Virtual income (in DZD)	94,488.81	146,571	45,543.25	682,780.4

Notes: Sources: The main database provided by the national water regulator in Algeria for the Bejaia City. P1, P2, P3 and P4 represent respectively the different tariff block rate structure as explained in table 1. Bejaia Medina, Quartier Seghir and Ihadedene refer to three localization of the principal areas in Bejaia city.

Table 3 : Water invoice time-to-payment Water Bill time-to-payment Quantiles
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	1	3	
	5	7	
	10	9	Obs

Table 4 : The descriptive statistics of the survey
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	Variable	Mean	Standard deviation	Min	Max
	Water consumption	31.24	27.90	0	157
	Bill amount	636.94	793.61	26.75	11507.26
	Water Price: P1	4.71	1.17	2.2	6.3
	Water Price: P2	14.94	4.73	2.5	20.48
	Water Price: P3	25.27	8.01	4.25	34.65
	Water Price: P4	29.87	9.46	5	41.95
	Average water price	29.95	40.30	3.82	333.75
	Marginal water price	22.48	8.43	2.2	40.57
	Real vs flat pricing	0.89	0.31	0	1
	Education	6.92	3.49	1	18
	Family size	6.63	2.29	1	16

Notes: Sources: The main descriptive statistics of all the variables are calculated from the database of the whole sample and presented to compare and describe the general tendency.

The descriptive statistics presented in table

4

show a significant difference from the whole data base described in table 2. The average water consumption of the survey dataset is below the average of the data collected from water regulator (i.e., 30 m 3 versus 33 m 3 ). Concerning the average water price, the survey dataset is below 50% the population average water price.

The consumers' characteristics are useful to test the robustness of the results. These statistics show that the average family size is around six members. The average house or apartment size is 148 square meters. Besides, one third of the survey have a second residence and two third have an alternative or second source of water supply. The survey has shown that only 19% are satisfied by the quality of the public water services.

Table 5 : Water invoice time-to-payment (the survey)

 5 : Sources: The survey was used to test the robustness of the analysis. The time to payment distribution and other descriptive statistics are also presented.To go further investigation and conduct robustness test and estimation analysis, we have conducted a survey on 176 consumers. Table5presents the basic statistics of the invoice time to payment of the survey to describe it and also shows if there is a difference from the principal dataset of the ADE. The average time to payment of the survey is below the population time to payment (i.e., 53 days versus 69 days). If we compare this average to the legal delay, defined by the water law of 2005, of only 15 days, we conclude that this problem is still a serious threat to the financial stability of the water regulator and the Algerian water authority as a whole. The distribution of the delay in payment variable is analyzed by the histogram and the Kaplan Maier figures(3 and 4). The variable distribution is right skewed with a form that is rather leptokurtic.

		Quantiles	
	1	9	
	5	15	
	10	18	Obs

Notes

  Table A3 in the Appendix.

	it Duration	=	β	+	β	it Variable	+	β	it plv	+	β	it Supply	+	β	it Diam	+	β	Virtuel	it income	+
	β	it March	+	β	it june	+	β	it December	+	β					it	+	β	it BJA	+	β	it IHD	+	β	it House	+	ε	it

Table 6 : Weibull duration model estimation (the population dataset)

 6 

	Duration	it	=	β	0	+	β	Variable 1	it	+	β	2	Surface	it	+	β	3	pluv	it	+	β	4	Income	it	+	β	5	hours	it
	+	β	6	Household		_	size	it	+	β	7	Study	+	β	8	March	it	+	β	9	june	it	+	β	10	december	it	+
	β	11	Invoicing	_	Types	it	+	β	12	quality	it		+	β	13	Sec	_	res	ti	+	β	14	other	_	res	it	+	ε	it

Table 7 : Weibull duration model estimation ( the survey dataset)
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	Variables

Incentive tariff system is the nonlinear price structure which increases the tariff rate with the consumed volume of water. The main objective of such tariff is to incite household reducing the excessive use of water and thus preserve the resources for the future generations.

1DZD = 0.01 Euro

For more details about the variables, see Appendix. The correlation matrix table is available upon request. We do not include it in the paper to save space.

This is the collection day..

The incentive tariff is Worldwide used to manage water demand in water stressed countries.

Appendix

Quarter of billing (dummies of 1 or 0 to represent the quarter)

+ , $ _ "

A dummy of 1 or 0 based on the water billing type flat or real.

BEJ, Seghir, IHD

A dummy variable takes the value 1 of the customer lives in the area and 0 otherwise -A dummy variable takes the value 1 of the customer lives in a house and 0 otherwise $

The area of the house of the subscriber in m 2 + $

The income of the subscriber in time -

The number of hours water supply by day -ℎ _-.

The family size (number of persons by household)

The educational level of the head of the family / A dummy variable that takes the value 1 if the customer finds the water quality is good and 0 otherwise $_ -A dummy variable taking the value 1 if the subscriber has a second house and 0 otherwise 0 ℎ _ -A dummy variable that takes the value 1 if the customer has an alternative water (wells, springs, fountains, etc.) and 0 otherwise