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Abstract: The aim of this study is to provide an economic analysis of urban water use with a view to

enhance the understanding of the factors influencing urban water demand and to estimate price elastici-

ties of residential, commercial, and industrial water demands in Sri Lanka. Lack of research in the Sri

Lanka context of this area and the need for understanding the price elasticity of demand for urban water

for effective implementation of the new water-demand management policy formulated by the Government

of Sri Lanka in early 2000 were important motivations for this study. Separate water-demand functions

for each of the major sectors were estimated, using monthly time series for 60 months from January 1994

to December 1998. In general, the price is found to have a significant effect on water demand, and this

effect is much higher for the industrial sector than for the residential and commercial sectors. In addi-

tion, real income, number of connections (population), and weather variables are found to be important

determinants of urban water demand. Estimated price elasticities are -0.18, -0.17, and -1.34 for the

residential, commercial, and industrial water demands, respectively. The study concludes that while the

price will be an important tool in influencing demand, other measures such as public education and

information/awareness will be necessary to achieve desired reductions in water consumption, espe-

cially in the less-responsive residential and commercial sectors.
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Introduction

Urban and regional demand for freshwater in Sri Lanka
has grown significantly over the last decade. (A region
consists of both urban and rural areas. For administrative
purposes, the National Water Supply and Drainage Board
of Sri Lanka has divided the country into five main regions:
Greater Colombo, Southern region, Western region, Cen-
tral region, and Northeast region.) Growth in water de-
mand has been particularly high since 1994. The total water
consumption from piped water supplies has increased from
120 million cubic meters (Mm3) in 1994 to 191 Mm3 in
1998 (Table 1). Population growth, rapid urbanization, and
overall expansion in economic activities are major causal
factors underlying such increases in water consumption.
Residential water use estimated at 98.13 Mm3 in 1998,
followed by commercial and industrial uses, accounts for
the largest share of total urban water consumption in Sri
Lanka. (Non-revenue water is the quatity of water unbilled
for the total production. This includes leaks from transmis-
sion, distribution mains, and other structures in the system,
illegal connections, metering errors, and consumption in
wayside and garden taps). Disaggregated data (Table 1)
indicate that water consumption in the residential, com-
mercial, and industrial sectors has increased by over 34,
27, and 37 percent, respectively, over the period 1994 to

1998. However, the average water consumption per con-
nection shows a slight fluctuation over the same period
for the residential and commercial sectors, while it shows
a declining trend for the industrial sector. This may be
partly attributed to the increasing use of alternative sources
of water, as will be discussed later in this paper.

While the total population in Sri Lanka is projected to
stabilize at 23 million by 2025, the urban population is ex-
pected to increase from the current 5.6 million to 15 mil-
lion, i.e., from 30 percent to 60 percent (SLNWP, 2000).
Similarly, the economy is likely to continue to grow, with
significant growth expected in the commercial, services,
and industrial sectors over the coming decades. As a re-
sult, pressure on available water supplies and infrastruc-
ture will continue to increase. While in aggregate terms
Sri Lanka has plentiful water resources, there is a high
degree of variation in the availability of water seasonally
and regionally. Nearly two-thirds of the country gets less
than 1,500 mm of rainfall in a year and almost all of it
comes during the short monsoon season from October to
January, with 51.1 percent of this escaping to the sea
(SLNWP, 2000). There are a number of warning signs
pointing to increasing water resources problems in the coun-
try. Competition and water shortages will continue to in-
crease as a result of highly variable rainfall and growing
demand for water across sectors. Irrigation continues to
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remain a dominant water-using sector accounting for over
90 percent of the total freshwater withdrawn through arti-
ficial means. However, part of this water is used for do-
mestic, environmental (absorbed by the natural vegetation
and wetlands), and other purposes, or is returned as drain-
age or groundwater. Industrial and commercial sector
water demands are mainly met from piped water supply,
supplemented with pumping from surface and groundwa-
ter sources. Household water demands are met from piped
water supply as well as domestics wells. Aggregate de-
mand for water in Sri Lanka is expected to continue to
increase due to population growth, rapid urbanization, and
expansion in economic activities. While developing addi-
tional water resources to meet growing demand in the fu-
ture would be essential, the scope for supply expansion
would be limited as new projects tend to be less-techni-
cally feasible and less economically viable (GOSL, 2000).

Concerned with increasing costs of developing addi-
tional water supplies and infrastructure and the existence
of inefficiencies in the system, relevant public authorities
are taking initiatives to adopt conservation and water use
efficiency measures, a move towards demand manage-
ment. The Government of Sri Lanka has formulated a new
National Water Resources Policy, approved by the Cabi-
net of Ministers on March 28, 2000, to address the grow-
ing problems in the water resources of the country. The
objective of this new policy is “to ensure the use of water
resources in an effective, efficient, equitable manner, con-
sistent with the social, economic, and environmental needs
of present and future generations.” Water resources de-
mand management is the central component of the new
policy. The objective of this component is to “promote the
efficient use of water resources and to maximize the value
of the resource to society” (GOSL, 2000). The new initia-
tive emphasizes the need and importance of using eco-
nomic instruments, coupled with other strategies such as
metering, education and awareness, and investment for
leakage prevention, in managing water resources. Appro-
priate pricing policies are believed to be the key to im-
prove water use efficiency and raise sufficient revenues
for better services and improved operation and mainte-
nance (O&M) of the supply system. In addition, educa-

tion and awareness programs on water saving technolo-
gies and recycling procedures and investments and incen-
tives for water conservations and regulatory measures are
being considered as important elements of demand man-
agement policy (GOSL, 2000).

Water pricing will work as a demand management
instrument to the extent that connections are metered, and
that people actually pay for services, and that they have
incentives to pay. In Sri Lanka, almost all the urban con-
nections are metered except stand posts for public usage.
However, a considerable percentage of total water pro-
duced is accounted for as non-revenue water (NRW) due
to leaks from transmission, distribution mains, and other
structures in the system, illegal connections, metering er-
rors, and consumption in wayside and garden taps. NRW
accounted for 48.6 percent in 1994 and gradually decreased
to 35.8 percent in 1999 (NWSDB, 2000). There is a proper
billing system in place, and there is a penalty of service
cut-off if water bills are not paid. Overall, the collection
efficiency (the actual total collection as a ratio of total rev-
enue billed averaged over the year) of the metered con-
nections is fairly high, averaging around 90 percent during
1998 to 1999.

Designing an appropriate pricing policy and efficient
planning and management of urban water supply systems,
however, require a thorough understanding of the deter-
minants of water demand. Until now, no serious attention
has been given in Sri Lanka to quantify water-demand
relationships. Generally, multiplying forecast population
changes with per capita water consumption with the im-
plicit assumption that economic and behavioral character-
istics remain stable makes water-use forecasts. This
assumption is quite unrealistic, and to be able to make rea-
sonably reliable forecasts, the influence of the price and
other demand-related variables must be determined and
included in forecasting procedures. The quantification of
urban water-demand relationships will be useful to the
NWSDB (National Water Supply and Drainage Board)
and concerned policy makers to predict consumption re-
sponse to changes in water pricing policy and it will pro-
vide a basis for water consumption forecasts in the country.
This paper attempts to analyze demand for urban water

Table 1. Annual Total and Per Connection Water Consumption in Sri Lanka by Sector, 1994 to 1998

  Residential Consumption Commercial Consumption   Industrial Consumption
       Total       Per       Total       Per       Total        Per
Consumption Connection* Consumption Connection* Consumption Connection* All Uses**

Year (million m3)     (m3) (million m3)       (m3) (million m3)       (m3) (million m3)

1994 64.29 22.79 13.00 54.76 2.02 353.02 120
1995 73.55 23.54 14.90 58.18 2.68 338.20 147
1996 80.70 23.18 15.09 54.34 2.90 310.61 152
1997 88.41 22.97 16.00 52.89 2.85 276.09 171
1998 98.13 22.75 17.77 54.11 3.24 291.00 191

*Indicates average monthly consumption per connection.
**All uses include residential, commercial, industrial, government, institutional, and religious and non-revenue water.
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by user class. The principal interest here is to quantify
consumers’ response to changes in the water price and to
provide insights into the potential role of prices as a de-
mand-management tool. This is measured by estimating
the price elasticity of demand, defined as the percentage
change in quantity demanded in response to a one percent
change in the price of water.

The aim in this study is to provide an economic analy-
sis of urban water use with a view to enhance the under-
standing of the factors influencing urban-water demand.
More specifically, the objective is to estimate price elas-
ticities of demand for water for the residential, commer-
cial, and industrial sectors of Sri Lanka.

Water Supply and Pricing in Sri Lanka

The NWSDB, established in 1975, is the principal
agency for supplying piped water in Sri Lanka. It is re-
sponsible for planning, design, construction, and operation
and maintenance (O&M) of all rural and urban water supply
and sewage schemes in the country. Presently, the Board
operates 283 water-supply schemes throughout the coun-
try, and billing, collection, and other operations and policies
are implemented through its regional offices. Water con-
sumers are charged a fee based on volumetric pricing,
and the Board administers the same pricing policy across
the country. The main objectives of the water pricing policy
are: (1) to generate revenues to cover O&M costs; and
(2) to use pricing as a demand-management instrument, to
discourage wasteful use of water. The pricing system fol-
lowed consists of two types of charges: (1) fixed or basic
charges; and (2) variable or consumption charges. For the
residential sector, the NWSDB applies consumption
charges using increasing block-rate pricing that uses seven
blocks. Consumers are billed on a monthly basis. Under
the increasing block-rate pricing system, monthly bills of
consumers using water under different blocks may be
mathematically expressed as:
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price schedule (i=1–7); and F is the monthly fixed charge.
(Note: Under the new policy introduced in October 1997,
a customer pays a fixed lump sum for the first 10 m3, first
block, regardless of the level of consumption within the
block).

In 1998, the average monthly consumption of water in
the households in the Greater Colombo area and in the
regions amounted to 25.72 m3 and 19.26 m3, respectively,
with a large majority of residential consumers coming un-
der the second and third blocks.

A significant number of low-income residential con-
sumers, particularly in the Colombo area, receive their
water supplies free of charge or at highly subsidized rates
from stand posts, which are generally unmetered. The gov-
ernment normally bears the cost of stand post supplies,
and the consumers, therefore, have little or no incentive to
save water. At present, the standpost water constitutes a
significant part of the non-revenue water in urban areas. In
1999, total non-revenue water in Sri Lanka was estimated
at 35.8 percent, which includes unaccounted-for-water
(resulting from losses due to leaks in the distribution sys-
tem, illegal connections, defective meters) and water con-
sumption from standposts.

For nonresidential users, including industrial and com-
mercial sectors, consumption charges are applied using
fixed rates per cubic meter (P), and the consumer’s monthly
bill (B) is simply determined as:
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where subscripts I and C represent industrial and com-
mercial sectors, respectively, and F

I  
and F

C 
 are monthly

fixed charges in the respective sectors.
The NWSDB water rates over the last two decades

are presented in Table 2. These rates have generally been
higher for nonresidential users including commercial and
industrial users than for residential consumers. However,
there have been significant changes in rate schedules since
the early 1990s. All consumer monthly fixed service
charges were replaced in January 1993, with separate
monthly service charges for residential and nonresidential
consumers. From October 1997, the NWSDB has replaced
the nonresidential fixed charge with a monthly charge, based
on the diameter of the connection, and has abolished the
separate residential fixed monthly charge by including it
into the first block of the schedule. Residential consumers
are charged a fixed rate for the first block regardless of
the amount consumed, i.e., a person consuming 1 m3 or 10
m3 within the first block has to pay the same fixed amount.
The first block rate changed from Rs. 0.60 per m3 (plus a
fixed service charge of Rs. 15) in January 1997 to a lump
sum of Rs. 25 in October 1997 and Rs. 30 in March 1999.
Are the first block consumers, who could be reasonably
assumed to be low-income consumers, better off or worse
off with this change? Certainly, they are worse off. Con-
sider, for example, two consumers, one consuming 5 m3

(low-income user) and the other 50 m3 (high-income user).
This change represents a 39 percent increase for the small
consumer compared to only an 18 percent increase for
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the large consumer from January 1997 to October 1997.
Similarly, change from October 1997 to March 1997 rep-
resents 20 percent increase for small consumers and 15
percent increase for large consumers.

Until October 1997, income equity among consumers
appears to have been an important consideration in setting
rate schedules, with a significantly lower rate in the initial
block intended to subsidize low-income low-volume con-
sumers. However, under the new policy, revenue raising
(and gradual reduction of cross-sector subsidization) seems
to be a dominant criterion in setting water charges. Since
the price elasticity of demand could be expected to be
very low for lower levels of consumption (initial block),
the overall revenue could be easily increased by raising
rates more for low-volume consumers than for high-vol-
ume consumers. This is how the NWSDB is attempting to
increases its revenues. But this policy is likely to have
some implications for income equity among consumers in
the country.

Let us now briefly look at efficiency and equity impli-
cations of the new policy, with a focus on residential wa-
ter use. Water in the premises of a household is used for
several purposes including basic needs such as drinking,
cooking, washing, etc., and other purposes such as swim-
ming (in swimming pools), hobby gardening, etc. Water in
the above uses may be classified as “necessity good” and
“luxury good,” respectively. Demand for water can be
expected to be highly price-inelastic for certain basic lev-
els of consumption, beyond which it becomes price-elas-
tic as the “luxury” use begins. This is illustrated with the
aid of Figure 1, where MB (marginal benefit) and MC
(marginal cost) are demand and supply curves, respec-

tively, for water use in the urban sector. The MB curve
slopes down sharply up to point a reflecting the price in-
elastic nature of water used as a necessity good beyond
which it becomes price-elastic. Assume MB and MC
curves intersect at point a, which represents the welfare
maximizing efficient point. Any deviation from this point
would result in social cost or efficiency loss (or “dead-
weight loss”). Suppose the current water price is P

1
, which

Table 2. Schedule of Water Charges in Sri Lanka, 1981 to 1999

1981- Jan. April Jan. Aug. Jan. Jan. Jan. Jan. Oct. Jan.
1983 1984 1990 1991 1991 1992 1993 1994 1997 1997 1999

                                                                                                    Service Charges
All consumers (Rs) 0 0   5.00   5.00   5.00   5.00 - - - - -

Residential (Rs) - -   -   -   -   -   6.00   6.00    15.00 - -
Nonresidential (Rs). - -   -   -   -   - 10.00 20.00 200.00 - -

                                                                                       Metered Rates (Rs/m3) Residential
0   - 10 m3 0.20 0.20   Free   1.00   0.60   0.65   0.75   0.75    0.60 25.00* 30.00*

11 – 20 m3 0.75 1.00   1.00   1.50   1.00   1.10   1.20   1.30    1.50   1.80   2.50
21 – 25 m3 1.00 3.00   3.00   4.50   4.00   4.00   4.50   4.80    5.00   6.00   7.50
26 – 30 m3 - -   -    -   -   -   -   4.80    9.60 12.00 15.00
31 – 40 m3 1.75 5.50   5.50   8.00   7.50   7.00   8.50   9.40  12.50 15.00 18.00
41 – 50 m3 1.75 5.50   5.50   8.00   7.50   7.00   8.50 12.00  18.00 20.00 20.00
Over 50 m3 1.75 5.50 11.00 19.50 19.50 20.00 25.00 25.00  32.50 35.00 35.00

                                                                                                     Nonresidential
Commercial 2.75 5.50 11.00 19.50 19.50 20.00 21.00 22.00 25.00 25.00 27.50
Industrial 5.50 9.00 16.50 25.00 25.00 25.00 25.00 25.00 25.00 25.00 27.50

Source: NWSDB, Annual Report 1998 and 1999. Water charges are in nominal terms. *Indicates fixed rate per 10 m3. Consumers are charged a
fixed rate for the first block, regardless of the amount consumed, i.e., a person consuming 1 m3 or 10 m3 within the first block pays the same fixed
amount.

Figure 1. Marginal benefit and marginal cost curves for residential

water use. Source: Yujiro Hayami, 2000.
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is much lower than the equilibrium price P
e
. The govern-

ment provides a significant amount of subsidy represented
by de to keep the price at P

1
. In the present situation,

there is a significant deadweight loss to the society, repre-
sented by area ade, caused by consumers using more
water than they would do if they had to pay the marginal
cost of water supply. This loss in efficiency is associated
with some gain in consumer surplus represented by the
area aP

e
P

2
b. However, high-volume consumers, rich

people using water for luxurious purposes, are capturing a
significant part of the gain in consumer surplus. Increas-
ing the prices and reducing the subsidies can reduce the
efficiency loss. A small increase in the price for high-vol-
ume consumers (in the price-elastic zone) will result in a
significant reduction in efficiency loss. For example, if the
price is increased from P

1 
to P

2
, the deadweight loss would

be reduced from ade to only acb, indeed a significant gain
in efficiency, and the gain in consumer surplus would re-
duce from aP

e
P

1
e to aP

e
P

2
e. Low-volume consumers –

poor consumers using water for basic purposes, will cap-
ture a large part of this gain. In other words, the reduced
gain in consumer surplus was that part of the total gain,
which was being captured by high-volume consumers be-
fore the price change. Thus raising the price from P

1
 to P

2

is justifiable on both efficiency and equity grounds. How-
ever, the price increases should be larger for high-volume
consumers (higher blocks), where water consumption op-
erates at the price-elastic zone, than for small consumers
using water for basic needs.

Past Work

Literature
Numerous studies estimating demand relationships for

urban water use are available in the literature on econom-
ics of water. These studies have used cross-sectional, mico/
macro time series, or pooled data and have conducted
analyses at aggregate or disaggregated levels by season,
by type of use, or by user class. A wide variety of econo-
metric models, ranging from a single equation to a system
of simultaneous equations, have been employed by these
studies. More recently, the contingent valuation approach
has also been applied to analyze urban water demand.
The studies prominent in the literature empirically investi-
gating demand relationships include: Turnovsky (1969);
Hanke (1970); Young (1973); Oh (1973); Danielson (1979);
Grebenstein and Field (1979); Billings and Agthe (1980);
Hanke and deMare (1982); Howe (1982); Babin et al.
(1982); Jones and Morris (1984); Williams and Suh (1986);
Deller et al. (1986); Moncur (1987); Thomas and Syme
(1988); Renzetti (1990); Griffin and Chang (1991);
Schneider and Whitlatch (1991); Neiswiadomy (1992);
Stevens et al. (1992); Hewitt and Hanemann (1995). Malla
and Gopalakrishnan (1997; 1999) have summarized litera-
ture on the residential, commercial, and industrial water
demands providing a summary on the type of data and

variables used, analytical techniques employed, and major
findings and conclusions of most of the above-mentioned
studies. One general conclusion from a review of the above
studies is that demand for water is price-inelastic. The
estimates of price elasticities, particularly from time se-
ries analyses, ranged from -0.03 to -0.65, -0.07 to -0.36,
and -0.33 to -1.16 for the residential, commercial, and in-
dustrial sector demands, respectively.

Most of the available past studies are those that deal
with urban water demand in the context of developed
economies, principally from the US. There are only a very
few studies dealing with economics of urban water in the
developing economies. This important research area has
largely been neglected in the past. To the best of the au-
thors’ knowledge, only two studies are available that in-
vestigate urban demand relationships in Sri Lanka.

The study by Chandrasena (1999) estimated demand
functions for residential water use within the Kandy mu-
nicipal limits using both primary cross-sectional data, col-
lected though a survey of 58 households in June 1999, and
the secondary time series monthly data for the period 1993
to 1999 (excluding data for 1996). The dependent variable
used was the monthly household water consumption.
Household income, household size (number of persons),
and the Taylor-Nordin difference variable were used as
explanatory variables in both cross-sectional and time se-
ries components of the study. The price variable used in
the time series analysis was the marginal price of water
(rather surprisingly, no price variable was used in the cross-
sectional analysis). Equations specified in linear form were
estimated using the Ordinary Least Squares (OLS) tech-
nique. In the cross-sectional analysis, the only significant
coefficient was that of the difference variable (coefficients
of income and household size were insignificant). The elas-
ticity of the difference variable was 0.47. In the time-se-
ries analysis, coefficients of all the variables were significant
with the expected signs, except for the income variable,
which turned out to be negative. The marginal price elas-
ticity of demand was estimated at -0.03, which is extremely
low. Overall, the results of this study are confusing. The
omission of the price variable, the key variable in the de-
mand analysis, in the cross-sectional analysis has under-
mined the usefulness of the analysis.

The second available study, Jayasundara et al. (1999)
estimated willingness to pay for improvements to the qual-
ity of drinking water, using the contingent valuation ap-
proach. The study used data from a survey of 140
households in two zones of Colombo and found that resi-
dents, on average, were willing to pay an additional Rs.
5.27 per m3 if they were provided with reliable and safe drinking
water. The elasticity of willingness to pay with respect to
water consumption was estimated at -0.55. Furthermore,
willingness to pay was positively related to the income of
the consumers. Overall, given the nature and limited scope
of this study, the results are of very little use in designing
pricing policy or forecasting water consumption.
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So far, no studies have been carried out on empirically
investigating demand relationships in the Sri Lankan com-
mercial and industrial sectors. The present study attempts
to fill this gap by systematically analyzing the urban de-
mand for water in Sri Lanka. The study is a part of IWMI’s
work on the valuation of multiple uses of water. The re-
sults of this study will enhance the understanding of the
factors influencing the residential, commercial and indus-
trial water demands, and can be useful to water policy
makers in designing urban water-pricing policies and in
forecasting urban water with considerable accuracy.

Issues in Water Demand Analysis

The specification and estimation of water demand
functions have been highly controversial. This controversy
originates from analytical complications arising from the
block-rate pricing system, commonly followed for pricing
water for residential use in most countries. Under this sys-
tem, there is no single price and the quantity of water con-
sumed and the price paid by each consumer during each
time period depends upon the whole price schedule facing
the consumer during that period. The controversy arises
over the choice of the price variable, the key variable in
demand analysis. Some past studies have adopted aver-
age price formulation, i.e., the total payments divided by
the total quantity of water used. However, it has been
correctly pointed out in some past studies that this formu-
lation would implicitly use the quantity variable on both
sides of the equation, introducing a simultaneity problem.
Taylor (1975) suggested the use of the average price overall
rate steps prior to the marginal step. Later, Nordin (1976)
modified Taylor’s approach and suggested the inclusion
of the marginal price and a difference variable to repre-
sent the intra-marginal price structure in the specification.
The difference variable is basically a difference between
the consumer’s actual bill and the amount if the entire bill
was paid at the marginal price. It measures income ef-
fects of the intra-marginal price changes and may be con-
sidered a kind of subsidy or tax associated with increasing
or decreasing block rates for consumers using water above
the block break-points. In the case of the increasing block-
rate system, the difference variable is an implicit subsidy
because the consumer would be paying more if the entire
quantity consumed is charged at a higher marginal price
applicable to higher blocks. For a detailed discussion on
the above formulation, see Billings and Agthe (1980); Griffin
and Martin (1981); Howe (1982); Agthe et al. (1986). Some
authors have extended the above approach by using in-
strumental price estimates. Jones and Morris (1984) speci-
fied two demand equations, one with the instrumental
average price and the other with the instrumental esti-
mates of the marginal price and associated difference vari-
able. Jones and Morris (1984), however, concluded
“instrumental estimation of price produces results not fun-
damentally different from simpler OLS approaches to de-

mand estimation. In particular, average price procedures
seem suitable for development within an applied context
where data deficiencies rule out more exact demand speci-
fication.”

Data and Methodology

General
This study uses monthly aggregate (country level) data

from January 1994 to December 1998. The data on ag-
gregate monthly water consumption, total number of ac-
tive connections and monthly total water bills for each
month for the residential, industrial, and commercial sec-
tors were obtained from the monthly bulletin Key Man-
agement Information (NWSDB 1994–98). The NWSDB
categorizes water users into 25 classes including residen-
tial, industrial, commercial, and schools, hospitals, religious
institutions, the army, etc. However, the first three user
classes constitute the major water-consuming sectors, and
these were chosen for detailed analyses in this study.

The schedule of water price was obtained from the
NWSDB’s Annual Report 1998. As mentioned earlier,
the NWSDB applies increasing block rates to its residen-
tial customers (from October 1997, residential customers
pay a fixed lump sum for the first 10 m3, regardless of the
level of consumption within the block, and then as per block
rate) and a fixed rate per cubic meter for its industrial and
commercial water users (i.e. regardless of the amount
consumed, industrial, and commercial entities using 10 m3

or 100 m3 pay the same fixed rate per cubic meter). Due
to the non-availability of detailed block-wise monthly data
on water consumption, the marginal price of water for the
residential-sector analysis used was the block price corre-
sponding to the average monthly water consumption per
connection. For example, if the average monthly water
consumption (the total water consumption in a month di-
vided by the total active connections in that month) in a
particular month fell in block three, the third block price
was taken as the marginal price of water for that month.
For industrial and commercial sectors, fixed prices per cubic
meter of water as charged by the NWSDB were used in
the analyses. The price variables were adjusted for infla-
tion by using the Greater Colombo Consumer Price Index
(for the residential sector prices) and the GDP Deflator
(for the industrial and commercial sector prices). These
indices were obtained from Annual Report 1999 of Sri
Lanka’s Central Bank. Since the published indices were
available only on an annual basis, monthly indices were
derived from annual values through interpolation on the
assumption of constant growth.

Per capita or per household income data from the
NWSDB’s service areas were not available. Per capita
GNP, obtained from the above annual report, was used as
a proxy for consumer income. Monthly per capita income
was derived from the annual GNP values through interpo-
lation, using inter-year GNP growth rates. The data for
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employment in the industrial sector (comprising industries
including salt, sugar, timber, paper, printing, drugs, petro-
leum, rubber, minerals, phosphate, and other public and
private industries) were also obtained from the above an-
nual report. Annual data were converted into monthly val-
ues through interpolation, using inter-year growth rates.
The data on weather variables used in this study, average
monthly rainfall and average monthly temperatures from
nine observation stations (located in Colombo, Jaffna,
Trincomalee, Hambantota, Ratnapura, Anuradhapura,
Kandy, Diyatalawa, Bandarawela, and Nuwara Eliya),
were obtained from Statistical Abstracts 1995 to 1999
(GOSL, 1995–1999). The mean of district averages for
each month was used in the analyses.

Specification of Model
Demand for water, in general, is influenced by a vari-

ety of factors. These include the price of water, consumer
income, population and its growth rate, level and type of
economic activities in various sectors, and weather condi-
tions. However, the purpose and the level of water use
may differ across various water-using sectors. For ex-
ample, the industrial and commercial sectors use water
mainly as production input as opposed to the residential
sector that uses water mainly as a direct consumption good.
Therefore, it is important to analyze demand for water in
high-use sectors separately. Based on the economic theory
and results of the past studies conducted elsewhere, the
residential demand for water in this study is modeled as a
function of the price of water, consumer income, number
of active water connections, rainfall, and temperature. Simi-
larly, demand for water in the industrial and commercial
sectors is modeled as a function of the price of water,
industrial/commercial output/sales, number of active con-
nections, rainfall and temperature.

The conceptual models for each of the three major
water-using sectors are as follows:

Residential

W
R
 = f (P

R
, D, I, C

R
 , R, T) (4)

where W
R

 is the average monthly water consumption in
the residential sector; P

R 
is the price of residential water;

D is the Taylor-Nordin’s difference variable; I is the per
capita income, C

R 
is the number of residential connections;

R is the average monthly rainfall; and T is the average
monthly temperature.

Commercial

W
C
 = f (P

C
, O

C
 , C

C
 , R, T) (5)

where W
C
 is the average monthly water consumption in

the commercial sector; P
C 

is the price of commercial wa-
ter; O

C 
is the commercial sector output/sales; C

C 
is the

number of commercial connections; R is the average
monthly rainfall; and T is the average monthly tempera-
ture.

Industrial

W
I
 = f (P

I 
, O

I
 , C

I
 , R

I
, T

I
) (6)

where W
I 
 is the average monthly water consumption in

the industrial sector; P
I
 is the price of industrial water; O

I

is the industrial sector output/sales; C
I 
is the number of

industrial connections; R
I 
is the average monthly rainfall in

industrial zones; and T
I 
is the average monthly tempera-

ture in industrial zones.

Estimation and Results

Based on the preliminary statistical analysis and con-
sideration of data limitations for certain variables (particu-
larly for commercial sector output/sales (O

C
) and industrial

connection (C
I
), the following equations were chosen for

estimation.

W
R
 = a

0 
+ a

1
P

R 
+ a

2
D + a

3
I + a

4
 C

R
 + a

5
R + a

6
T+ Î

R;

W
C
 = g

0 
+ g

1
P

C 
+ g

2
C

C
 + g

3
R + g

4
T + Î

C
(8)

W
I
 = b

0 
+ b

1
P

I 
+ b

2
E + b

3
T + b

4
R + Î

I
(9)

where a, b, and g are parameters to be estimated; E is the
number of employees in the industrial sector (used as a
proxy for industrial output/sales); Î

R
, Î

I
, Î

C
 are error terms

in the respective equations. All other variables are as de-
fined above.

Since there was no a priori basis for selecting the
functional forms, the equations were specified using both
linear and log-log forms. The equations were estimated
using OLS and were tested for econometric problems com-
monly suspected in time series, such as multi-collinearity
and autocorrelation. The Variance Inflation Factor (VIF)
test is a commonly used for determining the strength of
multi-collinearity problem in the data. VIF

1
 = 1/(1-R2)

where R2 is the coefficient of determination in the regres-
sion of one independent variable on the remaining inde-
pendent variables. The higher the value of VIF, ie., higher
than five, the greater the magnitude of multi-collinearity.
The VIF test indicated the absence of any severe problem
of multi-collinearity. However, the Durbin-Watson test sta-
tistic provided evidence of first-order autocorrelation in
the industrial and commercial sector demand equations,
which were corrected using the Generalized Least Square.
The difference variable, D, was removed from the resi-
dential demand equation after a preliminary analysis
showed its coefficient to be statistically insignificant and
the nature of its results to be somewhat dubious. The re-

(7)
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sults of the estimated linear and log-log equations for the
three sectors are presented in Table 3.

In general, the results of the estimated demand equa-
tions in terms of the predictive power of the equations,
algebraic signs, numerical magnitudes, statistical signifi-
cance, consistency, and plausibility of the estimated pa-
rameters were satisfactory. Log-log specification was only
slightly better than the linear specification.

Turning to the residential demand first, the coefficients
of all the explanatory variables had the expected signs,
i.e., positive for income, number of connections, and tem-
perature, and negative for marginal price and rainfall. All
the coefficients, except for rainfall, were statistically sig-
nificant at the one percent level. In the case of the com-
mercial and industrial demand equations, all coefficients,
except the rainfall coefficient in the commercial sector
equation and the employment coefficient in the linear speci-
fication of the industrial sector equation, had the expected
signs and, with only a few exceptions, were statistically
significant. The positive sign on the rainfall coefficient (in
the commercial sector demand equation) and the negative
sign on the employment coefficient (in the linear specifi-
cation of the industrial sector demand equation) were con-
trary to expectations, although the estimated coefficients
for both variables were statistically insignificant.

The estimates of elasticities from both linear and log-
log specifications of the estimated equations are presented
in Table 4. In general, elasticity estimates from the linear
specifications computed at the mean values of the respec-
tive dependent and independent variables for each of the
equations were in line with those obtained from the log-
log specification. For the residential sector, the price elas-
ticity of demand was negative in sign, as expected, and
statistically significant at the one percent level. However,
it was found to be quite inelastic estimated at -0.18, imply-
ing that a 10 percent increase in the price of water will
reduce the monthly water consumption only by 1.8 per-
cent. This estimate compares favorably with previous stud-
ies conducted elsewhere, particularly those using time series.
The income elasticity of residential water demand, esti-
mated at 0.47, was positive and significant at the one per-
cent level. This estimate indicates that a 10 percent increase
in per capita income will increase the monthly water con-
sumption by 4.7 percent. As with price elasticity, income
elasticity of demand is also within the range of residential
income elasticities estimated elsewhere. The weather vari-
ables are also found to influence the residential demand
for water. The effect of the average monthly temperature
is found to be significant and even much greater than that
of rainfall. The estimate of temperature elasticity of 0.39,

Table 3. Estimates of Coefficients for Water Use in the Residential, Commercial and Industrial Sectors

Independent Dependent Variable: Total Consumption

Variable Residential Commercial Industrial

Linear Log-Log Linear Log-Log Linear Log-Log

Average price  -14943.73*  -0.17*  -17093.47**  -1.34**
 (-1.05)  (-1.09) (-3.61) (-3.76)

Marginal price -419453.58** -0.18**
 (-3.35)  (-3.53)

Income 1765.28** 0.47**
 (3.26)  (2.92)

Connections 18.10** 0.78** 44.07** 0.81**
 (11.65)  (11.45)  (8.87)  (8.99)

Employment -1.94 0.39
 (-0.20)  (0.22)

Rainfall -296.71* -0.01* 44.70 0.72
 (-0.91)  (-0.86)  (0.55)  (0.91)

Temperature 103272.88** 0.39** 3003.21 0.34 2302.51* 0.23*
 (3.07)  (3.16)  (0.33)  (0.19)  (1.38)  (1.26)

Adjusted R2 0.95 0.95 0.83 0.83 0.59 0.59

DW –statistic 2.24 2.24 2.13 2.13 2.12 2.18

t-statistics are given in parentheses.
* Indicates significance at over 15 percent.
**Indicate significance at 1- percent level.
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compared to rainfall elasticity of -0.01, indicates that, other
things being equal, a 10 percent increase in the average
monthly temperature will cause water consumption to in-
crease by 3.9 percent. Finally, population as represented
by the number of connections is also found to be an im-
portant determinant of residential water demand, with elas-
ticity estimated at 0.78.

As with the residential demand, price elasticity of
commercial demand was very low or inelastic, estimated
at -0.17, which is almost identical to the price elasticity of
the residential demand. This result should not be surpris-
ing given the fact that a significant part of the commercial
sector in Sri Lanka constitutes an informal sector (home-
based businesses, shops, etc.). Growth in this sector is
also found to be an important determinant of the commer-
cial water demand. Other things being equal, a 10 percent
increase in the number of connections in the sector would
increase water consumption by 8.1 percent. Rather sur-
prisingly, weather variables are found to have no signifi-
cant influence on the monthly water consumption in this
sector, as indicated by the insignificant estimates of coeffi-
cients for both average monthly rainfall and temperature.

Unlike the residential and commercial sectors, price
elasticity of the industrial demand was found to be high or
elastic, estimated at -1.34, implying that a 10 percent in-
crease in the industrial water price will decrease water
consumption in this sector by 13.4 percent. The industrial
water demand is, therefore, most responsive to price
changes among all the water-consuming sectors. It should,
however, be noted here that a large number of big indus-
tries, such as textiles, food, beverages and milk processing
in Sri Lanka are located close to rivers. While most of
these industries depend on the NWSDB’s water supplies
to meet their requirements, there is an increasing trend to
use alternative sources of water such as groundwater and
pumped river water. A survey of 34 and 68 industrial es-
tablishments conducted in 1999 in the north of the Kelani
river and the North Colombo area, respectively, suggests
that a large number of these establishments are increas-
ingly using well water as an important source of their water
supplies (Marikar, 1999). With an increase in real prices
of water, the industrial sector is expected to continue to
switch to alternative low-cost sources of water such as

direct pumping from the ground and rivers, and this phe-
nomenon is expected to continue until the ownership and
allocation rights for these resources are clearly defined
and regulated. Surprisingly, employment elasticity did not
appear significant, perhaps reflecting that the number of
employees was a poor proxy for industrial output or sales.

Conclusions

This study presents econometric analyses of demand
functions, using monthly data from January 1994 to De-
cember 1998, and provides insights into the response of
the urban water system by user category to exogenous
changes. In general, the results of this study indicate that
price can play an important role in urban water demand
management. The price is found to have a significant ef-
fect on water demand, and this effect is much higher for
the industrial sector than for the residential and commer-
cial sectors. In addition, real income, number of connec-
tions (population) and weather variables are important
determinants of urban water demand.

Our results support the view, and are consistent with
studies conducted elsewhere, that industrial demand is
highly responsive to price changes compared to the resi-
dential and commercial demands. A 10 percent increase
in the price of water will reduce water demand in the in-
dustrial sector by over 13 percent. The high response in
this sector basically reflects the fact that industrial estab-
lishments, being more motivated by economic factors than
the residential sector, are more aware of both price changes
and growing water scarcity. While price elasticity of the
residential demand has been shown to be inelastic, price
changes will certainly affect water demand. In quantita-
tive terms, a 10 percent increase in the price of water
would reduce water demand by 1.8 percent.

These results suggest that if a decrease in the amount
of planned water consumption is desired, especially in an
environment of increasing incomes and expanding overall
economic activities, a mixture of instruments may be nec-
essary. Simply raising the price of water may reduce in-
dustrial demand for water. However, substantial price
changes would be required to overcome the positive ef-
fects of increasing incomes, to bring about desired changes

Table 4. Estimates of Elasticities by Sector

Variable Residential Commercial Industrial

Log-log  Linear Log-log Linear Log-Log  Linear

Average Price -0.17 -0.17 -1.34 -1.15
Marginal Price -0.18 -0.17
Income  0.47  0.43
Connections  0.78  0.79  0.81 0.80
Employment 0.39 0.34
Rainfall -0.01 -0.01
Temperature  0.39  0.38 0.34 0.06 0.23 0.28
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in the residential and commercial water demands. The re-
quired price changes may be too substantial from a politi-
cal point of view, so that other measures such as consumer
education and awareness and investment in infrastructure
to prevent water leakage/wastage may be necessary. It
should be noted that any price increase in the residential
sector should be such that the price increase is greater for
high volume consumers than for small consumers using
water for basic needs.

The results of this study are of direct relevance to
water resource planning and policy making. The estimates
of elasticities can be used in cost-benefit analyses of fu-
ture water supply investment projects. Estimated values
of economic variables from this study could be useful in
future projects of sectoral water demand. Furthermore,
given different socioeconomic and climatic conditions
across regions in Sri Lanka, it would be useful to extend
the present study to more disaggregated regional-level
analyses. Cross-sectional analyses using variables such
as household income, number and age of household mem-
bers, size of house and area of gardens, household fix-
tures, water supply restrictions, and alternate sources of
water would provide much greater insights into the fac-
tors influencing urban water demand.

Acknowledgements

The authors wish to express thanks to the National
Water Supply and Drainage Board (NWSDB) of Sri Lanka
for their great support in providing the data to complete
this paper. Personal acknowledgements are made to A.H.
Jayaweera, Additional Director, Water Resources Secre-
tariat, and A Kumararathna, Assistant General Manager,
NWSDB for their support in making the data available for
this study. Thanks are also due to Dr Yujiro Hayami, Di-
rector, Foundation for Advanced Studies on International
Development, Japan, and colleagues at IWMI for their
very valuable comments on the preliminary draft of this
paper.

About the Authors

try studies on productivity in irrigated agriculture, water
allocation, institutional reforms in water sector, poverty im-
pacts of irrigation, and identification and analyses of pro-
poor interventions in irrigation sector in Asian countries –
Bangladesh, China, India, Indonesia, Pakistan, Sri Lanka,
and Vietnam. Email: i.hussain@cgiar.org.

Dr. Intizar Hussain is a Se-
nior Researcher at International
Water Management Institute
(IWMI), Colombo, Sri Lanka. He
has served with the Australian Bu-
reau of Agricultural and Resource
Economics (ABARE), Canberra,
Australia. His research interests are
in economics of water resources

including water pricing and valuation, agricultural produc-
tivity, food grain production and marketing, food security,
issues related to urban wastewater use in agriculture, rural
poverty and related socio-economic issues in developing
countries. Presently Dr. Hussain is involved in multi-coun-

Sunil Thikawala is a Research
Officer at International Water Man-
agement Institute (IWMI), Colombo,
Sri Lanka. His research interests are
pricing and valuation of water with
emphasis on equity and poverty is-
sues. Currently he is involved in
projects on valuation of irrigation
water in the Udawalawe area of Sri
Lanka, the impact of irrigation in-
frastructure on poverty and pro-poor
intervention strategies, on irrigation
agriculture. Email: s.thikawala@
cgiar.

Dr Randolph Barker is a Prin-
cipal Research at International Wa-
ter Management Institute (IWMI),
Colombo, Sri Lanka. He has been
head of the Social Sciences Division

at International Rice Research Institute, Philippines, and
Professor at Cornell University. He is an author of several
international publications including books and articles in
lead international journals. His major research interests are
agricultural economics, water resources management, river
basin institutions, rice economy of Asia, poverty and gen-
eral agricultural issues. Email: r.barker@cgiar.org.

The authors can be reached at International Water
Management Institute (IWMI), P.O. Box 2075, Colombo,
Sri Lanka, Tel: 94-1- 867404, 869080, Fax: 94-1- 866854,
Website: www.iwmi.org.

Discussions open until December 1, 2002.

References

Agthe, D.E., R B. Billings, J L. Dobra, and K Raffiee. 1986. “A

Simultaneous Equation Demand Model for Block Rates.”

Water Resources Research 22, No. 1: 1–4.

Babin, F.G., C.E. Willis, and P.G. Allen. 1982. “Estimation of

Substitution Possibilities between Water and Other Pro-

duction Inputs.” American Journal of Agricultural Eco-

nomics 64, No. 1: 148–151.

Billings, R.B and D.E. Agthe. 1980. “Price Elasticities for

Water: A Case of Increasing Block Rates.” Land Economics

56, No. 1.

Chandrasena, R.I.I. 1999. Estimation of Demand Function for

Urban Domestic Water Within Kandy Municipal Limits:

A Research Report. Sri Lanka: Department of Agricultural

Economics, Faculty of Agriculture, University of

Peradeniya.



Economic Analysis of Residential, Commercial, and

Industrial Uses of Water in Sri Lanka 193

IWRA, Water International, Volume 27, Number 2, June 2002

Danielson, L.E. 1979. “An Analysis of Residential Demand

for Water Using Micro Time-series Data.” Water Resources

Research 15, No. 4.

Deller, S.C., D.L. Chicoine, and G. Ramammurthi. 1986. “In-

stitutional Variable Approach to Rural Water Service De-

mand.” Southern Economic Journal 53, No. 2: 333–346.

GOSL (Government of Sri Lanka). 2000. National Water Re-

sources Policy and Institutional Arrangements. Colombo,

Sri Lanka: Water Resources Council and Secretariat.

GOSL. 1995; 1999. Statistical Abstracts. Colombo, Sri Lanka:

Department of Census and Statistics, Ministry of Finance,

Planning, Ethnic Affairs and National Integration.

Grebenstein, C.R. and B.C. Field. 1979. “Substitution of Water

Inputs in US Manufacturing.” Water Resources Research

15. No. 2: 228–232.

Griffin, A.H. and W.E. Martin. 1981. “Price Elasticities for

Water: A Case of Increasing Block Rates: Comment.” Land

Economics 57: 266–275.

Griffin, R.C. and C. Chang. 1991. “Seasonality in Community

Water Demand.” Western Journal of Agricultural Econom-

ics 16, No. 2.

Hanke, S.H. 1970. “Demand for Water under Dynamic Condi-

tions.” Water Resources Research 6, No. 5.

Hanke, S.H. and L. de Mare. 1982. “Residential Water Demand:

A Pooled Time Series Cross-section Study of Malmo, Swe-

den.” Water Resources Bulletin 18, No. 4.

Hewitt, J.A. and W.M. Hanemann. 1995. “A Discrete/Continu-

ous Choice Approach to Residential Water Demand under

Block Rate Pricing.” Land Economics 7, No. 12.

Howe, C.W. 1982. “The Impact of Price on Residential Water

Demand: Some New Insight.” Water Resources Research 20,

No. 2: 197–202.

Jayasundara, J., H.B. Kotagama, and J. Weerahewa. 1999. “Will-

ingness to Pay for Drinking Water Quality Improvements.”

Tropical Agricultural Research 11.

Jones, C.V. and J.R. Morris. 1984. “Instrumental Price Esti-

mates and Residential Water Demand.” Water Resources

Research 20, No. 2.

Malla, P.B. and C. Gopalakrishnan. 1997. “Residential Water

Demand in a Fast Growing Metropolis: The Case of Hono-

lulu, Hawaii.” Water Resources Development 1, No. 1.

Malla, P.B. and C. Gopalakrishnan. 1999. “The Economics of

Urban Water Demand: The Case of Industrial and Commer-

cial Water Use in Hawaii.” Water Resources Development

15, No. 3.

Marikar, Fuard. 1999. Personal Communication.

Moncur J.E.T. 1987. “Urban Water Pricing and Drought Man-

agement.” Water Resources Research 23, No. 3.

Neiswiadomy, M.L. 1992. “Estimating Urban Residential Water

Demand: Effects of Price Structure, Conservation and Edu-

cation.” Water Resources Research 29, No. 3.

Nordin, J.A. 1976. “A Proposed Modification of Taylor’s De-

mand Analysis: Comment.” The Bell Journal of Econom-

ics 7: 719–721.

NWSDB (National Water Supply and Drainage Board). 1998.

Annual Report. Colombo, Sri Lanka.

NWSDB. 1994–98. Key Management Information. Various is-

sues from January 1994 to December 1998. Colombo, Sri

Lanka.

NWSDB. 2000. Kan Overview. Colombo, Sri Lanka: National

Water Supply and Drainage Board.

Oh, Ho-Sung. 1973. “Economics of Urban Water Demand: A

Case Study of the Honolulu Board of Water Supply.” Ph.D.

dissertation. University of Hawaii at Manoa.

Renzetti, S.J. 1990. “The Economics of Seemingly Abundant

Resources: Efficient Water Pricing in Vancouver, Canada.”

Ph.D. dissertation. University of British Colombia.

Schneider, M.L. and E.E. Whitlach. 1991. “User Specific Water

Demand Elasticities.” Journal of Water Resources Planning

and Management 117, No. 1.

SLNWP (Sri Lanka National Water Partnership). 2000. Water

Vision 2025, Sri Lanka. Colombo, Sri Lanka.

Stevens, T.H., J. Miller, and C. Willis. 1992. “Effect of Price Struc-

ture on Residential Water Demand.” Water Resources Bul-

letin 28, No. 4.

Taylor, L.D. 1975. “The Demand for Electricity: A Survey.”

The Bell Journal of Economics 6:74–110.

Thomas, J.F. and G.J. Syme. 1988. “Estimating Residential

Price Elasticity of Demand for Water: A Contingent Valua-

tion Approach.” Water Resources Research 24, No. 11.

Turnovsky, S.J. 1969. “The Demand for Water: Some Empiri-

cal Evidence on Consumers’ Response to a Commodity Un-

certain in Supply.” Water Resources Research 5, No. 2.

Williams, M. and B. Suh. 1986. “The Demand for Urban Water

by Consumer Class.” Applied Economics 18, No. 12.

Young, R.A. 1973. “Price Elasticity of Demand for Municipal

Water: A Case Study of Tucson, Arizona.” Water Resources

Research 9, No. 4.

Yujiro Hayami. 2000. Personal communication.


