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Knowledge of the determinants influencing domestic water demand constitutes an essential ingredient in the design of water policy in a context of increasing water scarcity due to climate and anthropic higher pressures. In this challenging environment, Tunisia is facing a current dual water supply, with households safely connected to water supply network and other poorly or not connected at all. Since the revolution of 2011, water access has become the core of the demand for an overall improvement in rural living conditions. Water demand has changed there, calling into question the current national balance in terms of resource and sector financing which will impact all the country because of current unbalanced water budget and the need to participate national effort to allow a safe access to all. Water demand has to be well known to better forecast needs, correctly design future water pricing system and other needy demand instruments in such a context of water scarcity. This study estimates water demand for piped and non-piped households using an original panel data at an individual level based on a survey conducted in 2014-2015. The price elasticity is estimated at -0.5 and -0.1 respectively for SONEDE-piped households and households piped to community systems' networks. In non-piped rural areas, water demand seems to be essentially driven by variables characterizing the physical accessibility to water source.

Introduction

Knowledge of the determinants influencing domestic water demand constitutes an essential ingredient in the design of water utilities' policy in a context of increasing water scarcity due to climate change and anthropic higher pressures. When water demand is increasing and availability of water resources is not guaranteed or become too expensive due to technology required, water policy should encourage water demand management measures to prevent imbalance.

An important number of studies on domestic water demand have already been conducted in industrialized countries and some studies focus on the case of developing countries. As for now, empirical evidence from southern Mediterranean countries is still very scarce, especially from studies focusing on both urban and rural areas in a specific region. The main reason is that water may be unmetered and delivered by small suppliers who do not have a strict and centralized accounting system and which deliver water to only a limited number of households [START_REF] Nauges | Demand for Piped and Non-piped Water Supply Services: Evidence from Southwest Sri Lanka[END_REF]. To estimate water demand functions, household surveys are thus required which are highly complex to design because of the need to estimate water consumption.

This paper presents a case study focusing on central Tunisia comprising urban and rural areas. Since the revolution of 2011, water access (for domestic and also agricultural needs) has become the core of the demand for an overall improvement in rural living conditions [START_REF] Gana | The Rural and Agricultural Roots of the Tunisian Revolution: When Food Security Matters[END_REF]. In particular, water demand in rural areas has changed, calling into question the current national balance in terms of ressource and sector financing in Tunisia which will impact all the country. Households who are already connected to the national water supply network (SONEDE) will be especially impacted, because of current unbalanced water budget and the need to participate national effort to allow access to all.

The paper adds to the recent literature dealing with the issue of water demand in southern Mediterranean countries in the particular context of water scarcity. The first objective is to improve the knowledge of water demand determinants, both in urban and rural areas, by conducting an indepth analysis at household level, contrary to previous works undertaken in Tunisia which focused on the regional district level solely in the urban sector [START_REF] Ben Zaied | A long-run analysis of residential water consumption[END_REF][START_REF] Ayadi | A Panel Data Analysis of Residential Water Demand in Presence of Nonlinear Progressive Tariffs[END_REF][START_REF] Binet | A seasonal integration and cointegration analysis of residential water demand in Tunisia[END_REF][START_REF] Sebri | Intergovernorate disparities in residential water demand in Tunisia: a discrete/continuous choice approach[END_REF]. This improvement may be useful for general water sector planning and strategy design, as it documents the opportunity and the consequences of adding new connections while helping to estimate future water consumption and wastewater production, as soil and groundwater preservation is also becoming a crucial issue. Another specific objective is to estimate price elasticity in various contexts to anticipate responses to changes in water tariff structure and the design of tariff instruments in order to encourage water conservation. This paper is organized as follows: after a presentation of the background, and a brief literature review, the methodology for data collection is explained. Then, the model specification is justified before presenting and discussing the results and, lastly, concluding.

Background

Water resource

In Tunisia, total renewable water resources per capita were estimated at 415 m³/inhabitant for 2014 and they could fall to 345 m³ in 2025 (Hamdane, 2007quoted by Sebri 2013). The external dependence is low at national level as only 9.1% of national resources come from abroad (FAO Aquastat database for 2014). But territorial choices for the economic development of the country on coastal areas through tourism did not take into account the geographical imbalance of water resources [START_REF] Touzi | Le service de l'eau potable en Tunisie : le modèle Journées de Microéconomie Appliquée[END_REF], leading to major transfer investments being made: coastal zones (Cap-Bon, Sahel, Sfax) have to derive 55% of their supply from regions of the north and north-west which transfer 74% of their production (SONEDE, 2008 quoted by [START_REF] Touzi | Le service de l'eau potable en Tunisie : le modèle Journées de Microéconomie Appliquée[END_REF]. The Kairouan area is supplied from an aquifer renowned for its quality and which supplies other regions in Tunisia via large-scale transfer infrastructures.

Water access

In Tunisia, the national public operator SONEDE serves 100% of urban households and 50% rural households nationwide through individual connections (IC). In the other rural areas, water service is managed by water users' associations (GDA 1 ), supported by the Ministry of Agriculture (funding of initial infrastructure investment). Initially, with GDA systems, water is delivered through collective water kiosk. However, since the 2000s, and then exponentially after the 2011 revolution, a lot of households get their own IC from GDA's network, sometimes legally within specific programs but most of the time illegally. This article concerns a specific zone located in central Tunisia: the Governorate of Kairouan. In this governorate, 100% of urban households and 39% of rural households are supplied by SONEDE (through ICs), 50% of rural households are supplied by GDAs (16% by ICs and 34% by collective standpipes) and 10% are not supplied (SONEDE estimate in 2014). After the revolution, this governorate was particularly affected by illegal connections, boreholes and water theft in rural areas.

1 GDA for Groupements de Développement Agricole Water bills in urban areas and rural areas served by SONEDE include then one or two parts depending on the presence or not of sewerage. Water bills vary highly and by steps (Figure 1) both services having adopted binomial tariffs with increasing blocks. As a consequence, marginal and average prices are strongly varying, as depicted in Figure 3.

Marginal prices can then reach really high (and maybe not acceptable?) levels: from 2.773 DT to 65.184 DT, with the aim of topping consumption level. This jump tariff structure gives strong incentive to stay just under a block limit. When public access was privatized by illicit connections (Table 1), pricing per cubic meter was adopted, with a price ranging from TND 0.4 to TND 0.75. Water price paid by non-piped users is even more variable, depending on the water access modes (Table 1): for a 20-litre container filled directly from a kiosk, the price is TND 0.020 while the same container delivered to the home is billed at TND 1. Tanker deliveries are also possible, leading to a price of about TND 6 per m 3 . These price lead often to bills higher than those paid by SONEDE customers.

Literature review

The literature on water demand modelling function is relatively extensive and has already given rise to several recent summaries including 3 meta-analyses (see Espey et al. 1997;[START_REF] Dalhuisen | Price and income elasticities of residential water demand: a metaanalysis[END_REF][START_REF] Sebri | A meta-analysis of residential water demand studies[END_REF]) and 6 literature reviews [START_REF] Arbués | Estimation of residential water demand: a state-of-the-art review[END_REF][START_REF] Baumann | Urban Water Demand Management and Planning[END_REF][START_REF] Worthington | An Empirical Survey of Residential Water Demand Modelling[END_REF][START_REF] Nauges | Estimation of Water Demand in Developing Countries: An Overview[END_REF][START_REF] House-Peters | Urban water demand modeling: Review of concepts, methods, and organizing principles[END_REF].

In industrialized countries, where drinking water supply through individual connections is almost generalized, the aim of determining factors explaining household water consumption is to help forecast future water consumption (planning) and to anticipate the reactions of the consumers when implementing demand management policies, in particular pricing reforms. The data used are most frequently derived from aggregate customer consumption data (for example for an entire municipality) provided by the water suppliers. At this level, however, as underlined by [START_REF] Nauges | Estimation of Water Demand in Developing Countries: An Overview[END_REF], some socio-economic information only available at the individual household level is not, by definition, incorporated. We are therefore dealing with systems which we assume provide a homogenous service in terms of price, water quality and service continuity and in which any variability in access to the water service is erased or at least averaged out.

In functional terms, the models usually take the form of the following classic single equation:

q = f(p,x)
where q represents water consumption, p the price of water and x a vector of the household and accommodation characteristics.

The meta-analyses identify two common types of functional form adopted by studies: i) linear functions which do not provide a constant elasticity value at all points on the demand function and ii) log-linear functions with the advantage of providing a constant elasticity value for all points on the demand curve. Espey et al. (1997) and [START_REF] Dalhuisen | Price and income elasticities of residential water demand: a metaanalysis[END_REF] find no significant difference between linear and log-linear forms while [START_REF] Sebri | A meta-analysis of residential water demand studies[END_REF] concludes that there is a significant difference, albeit small, between log-linear forms. Various regression forms are tested in the literature, but the three metaanalyses cited above highlight the absence of any significant difference between OLS estimators and other estimators (instrumental variables, fixed effects, random effects).
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The factors most often identified as being significant are the water price, household income, climatic variables, household size and composition, the presence of non-tariff demand management instruments [START_REF] Worthington | An Empirical Survey of Residential Water Demand Modelling[END_REF], the presence of household appliances [START_REF] Nauges | Estimation of Water Demand in Developing Countries: An Overview[END_REF], accommodation characteristics and the different indoor and outdoor uses made of water [START_REF] Arbués | Estimation of residential water demand: a state-of-the-art review[END_REF].

Particular attention is generally paid to the results of price and income elasticities, although the values are low ̶ ̶ often below 1 ̶ ̶ due to the fact that water is a non-substitutable good and that users have only a limited price perception when the bill represents a small share of income [START_REF] Arbués | Estimation of residential water demand: a state-of-the-art review[END_REF]. According to Espey et al. (1997), the average elasticity observed in 24 dedicated studies in the United States is -0.51 (90% between 0 and -0.75), while [START_REF] Arbués | Estimation of residential water demand: a state-of-the-art review[END_REF] note an income elasticity of between +0.1 and +0.4 in the studies they have reviewed for mostly industrialized countries and some developing countries.

One of the key questions in modelling the demand function relates to the specification of price when it is not simply volumetric but depends on the quantity consumed. This is the case, for example, with block tariff structures, binomial tariff structures with a fixed element and a variable element, and tariff structures which include free initial cubic meters. In these cases, the average price and the marginal price vary according to the quantity of water consumed, thereby leading to an immediate endogeneity between the variable to be explained and the explanatory price variable. To circumvent this endogeneity problem, several alternatives are put forward in the literature [START_REF] Worthington | An Empirical Survey of Residential Water Demand Modelling[END_REF]: the use of a difference variable or Nordin specification suggested by [START_REF] Nordin | A Proposed Modification of Taylor's Demand Analysis: Comment[END_REF]; a two-stage model such as that proposed by [START_REF] Hewitt | A Discrete/Continuous Choice Approach to Residential Water Demand under Block Rate Pricing[END_REF], whereby a first discrete model explains the choice of a consumption block and then a second model explains the volume consumed by the household in the chosen block and the use of models with instrumental variables. Two other possibilities include adopting a price for a standard volume applied equally to all individuals [START_REF] Montginoul | Simulating the impact of price level and structure on urban water demand -A Southern France case study[END_REF]) uses the average price for 120 m 3 corresponding to a yearly average water consumption for a family), or using a lagged price variable which requires data over several periods. In contrast to [START_REF] Arbués | Estimation of residential water demand: a state-of-the-art review[END_REF], [START_REF] Sebri | A meta-analysis of residential water demand studies[END_REF] concludes that the price specification has a significant impact on the price elasticities recorded and it would even appear that differences in price specification affect the value of income elasticities.

In developing countries, there are fewer studies available on water demand. To the best of our knowledge, the state of the art proposed by [START_REF] Nauges | Estimation of Water Demand in Developing Countries: An Overview[END_REF] is the only recent analysis dedicated exclusively to studies conducted in developing countries. According to the authors, the use of (or the access to) numerous water sources by households is one of the characteristics of water provision in these countries. The difficulty in obtaining reliable and complete information for all the water systems available to the households would explain the smaller number of studies conducted in this context. The socio-economic household survey appears then as one of the strategies to collect such data.

In countries where access modes are not homogenous and several types of supply may be available on a same location, it is important to control that certain household characteristics (observed or otherwise) are not correlated with the type of source and with the level of consumption -since water consumption level will then depend on the water access mode. Then a "source choice model" may be implemented to avoid a possible risk of sample selection bias in such a situation. Correlation between household characteristics and type of source may occur when the households have access to several sources and choose one specific sources as their main source or because by choosing their place of residence, it is deemed that households have chosen their water access mode (Larson et al, 2007) or even that the municipalities take the decision to supply a population with one or other system (public water kiosks, tanker truck for example) according to the household characteristics (as they can determine their capacity and willingness to pay, for example) [START_REF] Nauges | Estimation of non-tap water demand in Central American cities[END_REF].

Once the source choice issue has been solved, the water demand function can be estimated. For households collecting water exclusively or primarily from one single source, studies usually estimate a water demand function per type of source or one equation per sub-group of households differentiated by their water access mode [START_REF] Nauges | Estimation of Water Demand in Developing Countries: An Overview[END_REF]. In the case where multiple sources are simultaneously used by households, several demand functions may be combined to measure substitutability and complementarity relations between the sources (see for instance to water and supply situations and to choose the locations (or sectors) to be surveyed.

At the same time, a draft questionnaire was tested with 20 urban and rural households. On the basis of the results of the first questionnaires and different discussions with the households and institutional actors, the questionnaire was adjusted and translated into Arabic.

Five students (two women and three men) from the region with at least two years' higher education and bilingual in French and Arabic were recruited and trained. They were chosen on the basis of their comprehension of the questionnaire, the objectives, the method and their ease in the field.

The survey introduced at each site was carried out in two stages. Initially, we visited each location after being announced by the SONEDE Regional Director or being accompanied by a CRDA's civil servant in order to meet the local authorities and, where applicable, the local manager of SONEDE;

we visited the sites, saw the supply systems and located the various accommodation districts.

Subsequently, the entire team including the interviewers travelled to the locations to conduct the interviews. Each interview, lasting on average 20 to 40 minutes, was conducted one-to-one with an adult member of the household either at home or at the supply site. To ensure statistical representation of the observations while taking account of material constraints inherent to research (in particular logistical and budgetary, but also the workability of the sample to control the quality of the information collected), the decision was made to collect at least 30 questionnaires for each location (or per district in urban areas).

It was not possible to draw households at random using a table of numbers in each location for budget, time and logistical reasons (the dwellings are widely spread in rural areas) and the availability of the survey base. However, the households' selection method tried to be close to the random sampling procedures: the interviewers were assigned to each district with the aim of conducting a minimum number of surveys per enumerator, determined according to the estimated population of each site, and were instructed to cover the site's geography and not interview neighboring households. Three survey sessions were conducted in the locations between autumn 2014 and spring 2015.

Final sample

The 16 localities surveyed were selected according to the physical (drinking water distribution or irrigation network, no one, self-alimentation), institutional (SONEDE, GDA, un-served), and economic criteria of water access: The sample size reached 655 households; 73% of the people interviewed were heads of household, 20% their spouse and 7% another adult within the household. Among the 655 households, 60% are located in urban or peri-urban areas and 40% in rural areas. In the SONEDE areas, 95% of households had an individual connection. In the other locations, 54% of households have a connection to a GDA network (functioning or non-functional at the time of the survey, either illicit or licit) and 46% have no connection. In the remainder of the present paper, these three sub-groups are named respectively SONEDE-piped households, GDA-piped households and non-piped households.

In 4 locations managed by GDA, the ICs installed are considered as illicit while in one location the ICs were installed under the control of the CRDA. Two locations benefit from a service which is occasionally intermittent but without long interruptions, one location suffers from an intermittent service which does not cover all the housing areas and two locations had had no water at the ICs for several months when the survey was conducted.

Questionnaire and additional data collection

The survey instrument (200 questions) consisted of several parts. The first section aimed at drawing a socio-economic profile of the households and described their living conditions. A second section identified the modes of water access, and evaluated the current level of consumption and associated costs. The third section determined the coping behaviors and strategies in the event of a service interruption or a change in the water access modes.

The main originality of the questionnaire lies in fact that we have endeavored to obtain a robust estimation of water consumption and its variability (between summer and winter, according to the water access mode for a single household, for example during an interruption), when water is not metered with an individual meter, the main difficulty encountered in these contexts (Nauges & Journées de Microéconomie Appliquée, Besançon, FRA, 02-03/06/2016

Whittington 2009). Only the SONEDE-piped households have meters which are read on a quarterly basis. For the latter, it was possible to obtain the information directly from SONEDE as the households communicated their customer number.

For GDA-piped households, no meter could be read (meter absent, hidden, illegible, removed).

Consumption was estimated by comparing the following information collected from the households: i) an equivalent in litres per day they believe they consume, ii) volume consumed in the event of a shortage and the difference (as a number of containers) between usual consumption from the IC and the same consumption in the event of a shortage, iii) volume consumed before getting the IC and number of additional containers they think they now consume with the IC. It would appear that these questions worked well (high response rate) and provide similar values.

Finally, with regard to non-piped households who are supplied via a source outside the house, the means of water supply was recorded per period and per type of access, and in particular the number of containers and the frequency with which they are filled were indicated by the households. The volumes declared can be considered as reliable for three reasons: i) access is often relatively far from the dwellings and households procure water a limited but regular number of times per period, ii) households have a limited number of empty containers and containers are expensive, iii) the number of containers and their capacity were summarized at least twice by enumerators through different questions asked during the interview.

Then the survey data were supplemented with daily meteorological data from the Weather Information Service provided by www.ogimet.com using specific data come from the NOAA system5 which relays the records of a station based in Kairouan city.

Finally, SONEDE billing records were collected for piped households on the 15 previous quarters In developing countries, some authors note the need to control a possible selection bias when households choose their main source among several available sources [START_REF] Nauges | Demand for Piped and Non-piped Water Supply Services: Evidence from Southwest Sri Lanka[END_REF] or when municipalities or authorities choose the type of access taking into account household characteristics [START_REF] Nauges | Estimation of non-tap water demand in Central American cities[END_REF]. In our case, we consider that such a model is not applicable as the households are under too many constraints. First, households generally have access to a single source for their domestic consumption in the examined region (of course considering the main supply and not the periods of interruption when households are looking for alternative sources). The choice of which authorities should set up the infrastructures is then based on exclusively physical (availability of the resource), geographical (differences in altitude, distances) and land occupation (housing density) criteria.

In light of strong variations in consumption recorded between the two seasons (summer and winter),

we choose to handle data as a panel in order to retain this seasonal dimension which can be useful both from an economic standpoint if we wish to introduce regulatory tools for demand (for example seasonal pricing) and from a technical standpoint to measure water needs.

For each household, we considered the reference season "summer" or "winter" to be the most recent past season. The panel data was created by pooling the observed responses for each household and the other data from OGIMET and billing records from SONEDE. With each of the two reference seasons "winter" and "summer" for each household, we matched the corresponding climatic variables and, only for households for which the bills were available, volumes invoiced for these two reference seasons. In light of the fact that not all households were interviewed during the same month (3 sessions spread over 1 year), not all households have the same two reference seasons. In the panel, certain variables vary with the individuals and time (consumption, price, climate), while others are invariable over time (socio-economic characteristics of the households and housing, means of access to water). Due to the missing data, the panel is unbalanced.

Household water demand was then estimated using random effects generalized least squares, for three reasons. First, the random effects model distinguishes itself from the fixed effects model by the fact that it considers that the individual specific effects are not deterministic but random. In our case, we work on survey data, a non-exhaustive sample drawn at random from a population, and it is preferable to consider that the individual effect is random and non-deterministic [START_REF] Baltagi | The Determinants of Water Connection and Water Consumption: Empirical Evidence from a Cambodian Household Survey[END_REF].

Then, our model combines an inter-variability (between) and an intra-variability (within) and thus satisfies the requirements of a random effects model which can be interpreted as a weighted average of the OLS model and the fixed effects model. In our case, the unobserved heterogeneities can be Journées de Microéconomie Appliquée, Besançon, FRA, 02-03/06/2016 of different dimensions: invariable over time and specific to each individual (cultural and religious practices, physical characteristics, etc.) which are sensitive variables to be included in surveys and difficult to estimate; variable over time but in a manner specific to each individual (exceptional use of other sources, creation of new temporary uses, temporary increase in the number of supplied people, etc.). Lastly, in more practical terms, this approach allows time-invariant household specific explanatory variables (such as income, household size) to be included in the demand equation since in the fixed effects model, these variables would have been absorbed by the intercept.

The basic form of the equation for the water demand function is as follows:

Qis = α + β X is + ɣ Z i + μ is
As a log-linear specification was retained, the equation takes the following form:

Ln Qis = α + βln X is + ɣ ln Z i + μ is
With Qis the log of the consumption of individual i in season s; α the intercept, ln X is the log of the explanatory variables which vary in the two individual and seasonal dimensions, ln Z i the log of the explanatory variables which do not vary in the single individual dimension; β and ɣ the vectors of the parameters we want to estimate and the error term μ covering two dimensions, individual and temporal (between-entity error and a within-entity error).

Considering water access modalities differ considerably between the three groups, we estimate three water demand functions separately for 1) SONEDE-piped households 2) GDA-piped households and 3) non-piped rural households using alternative access served by GDAs or unserved (kiosk, wells, water sellers). For the three equations, the variable to be explained is the quarterly consumption per inhabitant per season (3 months).

Description of variables and selected summary statistics

After data-cleaning, the usable sample size consisted of 582 households: 374 SONEDE-piped households, 108 GDA-piped households and 100 non-piped households. Some of the GDA-piped households and households living in the unserved locality were excluded from the analysis when consumption measurements are not deemed sufficiently reliable.

Variables used in the empirical analysis are described in Table 2 along with a brief discussion of selected summary statistics. The seasons "summer" and "winter" indicate the reference seasons for each household (the last past season for each household) and correspond to the 3 summer months (June-August) and the 3 winter months (December-February). The following analysis deals with the households' main access mode and not the alternatives ones used by households when subject to long shortage periods of their main water source. GDA-piped households consume between 13 m 3 (winter) and 14 m 3 (summer) per quarter (from 33 to 37 liters per capita per day). With regard to non-piped households, average consumption is between 12 m 3 (in winter) and 14 m 3 (in summer) per quarter per household (35 liters per capita per Journées de Microéconomie Appliquée, Besançon, FRA, 02-03/06/2016 day). It seems to correspond to a minimum of consumption as it seems that the variation between summer and winter season is very low, on average.

As for GDA-piped households, as explained previously, we only consider here the principal water access mode and not the alternative one in case of a long period of shortage. Following our methodology, GDA-piped households were asked different questions with a view to using several ways to estimate the volumes consumed but not metered. The average of the obtained values was calculated for each respondent household in liters per day and then translated in m 3 per quarter taking in account a coefficient of service discontinuity. Households are affected differently by these interruptions as tap pressure depends on the position of the dwelling within the network. The results would appear to be relatively reliable if we work with the average across the 5 locations: our sample indicates an average consumption of 12 m 3 (per quarter calculated over a year) compared with an overall consumption of 15 m 3 based on the total volumes produced (communicated by CRDA) and an assumed rough distribution output ratio of 70%.

Price

For SONEDE-piped households average price reaches TND 0.75 /m 3 in summer and TND 0.73 /m 3 in winter, it amounts respectively TND 0.72 /m 3 and TND 0.70 /m 3 for the previous seasons due to tariff increases which occurred over the observation period. For GDA-piped households, the average price corresponds to the ratio between the billed amount (that the household claims to pay over a period) and the estimated volumes they have consumed over the same period: from TND 2.8 /m 3 to TND 3.0 /m 3 . This price is higher than the official prices applied. This is not surprising in that the households claimed to pay flat-rate bills according to fixed schedules (every two or three months) while the service is not continuous. Non-piped households paid on average TND 1.4 /m 3 in all seasons.

Income

Income is another key independent variable in the model. To limit the bias inherent to household surveys with regard to income (Basani et al. 2008), we interviewed households both with regard to their spending and their income while not omitting to ask them to specify their reciprocal periodicity. We then developed a budget indicator corresponding to an average between the maximum income level and the minimum spending level. This indicator enables us to ensure the reliability of the income variable. The incomes considered include work income and any rent, social aid or other money transfers (net) received. SONEDE-piped households reported higher revenues (TND 2117 per quarter) than the two other households 'subsamples (TND 1597 for GDA-piped households and TND 1563 for non-piped households), due to the high proportion of urban households in SONEDE' subsample.
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Other variables

On average, households in our sample hold 4.75 members for SONEDE-piped households, 5.38 members for GDA-piped households and 4.4 for non-piped households (4.4 on average for the entire governorate, RGPH 2014). In light of the fact that only 6 households claimed to share a connection with a neighbor, the number of people per connection corresponds to the household size.

The variable shortage serves as a proxy of service continuity; it represents the aggregate number of hours of interruption recorded over a season.

The variable rural is a dummy indicating if the household lives in a rural locality (34% of the SONEDE sub-sample, 100% for the two other sub-samples). The variable recent.connect specifies if the household has been connected to the SONEDE's network for less than 3 years (17% of the sub-sample) and for less than 4 years (since the revolution) for GDA-piped households.

The variable bathroom specifies indoor use of water, showing whether the household has a dedicated washroom in the dwelling (82% of SONEDE households, 34% for GDA-piped households and only 6% for non-piped households). It should be noted that the other sanitary equipment variables such as flush toilets, washing machines and dishwashers were not incorporated into the analyses due to multi co-linearity with the variable income. Similarly, the variable dwelling.

size, which could indicate the number of water outlets, was not incorporated as it proved to be colinear with the variable income.

Another set of variables indicates the possible outdoor uses of water: these are the variables garden, animal while the variable well indicates if the households owns its private well from which it could withdraw water for outdoor purposes.

Water access variables are included for non-piped households including distance to the supply source (on average 607m), supply frequency (on average between 1.5 and 1.8 times a day), people responsible for fetching the water (women in 79% of cases) and transport (on foot in 43% of cases).

Finally, two climatic variables were initially selected: aggregate precipitation over the season and maximum average daily temperatures recorded.

For piped households (SONEDE or GDA), we expect the variables income, household size, garden, temperature and bathroom will positively influence the consumption, while the variables price, rainfall, shortage and private well will influence it negatively. For non-piped households, we assume that access variables would impact water consumption, positively for the variable frequency which grow when it becomes more easy to go to the access point, and negatively for the variables distance, walking and woman.

The absence of co-linearity between the explanatory variables was tested previously with the Variance Inflation Factor (values ≤ 2). Actually, the precipitation variable was not retained due to its co-linearity with the temperature variable; we preferred keeping the temperature variable since Journées de Microéconomie Appliquée, Besançon, FRA, 02-03/06/2016 very few outdoors uses were actually recorded. The variable animal wasn't retained either since very few households reported watering them with tap water.

Econometrics results and discussion

With regard to the specification of the price variable, in light of the availability of invoicing data over several periods SONEDE households, we can use a lagged price for SONEDE-piped households' equation (by one year i.e. respectively the last summer before the reference summer and the last winter before the reference winter). This choice is more reliable from an econometric standpoint, as it removes all problems of simultaneity between the variable to be explained and the price variable, but is also the most relevant form an economic point of view. Households know the total amount of their bill but not how they are precisely calculated: only 20% claim knowing the tariff structure applied and among them very few mention a jump tariff structure. In light of this, and given the complexity of the price schedule, it is not relevant to propose a Heckman-type procedure in two stages (choice of a consumption block and then choice of the volume consumed in the chosen block) which often applies in the case of increasing blocks tariff structures. Therefore, we opt for an average price (total bill including fixed and variable part divided by volume).

The vector of explanatory variables therefore includes the lagged average price for SONEDE-piped It was feared that the frequency variable, which can be interpreted as a variable of accessibility to the source (the more the source is accessible, the more often the individuals can collect water), was linked to the variables of distance and means of transport, but a VIF test validated the absence of co-linearity between them. The demand function is significant at the 0.1% threshold, the coefficients of the variables retained are generally significant and all have the expected sign with regard to economic intuitions and the results of the literature relating to water demand. The null hypothesis in the Lagrange Multiplier Test -two-way effects (Breusch-Pagan) that the variance across individuals is zero was rejected.

Coefficients have been corrected from heteroscedasticity. Significant differences across individuals confirm that there is a panel effect and that a component errors model is more appropriate than a simple OLS regression.

The simple significance tests demonstrate that households are price-sensitive: household price elasticity is estimated at -0.45 (significant at the 0.1% threshold), meaning that when the price increases by 10%, the quantity consumed falls by 4.5%. As expected, income elasticity is weakly positive at +0.15 (significant at the 5% threshold). The household size variable has a significantly negative impact on consumption, a fact that is in line with the literature: the larger the size of the family, the more the sharing between the members will reduce individual consumption.

Temperature also positively impacts water consumption. The indicative variable indicating the The simple significance tests demonstrate that the GDA-piped households are significantly sensitive to prices, but only in a very weakly negative manner (-0.1 significant at the 1% threshold).

Sensitivity to income is significantly positive (+0.3 significant at the 0.01% threshold). The shortage variable is significantly null, which is logical if we are aware of the practices of GDA-piped households: the taps are more often than not located at the edge of the plots and the households call on intermediate stocks when using the water (filling containers). During interruptions, the household consumes the intermediate stocks and the reserves from this source. The three last variables bathroom, recent.connect, well and garden are not significant.

With regard to non-piped households, price elasticity and income elasticities are not significant at the 5% threshold. It would seem that the pertinent variables are not price and income but variables relating to physical access to the resource. The accessibility of the source, using the proxy of frequency, is significant, as well as the variable indicating that a woman is responsible for collecting the water and the fact that water is transported on foot: the higher the frequency of water collection, i.e. the more it is accessible (to the person responsible for collection), the more consumption increases; when the woman is responsible for collecting the water, consumption falls and when animal-drawn or motorized transport solutions are not available, consumption decreases as well.

Discussion

We found that price and income elasticities change with the distribution system: price elasticity reach -0.45 for SONEDE piped-households and -0.12 for GDA-piped households and +0.15 and +0.43 respectively for income elasticity. In non-piped rural areas, water demand seems to be strongly driven by other variables characterizing the physical accessibility of water source: frequency of collection which indicates direct accessibility, distance to the source, people in charge of collecting water and mean of transport.

The findings of price elasticities for piped-households (SONEDE and GDA) can be compared to other studies conducted in developing countries, where values usually range from -0.3 to -0.6 for individual connections [START_REF] Nauges | Estimation of Water Demand in Developing Countries: An Overview[END_REF] [START_REF] Sebri | Intergovernorate disparities in residential water demand in Tunisia: a discrete/continuous choice approach[END_REF][START_REF] Binet | A seasonal integration and cointegration analysis of residential water demand in Tunisia[END_REF][START_REF] Ayadi | A Panel Data Analysis of Residential Water Demand in Presence of Nonlinear Progressive Tariffs[END_REF] converge to show that small consumers are still less sensitive than larger ones and that it could be explained because they are mostly low-income households whose consumption is the minimum level necessary to meet basic needs. Some authors note also that it is possible that the highest price elasticity observed for bigger consumers can be explained by a higher average price charged: this can be a correct explanation, the study of [START_REF] Binet | A seasonal integration and cointegration analysis of residential water demand in Tunisia[END_REF] shows that the average price paid by small consumers (less than 40 m³ per quarter between 1980 and 2008) is markedly lower than the tariff rate applied to larger consumer bills (US $ 0.2 / m³ against 0.5 US $ / m³).

Even if the present study is conducted at an individual scale (and not like the previous ones at the district level in the SONEDE perimeter), we can apply the same reasoning at our results. The much low price sensitivity for GDA-piped households, compared with SONEDE-piped households, and even null sensitivity for non-piped households, can be explained by their very low consumption levels which tend to incompressible water needs. Water consumption level for non-SONEDE households are much lesser, due to a poorer quality of drinking-water supply and a lower availability of water resource. The second argument is that SONEDE-piped households are charging a pricing structure with very high prices when water consumption rises which may make households more sensitive to price than a volumetric pricing structure with a constant proportional part. Lastly, payment frequency may also explain part of the difference in price sensitivity. SONEDE-piped households face a quarterly invoice, GDA-piped households a monthly or bi-monthly bill, while most of the non-connected households pay on a daily basis. The burden of the water bill may be more bearable when it is paid little by little, on a daily basis, rather than when it has to be paid once for a quarter consumption, amounting several tens of dinars.
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Conclusion and Policy Implications

This studies sets in the general framework of southern Mediterranean countries facing, on the one hand, overexploitation and depletion of their water resources, and on the other hand, intensification of water demand due to population growth, mutations of water access modes and uses in rural areas.

In the overall context of global warming, which may expand and lengthen droughts in the future, it is becoming crucial to improve the knowledge of water demand determinants, which may help in drawing and implementing the necessary regulatory tools including water pricing.

One key question in Tunisia is to anticipate SONEDE-piped households' response to price change as water tariff will soon have to be increased. The current tariff does not cover current and future costs of water supply: SONEDE is already facing an unbalanced budget and this deficit will increase due to investing into new resources to be implemented (water transfer, desalination) to cope with increasing domestic water needs. Another important issue, which may also be answered by improved knowledge of water demand, concerns complementary tools to forecast water demand as well as wastewater volumes. In the Kairouan sub-region where groundwater is close to the surface, sanitation is also becoming a crucial issue for local authorities in rural areas: with a shift from collective access mode to private connection on the property, water consumption is constantly increasing and sustainable sanitation systems must be introduced to avoid polluting groundwater.

This study endeavors precisely to improve the knowledge of water demand, both in urban and rural areas, by developing deep investigation to characterize water consumption level when there is no water meter. The results inform about differentiated price and income elasticities between areas and systems and other drivers in water demand. It is an important finding because it means that differentiated instruments could be more efficient, and also better target particular groups of consumers. Such a result could reopen the debate on the national pricing principle held since SONEDE creation and also the question about tariff equalization which had been questioned by [START_REF] Touzi | Le service de l'eau potable en Tunisie : le modèle Journées de Microéconomie Appliquée[END_REF] but could be subject of further analysis.
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Figure 1 :

 1 Figure 1: Water bills (incl. VAT) paid quarterly by Tunisian households connected to SONEDE in tunisian dinars (TND 2 ), in 2014, up to 200 m 3 quarterly consumption

Figure 2 :

 2 Figure 2: Water and sewer rate structures paid by Tunisian households quarterly in Tunisian Dinars including VAT, in 2014, up to 200 m3 per quarterly consumption

Figure 3 :

 3 Figure 3: Average and marginal prices in TND including VAT, in 2014, up to 200m3 quarterly consumption

Figure 4 :

 4 Figure 4: Evolution of water bill (including sewerage) between 2013 and 2015 per level of water consumption up to 200 m3 quarterly consumption -base 100 = 2013, January



  8 locations supplied by SONEDE, 3 in urban areas, 1 in a peri-urban area and 4 in rural areas supplied for different durations (4 months, 2 years, 15 years, 25 years);  7 rural locations supplied by GDAs with contrasting situations in terms of water resource (autonomous water source, SONEDE connection, purchase form another GDA), mode of water access (legal/illegal individual connection of the household or a neighbor, standpipes, water vendors, well), continuity of service (continuous supply, frequent interruptions, interruptions lasting several months or years);  1 rural location unserved.

(

  [2012][2013][2014][2015], during which several tariff increases occurred. Households supplied by SONEDE are billed quarterly according to a meter reading timetable which differs from one zone to another due to the limited number of agents. Between two locations, the quarterly meter reading date can differ by up to two months, which means that the first quarter can run from January to March for one location but from March to May for another. The quarterly bills were divided into months so that they matched the calendar weather data. 13 5. Model specification and summary of main variables 5.1. Model specification

  household and simple average price for other households (as a log, varying per individual and per season), the quarterly household income (as a log, varying per individual), the number of people per household or per connection as appropriate (as a log, varying per individual), the existence of a dedicated, separate bathroom (0/1, varying per individual), the recentness of the connection for piped-households (0/1, varying per individual), the rural environment (0/1, varying per individual), the existence of a vegetable garden on the land (0/1, varying per individual), household ownership of a well (0/1, varying per individual), the aggregate number of hours of interruption (as a log, varying per individual and per season), the use of tap water for animal watering (0/1, varying per individual) and the maximum average temperature (as a log, varying per individual and per season as the individuals do not all have the same reference season).For non-piped households, other specific variables are included: the person responsible for fetching water (1 it is a woman, varying per individual), the means of transporting the water (1 if on foot, varying per individual), the distance to the source (as a log, varying per individual), the frequency of water collection (log, varying per individual).

  Journées de Microéconomie Appliquée, Besançon, FRA, 02-03/06/2016 4 2.3. Water tariffs in the SONEDE area SONEDE's water tariff currently applied is uniform throughout the country. It is topped with a sewage collection and treatment charge, this service being operated by another national public operator, ONAS.
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  Before starting the survey, targeted interviews conducted with institutional actors at national level (Ministry of Agriculture, SONEDE) and regional level (CRDA 4 , DR SONEDE) served to characterize the general water access situation at local level, to identify the different means of access
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	4.1. Methodology
	Nauges & Whittington (2009).
	4. Data
	The data set used is original as it comes from a household survey we carried out in 2014-2015 in
	16 localities in the north-west of the Governorate of Kairouan in Central Tunisia.

[START_REF] Nauges | Estimation of non-tap water demand in Central American cities[END_REF][START_REF] Nauges | Demand for Piped and Non-piped Water Supply Services: Evidence from Southwest Sri Lanka[END_REF]

.

With regard to the water demand function, the same estimators are used as for industrialized countries (OLS, instrumental variables, fixed effects, random effects). The dependent variable is consumption per household or per inhabitant while the explanatory variables are water price, household characteristics (income, size, composition, family head profile), accommodation characteristics (size, type, garden, equipment, sanitary facilities), season, climate (rainfall, temperature) and water access (organization of fetching water, service continuity, water quality)

  Journées de Microéconomie Appliquée, Besançon, FRA, 02-03/06/2016 and the results of the literature relating to water demand. The null hypothesis in the Lagrange Multiplier Test -two-way effects (Breusch-Pagan) were rejected for both equations. Significant differences across individuals confirm that there is a panel effect and that a component errors model is more appropriate than a simple OLS regression. Coefficients have been corrected from heteroscedasticity.

  [START_REF] Kertous | La demande en eau potable est-elle élastique au prix ? Le cas de la Wilaya de Bejaia[END_REF], GTZ customer survey, Makary Consulting, 2009, cited by USAID Egypt - Water Policy and Regulatory Reform 2012[START_REF] Al-Najjar | Residential Water Demand Elasticity Journées de Microéconomie Appliquée, Besançon, FRA, 02-03/06/2016 in Greater Amman Area[END_REF][START_REF] Al-Karablieh | The Residental Water Demand Function in Amman-Zarka Basin in Jordan[END_REF][START_REF] Salman | Limits of pricing policy in curtailing household water consumption under scarcity conditions[END_REF]).
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	2000, Among them, only Zekri & Dinar (2003) investigates small systems; the authors present two
	extreme values calculated by a model based on aggregated data from 1983 to 1992 for rural Tunisia:
	-1.3 for households served by GDA (at this time access was only collective through water kiosks,
	there wasn't any IC) against -0.2 for rural SONEDE-piped households. The authors explain this
	marked difference by the fact that GDA-households might be poorer than the others, and support
	their position with the water consumption level of each group: 63 m 3 per year per household for
	GDA households and 137 m 3 per year per household in SONEDE villages. In contrast, the four
	recent studies conducted at an aggregate level (the district level) in Tunisia exclusively in the
	SONEDE perimeter (Ben Zaied 2013;
	22

. When looking more specifically at those conducted in the southern Mediterranean sub-region providing data from 1980 to 2008, we observe higher price elasticity values ranging from -0.2 to -0.8, with a number of outliers (Ben Zaied 2013,

[START_REF] Sebri | Intergovernorate disparities in residential water demand in Tunisia: a discrete/continuous choice approach[END_REF][START_REF] Binet | A seasonal integration and cointegration analysis of residential water demand in Tunisia[END_REF][START_REF] Ayadi | A Panel Data Analysis of Residential Water Demand in Presence of Nonlinear Progressive Tariffs[END_REF], Zekri & Ariel Dinar 2003, Lahlou & Colyer 
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The CRDA is a regional administration under the authority of Agriculture Ministry and who is in charge of bringing technical support to GDAs.Journées de Microéconomie Appliquée, Besançon, FRA, 02-03/06/2016
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possibility of outdoor uses resulting from a vegetable garden is positive and significant. Similarly, owning a separate bathroom leads to increased consumption. The variables representing the age of the connection, the dummy for rural environment, the length of shortage and the possession of animals vary in the expected direction but are not significant. 

Non SONEDE-piped households