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Abstract: This paper seeks to question the effectiveness of water pricing as a means of consumer
behavioural change in urban centres of the Global South by analysing the domestic usage for water
in a major industrial city of Pakistan. Using survey data of 1100 households from Faisalabad city,
we estimate the price and income elasticities of water demand. Instrumental variable methods are
applied to overcome the endogeneity issues of water pricing. The findings reflect that price and
income elasticities vary across different groups. Price elasticities range from —0.43 to —0.71, and
income elasticities vary between 0.01 and 0.12. These findings suggest that pricing policies may
have limited scope to drive households” water consumption patterns. However, these empirics may
suggest that policy makers should design an appropriate tariff structure to increase revenues that can
be invested to further improve the existing water infrastructure. The study findings also suggest that
non-pricing instruments, such as water saving campaigns, may be helpful in driving an efficient use
of water in rapidly growing cities in the developing world.

Keywords: filtered vs. unfiltered water; household survey; demand elasticity; instrumental variable
approach; bootstrapping methods; Pakistan; sustainable development goals

1. Introduction

Urban water supply management has become a growing concern in many developing economies.
Effective strategies to meet the water and sanitation targets of the United Nations Sustainable
Development Goals (SDG 6) by 2030 will require us to develop a fast data-gathering capacity and an
effective policy response to water demand challenges. The trends reflect continued water demand
and supply imbalances, and a compromise on quality and the equitable distribution of water, in the
wake of the growing population of cities. The formulation and implementation of effective water
management policies has become imperative for ensuring efficient water delivery to urban areas,
which is essential for socioeconomic development [1]. The provision of clean water safeguards or
even improves public health by preventing water-borne diseases, thus saving financial and natural
capital resources. Policy makers need evidence-based recommendations to justify cost effective supply
options that ensure adequate water supply for growing urban populations. It is desirable to know
which pricing or non-pricing policies are effective, and to what extent, to cater to the increasing water
needs of growing populations through efficient water supply management in developing economies.

The literature on residential demand for drinking water in developing countries has been growing
over the past few decades; however, there is no consensus on analytical methods yet. One of the
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reasons is the complex estimation of demand for drinking water, as households in these countries use
multiple sources for drinking water [2]. Most of the existing studies analysed tariff structures along
with other factors to guide the pricing policies in those countries [3,4]. A better understanding of
household water use in developing countries is necessary for the efficient and effective management
and expansion of water systems. The analysis of the pricing structure and income elasticities is
critically important in formulating policies for improved water supply, particularly in the urban areas
of developing economies.

The inefficient use of water in urban areas is a key concern in developing countries such as
Pakistan. Identifying inefficiencies in water supply, usage, and other affiliated environmental and
health related issues can help prompt policy responses and decision-making regarding efficient
water supply to urban households. Moreover, international development best practices suggest
that a state or local authority should be responsible for the delivery of safe drinking water to local
residents [5]. Water pricing is an important economic instrument that not only supports improved
infrastructure development (through increased revenues) but is also helpful in demand management
policies to conserve and make efficient the use of water resources [6]. Pakistan is facing rapid
urbanization, with a likelihood of half its population living in cities by 2025 [7]. The fast growing
urban population in the country is posing many challenges, and mounting pressure on existing
public services and infrastructure; particularly, drinking water demand and supply management. The
situation becomes even more complex with the emergence of informal, unplanned, and underserviced
settlements—slums—and the resultant overcrowding of cities. The provision and management of
water for growing cities has become a principal policy concern for decision-makers.

Faisalabad is among the fastest urbanizing large cities of the country, and is also an agro-industrial
and textile hub of Pakistan, making it an engine of growth for the national economy. The public and
private sectors provide water from alternate sources at different prices. However, access to quality
water is a serious problem in this fast growing city due to ground water contamination [8].

This study analyses pricing structures for improving water resource management and allocation
in a major industrial urban centre of Pakistan. The paper contributes to the literature by estimating the
demand elasticities of filtered and unfiltered water consumption, which have great policy relevance
in devising pricing structures for urban water utilities. The survey data of 1100 households are
used to estimate price and income elasticities. The results show that price elasticities of demand
remain inelastic, but vary across all water consumer groups, suggesting that price adjustment policies
may have little impact on water consumption patterns. Similarly, income elasticities turn out to be
significantly positive, but remain small in magnitude. This implies that policy makers may consider
a mix of instruments to affect water consumption patterns. Moreover, the findings also suggest that
non-pricing measures can be helpful to deal with water scarcity issues.

The remainder of the paper is organized as follows. Section 2 provides an overview of the
water management policies and the supply and tariff structure of the Water and Sanitation Authority
(WASA), Faisalabad. This section also underscores the water supply efficiency issues of different
components of WASA. Furthermore, it highlights the key issues related to water quality and delivery
to households. Section 3 reviews the existing literature on household demand for drinking water and
various approaches available to estimate price and income elasticities. Section 4 describes the data and
empirical methods employed for the demand analysis. Section 5 discusses the empirical results of the
demand and income elasticities and other factors explaining the demand for drinking water. Finally,
Section 6 concludes with the policy recommendations of the study.

2. A Brief Overview of Water Management Policy in Faisalabad

Faisalabad is the third largest city of Pakistan, with an estimated total population (including
suburbs) of around 5.43 million as per Strategic Development Plan 2006-2011 and a projected figure of
8.79 million in 2023 [9] (the official number was 2.318 million during 1998 census [10] thus, reflects
the high growth rate during the last decade). According to Pakistan Bureau of Statistics, the average
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household size for Faisalabad city is 7.2 [11]. The Faisalabad city government have setup municipal
administration offices in each town (Further details in Tables A1 and A2). In 2005, District Faisalabad
was divided into eight towns or administrative units, with a Town Municipal Administration (TMA)
for each town (City District Government Faisalabad, details in Figures A1l and A2). However four
out of eight towns constitute Faisalabad city or the urban core including, Igbal Town, Jinnah Town,
Lyallpur Town and Madina Town [11].

2.1. Water Market in Faisalabad

The Water and Sanitation Authority (WASA), established in 1978, is responsible for the provision
of water and sewerage facilities to local residents of Faisalabad city. WASA, with its existing production
capacity of 65 million gallons per day (with 260,000 available water pipeline connections), is able to
connect only 60% of the households with direct water supply facilities and 72% with sewage facilities,
based on their demographic estimates of Faisalabad’s core urban population of 3.2 million [12]. Figure 1
depicts the areas served by WASA for partial or full water supply. The groundwater in the city is mostly
brackish. Therefore, most of the water is pumped from wells near the Chenab River for subsequent
supply to the city.
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Figure 1. Water and Sanitation Authority (WASA) Water Supply Services Areas. Source: WASA
Six-Year Business Plan (2014/15-2019/20).

Besides WASA, there is a range of private water supply sources in Faisalabad. These range
from unfiltered canal-side pumped water to filtered bottled water. Many private sector providers
supply filtered water and non-filtered sweet groundwater pumped from canal-side areas. Various
sources of water supply in Faisalabad include: (i) canal-side pumped water; (ii) bottled water, such as
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Nestle, Aquafina, and Gourmet; (iii) unfiltered sweet water; (iv) small-scale filtration plants; (v) large
commercial filtration plants; (vi) government filtration plants; (vii) groundwater bore; and (viii) tankers.

2.2. The Tariff Structure

WASA water consumption charges depend on the house size, and vary from PKR 83 (2.5 Marla
house) per month to PKR 966 (40 Marla) per month. In addition, it charges a one-time water connection
fee of PKR 483, PKR 3220, and PKR 3200 for residential, commercial, and industrial usage, respectively
(PKR is local currency abbreviation for Pakistan Rupees). The current tariff plan of WASA is effective
from 2006. In the fiscal year 2010-2011, WASA collected total revenues of PKR 735.03 million [12].
However, a low recovery rate of water bills has been a major challenge for WASA. The city government
is spending a large amount of money for the provision of free filtered water. Moreover, the price
charged for the pipe water connection is substantially lower than the market price due to high subsidies.
WAGSA neither charges an aquifer fee for extraction of groundwater for domestic use, nor does it limit
water usage, which might have created inefficiencies in the water market. As a result, a large proportion
of households in Faisalabad have installed domestic borings to extract groundwater. They can thus
consume unlimited water extracted from these borings, consequently leading to water scarcity issues.

2.3. Water Quality and Contamination Issues

Faisalabad faces enduring water quality issues. The groundwater in the majority of the areas
of Faisalabad is contaminated and is not suitable for drinking. Diseases like diarrhea, dehydration,
hepatitis, nausea, food poisoning, and other water borne diseases are at their highest incidence in
Faisalabad [8]. According to WASA officials, the water is filtered at its source and is of sufficiently good
quality. However, it becomes contaminated in transit. A variety of contaminants infiltrate the water
due to pipe leakage and exposure to sewerage lines. A degraded water infrastructure and the inability
of WASA to cover operations and maintenance costs have resulted in the supply of contaminated
water. Piped water supplied by WASA is largely considered unfiltered.

3. Review of Existing Literature

Water pricing has been a longstanding development planning issue. Researchers have proposed
various approaches to analyse different tariff structures by estimating price and income elasticities [13].
Although there is a vast literature focusing on household demand for water in developed economies,
until the 1970s most of the studies on residential water demand had been mainly devoted to the
United States, where some regions had been affected by periods of severe drought [14-16]. In the
1980s, many studies on residential water demand focused on an economic analysis using econometrics
methods [17-20]. In the 1990s, researchers emphasized new insights, such as the adoption of low-flow
equipment by households, the welfare consequences of price regulation, and case studies of European
countries [21-25]. In the 2000s, researchers considered the importance of threshold price levels [26]. In
general, price elasticity remains inelastic, and estimates vary between —0.10 and —0.30 [27,28]. For
example, Strand and Walker [29] used household survey data from 17 cities in Central America and
Venezuela to estimate the price elasticities for piped and non-piped households, which range from
—0.3 to —0.1, respectively. Using the same dataset, Nauges and Strand [30] analysed the water demand
for non-piped households in four cities of El Salvador and Honduras. Their results show that the
non-tap water demand elasticities range between —0.4 and —0.7. Using cross-sectional household-level
data from seven provincial Cambodian towns, Basani et al. [31] noted that the price elasticity of water
demand for connected households was in the range of —0.4 and —0.5.

Despite the fact that water demand analysis in developing economies started a long time ago [32],
the literature on these countries has been limited in the past. The empirical analysis of the water
demand function in developing countries is less focused because of the unavailability of data, as water
consumption is not always metered. Moreover, the use of multiple sources by different household
groups makes water demand estimation even more complex, which needs careful investigation to
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draw appropriate inferences for policy making [2]. Therefore, well designed surveys are required to
collect quality household-level data. Particularly, data on the conditions of access to different water
sources (such as filtered vs. unfiltered water, distance to the source of water, time to commute the
water, and the mode to commute the water) as well as on the quality and reliability are important [33].

Researchers have investigated the different factors preventing households from accessing water
from different sources. For instance, McPhail [34] addressed the question of why households do not
connect to a piped water system, using a survey in rural areas of Tunis and Tunisia. The survey results
indicated that households cannot afford to pay for piped connections. Persson [35] analysed the choice
of households in Philippines for drinking water sources. They argue that the demand for clean water
for drinking purposes is derived demand, as it is an input to produce health. The results indicated that
time cost (price coefficient) has a significant effect on choice probabilities. The results also indicated
that the tastes of households have an insignificant effect on choice probabilities.

Similarly, Nauges and van den Berg [4] have used 1800 Sri Lankan households’ data to estimate
the demand for piped and non-piped water sources. They argued that water supply service in
many developing countries is at a very low level for residential consumers. They simultaneously
estimated the substitutability /complementarity between piped and non-piped water sources, using
a system of equations. The results of their study showed that the price elasticity of demand for
piped water consumers is —0.15, whereas households relying on piped water as well as other sources
to supplement their water consumption have a higher demand elasticity (—0.37). They also found
evidence of substitutability between water from different sources. Wang et al. [36] analysed the
willingness to pay for water, using a multiple bounded discrete choice (MBDC) survey model, with a
survey of 1500 households in five suburban districts in the Chongqing Municipality. They showed
that a significant increase in water price is economically feasible, as long as the poorest households are
properly subsidized.

There are mixed findings about the demand and income elasticities of water in developing
economies, which have different important policy implications for water management bodies in these
countries. However, empirical findings related to household’s decisions for water sources are less
robust, which need some rigorous analysis to obtain robust and reliable demand elasticity estimates [2].

The precise and accurate estimation of price and income elasticities would inform policy makers
about how and to what extent these results can be helpful to devise viable water demand management
policies. The efficient water pricing structure would not only reduce the loss of public water supply,
but also encourage efficient production and consumption and ensure sustainable availability in the
long run. However, it is difficult to obtain robust empirical findings in the presence of diverse water
consumer groups. This paper analyses the demand elasticities and impact of other explanatory
variables on water consumption for different water user groups in the urban dwellings of Faisalabad
city. We apply an instrumental variable approach and bootstrapping methods to estimate water
demand elasticities. This is the first study of such a kind in Pakistan, and it suggests important policy
recommendations for urban water management authorities in Pakistan. It also provides useful insights
for developing economies in general.

4. Methods and Data

4.1. Methodology

Conventionally, the demand function of a representative household is specified as Q = f(P, X).
Here, Q represents the household water consumption, P the price of water, and X, is a vector of other
exogenous variables (such as household income, age, and geographic factors). The linear estimation
form can be described as

Qi = X{B+Pua+e 1

where Q); is the vector of K x 1 quantities; P; the vector of K x 1 prices; X; is a vector of exogenous
variables (as stated above); and ¢; represents the vector of the K x 1 random error term, &; ~ N (0, 0?).
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« and B are the vectors of the respective parameters of price and exogenous vectors. Generally, this
type of linear demand function is directly estimated using the ordinary least square (OLS) method to
obtain price and income elasticities [31,37,38]. However, the price P; is potentially correlated with the
error term ¢; such that E(P;e;) # 0. There may be several possible factors (such as various water supply
sources and unobservable individuals’ characteristics) causing price endogeneity, which leads to biased
price elasticity estimates (see for details, Nauges and Thomas, 2000; Nauges and Whittington, 2010).
This endogeneity problem can be resolved by introducing some instruments, which are correlated
with price but uncorrelated with the error tem. To overcome this endogeneity issue we assume
another variable Z; that is correlated with P; but uncorrelated with ¢;. This variable can be used as an
instrument such that

P =Zv+u; ()

where Z; is a vector of m x 1, <y is vector of the parameters, and v; is a vector of the error term. There
can be several factors (instruments) that can cause a shift in water supply (i.e., a cost shifter) to identify
the household demand for water of individual i. To ensure the identification of the casual effect of
« from Equation (1), we assume (i) E(Z;e;) = 0; and (ii) E(Z;P;) # 0. Now, in the presence of an
instrumental variable, we can obtain unbiased estimates of the casual effect of P; on Q;.

4.2. Empirical Setup

Most of the existing literature on water demand estimation relies on the ordinary least square
(OLS) method for the separate estimation of the demand function for different water sources, which
may produce biased estimates in the presence of endogenous water prices [3,37]. Some studies also
apply maximum likelihood estimation methods to analyse water demand using multinomial logistic
and probit models [30,35] while others use either two stage least square methods [29], or systems of
demand equations [4].

We use an instrumental variable approach to estimate the price and income elasticities of
residential demand for water from different sources in Faisalabad. For this, we consider a number of
instruments which are expected to the shift the supply curve. These instruments are: (i) the cost of
water supply in the winter and summer seasons; (ii) water leakages; (iii) tanker water delivery; and
(iv) locality. For instance, we use the cost of water (in different seasons) as a proxy for a water supply
shifter. Similarly, the locality variable is also an important instrument, as the allocation of water (from
different sources) among different socio-economic areas (e.g., slums vs. high income areas) varies
significantly, which will cause the shift in water supply.

In addition to pricing, water demand also varies considerably due to other factors, including
household structure (e.g., size) and household characteristics (e.g., age, education); therefore,
these factors needs to be accounted for in effective water demand management. The inclusion of
socioeconomic and demographic characteristics allows us to capture consumers’ preferences in the
water demand analysis. There is the possibility that price has more than one instrument, therefore, we
need to test the validity of all of those instruments.

We include three different demand specifications in our model. First, we estimate a combined
demand function to create baseline estimates of demand and income elasticities, along with other
exogenous factors influencing the household water demand. In the case of Faisalabad, the quality of
water is a significant factor affecting consumer preferences and water usage [39]. We also estimate a
subsample of demand for filtered and unfiltered water. The estimable model is described as

K M
Ing] = ag+arInp; + Y Inxg+6m Y Dyi+ & 3)
k=1 m=1

where, g} represents the quantities of water consumed by an individual household from different
sources (such that ¥ = combined, filtered and unfiltered water consumption); p; is defined as above;
xy; represents the vector of household characteristics and other factors affecting the water demand,
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which include income, age, education, distance from water facility, and tank water; and D,,; represents
dummy variables for piped connection, house storeys, and filtered water consumption, respectively.
Since our primary goal is to estimate the price and income elasticities for different types of water
consumption (e.g., filtered vs. unfiltered users), we can obtain those estimates directly by taking the
partial derivatives of Equation (3) with respect to respective prices and individuals’ income, as

_dlng" _
- dlnp

_dlng"
~ 9lnI =P

r

a" and 5"

gr

where ¢"and 7" represent the price and income elasticities of demand for individual households,
respectively.

4.3. Sample Selection and Data Description

We conducted a household-level survey in the spring of 2015 (average water demand period) to
collect the sample data from different urban areas in Faisalabad. The household survey was developed
by examining a range of past survey results in Pakistan for their efficacy and weaknesses, and peer
review by experts with prior experience in the demographics of our initial survey tool. To obtain a
representative sample, we used a stratified sampling technique to collect household data, and divided
the urban population of Faisalabad into four main towns. These include Igbal Town, Jinnah Town,
Lyallpur Town, and Madina Town, and their respective populations are presented in Table 1. The four
towns also include the adjoining peri-urban areas/slums, which are also known as kachi abadis (a local
term for informal settlement). Table 1 presents the sampling distribution of all strata.

Table 1. Description of survey sampling distribution.

Towns Sample Size Percentage
Igbal Town 271 23%
Jinnah Town 369 31%
Lyallpur Town 321 27%
Madina Town 239 20%
Total 1200 100%

Source: Authors calculations.

4.4. Sources of Drinking Water Data

The collected sample represents water consumption from multiple sources, including filtered and
unfiltered water, and private and government supplies. Table 2 shows the various sources of water used
by the sample households. The sample comprises 570 households (47.86%) consuming filtered water,
and 621 households (52.14%) consuming unfiltered water. Filtered and unfiltered water are further
categorized into nine primary sources of drinking water in Faisalabad. The sources of filtered water
comprise bottled water (Nestle, Aquafina, and Gourmet), small-scale filtration plants, large commercial
filtration plants, and government filtration plants. The unfiltered categories include canal-side pumped
water, unfiltered sweet water, groundwater bore, tankers, and a WASA piped connection.
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Table 2. Different sources of filtered and unfiltered water.

Water Source Frequency Percent
Canal-side pumped water 272
Unfiltered Sweet water 16
Unfiltered Groundwater bore 172 52.12
Tankers 49
WASA piped connection 121
Bottled water 20
. Small-scale filtration plants 366
Filtered Small-scale filtration plants 73 47.88
Government filtration plants 111
Total 1200

Source: Authors’ calculations.
4.5. Description of Variables

4.5.1. Prices and Quantities

As mentioned above, urban residents in Faisalabad have access to several sources of filtered and
unfiltered water. However, some of the categories within each group have few observations available,
and it is not possible to estimate different demand functions with limited data. Therefore, we aggregate
some of these categories within each group (filtered and unfiltered). For the empirical analysis,
the sample households were divided into three groups, such as combined, filtered, and unfiltered
quantities of water consumed by households. The average prices of combined, filtered, and unfiltered
water consumed per litre were calculated as PKR. 1.21, PKR. 1.25, and PKR. 1.18 (PKR represents
Pakistani currency (i.e., Pak rupees)), respectively. Similarly, the average respective quantities for the
above said three categories were recorded at on average 273 L, 124 L, and 285 L weekly.

4.5.2. Household Characteristics

We also include several other household and location characteristics as exogenous variables
affecting the demand for drinking water. These include household income, education, age, type of
dwelling (e.g., single vs. double storey), and time to fetch water from different water sources (filtered
and unfiltered). The sample data depicts that the average household income is PKR. 33,966. The sample
statistics show that about 51 percent of the respondents belong to the lower or middle income group
(See Pie chart in Figure 2). For instance, nine percent of the households have less than a PKR. 10,000
monthly income, whereas 42 percent earn between PKR. 10,000 to 30,000 per month, which is followed
by an income group of PKR. 30,000-50,000 that comprises 31 percent of the entire sample. About
11% of the sample represents households having a monthly income of between PKR. 50,000 to 70,000.
The income group earning PKR. 70,000-100,000 makes up 5% of the sample. Only 2% of the sample
represents the high income group, who earn above PKR. 100,000.

The sample’s statistics data show that households have on average received 10 years of schooling.
The data further indicate that about 50% of sample participants completed high school, 25% attained
a university education, and 10% of the respondents were found to be illiterate. The average age of
families/persons living in the sample households is about 40 years, which varies from 18 years to
85 years. Since households obtain water from different filtered and unfiltered sources, they have to
travel to fetch water from those sources. Our sample statistics show that on average it takes about
13 min to fetch water. We also note that about 28 percent of households have water leakages, and
the average number of taps was recorded at seven per household. The data on household water
expenditures show that expenditures on drinking water in summer are double that of household
expenditures on drinking water in winter. Figure 2 presents a scatter plot of quantity of water against
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price per litre. We observe a negative relationship between quantities consumed and the price of water
consumption (from all sources).
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Figure 2. Relationship between Price and Quantity of Water. (a) Full sample (combined); (b) Filtered
and unfiltered water.

5. Empirical Results and Discussion

Considering the water price-setting mechanism by WASA in Faisalabad, prices may have been
treated endogenously, and thus violate the orthogonality conditions, as price is correlated with the
random terror term. As mentioned previously, in the presence of endogeneity, the OLS method will
produce biased estimates of price elasticities. This issue can be resolved by estimating the demand
equation in two steps. However, the two-step method is not efficient and produces incorrect standard
errors. In this paper, we apply 25LS and GMM methods to control the endogeneity issue and obtain
corrected standard errors for water demand estimates. Further, to obtain robust standard errors, we
also estimate all three demand functions using bootstrapping methods. Price was instrumented with
the geographical indicator distance, media as an awareness indicator, and pipe leakages as a water
quality indicator. In addition, we use water tank supply as an instrumental variable. We estimate three
demand equations including combined (full sample), filtered, and unfiltered water consumption. We
also conduct several tests for endogeneity and the validity of instruments in our estimated models.
The statistics of these tests are presented in the estimates tables. The p-values of these tests indicate
that the null hypothesis of exogeneity of the instruments is rejected strongly, as the F-test value is
statistically significant at less than 1%. For instance, the F-Statistic value for the combined sample
(i.e., 14.07 and respective p-value 0.000) indicates that we reject the null hypothesis that water price is
exogenously determined. We also performed over-identification tests, and Woodridge test-statistics are
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presented in the estimates tables, which indicate that the instruments used in the estimation procedures
are valid. The test statistics for the over-identifying restrictions are presented in the estimates tables.
Further, we also apply the bootstrapping method to estimate different demand specifications, and our
estimates are based on 10,000 replications.

Table 3 reports the results of the 2S5LS estimates of residential water demand for a combined
sample. The estimates of demand and their respective standard errors are presented in columns 2 and 3.
The estimates show that the own price elasticity of demand is negative and significant at a one percent
level of significance. Our use of four different towns in Faisalabad city through stratified sampling
assured greater representativeness and augmented our confidence in the results. Furthermore, the
error estimates presented, and the supplemental qualitative research conducted, as part of our larger
research project gives us adequate confidence in this output’s reliability. All of the estimates are based
on a log-log model to directly infer the price and income elasticities of water demand. The coefficient
of the own price elasticity (—0.43) suggests that demand is inelastic, implying that a 1% increase in
the price of water causes a 0.43% decline in the quantity demand of water. The bootstrap standard
errors, Z-values, and p-values are provided in columns 4, 5, and 6, respectively. The GMM estimates
are provided in Table A3 (in the Appendix A), which are similar to our 25LS estimates. These results
are comparable with the earlier studies reported in the existing literature [17,19,24,27,40-42]. The low
magnitude elasticity indicates that households have a relatively low share of water spending in their
total expenditures.

Table 3. Two-stage least square estimation of residential water demand (Combined).

Two Stage Least Square Bootstrapping

Variables Coefficients Robust SE Bootstrap SE Z-value p-value

Dependent Variable (log of combined quantity of water)

Log(Price) —0.643 *** 0.109 0.115 —4.986 0.000
Log(Income) 0.067 * 0.038 0.042 2.451 0.014
Log(Age) 0.189 ** 0.08 0.079 1.827 0.068
House Storeys 0.090 ** 0.036 0.039 2.1 0.036
Number of Taps 0.012 ** 0.005 0.005 2.132 0.033
Filter Dummy 0.01 0.051 0.049 0.012 0.991
Log (Education) —0.099 0.075 0.073 —1.143 0.253
Log(Water Fetch Time) —0.003 0.003 0.003 —1.305 0.192
Constant 3.787 *** 0.478 0.5 6.732 0.000
Sample Size 1100 . - - -
Over-identification (x?) 9.516 - - - 0.147

Notes: * p < 0.10, ** p < 0.05, ***, p < 0.01. SE, standard error.

The estimate of income remains significantly positive (i.e., 0.07), implying that households with
higher income consume more water. It implies that a one percent increase in income leads to a 0.07%
increase in demand of water. The empirical results of the price and income elasticities of demand
suggest that water consumption is not very responsive to price and income changes in Pakistan. These
findings do not differ significantly from those of other developing countries. These elasticities are in
line with the previous literature, such as Stevens et al. [43]; Hoffman et al. [44]; Gaudin [45]; Nauges &
Strand [30]; and Schleich and Hillenbrand [46]. Under an inelastic response to price changes, pricing
policies have limited scope in changing water consumption patterns.

The residential demand for water is also likely to vary depending upon house and household
characteristics, such as house type and household size. Household size is an important factor,
which determines water demand. In the literature, many studies, such as Rietveld et al. [38],
Martinez-Espineira [26], Hoffman et al. [44], and Nauges & Strand [30], have analysed a household
size’s impact on residential water demand. These studies found a positive impact of household size on
residential water demand. House storey was used as a proxy measure for household size. A house
with a double storey or more indicates that the number of residents in the house is higher, as compared
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to a single storey house. The results indicate that that residents with a larger household size consume
more water.

We include household characteristics and other control variables to determine the impact of
exogenous factors affecting the demand for water in the urban areas of Faisalabad. The results show
that age is positively associated with the demand of water, which is significant at a 5% significance
level. Time cost is an important factor in the literature, which determines water demand (see, for
example [4,47]. The empirical estimates turn out to be negative and insignificant, which implies that
respondents that are residing near filtered or unfiltered water sources consume more water. We also
introduce a house storeys variable as a proxy of house (or household) size. The coefficient of house
storeys is significantly positive at a 5% level of significance. Similarly, an increased number of taps lead
to an increase in water consumption. Education level also negatively related with water consumption,
but remains insignificant. Other dummy variables were introduced in the model to assess whether
the use of different water sources significantly drives household water consumption or not. To this
end, a dummy variable was introduced for households using filtered water (filtered = 1, 0 otherwise).
The households using filtered water consume less water, as compared to those using unfiltered water.
However, this impact is insignificant.

Our estimates for the subsamples are presented in Tables 4 and 5, respectively. The 25LS estimates
of the filtered water sample (Table 4) show that price and income elasticities are statistically significant
with expected signs. The bootstrap standard errors and the p-values of the estimates are also provided
in column 4 to 6 in the table, whereas the GMM estimates are presented in Table A4 (in the Appendix A).
The own price elasticity of demand for filtered water is noted to be —0.43, again indicating that the
demand for filtered water is inelastic. The income elasticity of demand is found to be 0.12. The
estimates of age are found to be significantly positive, indicating that people in old age consume
more filtered water. This may be the result of awareness or health care consciousness. In other
words, increasing age necessitates the demand for clean water for/by elders, who are willing to pay
more as prevention against water borne diseases. On the other hand, the estimates’ results suggest
a negative relationship with water collection time and filtered water consumption, but it remains
insignificant. There is an opportunity cost to fetch water from a distant filter plant, which may be
reason for households to reduce their consumption of filtered water, in addition to their income and
affordability to buy bottled water.

In addition, a dummy variable was used for piped connections. The results show a positive
relationship with water consumption. In other words, households with a WASA connection are likely
to use more water, compared with those who do not have a piped water facility. Similarly, the results’
estimates of households using tank water remain significantly positive, meaning that a one percent
increase in tank water use increases overall water consumption by 0.15 percent. The price and income
elasticities conform with the findings in many developing economies [44,48-51].

Table 4. Two-stage least square estimation of residential water demand (filtered water).

Two Stage Least Square Bootstrapping

Variables Coefficients Robust SE Bootstrap SE Z-value p-value

Dependent Variable (log of quantity of filtered water)

Log(Price) —0.428 * 0.221 0.231 —1.826 0.068
Log(Income) 0.123 ** 0.058 0.055 2.121 0.034
Log(Age) 0.352 *** 0.101 0.101 3.315 0.001
House Storeys 0.068 0.049 0.058 1.153 0.249
Log(Water Fetch Time) —0.002 0.003 0.003 —0.746 0.456
Constant 2.753 *** 0.745 0.711 3.601 0.000
Sample Size 519 -— -— -—
Over-identification 3.486 - - - 0.626

Note: * p <0.10, ** p < 0.05, *** p < 0.01.
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Table 5. Two-stage least square rstimation of residential water demand (unfiltered water).

Two Stage Least Square Bootstrapping
Variables Coefficients Robust SE Bootstrap SE Z-value p-value
Dependent Variable (log of quantity of unfiltered water)
Log(Price) —0.714 *** 0.116 0.128 —5.583 0.000
Log(Income) 0.013 0.054 0.058 0.217 0.828
Log(Age) —0.034 0.12 0.116 —0.280 0.780
House Storeys 0.097 * 0.051 0.055 1.887 0.059
Number of Taps 0.017 ** 0.008 0.008 2.119 0.034
Pipe Connection 0.054 0.074 0.076 0.697 0.486
Log(Water Fetch Time) —0.002 0.004 0.004 —0.601 0.548
Constant 5.074 *** 0.703 0.712 6.789 0.000
Sample Size 581 - - -
Over-identification 9.702 - - - 0.1378

Note: * p < 0.10, ** p < 0.05, ** p < 0.01.

Table 5 reports the results based on our sample for the consumption of unfiltered water by the
households (See also the GMM estimates in Table A5 in the Appendix A). The price elasticity of
demand for unfiltered water remains at —0.714, which remains the highest as compared with the
previously discussed results for the other categories (i.e., with the full sample and filtered water
sample data). However, the income elasticity of the estimates is quite low at 0.013, compared with
the estimates’ results for the combined and filtered water samples. We also included pipe connection
as a dummy variable, and the results indicate that households with a piped connection are likely to
use more water. However, these estimates are not statistically significant in the analysis, which is
positive but still remains insignificant. It implies that households having piped water are inclined to
consume more water. The survey data reveals that tank water is generally considered as an economical
and relatively safe drinking water source. We note that households having more taps are inclined to
consume more water, which may be due to the fact that a large number of family members use the
water facility.

6. Conclusions

This study examined urban residential water use in Faisalabad to identify the factors which
influence variability in household water demand. Econometric methods were used to estimate the
price and income elasticities of water demand across different groups of consumers. The study used
the survey data of 1100 households collected from urban residents of Faisalabad, which is one of the
largest cities and industrial hubs in Pakistan. We used instrumental variable (IV) methods to address
endogeneity issues, which otherwise could produce biased and inconsistent estimates. We apply
25LS and GMM methods to estimate the demand elasticities and impact of other exogenous variables
on household water consumption. To further obtain the corrected standard errors for meaningful
policy analysis, we applied bootstrapping methods to estimate the water demand for different sources.
Nevertheless, the demand remained price inelastic across all of the consumer groups. Specifically, the
estimates of price elasticity for the combined sample are noted to be —0.641, while the estimates for
filtered and unfiltered water vary from —0.43 to —0.471, respectively. These findings are similar to
many developed and developing countries’ estimates, suggesting that water demand in Faisalabad
is likely to respond less to an increase in prices. In other words, pricing policies may have limited
scope in changing water consumption. The findings reflect that income elasticities vary across different
groups (i.e., from 0.01 to 0.12). It implies that water consumption changes disproportionately with
varying income levels. This divergence in water consumption seems to be due to differences in income
levels and social status.

Other possible factors used to analyse the water consumption differences across groups include
age, distance to water facility, education, and water connections. The results show that age is positively
and significantly associated with the demand of filtered water. The impact of distance to a water source
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is negative, implying that households residing near water sources tend to consume more water. The
policy implication of this finding could be focus on locational and supply-side factors of water. The
governmental intervention to increase water supply points or the direct supply of clean water can
substantially affect residential water demand.

The findings of the study also suggest that non-pricing tools should be explored, since the efficacy
of pricing is constrained by numerous socioeconomic and governance factors. These tools could
include creating water saving awareness through educational campaigns, informational tools, and
encouraging the use of water efficient devices. Norms on the extraction of groundwater through
household boring and the heavy subsidizing of aquifer water extraction limit price efficacy as well.
Pricing signals that come from health awareness about the benefits of clean water must remain an
essential part of public management in Pakistan. The household demand estimates inform various
key messages for the water planning management of Faisalabad, WASA. These messages include the
need for an appropriate pricing structure, and improving the water supply infrastructure in urban
areas, which have been marginally noted in the Punjab government’s water and sanitation sector
development plan up to 2024 [52].

Lastly, to achieve the goals of clean and sustainable water consumption, the local government and
Water and Sanitation Authorities need to increase the coverage of drinking water facilities in priority
low income areas that lag behind other dwellings. This calls for the need of appropriate policies for
ensuring equity by removing disparities.

Ultimately, the essential need for water for all human systems will necessitate a rapid assessment
of water demand and the consequent pricing mechanisms. Our study has attempted to show
how a field-based survey can be implemented and analysed with a relatively low cost and time
investment to inform policy decisions around water in a dense, developing urban context. Sustainable
development goals around water and health will be key drivers in sustainable city planning and
achieving smart growth in developing countries. There is no room for complacence in furthering our
understanding of the water-development nexus. New demands for resources and technologies for
modern infrastructure will also create new demands on water. This paper has contributed towards
highlighting the opportunities and challenges of effective pricing mechanisms for water, and the ways
of making a more cogent connection between urban analytics and environmental policy.
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Appendix A
Table A1. Urban population in Faisalabad (Census 1998).
Areas Population Urban Union Council Household Number
Igbal Town 783,173 22 108,774
Jinnah Town 765,700 30 106,347
Lyallpur Town 717,710 28 99,682
Madina Town 797,873 33 110,816
Total 3,064,456 113 425,619

Source: Extracted from City District Government Faisalabad website [11].
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Table A2. Summary statistics of variables.

Variables Sample Size Mean Standard Deviation
Quantities
Combined 1100 273.97 261.98
Filtered 519 123.98 200.37
Unfiltered 619 285.65 294.46
Prices
Combined 1191 1.21 1.29
Filtered 570 1.25 1.54
Unfiltered 581 1.18 1.00
Income 1100 33,966.67 21,127.89
Age 1100 39.78 12.11
Education 1100 9.99 4.85
Tank Water 49 0.10 0.29
Pipe Dummy 121 0.54 0.50
Filter Dummy 519 0.48 0.50

Source: Authors calculations from sample data.

Table A3. Generalized method of moment estimation of residential water demand (combined).

14 0f 18

GMM GMM Bootstrapping

Variables Coefficients ~ Robust SE Bootstrap SE Z-value p-value

Dependent Variable (log of combined quantity of water)

Log(Price) —0.636 ** 0.111 0.111 —5.72 0.000
Log(Income) 0.066 * 0.04 0.040 1.65 0.006
Log(Age) 0.186 ** 0.077 0.077 2.41 0.087
House Storeys 0.095 *** 0.037 0.038 2.53 0.024
Number of Taps 0.012 ** 0.005 0.005 2.35 0.019
Filter Dummy 0.011 0.049 0.047 0.22 0.905
Log (Education) —0.003 0.003 0.003 —0.95 0.210
Log(Water Fetch Time) 3.798 *** 0.484 0.467 8.14 0.105
Constant 14.458 - - - -
Sample Size 1100 -— -— -— 0.000
Over-identification (x2) 9.51 - - -—- 0.147

Note: * p <0.10, ** p < 0.05, *** p < 0.01.

Table A4. Generalized method of moment estimation of residential water demand (filtered).

GMM GMM Bootstrapping

Variables Coefficients ~ Robust SE Bootstrap SE Z-value p-value

Dependent Variable (log of quantity of filtered water)

Log(Price) —0.488 ** 0.234 0.209 -24 0.022
Log(Income) 0.232 *** 0.058 0.055 242 0.015
Log(Age) 0.261 *** 0.109 0.098 3.58 0.000
House Storeys 0.100 * 0.056 0.054 143 0.157
Log(Water Fetch Time) —0.003 0.003 0.003 —-0.72 0.494
Constant 2.668 *** 0.787 0.706 3.75 0.000
Sample Size 519 -— -— -— -—
Over-identification 6.026 - - - 0.3037

Note: * p <0.10, ** p < 0.05, *** p < 0.01.
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Table A5. Generalized method of moment estimation of residential water demand (unfiltered).

GMM GMM Bootstrapping
Variables Coefficients Robust SE Bootstrap SE Z-value p-value
Dependent Variable (log of quantity of filtered water)
Log(Price) —0.734 *** 0.116 0.121 —6.05 0.000
Log(Income) 0.005 0.057 0.059 0.09 0.932
Log(Age) —0.003 0.119 0.114 —0.03 0.977
House Storeys 0.095 * 0.049 0.055 1.72 0.083
Number of Taps 0.022 *** 0.008 0.008 2.86 0.004
Pipe Connection 0.02 0.074 0.078 0.26 0.789
Log(Water Fetch Time) —0.001 0.004 0.004 —0.33 0.729
Constant 5.017 *** 0.716 0.715 7.02 0.000
Sample Size 581 - - -
Over-Identification - - -
Over-identification (x2) 9.702 - - - 0.138

Note: * p <0.10, ** p < 0.05, *** p < 0.01.
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