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Abstract 
Appropriate pricing of water is critical for improving the efficiency of pipe-borne 
water supply systems in many developing countries. However, existing literature on 
residential, industrial and commercial water demand has primarily focused on 
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water utility to improve its financial viability and revenues. The paper provides the 
empirical foundations for pipe-borne water planning and policies making in 
developing countries. 
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1. Introduction 

Population growth, rapid urbanization, pollution and expansion of economic activities 

have put tremendous pressure on water resources in many countries. Traditionally, 

increasing demand for water has been met with supply augmentation programs, such 

as, new storage infrastructure, desalinization and recycling. However, the ability to 

increase water supply faces hydrological limits and rising environmental and financial 

costs. As a result, attention of policy makers has increasingly shifted to demand 

management (Edwards, 2006). Appropriate water pricing policies can improve water 

use efficiency; augment revenues thereby improving services; and enhance and 

expand the operation and maintenance of pipe-borne water supply systems. Designing 

an appropriate pricing policy and efficient planning and management of water supply 

require an understanding of the determinants of water demand across different 

categories of users.  

Managing water demand and extending the supply of pipe-borne water is a pressing 

development policy goal for developing countries. Provision of water for drinking and 

irrigation on a sustainable basis is a national priority in Sri Lanka and is one of the 

Millennium Development Goals set by the United Nations. This requires all citizens 

in a country to have access to safe drinking water and adequate sanitation facilities by 

2015 (Central Bank of Sri Lanka, 2005). The quantification of pipe-borne water 

demand relationships assists water utility operators and policy makers to predict 

consumption responses to changes in water pricing, thereby increasing the 

effectiveness of demand management and generating much needed revenues to extend 

water supply.  

However, most of the empirical research focuses on developed countries and are 

based on United States and Europe (Billings, 1982; Garcia & Reynaud, 2004; 
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Hoglund, 1999; Nauges & Thomas, 2000; Nieswiadomy & Molina, 1989; Renwick & 

Green, 2000). This paper is one of the few studies estimating the demand for water in 

a developing country (Pushpangadan & Murugan, 1998; Rietveld, et al., 2000). We 

build on the limited analysis conducted so far for Sri Lanka (Gunathilake, et al., 2001; 

Hussain, et al., 2002; Nauges & van-den Berg, 2006)  by covering all geographical 

areas and all user categories in a comprehensive framework. 

Distinguishing the demand for water by each of the user groups - residential, 

commercial and industrial- is an important contribution of this paper. The nature of 

residential demand for water is different from the commercial and industrial demand. 

These three sectors are subjected to different tariff regimes. Further, in contrast to   

the residential demand for water aimed at satisfying daily needs of the consumers, 

commercial and industrial water demand depends on  production decisions and hence, 

on profit maximising behaviour.  

This study utilizes a new set of panel data covering all districts of Sri Lanka for sixty 

months (January 2001 to December 2005) to estimate elasticities of demand. The 

estimates of price and income elasticities will enable a better understanding of price 

responsiveness of residential, industrial and commercial consumers of pipe-borne 

water supply in other developing countries.  

The findings conform to previous studies that suggest that the residential demand for 

water is price and income inelastic. Both industrial and commercial water demands 

are also relatively price inelastic, however, industrial water demand is more 

responsive to price changes compared to commercial and residential users. However, 

the inelastic nature of water consumption creates opportunities for water utilities to 

raise revenues by increasing water charges. While one concern of increasing water 

prices is the impact on the poor, the revenue raised can be used to extend the supply 
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of pipe-borne water to rural areas. With appropriate compensations and support; 

removing some of the existing subsides by appropriately pricing water can ensure 

more and better access, thus substantially improving the overall standard of living. 

The remainder of the paper is set out as follows: section 2 provides some background 

information on pipe-borne water in Sri Lanka. Section 3, provides a literature review 

of residential, industrial and commercial water demand. Section 4 presents the 

methodology, models and econometric techniques applied. Section 5 outlines the data 

used in this study while section 6 discusses the results. Section 7 concludes with 

recommendations and areas for future research.  

 

2. Pipe borne water in Sri Lanka 

National Water Supply and Drainage Board (NWSDB) is the principal authority 

providing safe drinking water and sanitation in Sri Lanka. For administrative 

purposes, the NWSDB has divided Sri Lanka into six main regions and these support 

centres independently administer their operation and maintenance budgets. The billing 

and metering are decentralized to fourteen district offices (ADB, 2007).1 Water 

supplies in many areas of Sri Lanka have declined in quantity and quality for various 

reasons including increasing urbanization, mismanagement, and pollution. Paralleling 

this, the demand for pipe-borne water has grown significantly over the last decade 

with total pipe-borne water consumption increasing from 275 million cubic metres to 

396 million cubic metres between 1995 and 2006 (NWSDB, 2006). In 2006, 92 per 

cent of the Sri Lankan population had access to safe drinking water, of which only 39 

per cent had access to pipe-borne water (Central Bank of Sri Lanka, 2006).2 At 

present, residential water use accounts for the largest share of total pipe-borne water 

consumption, consuming 63.5 precent of water and contributing to 46 percent of the 
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revenue, and is subject to extensive subsidies. Industrial and commercial classes 

constitute the major water consuming sectors of non-residential users, each 

contributing 10 percent and 22 percent of the revenue, respectively (NWSDB, 2005).  

Residential water consumers in Sri Lanaka face non-linear pricing, and the same 

pricing schedule is administered across all NWSDB districts. The pricing system 

consists of two types of charges: fixed and volumetric. The volumetric charge 

depends on the quantity of water consumed and is subject to an increasing block 

pricing (eight blocks). Under the increasing block tariff system, consumers’ monthly 

water bills under different blocks can be mathematically expressed as follows: 
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where, iB  is monthly water bill of customer using Q  units of water; iMP  is the 

marginal price )..........( 148 MPMPMP >>> ; iq  is the break point of the price block 

(i=1-8); and F is the monthly fixed charge.  

Non-residential users including industrial and commercial sectors are subject to an 

uniform volumetric pricing. The monthly consumer bill is determined as:  
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In above equations, subscripts I  and C  represent industrial and commercial sectors 

respectively; B  represents monthly water bill; p  is the volumetric charge and Q  

represents the average quantity of water consumption. Thus, the marginal price ( p ) 

remains constant regardless of the quantity consumed.  The rates for commercial and 
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industrial users are higher than those faced by the residential consumers. The 

NWSDB tariff structures for residential, Industrial and commercial consumers for the 

period considered in this paper are presented in Table 1.  

INSERT TABLE 1 HERE 

The main characteristic of the existing residential tariff structure is the very low tariff 

rate for water usage up to 10 cubic metres per month, which is funded by a higher rate 

for water usage above 50 cubic metres per month. However, the average water 

consumption is 15.28 cubic meters, indicating that the majority of the households 

consume in the first or second tariff block and pay less that the average cost(NWSDB, 

2005).  Higher water tariffs for industrial and commercial users further enable the 

cross-subsidisation of residential users. Continued supply of water at the current rates 

is unsustainable as it fails to cover the cost of water supply and fails to send an 

appropriate price signal to residential users.  

 

3. Literature review 

Residential water demand in the presence of increasing and decreasing block tariff 

structures has been widely studied in context of developed countries. (Billings & 

Agthe, 1980; Hajispyrou, et al., 2002; Nieswiadomy & Molina, 1989; Renwick & 

Archibald, 1998; Rietveld, et al., 2000; Williams & Suh, 1986). In estimating demand 

for water under block pricing, two price variables are used; marginal price and a 

difference variable (rate structure premium) (Nordin, 1976; Taylor, 1975). The 

difference variable is the difference between the actual total bill and what the user 

would pay if all units were charged at the marginal price. In the case of increasing 

(decreasing) block pricing, the difference variable represents a saving (additional cost) 

to the consumer and thereby provides an implicit subsidy (tax) for water consumed in 
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the intra-marginal blocks (Billings & Agthe, 1980). The difference variable elasticity 

measures the income effect of changes in intra-marginal rates and the marginal-price 

elasticity measures the income and substitution effect of a change in marginal price. 

The use of marginal price and the difference variable in residential demand 

estimations is appropriate here since Sri Lankan residential consumers face increasing 

block tariffs. 

Evidence suggests residential water demand is inelastic but not perfectly inelastic. 

Weak sensitivity of consumption to price changes is the result of several factors:  the 

intrinsic nature of water as a necessity to life; the fact that water bills constitute a 

small portion of household’s budget; and because of imperfect price information 

(Gaudin, 2005). A meta analysis of estimates of water demand elasticity for both 

developed and developing countries between 1963 and 1993 gives the mean price 

elasticity of -0.51, a short-run median estimate of -0.38 and a long-run median 

estimate of -0.64 with 90% of estimates between zero and -0.75 (Espey, et al., 1997; 

Worthington & Hoffmann, 2006). Typically estimates lie in the range of -0.25 and -

0.75 (Billings & Agthe, 1980; Chicoine & Ramamurthy, 1986; Gaudin, et al., 2001; 

Martinez-Espeneira, 2003a).  

Price is not the only factor determining residential water consumption. Researchers 

have found the quantity of water consumed depends on additional household 

characteristics such as income and number of household members and weather 

variables (Arbues, et al., 2003; David & Inocencio, 1998; Rietveld, et al., 2000). In 

most studies, water demand with respect to income is found to be inelastic and small 

in magnitude (Barkatullah, 1999; Chicoine & Ramamurthy, 1986; Garcia & Reynaud, 

2004; Gaudin, et al., 2001). This is to be expected as water bills often represent a 

small proportion of total household income (Arbues, et al., 2003).  
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Climatic effects in residential water demand models can be introduced in different 

ways. For instance, precipitation during the season (Beattie & Foster, 1979, 1981); 

evapotranspiration from Bermuda grass minus rainfall (Billings, 1982; Hewitt & 

Hanemann, 1995; Nieswiadomy & Molina, 1988); or more generally, temperature 

with annual or monthly rainfall (Hussain, et al., 2002; Stevens, et al., 1992).   

Panel data techniques are commonly used as employed by (Billings & Agthe, 1980; 

Gaudin, et al., 2001; Martinez-Espeneira, 2003a). Cross-sectional techniques are 

employed frequently (Beattie & Foster, 1981; Hajispyrou, et al., 2002; Stevens, et al., 

1992) but  time series techniques are rarely used (Hussain, et al., 2002).  

There is no consensus on the range of price elasticities for industrial and commercial 

water demands. In addition, sensitivity to economic factors such as input prices and 

the level of output on industrial and commercial demand is still being debated due to 

limited knowledge (Reynaud, 2003). Average industrial price elasticity of demand 

varies between -0.3 and -0.98 (Renzetti, 1992a; Reynaud, 2003; Turnovsky, 1969; 

Williams & Suh, 1986) and average commercial price elasticity of demand varies 

from -0.07 to -0.36 (Hussain, et al., 2002; Malla & Gopalakrishnan, 1999; Williams & 

Suh, 1986). 

Some studies analysed industrial water demands for different phases of industrial 

activities (intake water, recirculation of water) (Renzetti, 1992b; Reynaud, 2003). 

Grebenstein and Field (1979), Babin et al., (1982), Williams and Suh (1986) and 

Schneider and Whitlach (1991) studied industrial and commercial water demands in 

the U.S. while Renzetti (1988, 1992a) studied the Canadian context. There are only a 

few studies conducted in Europe (Rees, 1969; Reynaud, 2003). 

There are relatively very few studies in the developing country context. Hussain et 

al.,(2002) estimated demand functions for industrial and commercial water 
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consumption using aggregate monthly time-series data for 60 months from January 

1994 to December 1998 for Sri Lanka. Both industrial and commercial water demands 

were estimated using the GLS technique. The country average commercial and 

industrial price elasticity of demand was -0.17 and -1.34 respectively (Hussain, et al., 

2002).  We extend this analysis by using panel data which allows us to account for 

differences across geographical districts as well as differences over time.  Estimation 

across geographical districts enables us to better capture the effect of climatic 

conditions on water demand, which are found be significant.  

 

4. Methodology 

4.1 Residential water demand  

In order to account for the increasing block tariff, we include marginal price and the 

difference variable in the residential demand analysis. Households know the marginal 

price as prices in each block vary significantly and monthly metering assumes 

households have some control over their consumption. Therefore, residential water 

demand model is expressed as follows:  

)4(),(
)4(),(
)4(),,,(

cstructurerateQfD
bstructurerateQfMP
aYWDMPfQ

=
=

=

Where, Q  is monthly water consumption for an average household, MP  is marginal 

price for the last unit purchased, D  is difference between the actual water bill and 

what would be paid if all units were purchased at MP , W  is a vector of weather 

variables and Y  is a vector of socio-economic variables. We assume implicit 

separability (Arbues, et al., 2004). We employ the Cobb-Douglas functional form so 

the coefficient itself is the elasticity (Greene, 2003). We start by estimating the 

demand equations using OLS.  
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The marginal price and the difference variable are simultaneously determined. 

Simultaneity arises because the quantity of water determines the price under the 

pricing schedule. Consumers choose the amount of water depending on some measure 

of price, and the price paid, in turn, depends on the amount consumed. As a result, the 

OLS assumption of independence between the error term and the explanatory 

variables is violated.  This will yield biased and inconsistent estimates (Hensen, 

1984).   

Hence, the instrumental variable approach (IV) has been used to obtain consistent 

parameters (Billings, 1982; Nieswiadomy & Molina, 1989). The objective of the 

instruments is to provide a proxy for the endogenous variables,  price variables in 

water studies. The instrument should fulfil the requirement of being uncorrelated with 

the error structure while being correlated with the stochastic regressor (Deller, et al., 

1986).  

Model A implements the IV approach; the instruments for marginal price and 

difference variable are derived using an artificial linearization of the tariff structure. 

This assumes that, instead of taking the effort to learn how the tariff works and which 

block they are consuming in at each moment in time, households will roughly 

estimate the whole tariff as a ray line given by an intercept and a constant marginal 

price (Martinez-Espeneira, 2003b).  

)5(QTR βα +=  

The total revenue )(TR  function is computed using the range of quantity )(Q  values 

(10 – 33 cubic meters) encountered in the entire data set.  These values of the total 

revenue are then regressed against the corresponding quantity values. The first 

derivative of the estimated function gives 
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β  is the instrumental marginal price variable to the consumer and marginal revenue 

to the water utility. 

Estimating the parameter α  in equation 5 gives the difference between what 

consumers actually pay and what consumers would pay if all units were sold at the 

marginal price *MP , that is the instrumental difference variable *D . This procedure 

results in the representation of each rate schedule by *MP  and *D , which are 

constant for all observations under each specific rate structure.  

This approach has several advantages. First, substitution of the estimated values of 

MP* and D* into the demand equation prevents any asymptotic covariance between 

these two explanatory variables and error structure (Deller, et al., 1986). Second, any 

simultaneity resulting from quantity dependent price is eliminated by using a marginal 

price that is constant for all households subject to the same price schedule. Finally, 

instrumental marginal price varies only over the rate structure and not over quantities 

consumed, thus no feedback of quantity on price can occur.  

To test the robustness of results, an alternative approach for estimating instruments is 

employed (Model B, C and D) using a 2SLS estimation procedure.3  This approach, 

employed by (Deller, et al., 1986; Nieswiadomy, 1992; Nieswiadomy & Molina, 

1988, 1989), not only deals with missing price data, but also acts as an instrumental 

variable that effectively avoids measurement error and simultaneity problems.  In 

Model B, the observed marginal price and the difference variable are regressed 

against rate-structure characteristics such as the minimum charge, fixed charge, 

average marginal price, average change in the marginal price, income, number of 

household members and weather variable in the first stage.4  The predicted marginal 
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price and difference variable are then used in estimation of demand in the second 

stage. The benefit of this approach is that it makes an attempt to capture the 

characteristics of rate structures faced by consumers.  

In Model C, the first stage consists of regressing the observed marginal price and 

difference variable against rate-structure characteristics such as block prices, fixed 

charges, incomes, numbers of household members and weather variables 

(Nieswiadomy, 1992). Weather variables were included to increase efficiency of the 

estimates. The predicted marginal price and difference variable are used in the second 

stage. Model D is similar to Model C, in that the first stage observed marginal price 

and difference variable were regressed against rate structure characteristics such as 

lagged block prices, fixed charges, incomes, numbers of household members and 

weather variables. The difference is the use of the lagged (by one period) block prices 

to avoid contemporaneous correlation with water use under block pricing (Renwick, 

et al., 1998). The predicted marginal price and difference variable are used in the 

second stage.  

This study includes average number of household members and average household 

income of each district in the residential demand analysis. Household size is expected 

to positively affect household water use. However, due to economies of scale, the 

increase in water use is less than proportional to the increase in household size 

(Arbues, et al., 2003; Hoglund, 1999).  

 

4.2 Industrial and commercial water demand  

Water can be considered as an input in a commercial or industrial establishment’s 

production process. Ideally, like any factor demand model, a model of water demand 

should to be derived from an economic optimization  process (Hanemann, 1997). 
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Since output is subject to choice for most industrial and commercial customers, the 

appropriate economic framework would be profit maximization. Given the multitude 

of production inputs and end products associated with a single firm, this requirement 

far exceeds the scope of data traditionally available to public water utilities. 

Moreover, very little is known about the way water enters as an input into the 

production function in both commercial and industrial firms (Reynaud, 2003). So we 

estimate the Cobb-Douglas demand function for non-residential sectors, an average 

industrial firm and an average commercial entity, respectively. 

)7(lnlnlnlnln 4321 εββββα +++++= RFTNpW III

)8(lnlnlnlnln 4321 εββββα +++++= RFTNpW CCC

where, W  is quantity of water consumed by average industrial connection in thi  

district, p  is average price of water for industrial connection, N  is number of 

industrial connections in the thi  district, T  is average monthly temperature in the thi  

district, RF is average monthly rainfall in the thi  district and ε  is the error term. 

Subscripts I  and C  denote industrial and commercial respectively. 

This paper focuses only on industrial and commercial water demand from connections 

located in the NWSDB districts and assumes water is separable from other inputs. 

While this assumption cannot be tested due to data limitations, there is some empirical 

evidence to support this view (Babin, et al., 1982; Reynaud, 2003). Equations 7 and 8 

are estimated using the fixed-effects, random-effects, GLS and panel corrected 

standard error (PCSE) econometric techniques. The fixed effects estimator, computed 

by transforming observation into deviations from the district means eliminating all 

static variables (Martinez-Espeneira, 2003b),  is used to control for omitted variables 

that differ between cases but are constant over time (Park, 2005). On the other hand, 

random effects regression controls for omitted variables that are constant over time 

(but vary between cases), as well as that are fixed between cases but vary over time 
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(Park, 2005).  We estimate and present the results from both techniques. Further, we 

also account for the panel nature of the data by employing the PCSE and GLS 

estimation methods. The PCSE allows for correction for heteroskedasticity and serial 

correlation also be adjusted using Prais-Winsten regression (Stata Press, 2003) while 

GLS techniques accounts for heteroskedasticity across groups and/or autocorrelation 

within groups in a panel. 

 

5. Data  

We use a monthly panel data set of 14 NWSDB districts from January 2001 to 

December 2005. Summary statistics are presented in Table 2. Information on 

aggregate residential, industrial and commercial water consumption, number of 

residential, industrial and commercial metered customers and respective price 

structures were obtained from the NWSDB. Modelling residential water demand is 

often difficult due to the lack of accurate data at an appropriate frequency 

(Worthington & Hoffmann, 2006). Lack of data means research focuses on aggregate 

data for community or utility level (Barkatullah, 1996; Stevens, et al., 1992). This 

requires the matching of average water consumption with household characteristic 

averages such as income and size from different sources (Worthington & Hoffmann, 

2006). In keeping with this approach, this paper uses aggregate data for all NWSDB 

districts with household demographics and climatic data is matched to each district. 

Socio-economic variables were obtained from two sources: the Department of Census 

and Statistics 2001/02 and 2005/06 Household Income and Expenditure Survey; and 

the Central Bank of Sri Lanka’s 2003/04 Consumer Finances and Socio-economic 

Survey. Interpolation was used to derive the monthly income and number of 

household members for the intervening periods. Average household income values for 
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each NWSDB district were obtained by weighting the incomes from administrative 

districts. Weather data over the period were collected from the Sri Lankan Department 

of Meteorology.  

INSERT TABLE 2 HERE 

The dependent variable, monthly average water quantity, is calculated by dividing 

monthly total water quantity of the user category by total number of connections for 

each district. Marginal price for residential users measures the changes in the price of 

the final units of water purchased by the consumer and was calculated for each district 

and month from the respective rate schedules. Average price for industrial and 

commercial water use is obtained from the rate structure and measures the changes in 

the quantity of water purchased by the average industrial or commercial consumer 

with respect to changes in the price of water.5 Since people are expected to purchase 

lower volumes of water as the price increases, the expected sign is negative. 

The difference variable in residential demand absorbs the income effect of changes in 

intra-marginal rates. In the presence of increasing block pricing it is assumed this 

variable will be negative; representing an implicit subsidy. The reasoning is as 

follows: as intra-marginal rates increase, the difference becomes larger (less 

negative), causing a reduction in the implicit subsidy, thereby decreasing water use. 

The sign for the difference elasticity of demand would be positive (derivative is 

negative and difference is also negative). To facilitate more intuitive interpretation of 

the difference variable under increasing block pricing schedules, the difference 

variable is multiplied by (-1) in this analysis. The anticipated sign of the estimated 

coefficient is positive, implying an increase in the difference variable leads to an 

increase in the implicit subsidy and hence higher household water consumption. 
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Respective rate structures and average water consumption are used to calculate the 

relevant difference variables.  

Income is one of the main determinants of residential consumption and this may act as 

a proxy for water-using appliances. Assuming water consumption increases with the 

level of income, the expected sign on the derivative with respect to income is positive.  

Household water consumption decisions are also affected by other household 

variables such as size, age structure, and possession of appliances, vehicles and 

gardens.   However, due to lack of data availability, our model includes only number 

of household members.  It is expected that water consumption is positively related to 

the number of household members.  

 Weather patterns exert the following influences on water demand: high temperatures 

increase water demand while high rainfalls decrease water demand. Outdoor water 

use depends on climatic conditions which are represented by weather variables. To 

capture the influence of climate, monthly and district varying average temperature and 

average rainfall data are used. The coefficient of temperature with respect to water use 

is expected to be positive while the coefficient of rainfall is expected to be negative.  

Industrial and commercial activities may also require more water for cooling of 

machinery, cleaning activities and for consumption by the employees during the hot 

weather. 

 
 
6. Results and Discussion 

6.1 Residential water demand  

Regression results provide insights into the variables that influence the water demand. 

Panel regression results for residential water demand using OLS, IV and 2SLS 

techniques are reported in Tables 3 and 4. Both fixed effect and random effect 
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regressions are estimated and compared using the Hausman test. Robust standard 

errors are reported in all the analyses to compensate for the existence of unknown 

pattern of heteroskedasticity, which cannot be totally eliminated (Greene, 2003; 

Hausman, 1978). Problems with autocorrelation inherent within panels from one time 

period to another are dealt with the PCSE model.  

The Hausman test compares the results of OLS and IV techniques and found that OLS 

estimates presented here are biased since the price variable is correlated with the 

random error term.6 It is interesting that results seem to improve with instrumental 

estimation of the marginal price and difference variable and are statistically different 

to OLS estimates. Instrumental estimations provide a proxy for the endogenous price 

variables and solve for the problem of simultaneity as discussed above.7 

INSERT TABLE 3 HERE 

Model A represents the artificial linearization of the rate schedule (Table 3). The IV 

estimates are reported in column 2 of Table 3. The coefficients of the random effects 

estimator are preferred and are of expected signs, except for mean income which is 

not significantly different from zero. The price coefficient is statistically significant at 

1 percent level. The marginal price elasticity is -0.06 illustrating a 10 percent increase 

in marginal price of water leads to a 0.6 percent decrease in water consumption. The 

difference variable is found to be statistically insignificant. The coefficients of 

temperature, rainfall and number of household members are statistically significant. 

As expected, temperature and number of household members are positively correlated 

with water use and the rainfall variable yields a negative sign. In warm days it is 

expected users consume more water for bathing, drinking and garden watering 

compared with wet days when people are expected to take less baths and reduce 

garden watering.  
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The PCSE technique is the preferred model for this analysis since it takes account of 

the panel structure of the data and uses information from all the data for the estimation 

(Og & Schulz, 2006). This analysis includes a correction for serial correlation and 

heteroskedasticity both within and across panels. This model uses instrumented 

marginal price and instrumented difference variable from artificial linearization of the 

tariff structure (Model A).8 Estimations indicate negative price elasticity; a 10 percent 

increase in water prices reduces water consumption for an average household by 1.13 

percent. Mean household income and household size contribute positively to water 

consumption and the respective coefficients are significant. Income elasticity is 0.125, 

implying a 10 percent rise in income will lead to 1.25 percent increase in water 

consumption. The coefficient on the number of household members implies a one 

percent increase in household size will increase household water consumption by 0.34 

percent.  

In relation to climate, as expected, water consumption increases with temperature and 

decreases with rainfall and both effects are significant. The coefficient of monthly 

temperature is relatively larger than the coefficient of monthly rainfall. The small size 

of the estimated coefficient for monthly rainfall suggests rainfall does not have a 

significant impact on household water consumption decisions. The coefficients imply 

that if monthly rainfall increases by 10 percent, monthly household water 

consumption decreases approximately by 0.07 percent. A 10 percent rise in monthly 

temperature increases monthly residential water use by 5.6 percent. 

INSERT TABLE 4 HERE 

Model B, C and D are estimated using the 2SLS procedure (Table 4).  The 

instrumented marginal price and instrumented difference variable are obtained using 

different combinations of exact rate structure characteristics such as block prices, 
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fixed charge, average marginal price, average change in marginal price, and lagged 

block prices (Deller, et al., 1986).9 The coefficient on marginal price is negative and 

significantly different from zero at the 95 percent confidence level. The magnitude of 

the coefficient ranges from -0.37 –0.58 implying a 10 percent increase in marginal 

price would reduce the water consumption by 3.7 to 5.8 percent. The instrumented 

difference variable and mean household income are significant with expected signs 

and an income elasticity of 0.03 to 0.04.  The coefficient of the difference variable 

varies from 0.39 to 0.53 and it is different from the magnitude of the income 

coefficient. This suggests consumers mistake the average price to be the marginal 

price and that the difference variables are only a very small fraction of household 

income. A 10 percent increase in the intra marginal prices will decrease the implicit 

subsidy and reduce monthly household water consumption by 3.9 to 5.3 percent. 

Other coefficients are of expected signs and significance. 

  

6.2 Industrial and commercial water demand 

The estimates of regression coefficients obtained for industrial and commercial water 

demand using OLS, PCSE and GLS techniques are presented in Table 5 and 6. Both 

fixed effect and random effect regressions are conducted along with the OLS and 

results of random effects estimator are presented.  

INSERT TABLE 5 HERE 

Table 5 presents the results for industrial water demand. The estimates for the 

coefficients of the price variable for industrial consumers are of the expected sign 

across all techniques but are not statistically significant at the 15 percent level or 

better. However, PCSE technique presented a price coefficient of -0.75 at the 20 

percent significance level indicating a price responsive demand. Lack of statistical 
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significance could result from the fact that the firm’s expenditure on water, as a 

proportion of total cost, is very small. In addition, the cross-section distribution of 

industrial types, coupled with a large variation in water usage per account may have 

led to the insignificance of the price variable. The magnitude of the price coefficient 

from random-effects technique and GLS technique is very small compared to PCSE. 

Data used in this study is in aggregate form and cannot capture the industrial 

heterogeneity which may have caused this large range of price elasticity. The results, 

however, indicate that in contrast to residential demand, price is not a statistically 

significant factor in industrial demand for water.    

The coefficient of the number of industrial connections is positive and significant. 

One percent increase in number of industry connections increases the industrial water 

consumption by 0.44 percent to 1.14 percent. Both temperature and rainfall variables 

are significant in PCSE and GLS estimations with expected signs. The coefficients of 

temperature imply that a one percent increase in temperature increases the industrial 

water consumption by 1.94 to 2.22 percent. One percent increase in rainfall decreases 

the industry water consumption by 0.04 to 0.12 percent. 

INSERT TABLE 6 HERE 

The estimates of regression coefficients for commercial water demand are presented 

in Table 6. The Hausman test favours the random effects estimator; therefore, the 

results of the random effects estimator are presented. Again, the coefficient of price is 

found to -0.15 but is statistically significant at the 20 percent level only in the GLS 

estimation technique. In all the other estimation techniques, price coefficients have the 

expected sign but are not statistically significant. The price elasticity estimates 

suggest commercial demand for water is relatively inelastic in the range -0.15 to -
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0.24. A significant part of the commercial sector is comprised of the informal sector 

such as home-based businesses or shops; therefore, this result is not surprising.  

The coefficient of number of commercial connection are significant with the expected 

sign implying one percent increase in number of commercial connection increases 

water consumption by 0.11 to 0.12 percent. Temperature and rainfall are significant 

determinants of water demand in the commercial sector. Coefficients of temperature 

and rainfall are statistically significant with expected signs. The coefficient of the 

temperature implies that one percent increase in the temperature leads to a 0.2 to 0.88 

percent increase in water consumption while a one percent increases in rainfall leads 

to a 0.01 to 0.03 percent decrease in water consumption by commercial users.10  

The estimates reported herein will be useful to policy makers and water utility 

managers in assessing the likely impacts and prospects for residential, industrial and 

commercial water demand management through the pricing mechanism. Residential, 

industrial and commercial water users are price inelastic but not perfectly inelastic. 

Moreover, even with a price inelastic nature, water price increases may lead to some 

changes in water consumption patterns.  If such a change takes place, then increasing 

the price of water may ultimately promote water conservation.  However, given the 

inelastic nature of demand, a mixture of instruments will be required to achieve a 

decrease in water consumption. Specifically, water price increases need to be 

accompanied by activities such as consumer awareness and education on water 

leakage and wastage, investment on water efficient appliances and use of recycled 

water.  
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7. Conclusion 

This paper conducts econometric analyses of residential, industrial and commercial 

water demand for pipe-borne water in Sri Lanka, using monthly district data from 

January 2001 to December 2005. The estimated residential price elasticity of water 

demand ranges from -0.06 and -0.58.  This is consistent with past findings for both 

developed and developing countries (Dalhuisen, et al., 2003; Espey, et al., 1997). 

Moreover, it confirms that Sri Lankan residential water demand is price inelastic. The 

results show the estimated coefficients are fairly stable over the different techniques. 

Estimation of household demand can be extended using disaggregated household 

level data. Unfortunately, this requires information beyond which is available for this 

study and the data on distribution of users among blocks are not available from the 

NWSDB.  

The income coefficient is relatively small, the coefficient ranges from 0.03 to 0.13. 

The income inelasticity and small magnitude of the effect can be attributed to the fact 

that the residential expenditure on water comprises a very small proportion of the 

household budget. As expected, larger households consume more water for bathing, 

laundry, toilet flushing and dish washing. Sizes of the coefficient are relatively larger 

and range from 0.21 to 0.86, implying that water use changes are less than 

proportional to the increase in household size. This is because of economies of scale 

in water usage including cooking, cleaning, car washing and gardening. The analysis 

provides a better approach to the investigation of climatic effects on water use by 

incorporating monthly and district differences. Both coefficients of monthly 

temperature and monthly rainfall are significant with expected signs. 

The overall results suggest residential water consumption is not very responsive to 

price changes in Sri Lanka and this finding may be applicable for other developing 
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countries. Moreover, the estimated residential price and income elasticities do not 

vary significantly from those of developed countries. Under inelastic response to price 

changes, pricing policies have limited scope in changing water consumption. 

However, continuous supply of water at the current subsidized rates may eventually 

lead to a collapse of the water supply system. Therefore, the inelastic nature of water 

consumption provides opportunities for revenue increase for the NWSDB by 

increasing water charges, thereby improving the services. Such price increases, 

however, should be accompanied by welfare measures to ensure adequate provision 

for poorer households. Revenue increases of the NWSDB could be used to expand the 

services to those who are not connected, to improve services for the existing 

customers and to reduce leakages by regular maintenance of the distribution system. 

Our finding that price is not a significant variable in determining industrial and 

commercial water demand support  the findings from the past studies in regards to the 

insensitivity to price in relation to water consumption (Malla & Gopalakrishnan, 

1999; Schneider & Whitlach, 1991). This insensitivity to price changes by industrial 

users may be because the expenditure on water accounts for only a small proportion 

of their total budget and the diversity of commercial and industrial water users and the 

ability of these sectors to pass on increased price of water to their customers. Despite 

the ubiquity of water use in industry and commercial entities, only a handful of 

studies have estimated industrial and commercial water demands. The lack of 

information hampers the design of policy instruments aimed at efficiency in pipe-

borne water supply system. As evidenced herein, different user categories (industrial 

and commercial) respond differently to exogenous changes. These results suggest that 

raising the price of water may reduce industrial demand for water; however, a 
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substantial price change would be required to bring about the desired change in the 

commercial water demand per connection.  

The empirical evidence of this paper provides important information for pipe-borne 

water planning and policies making. In addition, this suggests a number of other areas 

where research on the pipe-borne water sector in developing countries will be useful.  

The lack of information on exact industrial and commercial water use may hamper the 

design of policy instruments aimed at efficiently managing water resources. More 

precise analysis of industrial and commercial water demand also requires information 

on water quality and data on number of supply or any interruptions to the water 

supply. Further, using these demand estimates, evaluation of welfare effects for 

different structures of pricing should be undertaken to determine how price changes 

affect poorer households and different user categories,.  
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Tables 

Table 1 Changes in the water tariff structure for residential, industrial and commercial 

consumers 

Units of 

water (m3) 

2001 Jan 

(Rs) 

% change 2002 Jun 

(Rs)

% change 2005 Mar 

(Rs) 

% change

 Fixed charge         40.00  0.00        50.00          0.25        50.00  0.00

1-10       1.00  - 0.71       1.25       0.25       1.25  0.00

 11-15        2.00  - 0.27       2.50      0.25      2.50  0.00

 16-20        5.00        0.82       6.50       0.30       8.50        0.31 

 21-25      13.00        0.37     20.00       0.54     30.00  0.50

 26-30      24.00        0.33     45.00       0.88     50.00        0.11 

 31-40      30.00        0.50     45.00       0.50     60.00        0.33 

 41-50      40.00        0.60     45.00       0.13     70.00        0.56 

 51-75      45.00        0.18     45.00 0.00     75.00        0.67 

 Over 75      45.00        0.13     45.00 0.00     75.00        0.67 

Industrial  35.00 0.17 42.00 0.20 50.00 0.19

Commercial 35.00 0.17 42.00 0.20 50.00 0.19

Source: NWSDB (2005) 

 

 

 

 

 

 

 

 



 30

 

Table 2 Descriptive statistics  

Variable         Units Mean Std. Dev. Min Max

Monthly household water demand m3/month 17.06 2.49 9.65 33.21

Monthly industrial water demand m3/month 129.08 205.63 0.00 1527.35

Monthly commercial water demand m3/month 24.27 14.57 7.49 85.82

Real  residential marginal price Rs/m3 8.00 6.06 1.25 61.37

Real difference without fixed 

charge 

Rs 97.03 124.91 0.00 1338.17

Real difference with fixed charge Rs 37.99  125.29 57.78  1288.07

Real instrumented marginal price Rs/m3 28.32 10.67 17.63 52.88

Real instrumented difference 

variable with fixed charge 

Rs 338.53 162.60 183.05 711.60

Real industrial average price Rs/month 6.38 1.06 5.00 21.18

Real commercial average price Rs/month 51.19 2.49 47.25 57.62

Real residential average price Rs/month 51.19 2.49 47.25 57.62

Number of residents in household persons 4.24 0.19241 3.72 4.80

Real mean income Rs/month 21301.72  6674.82 11143.80  44755.81

Real mean virtual income Rs/month 21640.25 6727.22 11347.22 45059.97

No. of industrial connections No. 117.00 254.00 0.00 1250.00

No. of commercial connections No. 3139.00 5388.00 126.00 26667.00

Total employees in industrial No. 94312.00 78392.00 15372.00 397063.00

Total employees in commercial No. 57574.00 39953.00 14643.00 190332.00

Monthly temperature 0C 27.23 2.17 18.90 31.70

Monthly rainfall mm 158.01 140.32 0.00 1337
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Table 3 Residential water demand model estimates  

Variable OLS - fe Model A IV- 

re 

PCSE AR(1) 

(model A)  

Constant 0.8008 

(0.8274) 

-1.2036 

(0.8725) 

-0.2771 

(0.3488) 

Marginal price 0.0412 

(0.0312) 

-0.0621 

(0.0154)*** 

-0.1131 

(0.0275)*** 

Difference 

variable 

0.0575 

(0.0175)*** 

-0.0051 

(0.0084) 

-0.0145 

(0.0177) 

Mean income -0.0581 

(0.0332)* 

-0.0253 

(0.0419) 

0.1251 

(0.0224)*** 

Household size 0.5134 

(0.3271) 

0.8649 

(0.3634)** 

0.3441 

(0.1596)** 

Temperature 0.4697 

(0.0702)*** 

0.9976 

(0.0836)*** 

0.5616 

(0.0672)*** 

Rainfall -0.0014 

(0.0021) 

-0.0062 

(0.0031)** 

-0.0078 

(0.0044)*** 

Rho 0.5254 0.4748 0.4753 

R-sq Within 0.6241 0.3182  

Between 0.5787 0.1446  

Overall 0.6021 0.1914 0.7006 

Notes: fe – fixed effects estimator and re – random effects estimator *** Significant at α = 0.01, ** 

Significant at α = 0.05 and * Significant at α = 0.10 standard error values (robust) in parentheses below 

estimates, Dependant variable is the natural log of monthly water demand 
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Table 4 Residential water demand results of alternative 2SLS techniques 

Variable Model B 

2SLS – re 

Model C 

2SLS – re 

Model D 

2SLS – re  

Constant 1.5310 

(0.4277)*** 

1.4002 

(0.4895)*** 

1.6159 

(0.4356)*** 

Marginal price -0.3702 

(0.1550)** 

-0.5858 

(0.2433)** 

-0.4090 

(01679)** 

Difference 

variable 

0.3930 

(0.0936)*** 

0.5343 

(0.1493)*** 

0.4196 

(0.1021)*** 

Mean income 0.0426 

(0.0207)** 

0.0438 

(0.0205)** 

0.0324 

(0.0179)* 

Household size 0.2130 

(0.1425)^ 

0.2827 

(0.1698)* 

0.2308 

(0.1604)^ 

Temperature 0.1143 

(0.0799)^ 

0.1621 

(0.0952)* 

0.1270 

(0.0904)^ 

Rainfall -0.0053 

(0.0039)^ 

-0.0077 

(0.0049)^ 

-0.0058 

(0.0042)^ 

Rho 0.0157 0.0084 0.0208 

R-sq Within  0.4496 0.3805 0.4344 

Between 0.9296 0.9073 0.9223 

Overall 0.5835 0.5068 0.5651 

Notes: fe – fixed effects estimator and re – random effects estimator *** Significant at α = 0.01, ** 

Significant at α = 0.05, * Significant at α = 0.10 ^ Significant at α = 0.20 standard error values (robust) 

in parentheses below estimates, Dependant variable is the natural log of monthly water demand 
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Table 5 Industrial Water Demand Estimates  

Variable OLS – re 

(robust) 

GLS (panels 

correlated)  

PCSE 

(correlated) 

Constant  0.5690 

(2.9992) 

-3.6399 

(3.2346) 

-1.3266 

(2.6103) 

Average price -0.0302 

(0.4317) 

-0.0311 

(0.2905) 

-0.7573 

(0.5971)^ 

No of connections  1.1353 

(0.0782)*** 

 0.4383 

(0.0052)*** 

 0.4406 

(0.0291)*** 

Temperature -0.1293 

(0.8407) 

 1.9379 

(0.1627)*** 

 2.2163 

(0.3877)*** 

Rainfall -0.0245 

(0.0299) 

-0.0411 

(0.0112)*** 

-0.1176 

(0.0378)*** 

Rho  0.7443   

R-sq Within  0.3786   

Between  0.1895   

Overall  0.1949   0.2292 

Notes: Column one: log-linear industrial water demand model is estimated using OLS technique; 

Column 2: log-linear industrial water demand model is estimated using GLS technique (panels 

correlated); Column 3: log-linear industrial water demand model is estimated using PCSE technique 

(correlated); *** Significant at α = 0.01, ** Significant at α = 0.05 and * Significant at α = 0.10 ^ 

Significant at α = 0.20 standard error values (robust) in parentheses below estimates, Dependant 

variable is natural log of monthly industrial quantity of water 
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Table 6 Commercial Water Demand Estimates  

Variable OLS – re 

(robust) 

PCSE 

(correlated) 

GLS (panels 

correlated)  

Constant  4.2181 

(1.0289)*** 

 0.3636 

(0.8703) 

 0.0450 

(0.4442) 

Average price -0.1505 

(0.1129) 

-0.2367 

(0.2095) 

-0.1555 

(0.0880)^ 

No. of 

connections 

-0.1569 

(0.0872)* 

 0.1206 

(0.0062)*** 

 0.1181 

(0.0037)*** 

Temperature  0.1971 

(0.1748) 

 0.8776 

(0.0855)*** 

 0.8625 

(0.0375)*** 

rainfall -0.0107 

(0.0060)* 

-0.0315 

(0.0111)*** 

-0.0177 

(0.0034)*** 

Rho  0.8757   

R-sq Within  0.0378   

Between  0.0616   

Overall  0.0461  0.0992  

Notes: Column one: log-linear industrial water demand model is estimated using OLS technique; 

Column 2: log-linear industrial water demand model is estimated using PCSE technique (correlated); 

Column 3: log-linear industrial water demand model is estimated using GLS technique (panels 

correlated); *** Significant at α = 0.01, ** Significant at α = 0.05 and * Significant at α = 0.10 ^ 

Significant at α = 0.15, standard error values (robust) in parentheses below estimates, Dependant 

variable is natural log of monthly commercial quantity of water 
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Footnotes 
                                                 
1 NWSDB districts are different to usual administrative districts in Sri Lanka, though the names are the 

same. 
2 75 per cent of urban and 15 per cent of rural population had access to pipe borne water in 2006 

(Imbulana, et al., 2006). 
3 Author has tried several alternative instrumental techniques and the results were comparable to the 

results reported here. 
4 Average marginal price for relevant rate structure is computed by nn

a aMP /1∑ = . Average change in the 

marginal price is computed by 1/1
1 −∑ −
= Δ nn

a aMP  (Deller, et al., 1986). 

5 In case of the industrial and commercial water demand, average price is equal to the marginal price 

(uniform volumetric pricing). 
6 This test utilizes the result that the OLS will be consistent, asymptotically efficient under the null 

hypothesis and that price variables are exogenous but will be inconsistent under the alternative 

hypothesis (Nieswiadomy & Molina, 1989). The calculated Hausman test statistic is 181.9 which 

greatly exceed the critical value of chi-square at 1 percent level of significance. 
7 Before estimating the IV and 2SLS models, an augmented regression test was conducted to determine 

whether it was necessary to use instrumental variables. Following Davidson and MacKinnon (1993), 

residuals of each endogenous variable is included as a function of all exogenous variables in a 

regression of the original model. The endogeneity of marginal price and the difference variable were 

tested and it was found that the OLS is inconsistent as marginal price and the difference variable are 

endogenous. 
8 A Prais Winston Regression that also adjusts for serial correlation using first-order autoregressive 

process (AR(1)) adjustment has an estimated rho of 0.48. Both common AR(1) autocorrelation 

structure and panel specific AR (1) autocorrelation structure were estimated, we present the  results of 

the common AR(1) autocorrelation structure estimator. 
9 Over-identification tests were conducted for all the 2SLS procedures with the null hypothesis of 

excluded instruments are valid instruments, uncorrelated with the error term and correctly excluded 

from the estimated equation. Across all 2SLS estimates the null hypothesis could not be rejected. Over-

identification statistics that is robust to arbitrary heteroskedasticity and within-group correlation was 

used in all models. Rank test was conducted for all IV estimation techniques and the null hypothesis 

was rejected suggesting that the models are identified. 
10 The number of employees for both industrial and commercial water demand was excluded from the 

analyses due to inconsistent results. This may be due to the fact that the number of employees was a 

poor proxy for industrial and commercial output or sales. 


