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Abstract:  This article separately estimates water demand by households utilizing (i) municipal water exclusively and (ii) municipal water and household well water in Buon Ma Thuot, Viet Nam. Demand estimates are obtained from a panel dataset formed by pooling household-level data on observed municipal water purchases and stated intended water usage contingent on hypothetical water prices. Estimates show households using municipal water exclusively have very price inelastic demand, whereas households using both municipal and household well water have more price elastic, but still inelastic, simultaneous water demands and readily substitute between water sources in response to increasing prices. Household water usage is conditioned by water storage and supply infrastructure, income and socio-economic attributes. The demand estimates are used for forecasting municipal water usage as well as the municipal water supply company’s likely revenue stream following an increase to the municipal water tariff and also for modeling consumer surplus losses from municipal water supply disruptions. 
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1 Introduction

Household water demand analyses are an economic cornerstone for demand side water management, developing efficient water tariff schedules and water infrastructure cost benefit analyses. Meta-analyses profiling the household water demand literature concentrate on developed country applications (Espey et al. 1997, Arbues et al. 2003, Dalhuisen et al. 2003). These applied studies from developed countries mainly estimate demand from households’ observed water purchases from a single municipal water supplier, municipal water’s multi-part block tariff, household income, socio-economic attributes and sometimes climatic and structural factors, typically finding household water demand is both price and income inelastic. Household water’s price and income inelasticity is normally linked to water being a non-substitutable input in many household uses and also because household water expenditures only account for a small percentage of most households’ budgets (Arbues et al. 2003). 

Less work has been directed towards estimating household water demand in less developed countries (LDC’s). Strand and Walker (2005) estimated a –0.32 household own price elasticity using a survey dataset from 17 cities in Central America and Venezuela. Their analysis shows households drawing water from more than one source have source specific water demand and also that in-household water infrastructure is a stronger demand determinant than water price. Using data from seven Cambodian towns, Basani, Isham et al. (2008 forthcoming) estimated households’ own price elasticity for municipal water supplies between -0.40 and -0.50. Combining household data from El Salvador and Honduras, Nauges and Strand (2007) estimated non-tap water demand elasticities as a function of water cost, defined as the sum of water’s purchase price and hauling costs, between -0.40 and -0.70. Rietveld, Rouwendal et al. (2000) estimated an own price elasticity of -1.2 for a cross-section of Indonesian households. Acharya and Barbier (2002) estimated linear water demands for Nigerian households that (i) exclusively collected water, (ii) exclusively purchased water from vendors, or (iii) hauled and purchased water. Households purchasing water exclusively had an estimated own price elasticity of –0.067, whereas collecting and purchasing households’ own price elasticity for purchased water was –0.073.

Estimating price elasticity requires that water’s price varies. However, water may be purchased at a constant price, as is the case when a municipal water supplier charges the same tariff for every cubic meter of water it delivers, or unpriced, in the sense of not having a tariff, as occurs when a household draws its water from a private well. Both of these situations complicate household water demand estimation, but both, and especially the latter, are frequently features of household water use in LDC’s. Stated preference techniques can be applied for constructing the price usage relationships needed for estimating household water demand functions in both these situations (Freeman 2003). Stated preference techniques construct hypothetical markets, using these for simulating respondents’ preferences for scarce resource allocation. When available, households’ real water purchasing histories, such as their water bills, can be used as an empirical anchor point for investigating each household’s likely water usage in novel water pricing situations. Confirming convergent validity between a household’s observed water purchases and stated preferences shows the same underlying preference structure is being used for making actual and hypothetical water purchases. Analyses pooling revealed and stated preference data (Adamowicz et al. 1994, Ben-Akiva et al. 1994, Englin and Cameron 1996, Adamowicz et al. 1997, Huang et al. 1997, Acharya and Barbier 2002, Boxall et al. 2002, Earnhart 2002, Hanley et al. 2003) generally show pooling increases estimated parameters’ efficiency and robustness, especially when estimates are based on small datasets (Englin and Cameron 1996, Haab and McConnell 2003, Hanley et al. 2003, Birol et al. 2006). 

This article estimates demand for delivered water by households using (i) municipal water exclusively and (ii) municipal water and household well water in Buon Ma Thuot (BMT), Viet Nam. Buon Ma Thuot is located in Viet Nam’s Central Highlands region and is Dak Lak Province’s largest town. The municipal water supply system was upgraded and expanded in 2003, resulting in connected households increasing their municipal water usage, and thereby diverting scarce water away from the region’s irrigated agriculture sector. The Buon Ma Thuot Water Supply Company (BMTWSC), the autonomous State agency responsible for operating the municipal water supply system, is meant to operate at full cost recovery. The fixed VND2,250 (USD1 ( VND15,500) per cubic meter tariff it charges is less than the VND4,000 per cubic meter average cost it estimates it incurs for delivering water to BMT’s households however. All households receiving municipal water supplies in BMT are metered and have their monthly household water bills calculated from their metered usage. 

Approximately 75 percent of all permanent households in BMT are now connected to the municipal water supply system. A percentage of households already connected to the municipal system combine municipal water and water from at least one alternative source, such as private wells or water vendors. Little is known about households’ usage patterns from non-municipal water sources in BMT nor why households may prefer these sources’ water to municipal water. Madanat and Humplick (1993) found that households had preferences for water by source in specific uses and it is reasonable to expect the same thing here. For example, BMT’s households may prefer using municipal water for cooking and well water for drinking because they believe municipal water tastes and smells of chemicals. Nothing is known about how households using secondary water sources would alter usage between sources when responding to changes in the attributes of either the municipal or secondary source’s water. These substitution strategies carry important economic and water planning implications in BMT however, meaning a system of conditional water demands for households not using the municipal water source exclusively must be estimated.  

This article’s main contributions lie first in developing the sparse literature on single and multiple source household water demand in Southeast Asia and second in the novel revealed and stated preference approach the article applies for estimating own and cross price elasticities for water when faced with an invariant municipal water price and unpriced household well water. Household water demand estimates are constructed from a survey dataset pooling households’ actual observed water usage at the existing municipal water tariff and their stated water usage preferences contingent on hypothetical water prices. The stated preference approach is based in the contingent behavior method, which works by eliciting individuals’ intended behavioral response to a hypothetical situation occurring, such as an increase in water price (Hanley et al. 2003). Acharya and Barbier (2002) have previously employed a contingent behavior approach in estimating Nigerian households’ water demand as a function of real and hypothetical vendor water prices and water hauling times. 

In the remainder of this article the conceptual household water demand model, estimation and survey approaches are first described. Following a brief descriptive analysis of the survey data, household water demands are estimated from the panel dataset. Policy implications are discussed in section five and the demand estimates are used to forecast household municipal water usage and the BMTWSC’s revenue following an increase to the municipal water price. The consumer surplus losses imposed by binding water supply constraints are evaluated in section six in light of dry season water shortages that have historically plagued BMT. Section seven concludes.

2 Specification and estimation technique   

2.1 Modeling household water usage

Household water usage is a function of an underlying decision making process that takes water usage preferences and constraints on acquiring water into account (Larson et al. 2006). When household labor is needed for collecting and preparing water, a household water demand model accounting for having to choose between allocating scarce household labor between water collecting and preparing usages and income generating work is required. Acharya and Barbier (2002) formally model the joint consumer producer household’s decision making when two water sources are available, with one source being free but requiring labor input and the other priced and not requiring labor input. The household seeks to maximize utility from water given the water sources available and the household’s income and labor constraints. The end result is the household water demand function, conditional on water source:
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where 
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 is the water quantity used from source j, 
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are two vectors describing water quality attributes such as turbidity, smell and taste of priced and collected water respectively and 
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 is a vector of household specific characteristics, including income and labor potential. When water is perfectly substitutable between sources, the utility maximizing household consumes water from both sources until the marginal rate of substitution from purchasing water and collecting water are equal, meaning the marginal opportunity cost of foregone work income equals the marginal water price. This household decision framework includes two corner solutions: firstly, when the opportunity cost of foregone work income due to water collection and preparation always exceeds water’s marginal price the household consumes priced water only and secondly, when the marginal water price always exceeds labor’s marginal opportunity cost then the household always collects water. 

2.2 Demand estimation 

2.2.1 Household well status

Obtaining unbiased water demand estimates requires that households drawing water from wells in BMT do so as a result of a random selection process. It is possible however that latent variables determine whether a household has a well or not. This potential source of sample selection bias is controlled for using Heckman’s (1979) two step estimation procedure. In the first step the discrete choice dependent variable (di) equals one if the household has a private well and zero if they do not. Assuming a normal probability distribution for the error term (ui), the decision model in probit form is:
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where 
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 is a matrix vector of explanatory variables describing the household’s well status, 
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 a vector of unknown coefficients to be estimated and 
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 is the cumulative normal distribution. The inverse Mill’s ratio is calculated with the probit model’s estimated parameters and included in the second stage household water demand estimates. The inverse Mill’s ratio is:  
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where 
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 are respectively the univariate standard normal cumulative distribution and the probability density functions. 

2.2.2 Conditional household water demand functions 

For households using the municipal water supply only, their conditional household demand function is assumed to be:
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Whereas the households using water from both municipal and private well sources have the conditional simultaneous demands:  
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Where the municipal water price is 
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 describes household socio-economic characteristics including water supply infrastructure such as storage tanks and booster pumps and also the household’s inverse Mill’s ratio, 
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 the normally distributed idiosyncratic error term and the remainder are coefficients for estimating. These demand specifications exclude costs from preparing water for use, such as filtering or boiling water before drinking, because descriptive analyses, to be discussed subsequently, suggest these are likely immaterial. The demand equations also exclude water quality attributes, again because descriptive analyses showed BMT’s survey respondents viewed water quality as being near equal between municipal and household well sources and also because water quality perceptions are likely correlated with income and education (Whitehead 2005). 

3 Empirical application

Schedules of household water usage as a function of water prices are constructed in this analysis by pooling observed and contingent behavior data from Buon Ma Thuot’s urban and peri-urban households. The observed behavior data is municipal water usage by households at the existing municipal water tariff. The contingent behavior data is estimated by constructing how each household changes its water usage following hypothetical changes in water pricing. Because all households receiving the BMTWSC’s municipal water are metered, this data can be used for cross-validating households’ own water usage estimates and also for anchoring the contingent behaviour scenarios. 

Survey development is discussed in detail in Cheesman, Son et al. (2007). The survey’s main objective was collecting household background data, including details on in-household water supply infrastructure, and estimating actual and contingent household water usage for BMT households’ seven main water usages, with these defined in pre-testing: (i) bathing and washing; (ii) preparing meals; (iii) drinking; (iv) cleaning; (v) laundry; (vi) outside (generally gardening); and (vii) home business. For estimating households’ revealed and stated preferences for water by household usage, the survey enumerator first assisted the respondents in estimating their average daily household water usage by source for the seven household usages. To do this, the enumerator walked through the respondents’ household, identifying with the respondents where activities using water were occurring. Following this initial identification, the enumerator worked with the respondents to estimate the amount of water used in each activity during a normal day. Because different household members are generally responsible for specific water usages, both the male and female household heads participated where possible. Having both household heads responding may reduce the potential for strategic behaviour because the respondents audited the other’s answers and there was open discussion on points of difference (Thomas and Syme 1988). The household members estimated their daily water usage via observation and demonstration. For water usages that were not daily, weekly usage figures were estimated.          

After household daily or weekly water usages in the seven main household usages were estimated, the enumerator extrapolated monthly household water usage and water expenditure by water source. As a first step, the household’s estimated municipal water usage was compared to their latest available municipal water bill to check whether the respondents accurately estimated their monthly municipal water usage. Then, for estimating the monthly municipal water cost by usage, each usage’s estimated monthly municipal water usage was multiplied by the VND2,250 per cubic meter tariff charged by the BMTWSC. For calculating well water’s monthly cost by the seven household usages, estimated well water usage was multiplied by a volumetric shadow price of VND450 per cubic meter, which was the representative household’s calculated well water extraction cost defined by pre-testing. The shadow price was constructed using labor and pumping fuel costs only, with these being constructed from the average daily wage and fuel price observed from the pre-testing respondents. Separately estimating well water shadow prices for each responding household would be preferable to the averaging approach used, however in practice we found this preferable approach was prohibitively time consuming, distracting and often lead to enumerators incorrectly calculating shadow prices. Because the survey focus groups, pre-tests and discussions with local authorities suggested households were relatively homogenous in their acquiring, storing and well water usage (a finding also supported by this article’s descriptive statistics), we ultimately favored using a common shadow price for all households using well water. This simplified approach obviously has its limitations.   

After the enumerator checked that the respondents understood their monthly water cost by household usage and source, this water usage expenditure schedule was used as an anchoring point for evaluating the household’s demand responsiveness to hypothetical changes in water prices. Municipal water’s hypothetical price change was an increasing or decreasing fixed municipal water tariff, whereas private well water’s price change was an increasing or decreasing groundwater shadow price, defined without directly specifying the basis for passing on these cost changes to the household. For each water source used, households were presented with two contingent behaviour scenarios, resulting in three observations per household per water source - one revealed preference based on actual water usage at the existing price and two stated preference contingent behaviour responses. Municipal water users each received one hypothetical price lower than the current VND2,250 tariff, either VND500, VND1,000, VND1,750, and one higher hypothetical price, either VND2,500, VND5,000, VND7,500, VND10,000, VND15,000 or VND25,000.  The same approach was followed for eliciting household well water users’ stated contingent water usages, with the hypothetical prices VND100, VND250, VND1,000, VND1,500, VND2,000, VND2,500, VND3,000, VND4,500 or VND7,500.

For each hypothetical water price, the enumerator first calculated and told the respondents their household’s new monthly water expenditure assuming household usage by source did not change. This approach allowed households to see their new monthly water expense by household usage and also by water source. Respondents were then asked whether they would change household water usage given their new water expenditure. For respondents indicating they would change household water usage, the enumerator worked with the household in determining how the household would change their water usage in each of the seven household usages. Behavioral, technical or structural modifications can be employed for changing water usage, however most respondents focused on short-term behavioral adjustments either changing the amount of water used, adopting water recycling or substituting usage between their available water sources. After respondents had revised their household water usages, the enumerator calculated the household’s new water expenditure. Respondents satisfied with their new water expenditure proceeded to the next scenario. The enumerator worked with unsatisfied households in revising their water use, with this procedure being repeated until the respondents accepted their water expenditure. The procedural logic was the same for the well water scenarios. 

4 Results, discussion and policy implications

4.1 Descriptive statistics

The household survey was completed in mid 2006 and obtained 291 usable responses. Descriptive analyses revealed responding households are characterized by a dependency on municipal water; view both municipal and household well water quality favorably but with some seasonal and income based variation; predominantly use municipal and well water for household usages; have in-house water storage infrastructure primarily to stock against municipal supply outages; have mainly automated household well water extraction; excepting drinking water are not devoting labor to preparing water; and do not know the municipal water tariff (Table 1). 

With an average household size of 4.66 persons, the 55 percent of households using municipal water exclusively consume approximately 120 liters water per capita per day. The 32 percent of households augmenting municipal water with household well water only or with well water and water from another source have lower daily per capita usage from the municipal source at 70 liters. Almost nine out of ten respondent households reported having some form of in-house water storage infrastructure. In-household cement storage tanks proliferate, with these installed in almost seven out of every ten households surveyed. These storage tanks have a 2.4 cubic meter average storage capacity, which is sufficient for supplying 4.5 days water to the statistically average sized household consuming 120 liters per capita per day. Households using water from wells have largely automated this process with approximately 85 percent using motorized pumps. Even though households using both well and municipal water recorded similar perceived quality levels for municipal and well water, less than 10 percent of households with water storage blend municipal and well water in the same storage facility.  For more detailed descriptive analyses see Cheesman, Son et al. (2007).  

4.2 household water demand estimates

Comparing the descriptive statistics and results from the contingent behavior scenarios showed a percentage of households who reported not having access to a private well in the survey’s initial background section stated they would draw water from a private household well in response to an increasing municipal water price. For estimation purposes, respondents who were using municipal water and stated they would use a household well in at least one of the contingent behavior scenarios where categorized as households having access to municipal and household well water. Households indicating through the scenarios that they would only use municipal water were categorized as municipal only households. Categorizing on this basis results in a 133 household sub-sample using municipal water exclusively and 92 households drawing from both a household well and the municipal source. The remaining 66 households draw from other several other secondary sources are excluded, mainly due to small numbers in each sub-group. Eleven of the 133 municipal supply only households had missing income replaced with their sub-sample’s average income. Similarly, 4/92 households drawing on both well and municipal water had missing household income replaced by their subgroup’s average. Three influential outlier observations were dropped from the municipal water sub-sample and two from the well water group. This procedure results in a final sample using 130 municipal water only households and 90 households using municipal and household well water. 

The household water demand estimates’ veracity depend in part on respondents being able to accurately estimate their monthly household water usage. Pair-wise correlations between households’ own estimated monthly usage from the water usage analysis and actual usage from the household’s most recent municipal water bill on hand tested this assumption. The pair-wise correlation for households using municipal water only was 0.86, significant at the one percent level, whereas households using both municipal and well water had a pair-wise correlation of 0.93, also significant at the one percent level. These correlations suggest responding households could estimate their household water usage with an acceptable accuracy. Assuming that households using both municipal and well water can estimate their daily well water usage with equal accuracy as their municipal water usage suggests these households use just under 100 liters of household well water per capita per day in a normal sized household. Aggregate well and municipal usage for these households is then roughly 170 liters per capita per day. These results suggest that at current prices, households using private wells in addition to municipal water get around 60 percent of their daily water requirements from their well.   

In constructing the panel dataset, dummy variables were used for identifying the revealed preference scenarios and included in the system of demand equations to test the null hypothesis that these variables’ coefficients equaled zero, thereby supporting a conclusion that households’ revealed and stated preferences share a common underlying preference structure. In all estimates the null hypotheses that the revealed preferences coefficients were not statistically different from zero could not be rejected. 

4.2.1 Household well status

The best fitting probit estimate for the 220 municipal only and municipal and well households is significant at the one percent level (Table 2). Increasing household income decreases the probability that a household has a well, which is consistent with observations from the household water usage profile. Households’ listing farming as their main occupation are more likely to have a well, which is unsurprising given farms are located primarily in BMT’s peri-urban areas and most farms are using dug wells for irrigation. Pair-wise correlations between farming and income and self-employment and income show these variables are not significantly correlated. The inverse Mill’s ratio is calculated using the probit model’s estimated parameters for including in the water demand models to control for selection bias.

4.2.2 Municipal water demand estimates 

Water demand for households using municipal water only is estimated using random effects generalized least squares, because this allows for including time invariant household specific explanatory variables. The balanced panel dataset includes 390 observations, comprising the two contingent behavior responses and one revealed preference response for each of the 130 households using municipal water only. The dependent variable is monthly household water usage in cubic meters’ natural log. Several functional forms were evaluated and only the best fitting model is reported here. The model for at-site household municipal water demand for a household (panel) (i) elicitation (‘time’) (t) using municipal water only is defined by:
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ln denotes logarithms to base e; 
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 is the dependent variable describing the monthly amount of water in cubic meters that the respondent household consumes and the explanatory variables are in order: municipal water price, a dummy variable describing whether the respondent knew the municipal water tariff before the survey, an interaction variable testing whether own price elasticity for households knowing the municipal water tariff differs from those who don’t, income, household size, here measured as the number of people living in the household for more than five months a year, a dummy variable describing whether the household has in-house water storage, the household’s water storage capacity in cubic meters, a dummy variable identifying farming households; a dummy variable identifying households deriving their main income from home businesses, a dummy variable describing whether the respondent knew the water tariff when asked in section one and the calculated inverse Mill’s ratio. The additive composite error term
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, Dstore and store are coded using Battese’s (1997) coding approach which overcomes potential estimation biases resulting from assigning small values to zero valued observations before transforming these data into natural logarithms. Roughly 75 percent of respondent households installed their water storage infrastructure before 2003 when BMT’s municipal water supply system upgrade and expansion was completed, and we therefore assume water storage infrastructure is exogenous to current water usage.

The estimated model is significant at the one percent level and has an adjusted R-square of 0.43 (Table 3). The retained model coefficients are generally significant and signed consistent with expectations. A Hausman test confirms the orthogonality conditions imposed by the random effects estimator were not violated. The Breusch Pagan Lagrange multiplier test rejects the null hypothesis that variance of 
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 is equal to zero, showing that there are significant individual effects, meaning estimating with pooled ordinary least squares would be inappropriate in this case (Baum 2006). 

The –0.059 own price elasticity estimate is significant at the one percent level, showing households using municipal water only have highly inelastic water demands. For example, increasing the municipal water tariff by 20 would result in households reducing monthly usage by approximately 1.2 percent on average over the short run. This household estimate is lower than previous own price elasticity estimates for households using piped water exclusively in LDC’s. Households correctly stating the municipal water tariff during the survey are more responsive to changing municipal water prices, with an own price elasticity of –0.081. Income elasticity is significant at the ten percent level, indicating a ten percent increase in monthly household income increases monthly household usage by 1.4 percent on average. Household water usage is also increasing in the number of permanent residents, such that doubling the permanent residents increases monthly household usage by approximately 50 percent. The significant dummy variable for in-household storage shows households with storage consume more water than households without storage irrespective of their storage capacity. Moreover, the significant water storage capacity elasticity shows increasing in-household water storage capacity also increases these households’ total monthly water usage. Coefficients for operating a home based business, a farm, knowing the household water tariff and the Mills ratio are insignificant. The inverse Mill’s ratio estimate suggests there is no selection bias in the model due to the household’s well status.

4.2.3 Simultaneous household water demand from municipal and well sources 

Demand estimates for households simultaneously using municipal and well water are estimated from the unbalanced panel dataset comprising 357 observations from 90 households with a seemingly unrelated estimation approach. The seemingly unrelated approach combines the parameter estimates, variance and covariance matrices from the separately estimated municipal and well water demand equations into a single parameter-vector and simultaneous variance covariance matrix of the robust type. The seemingly unrelated estimator gives the same coefficient estimates as seemingly unrelated regression (SUR), is less efficient than SUR but is robust to both cross-equation correlations and between group heteroskedasticity. Implementing seemingly unrelated regression assumes homoskedasticity, however this assumption is likely to be violated in this dataset resulting in incorrect standard error estimates. The practical implication is the selected approach trades off some estimation efficiency in robustness’ favor.

The same explanatory variables are used for the municipal and household well water demand estimates:
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here 
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 is well water’s shadow price, measured as its opportunity cost; pc denotes pump horsepower and the other variables have been defined previously. Approximately 75 of respondents purchased their water storage infrastructure before 2003 while approximately 85 percent purchased their water pumps before 2003, again suggesting these covariates are likely exogenous to current household water usage.

The estimated models are both significant at the one percent level and have adjusted R-squares equaling 0.35 and 0.39 for municipal and well water respectively (Table 4). At –0.51 and –0.44 for municipal and well water respectively, estimated own price elasticities are more elastic than households using municipal water only, but still inelastic. Households knowing the municipal water price do not have significantly different own price elasticity for municipal water in this estimate. Municipal and well water’s cross price elasticities are .49 and .34 respectively, also significant at the one percent level. Households knowing the municipal water price have more elastic, but still inelastic, cross price elasticity for municipal water, however this is barely significant at the fifteen percent level. The pattern of more elastic inelastic own price demand is consistent with Nauges and van den Berg’s (2007) recent estimates from Sri Lanka for households using piped and non-piped water. Cross equation tests show municipal water’s own and cross price elasticities are equivalent, both for households knowing the municipal water price and those who do not, in the sense that increasing municipal water’s price by one percent causes a statistically equal percentage shift out of municipal water into well water. The same cross equation symmetry is rejected for well water, showing that increasing well water’s shadow price results in a less than proportional percentage shift out of well water into municipal water. Recalling that households using both municipal and well water get most of their daily water from their household well, these elasticity results show at average household usage any municipal price increase causes households to increase their total monthly water usage as a result of using more well water in place of the substituted municipal water. In contrast, increasing well water prices results in a larger volumetric shift out of well water than into municipal water, resulting in the average household net decreasing total monthly water usage.   

As income increases household well water usage also increases, significant at the one percent level. Increasing income does not appear to systematically increase municipal water usage however. In-household water infrastructure is significant determinant of monthly household water usage, with every one horsepower increase in pump capacity causing municipal water usage to fall by approximately 15 percent and increase well water usage by 88 percent. Because household pump capacity acts as a physical supply constraint this finding makes intuitive sense, given increasing pump capacity increases the convenience of drawing water.  

Farming and households operating a home business both use more well water than other households but do not differ from the mean household’s monthly municipal water usage. Farming households use approximately double the amount of well water per month than an otherwise comparable household, while home businesses’ well water usage is approximately 90 percent greater. For farming households, these results may indicate differences in local municipal or well water quality and also some mixing of household and farm production usages given the insignificant coefficient for farming households in the municipal water demand estimate. Descriptive analysis shows households operating home businesses use most additional water in their business operations.  

5 Policy implications

The conditional household demand estimates impart several key messages for Dak Lak’s regional water planners and the BMTWSC. The estimates’ first implication is that municipal water pricing will be a blunt tool for managing urban and peri-urban household water demand in BMT, at least over the short term. For the minimum 40 percent of BMT households using municipal water exclusively, an increasing municipal water tariff would cause these households to only marginally reduce municipal water usage. For the minimum 25 percent of BMT’s households augmenting municipal water with well water, increasing municipal water prices will cause an increase in total household water usage from all sources as a result of these households using more well water in substitute for municipal water. The result that households knowing municipal water’s price have more price elastic demand is consistent with industrialized country evidence showing increasing the price information content of water bills increases own price elasticity by around 30 percent (Gaudin 2006). These combined results may indicate increasing BMT households’ awareness of municipal water’s price could make them more demand responsive to changing municipal water prices in the future.  

For the BMTWSC, the estimates’ second implication is that municipal water could feasibly be priced for full cost recovery, at least over the short term. Assuming municipal water only households account for 40 percent of all households connected to the municipal water supply system and these households have an average monthly usage around 15.98 cubic meters (Table 1), increasing the municipal water tariff to equal the estimated VND4,000 per cubic meter average supply cost would result in municipal water only households reducing total monthly usage by approximately five percent to 15.25 cubic meters and the average household’s monthly water bill would correspondingly increase from around VND35,955 to VND60,983. Assuming 20,000 households are connected to the municipal supply system suggests the BMTWSC’s revenues would increase by roughly 70 percent from approximately VND288 million to VND488 million per month from this subgroup. The same price increase would cause households with wells to increase well water usage by around 4.9 cubic meters per month and reduce municipal water usage from around 9.1 to 5.5 cubic meters, resulting in their average monthly municipal water bill rising from VND20,520 to VND22,041. Assuming these households account for 25 percent of the population with municipal connections, the BMTWSC’s monthly revenue stream increases from VND103 million to VND110 million from this subgroup. This re-pricing scenario’s impact on municipal water expenditure as a percentage of total household budget is modest. Municipal water expenditure as a percentage of average monthly income for households using municipal water exclusively rises from 1.4 to 2.3 percent in this scenario, and from 0.08 to 0.09 percent for households using municipal and household well water.   

6 Consumer surplus effects from quantity restrictions  

This final section considers the welfare impacts of municipal water supply shortages on Buon Ma Thuot’s households. The analysis’ pertinence lies in the rolling dry season municipal water supply disruptions that have plagued BMT in recent years and also because Viet Nam’s Law on Water Resources requires priority based water allocations during times of regional shortage (Socialist Republic of Vietnam 1998). As long as constant elasticity does not equal –1.0, a consumer’s gross value of an increase in water supply from Q0 and Q1 is exactly defined by (Gibbons 1986: 17):
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P0 and Q0 define the initial price quantity locus,
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 is the own price elasticity of demand estimate, and Q1 is the incremented supply quantity. Subtracting the water price paid isolates consumer surplus:
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Estimating with this approach shows consumer surplus losses from reducing total monthly household municipal supplies are more pronounced in households using municipal water only, which is to be expected (Table 5). More inelastic own price demand and the lack of source substitution opportunities result in greater consumer surplus losses for these households. For example, reducing total monthly municipal supplies by three cubic meters to these households results in consumer surplus falling by around VND58,500, whereas the consumer surplus loss for households using municipal and household well water is VND3,600.    

7 Conclusion

This article contributes to the limited but growing literature estimating household water demands by pooling revealed and stated preference data and also to the literature estimating household water demand in less developed countries. Research estimates and related policy analysis are based on households’ observed municipal water purchases and contingent behavior data that extends understanding about household water usage to novel water pricing situations. This article’s results suggest this approach can be used for recovering estimates of households’ (shadow) price elasticities for water from municipal and non-municipal water sources in developing countries. Compared to other stated preference approaches, the contingent behavior method this article develops has the advantage of setting households’ responses in the familiar behavioral context of actual household water usage, which may reduce potential for hypothetical response bias. When the contingent behavior approach is structured for allowing behavior revisions based on outcome feedback, as was the case in this research, the Discovered Preference Hypothesis (Plott 1996) and its supporting literature (Bateman et al. 2004) predicts increasingly valid and stable preference estimates should be forthcoming. 

Several limitations should be noted in this analysis. First, the low percentage of respondents correctly stating the municipal water price shows it is clear that most responding households were learning water prices and their water demands as the survey proceeded. The implication is that if a new water tariff schedule were implemented in BMT, most households’ actual behavioral changes following water tariff increases may not perfectly reflect their stated contingent behaviors. One would expect actual demand to be more inelastic relative to stated demand in this case (Gaudin 2006). The research’s second limitation was the artificial well water shadow price used. Because well water’s extraction costs will clearly differ between households that use well water, using a common shadow price may have sacrificed some incentive compatibility, implying respondents were simply playing by the rules of the game when estimating their household demands.

In Buon Ma Thuot, developing the municipal water supply system has resulted in urban and peri-urban households’ increasing their municipal water usage at smallholder irrigators’ deprivation. As Rural Water Supply and Sanitation programs are implemented in other regional centers around Dak Lak Province, this pattern of rural-urban water transfers will likely be replicated. When increasing urban water usage diverts scarce water from other uses, opportunity costs are created raising questions about the extent to which these transfers are justifiable. The household water demand functions estimated in this article provide a part-basis for objectively evaluating this issue. Economic planners in Dak Lak can use this article’s estimates for predicting municipal water demand when planning water supply system expansions, either in Buon Ma Thuot or the Province’s other regional centers. The minimum requirements for transferring this article’s estimates is baseline similarity between the study regions, comparable household populations and an expectation that the municipal system developments will deliver water of a similar quality to that currently being delivered in Buon Ma Thuot.       
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Tables

Table 1: Household descriptive statistics

	Variable
	Unit
	Obs.
	Mean
	Std Dev
	Min
	Max

	Basic household information 

	Household size 
	Number
	291
	4.66
	2.30
	1
	21

	Main occupation is farming 
	Yes=1
	291
	0.10
	
	0
	1

	Household income 
	VND Mil
	291
	3.29
	2.27
	0.25
	20.00

	Operate a home business 
	Yes=1
	291
	0.28
	
	0
	1

	Water sources and usage

	Sources used by the household
	
	
	
	
	
	

	Municipal water only
	Yes=1
	291
	0.56
	
	0
	1

	       Household monthly usage 
	m3
	163
	15.98
	15.19
	4.02
	123

	       Per capita daily usage
	Lt
	163
	120.06
	105.88
	14.81
	841.53

	       Municipal water expenditure as a percent of   

       household income
	%
	119
	1.37
	1.67
	0.04
	17.33

	Municipal water and private well 
	Yes=1
	291
	0.22
	
	0
	1

	       Household monthly municipal water

      usage
	m3
	94
	9.12
	9.53
	1
	58

	       Per capita daily municipal water usage
	Lt
	94
	70.22
	65.97
	4.68
	316.93

	       Municipal water expenditure as a percent of   

       household income
	%
	92
	0.81
	0.75
	0.05
	4.05

	Municipal connection situation
	
	
	
	
	
	

	Quality of (dry season) water good or better 
	Yes=1
	291
	0.65
	
	0
	1

	Quality of (wet season) water good or better 
	Yes=1
	291
	0.60
	
	0
	1

	Experienced water shortage in past 12 months causing substantial inconvenience
	Yes=1
	291
	0.08
	
	0
	1

	Well water situation 
	
	
	
	
	
	

	Have a dug or drilled well 
	Yes=1
	291
	0.25
	
	0
	1

	Quality of (dry season) water good or better 
	Yes=1
	72
	0.69
	
	0
	1

	Quality of (wet season) water good or better 
	Yes=1
	72
	0.55
	
	0
	1

	Use motorized pump to bring water to surface 
	Yes=1
	72
	0.83
	
	0
	1

	Motorized pump HP
	HP
	59
	1.12
	0.41
	0.48
	2.5

	Experienced water shortage in past 12 months causing substantial inconvenience
	Yes=1
	71
	0.04
	
	0
	1

	Water storage tank situation
	
	
	
	
	
	

	Have in house water storage
	Yes=1
	291
	0.88
	
	0
	1

	In house water storage is a storage tank 
	Yes=1
	257
	0.81
	
	0
	1

	Average storage tank capacity
	m3
	208
	2.41
	1.86
	0
	16

	Municipal water goes to storage 
	Yes=1
	257
	0.82
	
	0
	1

	Private well water goes to storage 
	Yes=1
	257
	0.16
	
	0
	1

	Both municipal and well water go to the same storage 
	Yes=1
	257
	0.03
	
	0
	1

	Household knowledge of municipal water tariff

	Municipal water tariff correctly described 
	Yes=1
	291
	0.15
	
	0
	1


Table 2: Household well status, probit model results. 

	
	Coefficient
	z-ratio

	Dependent variable: probability of having a household well

	Monthly household income
	-1.52e-07***

(5.20e-08)
	-2.92

	In-house water storage (1=Yes)
	0.318

(0.262)
	-1.21

	In-house water storage capacity in cubic meters
	-0.002

(0.003)
	-0.51

	Farming is main household employment (1=Yes) 
	0.723**

(0.300)
	2.40

	 Self-employment is main household employment (1=Yes)
	0.246

(0 .207)
	1.19

	 Constant
	-0.161

(0.284)
	-0.57

	

	Log likelihood
	-138.890***
	

	Likelihood ratio chi2(5)
	19.89
	

	Pseudo R2       
	0.07
	

	Percentage correct predictions (overall)
	65
	

	Observations
	220
	


Notes: *, ** and *** denote statistical significance at the 0.10 level, 0.05 and 0.01 level respectively. Numbers in parentheses are asymptotic standard errors.

Table 3: Random effects water demand estimates for households using municipal water only. 

	
	Coefficient
	z-ratio

	Dependent variable: log of total municipal water usage per month, m3

	
	
	

	Municipal price per cubic meter (VND) (log)
	-0.059***

(0.005)
	-12.71

	Know water tariff (1=No, Yes=0)
	-0.096

(0.134)
	-0.72

	Municipal price per cubic meter (VND) (log) – households knowing water tariff 


	-0.022*

(0.013)
	1.71

	Monthly household income (VND) (log)
	0.141*

(0.085)
	1.66

	Household size (log)
	0.507***

(0.086)
	5.91

	In-house water storage (1=No Yes=0)
	-0.144^

(0.092)
	-1.57

	In-house water storage capacity in cubic meters (log)
	0.110**

(0.051)
	2.17

	Farming (1=Yes, No=0)
	-0.016

(0.153)
	-0.10

	Operate a home business (1=Yes, No=0)
	0.101

(0.079)
	1.28

	Mills ratio
	0.086

(0.150)
	0.57

	Constant
	0.161

(1.139)
	0.14

	
	
	

	Wald chi2(9)         
	294.24
	

	Adjusted R-square 
	0.43
	

	Observations
	390
	

	Groups
	130
	

	
	
	

	Hausman test for random effects

Ho:  difference in coefficients not systematic. 
	
	

	chi2(2)
	0.10
	

	Prob> chi2
	0.95
	

	
	
	

	Breusch and Pagan Lagrangian multiplier test for random effects:

H0: Var(u) = 0
	
	

	chi2(1) =   
	349.19
	

	Prob > chi2
	0.00
	


Notes: ^, *, ** and *** denote statistical significance at 15, 10, 5 and 1 percent level respectively. Numbers in parentheses are asymptotic standard errors.


Table 4: Seemingly unrelated water demand estimates for households using municipal and private well water.

	
	Coefficient
	t-ratio

	Dependent variable: household municipal water usage per month (log)

	
	
	

	Municipal price per cubic meter (log)
	-0.509***

(0.058)
	-8.82

	Know water tariff (1=Yes, No=0)
	-0.562

(0.845)
	-0.67

	Municipal price per cubic meter (VND) (log) – households knowing water tariff
	-0.112

(0.119)
	-1.03

	Well opportunity cost price per cubic meter (log)
	0.347***

(0.062)
	5.59

	Monthly household income (log)
	0.003

(0.057)
	0.06

	Household size (log)
	0.192 

(0.178)
	1.08

	Well pump capacity (HP)
	-0.171 ^ (0.110)
	-1.56

	In-house water storage (1=No Yes=0)
	-0.155

(0.153)
	-1.02

	In-house water storage capacity in cubic meters (log)
	0.065

(0.155)
	0.44

	Farming (1=Yes, No=0)
	-0.174

(0.252)
	-0.69

	Operate a home business (1=Yes, No=0)
	0.130

(0.181)
	0.72

	Mills ratio
	0.531*

(0.30)
	1.77

	Constant
	3.40**

(1.513)
	2.25

	
	
	

	F(12, 89) =   
	16.91
	

	Adjusted R-square 
	0.35
	

	
	
	

	Dependent variable: household well water usage per month (log)

	Municipal price per cubic meter (log)
	0.456***

(0.061)
	7.48

	Know water tariff (1=Yes, No=0)
	1.533

(1.079)
	1.41

	Municipal price per cubic meter (VND) (log) – households knowing water tariff
	0.209^

(0.144)
	1.46

	Well opportunity cost price per cubic meter (log)
	-0.441***

(0.069)
	-6.38

	Monthly household income (log)
	0.186***

(0.058)
	3.24

	Household size (log)
	0.401 

(0.289)
	1.39

	Motorised well pump capacity (HP)
	0.633*** (0.160)
	3.95

	In-house water storage (1=No Yes=0)
	0.036

(0.227)
	0.16

	In-house water storage capacity in cubic meters (log)
	0.120

(0.164)
	0.73

	Farming (1=Yes, No=0)
	0.685***

(0.291)
	2.35

	Operate a home business (1=Yes, No=0)
	0.633***

(0.201)
	3.15

	Mills ratio
	-0.063

(0.386)
	-0.16

	Constant
	-4.786***

(1.659)
	2.88

	
	
	

	F(12, 89) =   
	17.44
	

	Adjusted R-square 
	0.39
	

	
	
	

	Observations
	357
	

	Clusters
	90
	

	
	
	


Notes: *, ** and *** denote statistical significance at the 0.10 level, 0.05 and 0.01 level respectively. Numbers in parentheses are asymptotic standard errors.
Table 5: Gross benefit and consumer surplus effects of reducing monthly household water supplies
	Monthly household supply reduction m3
	0.5
	1.0
	1.5
	2.0
	2.5
	3.0
	3.5

	
	
	
	
	
	
	
	

	Municipal water tariff
	2,250
	
	
	
	
	
	

	

	Municipal water households

	Elasticity
	-0.06
	
	
	
	
	
	

	Average household monthly municipal usage m3
	16
	
	
	
	
	
	

	Constrained monthly municipal supply –m3
	15.50
	15.00
	14.50
	14.00
	13.50
	13.00
	12.50

	
	
	
	
	
	
	
	

	Gross loss VND
	1,653
	4,509
	9,535
	18,556
	35,089
	66,079
	125,597

	Consumer surplus loss VND
	403
	2,009
	5,785
	13,556
	28,839
	58,579
	116,847

	Gross loss VND–m3
	3,306
	4,509
	6,357
	9,278
	14,035
	22,026
	35,885

	Consumer surplus loss VND–m3
	806
	2,009
	3,857
	6,778
	11,535
	19,526
	33,385

	

	Municipal and well water households

	Elasticity
	-0.51
	
	
	
	
	
	

	Average household monthly municipal usage m3
	9.12
	
	
	
	
	
	

	Constrained monthly municipal supply –m3 
	8.62
	8.12
	7.62
	7.12
	6.62
	6.12
	5.62

	
	
	
	
	
	
	
	

	Gross loss VND
	1,321
	2,802
	4,474
	6,376
	8,560
	11,094
	14,070

	Consumer surplus loss VND
	71
	302
	724
	1,376
	2,310
	3,594
	5,320

	Gross loss VND–m3
	2,642
	2,802
	2,982
	3,188
	3,424
	3,698
	4,020

	Consumer surplus loss VND–m3
	142
	302
	482
	688
	924
	1,198
	1,520
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