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ABSTRACT

‘This paper reports the results of an econometric study of the water

intake demands and water valuation for British Columbia industries.
The data set employed is the 1981 National Industrial Water Use Survey.
Little research has been conducted in this field and, thus, the report

discusses methodology at some length.

Water use costs constitute a very small part of the total costs of British
Columbia firms. Water's cost share ranges from 0.5 percent (Metal
fabricating) to 3.0 pertent (Wood Products). Despite the relative
1nsignif5cancé of the cost of water, almost all industries' water demands
are found to be price sensitive. Single equation intake demand functions
are estimated with the prices of water intake, treatment, recirculation
and discharge and the level of output as explanatory variables. The
water intake own ﬁrice elasticities range from -0.01 (Primary Metals) to
-1.7 (Petroleum) and output elasticities vary from 0.14 (Mineral
Products) to 1.9 (Primary Metals). Thus, industrial water demands are

strongly influenced by water intake costs and the level of firm output.

There have been few previous studies which have investigated the value of
water to industrial users in Canada. Such information will be important
for achieving maximum benefits from water use as demands for water

increase 1in the future. This study investigates industrial water
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valuation by British Columbia manufacturing firms and estimates
wil]ingness'to pay figures. Average gross willingness to pay varies frdm

$9 per 1000m3 (1981 dollars) for Paper and Allied Products to $2583 per

_1000m3 for Food and Beverage industries while average net willingness to

pay ranges from $0.9 per 1000m3 for Primary Metals to $48 per 1000m3 for

Food and Beverage products.

The empirical results of this study must be viewed as being preliminary.
More sophisticated econometric techniques are feasible which should
result in more reliable estimates of industrial water demand. Most
V1mportant1y, the demand for water shouid be seen as one of many,
interrelatéd, demands the firm expresses. This suggests that the demand
for water should be statistically estimated as one of a set of

interrelated demand equations for each industry.
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RESUME

Ce rapport présente les résultats d'un étude économétrique des requétes
de prise d'eau et d'estimation de la valeur d'eau pour les industries de
Ja Colombia-Britannique. La source des données utilisée dans cé rapport
eﬁt le "relevé d'utilisation d'eau industrielle nationale de 1981". Le
rapport aussi discute en detail la méthodologie employée vue que trés peu

de recherche se fait dans-ce domaine.

Les colts d'utilisation d'eau sont minimes compare'aux frais total de
fonctionnement des 1industries en Colombie-Britannique et 1le colt de
partage pour 1'eau varie de 0.5% (fabrication de produit en métal) a 3.0%
(industrie de bois). Malgré ce colt insignificatif de 1'eau, la demande
d'eau reste sensible au prix pour presque toutes Jles 1ndustr1e§. La
prise d‘eau pour plusieurs demandes fut estimée par une seule équation
comprenant de variables (indépendentes) de colt de prise d'eau, de
traitement, de recirculation, d'évacuation d'eau et du niveau de

production. Les 1indices d'élasticitées de ces colts de prise d'eau

varient de -0.01 (métaux principaux) a -1.7 (produit de pétrole) et

celles de productions furent de 0.14 (prodiut minéaux et non métalliques)
a 1.9 (métaux principaux). Ainsi la demand d'eau par les industries est
fortement influencée par 1les colts de prise d'eau et de niveau de

production.
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La valeur économique d'eau pour les industries est une question qui n'a
pas été poursuivie au Canada mais qui par ;ontre est d'une importance
- eritique pour la distribution efficace d'eau entre les divers usagers.
La valeur industrielle d'eau pour les industries en Colombie-Britannique
fut examinée en estimant les donnés sur la volonté du consommateur pour
payer.pour cette ressource. La moyenne bfute la volonté pour payer fut
de $9 par 1000 m3 (en dollard de 1981) pour 1'industrie de papier a $2583
par 1000 m3 éoqr 1'industrie des aliments et boissons. Par contre 1la
moyenne net fut de $0.9 par 1000 m3 pour les métaux principaux a $48 par

1000 m3 pour 1'industrie des aliments et boissons.

Les résultats empiriques de cette étude sont necessairement
preliminaires. Des techniques économétriques p1u§ avancées sont
réalisables et sont planifiés prochainement. De prime abord la demande
d'eau doit étre vue comme une des nombreuses demandes reliées que
1'industrie desire. Par consequence, la demande d'eau doit étre estimé
d'une facon statistique et comme wune des variables reliées dans

1'équation de demande en eau pour chaque industrie.
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CHAPTER 1

INTRODUCTION

Canada 1is endowed with an enormous duant1ty of freshwater resources.

This situation has, until very recently, led to the perception that
freshwater s not a scarce resource. As a result little economic
analysis has been conducted 1into the Structure of Canadian water
demands. What work has been done has concentrated on examining the price
sensitivity of urban domestic water demands. The nature of industrial

water demands in Canada has been essentially ignored.

This situation is changing. It is now widely agreed that freshwater can

no longer be treated as a 'free good'. Thérefore, an understanding of

‘a11'sectors' water demands 1is required in order to manage this resource

optimally. This project examines the nature and structure of the British
Columbia manufacturing and mining industries' demands for water. Some of
the questions which will be addressed herein include the following:
1. Are industrial water demands sensitive to changes in price and,
if so, to what dégree?
2. How do British Columbia industries differ in the degree of
price sensitivity of their water demands?
3. Nhat.is the relationship be{ween water intake and other forms
of industrial water use (e.g. recirculation and treatment)?

4. What value do industries place on their water use?



These questions (and others) will be addressed through the use of
statistical models of water demands. Some of the economic and
statistical concepts used here are complex and explanations have been

provided where they appeared necessary.

~ The data set used in the statistical portions of this report comes from
| the >1981 Industrial Water Use Survey conducted by Environment~ Canada.
While the survey was national in scope this study restricts its attention
to British Co]umbia manufacturing industries. The manufacturing 1ndustry
is an important Qater user in British Columbia. According to the

1981-1982 Canada Water Year Book, the manufacturing sector was

responsible for water withdrawals of 5600 million 1litres per day while
the total recorded withdrawals for the province were 9301 million litres

per day. Thus, the manufacturing sector accounted for 61 percent of all

recorded water withdrawals in British Columbia.

Two things should be emphasized before proceeding. First, the results
reported here are preliminary. Because there has not been very much work
dqne in this field, there still exist disputes regarding methodology and
interpretation of results. Second, fh1s report's purpose is to summarize
this project's methods and empirical results (and tentative conclusions)
to date. Related topics which could be explored in the future include
the use of statistical water demand equations in forecésting, the use of
industrial valuation of water estimates in river basin planning models
and the use of economically and statistically more sophisticated models

of industrial water demands.
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CHAPTER II

BACKGROUND

Introduction

The purpose of this chapter is to examine some of the backgfound
jssues which surround the estimation of industrial water demands in
British Columbia. These background.1ssues may be grouped 1nto»two
broad categories. First, past research relating to the modeling,
measurement and estimation of water demands is reviewed. Second,
the institutional framework in which the three levels of government

regulate water use in British Columbia is discussed.

It should be noted that the following is not meant to be an
exhaustive review of the relevant literature. For a comprehensive
discussion of applied water demand analysis the reader is referred

to the volume edited by Kindler and Russell (1984). The

Jurisdictional division of powers over water use regulation is

reviewed in Ruggeberg and Thompson (1985).

Past Research on Water Demands

The economic analysis of water demands has only recently received
much attention. Relative to other fields of applied economic
research, this area of research is stil1l in its infancy. Several
factors have inhibited economic research in this field. The popular
perception of the relative abundance of water and the prevailing

reliance on supply management (i.e. where an 1imbalance between



demand and supply for water has existed the perceived problem was
how to increase supply at the least cost) have certainly stifled
concern with'regu1at1ng water Use. These attitudes have interferred
'w1th the gathering of data necessary to do demand studies. In
addition, the frequent absence of a discernible market for water and
associated price for water have made modeling water demands
difficult. Despite these difficulties water demands have been
studied in several sectors. Most of the existing research has
concentrated oh_ municipal-domestic water_ demands. The major
concerns addressed in this literature are discussed later in this
chapter. Very 1ittle research has been directed at industrial water
demands. This literature is examined in some detail. Finally, the
least studied issue involves the va]dat1on of industrial water use.

A detailed discussion of this topic is delayed until Chapter 7.

There have only been a few economic studies of water's role in the
production process. For the most part these studies have
concentrated on estimating the price elasticity of 1intake water
demand and the elasticities of substitution between water and other
inputs. These studies have considered either a single industry,
using a small sample of firm-level input data or the entire

manufactur1ng industry using highly aggregated input data.

DeRooy (1974) represents one of the earliest attempts to examine
statistically industrial water demands. The data set consists of

water cost and use data from a cross section of 30 New Jersey
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chemical firms. Single equation demand functions are separately
estimated for water wuse in cooling, processing and steam
production. ‘Explanatory variables in each equation include firm
output, the price of water intake (proxied by the average cost of
water use) and a technology dummy variable related to the plant’s
age, Estimatéd price elasticities range from -0.354 (processing) to
-0.894 (cooling). No attempt to 1include water recirculation or

other inputs or to estimate the demand equations as a system is made.

Greberstein and Field (1979) estimate a transiog cost function for
the U.S. manufacturing industry and include water.as an input to
production. The cross-sectionaj data set consists of fifty state
level observations on input prices (the price of intake water was
proxied by 1its average cost). The study finds intake water's
estimated cost share to be 1.2 percent and finds an own price
elasticity of -0.326. The study also finds water-labour
substitutibility and water-capital complementarity. 1In a related
study, Babin, Willis énd Allen (1982) use a moré dissaggregated data
set in order to estimate tfans]og cost functions for U.S. two-digit
Standard Industrial Classification (SIC) code manufacturing
industries. The study employs cross-sectional state level data on
input prices for 1973 (again, intake water's price s proxled by its
average cost) and imposes constant returns to scale in its estimation
model. The water cost share ranges from 0.21 percent (Fabricated
Metals) to 7.9% (Chemicals) and price elasticities range from being

insignificantly different from zero (Food, Machinery, Electric and



Electronic Products) to -0.66 (Paper and Allied Products). The

study finds water-capital complementarity in  Paper, Metal

Fabricating, Minerals and on a pooled regression of all

Manufacturing while 1t finds water-capital substitutibility in Food

and Electrical Equipment. Both of these studies use an iterative -

Zeliner estimation procedure and assume that the public utility
supplied average costs of water use accurately reflect the shadow

price of water for self-supplied firms.

Only one study to daté confronts the problem of defining the price
of water for self-supplied firms. Ziegler and Bell (1984) use a
cross-sectional data set of 23 "high volume water using firms" in
Arkansas paper and chemicals industries which gives total cost of
intake water» use, age of the plant and a description of the
production process in use. Ziegler and Bell then conduct a two-part
estimation procedure. Ffirst, total intake expenditure i1s regressed
agaihst the square of water intake. This allows the computation of
the average and marginal posts of water 1ntake.] These then are
both wused 1in separate single equation water intake demand
functions. These demand functions are estimated in loglinear form
and have the 1intake price (proxied by either average or marginal
cost) and teéhno]ogy dummies as explanatory variables. Firm output
s not included as an explanatory variable. Despite the problem
associated with the overly simplified estimation model, Ziegler and
Bell conc]ude that average cost acts as a better proxy for the price

of intake water.

See Chapter IV for a detailed discussion of this procedure.
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A study by Sims (1979) is only indirectly related to industrial
water demand modeling but is discussed here as it is the on]y
published research into industrial water demands using a Canadian
data set. Sims applies a.translog cost function to the estimation
of the pollution abatement responsiveness of plants in the brewing
industry in Capada. The study finds a high degree of responsiveness
to sewer charges (price elasticity of water discharge was estimated
at -0.443). However, due to the structure of the sewer charges (the
amount charged being a function of the quantity of water discharged
and the concentration of wastes in discharge water) a positive
relationship between intake water and sewer charges is found. The
Sims research does not integrate the estimation of water demand

equations 1into a more general econometric model of the firms'

production processes.

These production studies have several common features. They attempt
to incorporate water use into an economic model of firm decision
making. They address the empirical queétion of whether industrial
water intake 1is price responsive and, importantly, they all reject
the null hypothesis that water intake demands are not sensitive to

the price (or average cost) of intake water.

Another important part of the water demand 1iterature concerns
itself with the estimation of municipal residential water demands.
In contrast to the production studies reviewed above the municipal

water demand studies typically draw on data setsvw1th large numbers



of observations and pay considerable attention to the ‘correct’
definition of the price of water. Interested readers should consult
Kindler and Russell (1984, Chapter 2) which surveys the municipal

water demand 11terafure.

Table 2.1 summarizes the major findings of recent municipal water
demand studies. A1l of these works find residential water use to be
sénsitive to price (price elasticities ranging from -0.115 to -1.12)
and to 1income (income elasticities ranging from 0.11 to 2.14).
While a variety of functional forms and data sources were used in
these studies, their findings would 1nd1caté that price sensitive

residential water demands are the norm rather than the exception.

With the exception of the definition of the price of water most
residential water demand studﬁes have used fairly similar models and
methods. The demand for water is typically modeled to be a function
of the following explanatory variables: price, household income,
the number of residents in the household and some variable measuring
atmospheric conditions (centimetres of rainfall per year, mean daily
tempefature, étc). Examples of other explanatory varitables which
have been included are: residential lot size, number of bathrooms
per household, type of residence and education level of residents in

the household.

Most of the water demand functions are estimated as single

equations. In this case, economic theory provides 1ittle guidance

—

o =-n b e

ms s

)



) =S Wy f 1 ) ' ) - e . ) @R |
: -y , . u i .

TABLE 2.1

Summary of Recent Mun1c1pa1
Water Demand Studies

Price Income
Author Region Studied Elasticity? Elasticity
Andrews and Miami -0.51 to -0.62 0.52 to 0.81
Gibbs (1975) '
Grima (1972) Ontario -0.75 to -1.07 0.48 to 0.56

Howe and .
Linaweaver (1967)

Foster and
Beattie (1979)

Sewell and
Roueche (1974)

Bi11ings (1982)
Sigurdson (1982)
Hanke and

de Mari (1982)

Al-Qunaibet and
Johnston (1985)

United States

-0.231 to -1.12

0.319 to 0.662

United States -0.33 to -0.68 0.18 to 0.37
Victoria -0.457 0.268

Tucson -0.56 to -0.66 2.14
Saskatchewan -0.815 not reported
and Manitoba

Mailmo, Sweden -0.15 0.11

Kuwait -0.771 to -0.957 0.06 to 0.211

1. A more complete

summary of recent studies

can be found

Al-Qunaibet and Johnston (1985)

The price elasticity of water demand 1is defined as the
percentage change in the quantity of water demanded in response
to a one percent change in the price of water. Thus, a value of
-.50 would indicate a one-half of a percent decline in quantity
demanded in response to a one percent increase in price. The
income elasticity is defined as the percentage change 1in the
quantity of water demanded when the consumer's income increases
by one percent.
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to the 'proper' functional form to be estimated. As a result, most
: Studies estimate and report several functional forms (log-iinear,
~double log, Tinear, Stone-Geary, etc). Most studies use an ordinary
Jeast squares estimation procedure (with the exception of recent

instrumental variables attempt - cf. Jones and Morris, 1984).

An important way 1in which empirical studies of residential water
deﬁands differ s the manner '1n which price 1is defined. These
different definitions represent researchers' attempts to deal with
the potential simultaneity bias when estimating demand equatibns in

the face of block rate price structures.

In the case of block rate pricing, the price paid for the marginal
unit s determined by the total quantity of water consumed.
Attempting to estimate a demand function for water under the false
assumption of price exogeneity may, then, lead to a simultaneity
problem and yieid bjased parameter estimates (cf. Kmenta, 1971;
Maddala, 1977). This 1is because both the left hand side variable
(the quantity of water demanded) and at least one right hand side
variable (the price of water) are ultimately functions of the
quantity of water. As a result both variables are determined
simultaneously and it 1is very difficult to use one to explain the
variations in the other. Thus, the price variable's estimated
coefficient may be biased, (that is, the expected (or average) value

of the coefficient cannot be assumed to equal the true, unknown

) SN e Am =
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population mean value of the coefficient) because the simultaneity
problem Tleads the price variable to be correlated with the error
term and this violates one of the basic assumptions underlying

Ordinary Least Squares (OLS) estimation.

The existence of this problem has been recognized for some time but

has been acted wupon only recently. The following discussion

. considers three approaches to the simultaneity problem 1in the -

estimation of residential water demands.

The first approach ignores the simultaneity problem. This method
uses average cost of water (total water intake expenditures divided
by gross water intake) as a proxy for the marginal price of water
(DeRooy, 1974; Foster and Beattie, 1979; Grebenstein and Field,
1979; Babin, Willis and Allen, 1982; Stone and Whittington,
1984). This method has been adopted either because of data
limitations or because of an a priori belief that the simultaneity
estimation error is in some sen§e relativeTy small (cf. Foster and
Beattie, 1981). There are two shortcomings to this approach. The
obvious flaw is that it ignores the problem. Secondly, the use of
average prices in place of marginal prices can lead to inaccurate

estimates of price elasticities (Bi11ings and Agthe, 1980).

The second class of solutions uses a variation on the reduced form
method of dealing with simultaneity bias. The 1idea common to

methods within this class is that in addition to wusing marginal
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price as an explanatdry variable, another price related explanatory

variable should be 1included which captures the impact of the

structure of intramarginal price blocks on water demand.

Bi11ings énd Agthé (1980) first proposed adoption of a method
introduced by Taylor (1975) and subsequently modified by Nordin
(1976). The Taylor-Nordin method uses two price reiated variables
in the demand function. One variable is simply the marginal price
for the observed 1level of withdrawals. The second s called a
'd1fference_var1ab1e‘ anﬁ is defined as "the difference between the
consumer's actual utility bill and what would have been paid if ai]
units of the commodity were purchased at the marginal price”
(Bi1lings and Agthe, 1980, bp. 74). The first variable 1s meant to
capture substitution effects while the second is designed to capture

income effects.

Griffin and Martin (1981) present a theoretical justification for
the use of the Taylor-Nordin method but caution against its
implementation. They note that observation errors could imply that
observed guantities would not be in the same price blocks as the
true quantities. As a result, the estimation of demand parameters
may still depend on the pr1cé rate sfructure and the Taylor-Nordin
method will not solve the simultaneity problem if observation érrors
are larger than some critical level. The obvious prob]em-is that

the ‘critical level' cannot be determined prior to estimation.

- W
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There have Seen two responses to 'the | Griffin and Martin
observation. B11lings and Agthe (1981) admit the problem exists but
argue that exposte a researcher can use estimated residuals in order
to identify ‘'suspicious' data points (i.e. quantity observations
1ikely to be in a price block different from‘that of the true value)
and re-estimate the demand function without them. With a large data
set this method is not likely to be feasible. A second résponse to
Griffin and Martin attempts to generate estimates of the marginal
price and difference variable which are constant over the entire
data set. Bﬁ11fngs (1982) proposes the foi\owing strategy. Total
revenue from water sales is computed for a given rate structure.
Next the following equation is estimated: TR = a-+ b Q + u (where Q
is total water withdrawals, (a) and (b) are estimable coefficients
and (u) is an error term). Then the estimate of (b) acts as a proxy
for marginal price and the estimate of (a) serves as a proxy for the
difference variable. vAs‘ the estimated coefficients are constants

the Griffin-Martin problem is avoided.

The third class of methods employs an instrumental wvariables
approach. This 1is perhaps the most accepted econometric technique
to deal with the biases 1introduced into OLS estimation by
simultaneity. The heart of the two stage estimation procedure
involves replacing the endogenous explanatory variable (in this
case, marginal price) with an estimate derived by regressing the
variable against a set of 'instruments' (i.e. a set of wvariables

highly correlated with the explanatory variable but orthogonal to
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the error term). It can be shown that this procedure yields
consistent, unbiased parameter estimates (Kmenta, 1971; Maddala,
1977). This method has only recently been proposed in the context
of modeling water demands. It is discussed (but not implemented) by
“Terza and Welch (1982) and is implemented by Jones and Morris
(1984). The common problem underlying this approach is to chbose

the set of instrumental variables correctly.

It s important to note that these more sbph1st1cated methods of
dealing with the simultaneity bias problem are feasible because all
of the observations are assumed to be faced with the same price
structure. Thus, Jones and Morris (1984) use a single
municipality's water b1ock rate structure as the instrumental
variable 1in their estimation model. In the case of a data set
drawing observations from several jur1sd1ct1oﬁs, this procedure is
less attractive. For examplie, the British Columbia firms responding
to the Industrial Water Use Survey face a variety of water price
schedules and yet‘they dd not all face one, common, block structure

as they do not all have provincial licences.

The last area of applied economic water research to be considered
here concerns the valuation of industrial water use. This review
will not cover the valuation of in situ water uses (see Muller,
1985; Russell and Vaughan, 1982; Adamowicz and Phillips, 1983) nor
will 1t consider the problem of applying a value to water 1itself
independent of its value in use (cf. Mitchell, 1984).
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The question alternative va]uation methods attempt to address is
'how much would a firm value one more unit of intake water?'. There
is one (computationally difficult) method which directly answers
this question and several others which, recognizing the difficulty
of a precise answer, attempt to provide lower or upper bounds to

this value.

A firm's willingness to pay (1.e. its va]uation)‘for one more unit
of intake water 1is qut equal to that unit of water's contribution
to the firm's profits. Because the firm's profit level, in genéra1,
depends on the quantities of inputs it is currently employing, so
too dqes the firm's marginal valuation of water. The firm's
vaiuation of water, then, is not generally a constant but depends on

the quantities of other inputs used by the firm.

In principle, an finput's marginal contributfon to a firm's profits
can be estimated. Unfortunately, this type of research (on water's
marginal contribution to profits) has not been conducted in
Canada.2 A procedure which closely follows this method, however,
has been used to estimate farmers' valuation of irrigation water
(Bowden, 1985). The procedure for ‘'residuals imputation' (Young and
Gray, 1972, Chapter 7) subtracts all non-water 1input costs from
total revenue and assigns- the residual as the gross return to

irrigation. Values of $100 - 200 per hectare have been computed

Chapter VII presents this study's attempts at this type of
estimation.
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using this method (Bowden, 1985, 12). The procedure, however, is
very sensitive to the definition of non-wate} ~input costs
(particularly capital costs). In addition, the inclusion of a risk
premium in the cost of capital 1s an unresolved issue. These
difficulties aside, however, this method of residuals 1imputation
appears to be a promising source for future estimates of industrial

water use valuation.

An alternative procedure which provides an upper bound to the value
of water considers the cost of replacing intake water with the 'next
best substitute'. In most of the industrial valuation 1literature
this idea has been interpreted to mean that the value of industrial
water 1intake may be approximated by the cost of recirculating an
additional unit of water (Young and Gray, 1972; Mitchell 1984;
Muller, 1985). The major problems associated with this perspective
are that cost estimates are usually restricted to engineering cost
estimates and that recirculation is almost always assumed to be the
least cost a]ternat1ve.to additional water intake. A more detatiled
modeling of the production technology may reveal that the
substitution of other inputs (labour, capital or materials) may be

the most efficient way to decrease water use.

A third method estimates a lower bound to the firm's valuation of
water. According to economic theory, the firm should adjust its
1nput use so that each input's marginal cost s Jjust equal to the

marginal benefits it provides to the firm. At the margin, then, the

-l .
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cost of intake water indicates the marginal value firms attach to
water use. Assuming water wuse 1s characterized by declining
marginal productivity, however, indicates that using the marginal
cost of intake water would wusually wunderestimate the firm's

valuation of intake water.

A1l of these methods are procedures for estimating the private
vé]uat16n of a social (i.e! publicly administered) resource rather
than the social valuation of the private use of a resource. The two
>va1ues may, in fact, diverge significantly. The use of irrigation
water 1is an excellent example. In Bowden (1985), the private
farmer's va]uat1on of delivered irrigation water was estimated to be
between $100-200 per 1irrigated hectare per year. But if the costs
of delivery eiceed this figure then the social valuation of the
water use 1s negative. Unfortunately, the question of the social

optimality of water use is a topic beyond the scope of this stbdy.

Institutional Framework

In this section the legislative and institutional framework which

regulates the withdrawal, use, and discharge of water by firms in

" British Columbia is outlined.

The provinces are generally regarded as the proprietors or owners of
water resources within their boundaries (except for National Parks
and other federal lands). They therefore have the basic authority

to manage water resources, licence uses, regulate flows and levy
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fees. The principle piecé of legislation used in British Columbia

for these purposes is the Brifish Columbia Water Act (RSBC ch. 429,

1984).

Under the Water Act permission to withdraw water from a stream must
be obtained from the provincial government. The use of groundwater
bor unrecorded étream-water.for domestic purposes does not require
perm1ssion3. The provincial government grants permission by issuing
a licence whiéh specifies how much water the user may withdraw from
a given water body and for what purpose. The issuance of a licence,

however, does not imply a guarantee to a constant supply of water.

From an economic perspective the important feature of the 11censin§
system is the set of épp11cat1on and rental fees which must be paid
by the water user.  To many companies which do not rely on municipal
water utilities these fees are the only external 'price' they face.
- The actual rates charged are specified in the regulations to the
Water Act and are subject to change by an executive order in
council, The fees 1ev1ed on water users vary by purpose of use and
with quantity of water withdrawn. 1In addition, the application and
annual rental fees are in the form of a declining block structure. An

' examp]e‘of the nature of the fees charged is presented in Table 5.1.

Unrecorded water is the supply available in a stream in excess of
the total quantity for which 1licences have been issued by the
provincial government.
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If instead of relying on a direct source for intake water, a firm
uses a public utility to obtain its intake water then it is subject
to the water rates charged by the utility. These rates vary
enormously across the province. According to a 1982 survey of
municipal water wutilities (British Columbia Water and Waste
Association, 1982) the majority of utilities charge commercial and

industrial users either with a flat per unit charge or with a

decltining block rate structure. The relevance of municipal water

pricing arrangements is 1imited for this study, however, as 1less
than five percent of British Columbia manufacturing water intake is

supplied by pubTic utilities (Tate and Scharf, 1985).

Summary

This chapter has provided some of the background information
necessary to undefstand an econometric 1investigation of British
Columbia's 1industrial water demands. The first section reviewed
some of the relevant economic 1literature and indicated the
1imitations of that body of 1iterature. An important continuing
concern was identified as the defining of the price of water and the
construction of applied models which can overcome the potential
simultaneity problems associated with wusing block rate price
structures. The second section outlined the significant
institutional features relevant to industrial water demands. Having
provided this background information, the physical characteriétics

of British Columbia industrial water use may now be examined.
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CHAPTER TII

WATER USE IN BRITISH COLUMBIA MANUFACTURING

Introduction

The purpose of this chapter is to describe how the British Columbia
manufacturing industry used water in 1981. Statistics on water
1ntake,’treatment, recirculation and discharge, broken down by two
digit Standard Industrial Classification (SIC) code will be
presented. As well, the sources of industrial water will be
discussed. Most of the statistics on water use shown in this
chapter are derived either from Tate‘and Scharf (1985) or directly

from the 1981 Industrial Water Use Survey data.

Before proceeding it is important to make note of the difference
between water use and water demands. Unfortunately, these terms are
often used interchangeably in the watér management literature while
they meén twb quite different things. Water use describes the
physical quantity of water involved in a particﬁ]ar process. for
exampte, in 1981 the British Columbia Petroleum Refining industries
had a tofa] (untreated) water intake of approximately sixty-six
million cubic metres. In contrast, the demand for water describes
the economic relationship between the price of water and the
quantity of water desired byl the firm or industry. This demand
relationship is the basis for determining the value or wil]ingnesé

to pay for the use of water. Discussion of the theory and

~ estimation of demand and value for water is postponed unti)
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subsequent chapters while the current chapter examines only the

actual water use by industries in British Columbia.

Industrial Water Use

It 1s safe to say that every company in British Columbia wuses
water. However this 'use' can vary from a few litres per year used
to make coffee in the lawyer's office to the millions of cubic
metres used every year by foundries to cool molten metals. How,
then, can industrial water uses be classified? Indeed what is meant

by ‘using' water?

Water can be ﬁsed in basically three ways. First, it can be removed
from its natural source, employed to perform some function and then
discharged into the environment unchanged in quality (in terms of
écﬁdity,' femperature, content of organic or inorganic wastes,
etc.). An example of this type of water use is the water wheel
which was placed in a river in order to harness the force of flowing
water to drive a milling operation. In this simple process, water
is diverted from the stream only for a few seconds and is returned
unchanged to the stream. A second use, mining, resembles the first
but results in some change to the water's quality while not changing
the quantity available to downstream users. A mine may divert a
river and"use the water to move coal in slurry form to its
processing plant. Once used, almost all of the water is returned
but in a degraded form. Ffinally, the third class of use involves

the consumption of all or some of the diverted water supply. The
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amount of water that a brewery discharges from 1ts plant is
substantially less than its water intake (it may also be changed in
quality) because water is an 1ngredient to the broduct1on of beer.
Thus, users downstream from the brewery have less water available to

them then they would if the brewery were not operating.

This classification of water wuses ‘15 very 1mportén{ for
different1at1ng among firms who would withdraw water frbm the
environment for private use. Nuclear powér generating stations
withdraw enormous amounts of water to produce electricity But almost
all of this water is returned to the environment unchanged except
for possible temperature increases. On the other hand, the Food and
Beverage industry withdraws a much smaller amount of water
(representing approximately four percent of 1981 manufacturing
withdrawals in Canada) but consumes a large portion of its water
intake. As well, if 1ts discharge water were not treated, the Food
and Beverage industry would return the wunconsumed water 1in a
substantially altered form, 1ie. with an .a1tered temperature and
higher content of organic wastes. For a more detailed discussion of
the alternative uses of water and their relative s1gn1ffcance for
jdentifying water shortages and for water planning and nmnagement

the reader is referred to Foster and Sewell (1981).

Table 3.1 shows the annual intake, discharge and consumption (intake
minus discharge) flows for each industry group. The last column
shows - the ratio between consumption and intake. The Non-Metallic

Mineral Products industry is by far the highest unit ‘'consumer' of



- 23 -

TABLE 3.1

Industrial Water Use in British Columbia

(millions of cubic metres per year)

. : Ratio of
Industry Total Total Total Consumption
Group Intake Discharge Consumption to Intake
Total: British Columbia 2181.732 2116.086° 65.646 .030
Food & Beverage. ' 34.649 32.769 1.880 .055
Rubber & Plastic Products .967 .943 0.035 .037
Textile .224 . .211 0.007 .032
Wood 62.180 60.039 1.036 .017
Paper & Allied Products 817.679 762.631 55.048 .068
Primary Meta) 1110.373 1109.940 0.433 .00
Metal Fabricating 2.375 2.311 0.058 .065
Transportation Equipment 1.557 1.457 0.100 .065
Non-Metallic Mineral Products 5.126 3.578 1.548 .302
Petroleum & Coal Products 66.163 62.398 3.765 057
Chemical & Chemical Products 80.439 79.808 0.631 .008
water. In contrast, the largest water user, the Primary Metals

industry, consumes almost no water (one-tenth of one percent of
water intake). An awafeness of these differences is essential for

the development of}water management policiles.

Anotﬁer way to consider industrial water use s to examine the role
water plays in tﬁe production process.] Water intake may be broken
down into the amounts withdrawn for cooling, condensing and steam
generation, process, sanitation and other. The first category of
water 1intake refers to Qater use for the production of steam.
Process water is water that comes in contact with an intermediate or

final product of the manufacturing proceSs. - Sanitation is

These definitions are drawn from Tate and Scharf (1985).
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self-explanatory. Other water wuses 1include watering 1lawns and

f111ing ornamental pools.

Table 3.2 provides a breakdown of water intake by purpose for
British Columbia manufacturing. Several interesting features emerge
from this table. First, more than 95 percent of total water intake
is concentrated in four industry groups: Primary Metals, Chemicals,
Paper and Allied Products, and Petroleum and Coal Products. These
are the 'big fbur? manufacturing water users. Second, most water
intake is used for coo]ihg, condensing and steam generation. If the
Paper and Allied group is excluded, then 93 percent of British

Columbia manufacturing water intake is used for that purpose.

TABLE 3.2

Water Intake by Purpose in British Columbia

(mi1llions of cubic metres per year)

Industry Total Cooling
Group Water Condensing Sanitary
Intake Processing & Steam Service  Other

Total: British Co]umb1a 2181.498 732.800 1399.567 46.563 2.568

Food & Beverage 34.613 10.817 20.002 2.836 .958
Rubber & Plastic Products .953 .214 .69 .045 .003
Textile .224 L7 .098 .009 0.000
Wood 62.121 18.041. 40.033 3.812 .236
Paper & Allied Products 817.67M 682.172 126.857 8.175 .467
Primary Metal 1110.363 2.597 1077.299 30.466 - 0.000
Metal Fabricating 2.370 1.13 1.0M .168  0.000
Transportation Equipment 1.542 .385 .400 .344 .413
Non-Metallic Mineral Products 5.080 1.843 2.905 .258 .074
Petroleum & Coal Products ~ 66.163 2.568 62.942 .245 .408

Chemical & Chemical Products 80.397 12.916 67.270 .202 .009

Source: Tate and Scharf, (1985), Volume I, table 1.08
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Having seen how water_ enters the prqduction process for British
Columbia manufacturing, the manner- in which these industries use
water may be i1llustrated. After using water once (eg. for cooling),
the firm fmqst decide whether to withdraw more water from the
environment and discharge (and possibly pretreat) the used water or,
instead, to recirculate (and possibly treat) the once used water and
réuse it. The decﬁsion_w111 depend on the nature of the production
process and on the relative costs of each option. Table 3.3
provides information on how water 1is wused 1h British Columbia

manufacturing industries.
Table 3.3 indicates that the 'big four' water users are also the

JABLE 3.3

Water Use by Industrial Group in British Columbia

(millions of cubic metres per year)

Industry Total - Total Gross Total
Group Total Treated Recycled Water Total Treated
Intake Intake Water Use Discharge Discharge
Total: British Columbia 2181.732 3071.645 3689.803 4871.535 2116.086 651.520
Food & Beverage 34.649 19.188 8.931 43.579 32.769 12.342
Rubber & Plastic Products .967 .102 556.057 557.024 .943 .032
Textile .224 .098 .048 .212 .21 .052
Wood : 62.180 32.320 52.721 114.901 60.039 5.263
Paper & Allied Products 817.679 836.862 1541.014 2358.693 762.631 557.041
Primary Metal 1110.373  2020.252 388.665 1499.038 1109.940 30.710
Metal Fabricating 2.3715 .104 2.548 4.923 2.317 1.186
Transportation Equipment 1.5517 .108 .043 1.600 1.457 .028
Non-Metallic Mineral Products 5.126 2.050 3.929 9.055 3.5718 .219
Petroleum & Coal Products 66.163 ' 68.678 115.077 181.240 62.398 29.428

Chemical & Chemical Products 80.439 91.883 20.1M 101.210 79.808

15.220

Source: Tate and Scharf, (1985), Volume I, table 1.03
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industries which treat the largest quantity of water (relative to
intake and discharge). Ih addition the industries which recycle
water most within the production process (relative to 1intake) are
Wood, Paper, Metals and Chemicals (the figure for the Rubber and
Plastic Industry's recyc]éd water is almost certainly inaccurate as
it suggests that industry recycles water 500 times). A significant
feature of this table, then, is the variablity of water use across

industries in British Columbia.

We now have a fairly good picture of how the British Columbia
manufacturing industry uses water. But where does this water come
from? Table 3.4 breaks down water intake by source for fresh water
and brackish water.

TABLE 3.4

Water Intake by Source in British Columbia

(millions of cubic metres per year)

Industry K —— FRESH WATER ———- —% *_... BRACKISH WATER -*
Group Public Self-Supplied Other Self-Supplied Other
Total Surface Ground Ground Tide

Total: British Columbia 2181.498 54,989 2025.525 27.012 .678 .219 172.996
Food & Beverage 34.613 19.476 8.529 .983 .000 .000 5.625
Rubber & Plastic Products .953 .902 .046 .005 .000 .000 .000
Textile .224 118 .018 .028 .000 .000 .000
Wood 62.121 11.514  20.562 .722 .000 .000 29.322
Paper & Allied Products 817.671 1.216 791.584 24.871 .000 .000 .000
Primary Metal 1110.363 .768  1109.594 .000 .000 .000 .000
Metal Fabricating 2.370 2.360 .010 .000 .000 .000 .000
Transportation Equipment 1.542 1.448 .094 .000 .000 .000 .000
Non-Metallic Mineral Products 5.080 1.801 2.916 .364 .000 .000 .000
Petroleum & Coal Products 66.163 4.763  61.401 .000 .000 .000 000

2
g
g

Chemical & Chemical Products 80.397 10.563 30.1N .037 .678

.079

Source: Tate and Scharf, (1985), Volume I, table 1.11



- 21 -

One feature of Table 3.4 is immediate]y apparent. Most firms in
British Columbia manufacturing are self supplied. For all of
British Columbia manufacturing, self supplied (fresh and brackish)
water represents 97'percent of total water intake. For the 'big
four' 1industries (Primary Metals, Papef and Allied Products,
Petroleum Products.and Chemical Products) the figure is 99 percent.
These statiétics are very 1important for managers of British
Columbia's water resources. They indicate that the Water Act and
its attendant regulations and rental fees must be the tool used for
regulating water wuse. Municipal water rates, while potentially
significant for regulating urban domestic and commercial water
demands, are almost irrelevant to British Columbia's 1industrial
wafer demands with the possible exceptions of the Food and Beverage,

Metal Fabricating and Transportation Equipment 9industries. These

latter industry groups are characterized by relatively small firms

in urban centres which rely on public utilities for intake water.

The significance of the preceding information is reinforced by an
examination of Table 3.5. Just as most British Columbia
manufacturers are self supplied for their water withdrawals they
also rely on points other than public sewers to discharge their
water. Only 3 percent of all industrial water dischafges are into a
public sewer system. The industries relying on public sewer systems

are those which are primarily located in large urban centres.

Table 3.6 details water wuse in British Co]umbia manufacturing

g J .
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TABLE 3.5

Water Discharge by Discharge Point 1n'Br1t15h Columbia

(millions of cubic metres per year)

Trans-

Industry Public Freshwater Tidewater ferred

Group Total Sewer Body Body Ground Other
Total: British Columbia 2115.904 56.651 460.018 1581.810 17.385 .040
food & Beverage 32.734 13.329 9.322 9.105 .971  .006
Rubber & Plastic Products .918 .848 .052 .000 .018 .000
Textile .217 .154 .064 .000 .000 .000
Wood 59.989 1.881 27.986 29.069 1.020 .033
Paper & Allied Products 762.623 3.664 229.581 517.533 11.845 .000
Primary Metal 1109.930 30.189 100.297 979.190 .254 .000
Metal Fabricating 2.32 175 1.168 .000 .368 .00)
Transportation Equipment 1.442 .576 .262 .593 .011  .000
Non-Metallic Mineral Products 3.565 .342 2.575 .046 .603 .000
Petroleum & Coal Products 62.398 2.593 58.797 .997 .012 .000
Chemical & Chemical Products 79.775 2.302 29.913 45.279 2.281 .000

Source: .Tate and Scharf, (1985), Volume

1, table 1.20

industries relative to number of employees and to value of output.

These standardized figures allow meaningful

industries which take int

industries.

Table 3.6 indicates that there 1is enormous

0

comparisons

variability

across

account differences 1in scale among

in water

intake per employee and per dollar of output among Br1tfsh Columbia

industrial water users. Interestingly, the 'big four' water users

are also the highest water users per employee and per dollar of

output.
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TABLE 3.6

Water Use Relative to Employment and Output in British Columbia

Industry , Intake/
Group Number of Value of Intake/ Value of
Employees!  Output? Employees3  Output?

Tota1: British Columbia 76200 8856.

2 28.17 0.2464
Food & Beverage 13800 1690.2 2.6 0.0205
Rubber & Plastic & Textiles 12174 71.1 1.0 0.0152
Wood o - 23980 2131.0 2.6 0.0290
Paper & Aliied Products 15652 2197.0 52.3 0.3722
Primary Metal , 6927 624.5 160.3 1.7781
Metal Fabricating 6027 505.3 0.4 0.0047
Transportation Equipment 1929 93.7 0.8 0.0167
Non-Metallic Mineral Products 3001 312.5 2.0 0.0170
Petroleum & Coal Products 1480 1620.1 45.1 0.0411
Chemical & Chemical Products 2128 3471 38.0 0.2324

NOTES:

1. Source: Tate and Scharf, (1985), Volume I, table 1.03

2. Computed by finding the ratio of Total Employees, (for
respondents to the Industrial Water Use Survey) to Total
Employees, all of British Columbia (Source: Statistics Canada,
SC 31-203, 1981) and multiplying this ratio by Total Value of
Output, British Columbia Manufacturing (Source: Statistics
Canada, SC 31-203, 1981). Measured in millions of dollars.
Measured in thousand cubic metres per employee.

Measured in cubic metres per dollar of output.

W

C. Summary
This chapter has provided some statistics on how British Columbia
industry uses water. It was shown that most firms are self
supplied, most water withdrawn is uséd for cooling purposes and that

water use is concentrated in four industries.
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The statistics reported would suggest that future water demand
studies may profitably be concentrated on the 'big four' water using
industries. In the discussions on the empirical results that follow
an attempt 1is made emphasize their significance for these fbur

industries.
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CHAPTER IV

DATA AND ESTIMATION METHODS

Introduction

This chapter will detail the nature of the data set and the
methodologies wused in the estimation of intake water demand
equations for British Columbia manufacturing. As well, the basic

economic¢ theory underlying the model formation will be discussed.

Readers already familiar with the principles of the economic theory

of derived demand and with the techniques of OLS estimation may
proceed immediately to {he next two chapters which report on the

estimatjon results.

Data

In 1981 Environment Canada, in conjunction with Statistics Canada,
carried out the Industrial Water Use Survey. Questionnaires were
sent to a1mo§t 5,000 manufacturing firms requesting detailed
information on their wuses of' and expenditures on water].
Environment Canada received approximately 3,300 responses from all
over Canada and these were coded into a computer file. For this

study only the set of responses from the British Columbia

manufacturing sector were used. Table 4.1 provides é breakdown of

The Industrial Water Use Survey sent questionnaires to not only the
manufacturing industry but also the mining industry and to firms and
utilities 1involved in power generation by either thermal or hydro
electric means. We report on our study results for the "Mining"
data set in Appendix A.
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the 372 responses fromVBr1tish Columbia by two digit SIC code level
industry. The empirical results repofted in this paper will be

presented using the same industry breakdown as seen in Table 4.1.

TABLE 4.1

Number of Observations by Industry from British Columbia
National Water Use Survey ‘

SIC Industry Group Number of Observations
37 Chemicals and Chemical Products 40
36 Petroleum and Coal Products 1
35 Mineral Products 51
32 Transportation Equipment 13
30 Metal Fabricating 18
29 Primary Metals 9
21 Paper -and Allied Products 76
25 Wood Products 28
18 Textiles )

16 Rubber and Plastics) 30 )
10 Food and Beverages 100
TOTAL o 372
NOTES:

1. The Textiles and Rubber and Plastics industries will be combined
and treated as a single 1industry due to the relatively small
number (4) of observations on the Textile industry.

The Industrial water- Use Survey contained gquestions regarding the
quantities and 'expend1tures Aon water intake, treatment,

recirculation and discharge. As well the survey identifies the
| source of 1intake water and the point of discharge for discharge
wafer. These figures are important for determining water _renta]

costs based on provincial and municipal licensing regulations. The
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survey also asks for employment data and information regarding the

firm's product and production process.

In addition to the Industrial Water Use Survey there are two other
sources of water cost data. First, the provincial Miniétry of
Environment supplied information on water rental. fees and water
Ticence fees for firms with private intake sources. The British
Columbia Water and Waste Water Association (1984) provided detailed
information on municipal water rate structures throughout British
Columbia. These two sources were valuable as they allowed intake
water costs to be calculated for a significant portion of those
firms which did not supply that information. Finally, Statistics
Canada publications sﬁpp]ied data on the value of oufput for British
Co]umbia'manufacturing industries and on expenditures for non-water
inputs. The wvarious dafa sources described here provide an
excellent source of information regarding industrial water use in
British Coiumb1a. None of the research works discussed in the
1iterature review of Chapter II were based on as comprehensive and

detailed a data base as used in the present study.

Economic Theory of Demand

In this section the basic economic theory which underlies this
study's modeling of 1ndu$tr1a1 water use and the econometric methods
employed to characterize water use technology are discussed; This
section will introduce and define several important economic

concepts. More detailed discussions of these concepts and of the
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related economic theory can be found in Russell and Wilkinson (1979)

and Varian (1981).

A basic-conceptua] tool used in the econohic theory of the firm is
the production function. This 1is a functional statement relating
the 1levels ‘of various inputs to the maximum output a firm can
produce! In equation (1); X], ves Xn denote the n inputs used
(for example, the inputs could be 1labour, capital, intermediate

materials and water and in this case n = 4) and Q is the maximal

level of output associated with the specified levels of inputs:

(]) Q = f(x_" Xz' ses xn)
Equat1on (1) implicitly defines the form of technology used by the
firm. The specific form chosen to depict the function indicates the

role each input plays in the production process.

The production function only relates quantities of inputs +to
quantities of output. As a result it is a description of what is
technologically 'fea§1b1e. In order to determine what is
economically optimal for the firm to do, however, the prices of the

inputs and outputs must be considered.

Prices are of paramount importance to the economic modeling of

decision making. To the purchaser of a productive-input, the price
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indicates that the input is a scarce one and that 1tvhas alternative
uses. Thus, the purpose of charging a brice for an input 1s to
force the firm to 'internalize' the fact that it is depriving
another firm of the use of that input. If an input has zero price
(Yike much of Canadian water) then the firm will perceive no

shortage and will overuse the input.

Including prices into the model of the firm allows for a much richer
picture of industrial decision making. When choosing the

appropriate input 'mix' to produce a certain output the firm must

‘now consider the technology confronting it and also. the relative

costs of the available 1inputs. A central assumption employed in

modeling the firm's decision-making is that of cost-minimizing

behavibur. For a given level of planned output, a given type of
technology and a given set of input and output prices, firms are
assumed to choose their 1nput mix so as to minimize the cost of
producing the planned level of output. This assumption is more.
powerful than i1t would seem for it directly implies the existence of

input demand equations (cf. Russell and Wilkinson, 1981, Chapter 9).

An input demand function relates the desired quantity of a
particular 1input (eg. skilled 1labour) to the following economic
variables: the level of output planned by the firm, the price of
the input and the prices of a11‘of the other inputs employed by the
firm. Thus, when an economist speaks of the firm's demand for

water, he/she i1s talking about a functional relationship between the
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firm's desired level of water use and the firm's output and the
input prices it faces. Mathematically, a demand equation 1is

‘depicted something like equation (2) where X

3
of the 1" input, Q is the output Tevel of the firm and Py ee P

is the desired level
are the input prices facing the firm:
(2) x.‘ = g1(00 P-‘v e, Pn)

The economic theory of the firm's demand for inputs suggests that
the demand equation should satisfy certain characteristics. First,
the quantity demanded should be a decreasing function of the price
of the input and an increasing function of fhe firm's level of
output. Second, the demand equation is assumed fo be 'homogeneous
of degree zero' in prices. This means that if all the input prices
double, the optimal quantity of each input will not change (since
relative 1input costs have not changed). These assumptions can be
tested using the estimated demand equations. If a firm uses more
than one input then it must s1mu1faneously choose the optimal levels
of each input. A firm fhen optimizes over a‘system of interrelated

demand equations, one equation for each input.

An accurate picture of the form of a firm's input demand equations
is obtained'throﬁgh statistical estimation. This procedure requires
collecting data on the relevant economic variables, choosing an
estimatable functional form for the demand equation and then

statistically estimating the values of the unknown parameters of the
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demand equation. The details of this procedure are discussed 1in

- Section D of this chapter. Once the demand equation parameters have

been estimated Several important economic statistics can Dbe
computed. These 1include each 1input's ‘'price elasticity', 'output

elasticity' and the cross-elasticities between each pair of_ihputs.

The concept of elasticity is pefhaps the most important statistic
generated by applied economic work. Simply put, the elasticity of X
with respect to Y is measured by the percentage change in X when Y
changes by one per centz. Thus, the own price elasticity of water
intake demand 1is equal to the percentage change in the firm's
optimal level of water intake when the price of intake water changes
by one per cent. If water use changes by less than one per cent as
a result of a one per cent price change, demand is said to be
'inelastic'. ' The converse case (a one per cent price change
inducing a greater than one per cent use change) 1s denoted as an
'elastic' demand. Finally, if a per cent price change leads to an
equal per cent use change then demand has 'unitary' elasticity. The
definition of an input's own output elasticity 1s analogous to its
own price elasticity; it represents the percentage change in the use
of a particular input resulting from a one pefcentage change in the
level of planned output. Thus, if it were found that'the output

elasticity of intake water was 0.95 then this could be interpreted

This is an approximate formula. More accurately, the elasticity of
X to Y (denoted Exy) is given by:

(3) Exyy =dx -y
y X

Q.
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~as meaning that a one per cent growth in the output level of the
firm would entail a 0.95 per cent increase in the firm's water

intake.

Another set of important economic sfatistics which can be computed
from the estimated demand equation parameters are the
cross-elasticities between inputs. This relates the percentage
change in the desired level of input 1‘to the percentage change 1in
the price of input j, ho1ding the level of output constant. If the
cross elasticity is less than zero, this indicates compiementarity

in the use of inputs 1 and j. Alternatively, a value greater than

zero shows that the inputs are substitutes in the production process

and a value of zero indicates no substitution possibility between
" the two 1inputs. The cross-elasticity is an important economic
statistic because it shows how inputs are related and it measures
- the ease with which relatively 1nexpens1ve inputs may be substituted

for relatively scarce and expensive resources.

Before proceeding to a discussion of the estimation procedures used

in this study' two technical issues of economic theory should be

mentioned. They both involve assumptions regarding the production
structures of the firms under study which are 1implicit to the
estimation methods wused here. The first assumption concerns
aggregat1on. Thus far we have discussed these theoretical economic
issues at the level of the 1nd1v1dua1_f1rm.but our estimation will

be carried out at the industry level. In order for that estimation
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to be valid, it is necessary to assume that the firms in the
1ndus{ry have a sufficient degree of commonality in the production
structures. This will allow observations to be drawn from firms and
to consider them as separaté observations from the same entity -
namely, the industry being studied. That is, it is assumed that the
individual firms within the industry are similar enough that they
can be aggregated and treated as a single firm. Thus, in the next
chapter, the Food and -Beverage industry's deménd for intake water
will be reported rather than the individual firms' (which make up

that industry) demand for intake water.

The second touchy issue underlying the estimation procedure concerns
the assumed separability between inputs. A pair of inputs is said
to be separable from the other inputs employed if the elasticity of
substitution between them is unaffected by the levels of the other
1nputs.. If we assume, for example, that water intake and labour are
separable from all other inputs then we can estimate those 1input
demand equations (simultaneously) 1in isolation from the other
inputs. Thus, maintaining the assumption of separability may impose
strong pre-conditions on the structure of the production process but
also can substantia]1y reduce the data collection requirements of a
project. Because 'of data l1imitations, most of the empirical
analysis of this study will assume that water intake demands are
separable, and can therefore be studied in isolation from other

inputs.
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This would seem to be a good point to indicate a more sophisticated
model of input demands which will form the basis for future work.
We have already indicated that the optimal 1level of one 1input
generally depends on the price of other inputs. A more complete
modeling of the firm's decision making would also show that the
optimal level of any input depends on what the firm expects to be
the optimal level of its other inputs. vThat is, the optimal 1level

of all inputs really should be determined simultaneously. Thus a

major future project involves the modeling and simultaneous
estimation of a system of water use demand equations for each

industry sub-group.

There 1s also a second, slightly more genera{, project planned for
the future. A cost function for the entire British Columbia
manufacturing 1industry will be estimated. A cost function is an
alternative way to depict the firm's technology (1.e. it provides
the same information as the production function). The cost function
will be modeled to include water as an input. The relationships
between water use and the use of other productive inputs may then be

determined.

The purposé of this section has been to briefly review some of the
key economic definitions important for understanding the discussion
of the empirical results in the following chapter. Before that
discussion, however, the estimation procedures used to derive the

results will be detailed.
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Estimation Methods

In this section the econometric methods used to estimate water
demand equations for British Columbia manufacturing industries will
be detailed. The method of generating a price of water variable is

first discussed.

Defining the price of water remains a significant unresolved issue
for applied water demand analysis. Ideally, the analyst wants to
model water demands by assuming price is given to the decis1on maker
and, thus, treat it as an exogenous exp]anatorylvar1ab1e. If the
price of the good 1is Jjointly determined Q1th the Tlevel of
consumption (as would be true in the case of a block rate pricing
structure) then the estimation of a demand equation incorporating
price as an explanatory variable could invoive a simultaneity bias
in the estimation of parameters. (cf. Kmenta, 1971, Chapter 13 and
the discussion in Chapter II of this report). This problem also
arises when only expenditure and quantity data arg available and
price is proxied by average cost. Indeed, several of the highly
aggregated water demand studies discussed in Chapter II used this
method of generating a price proxy while recognizing the potential
for biased estimates (Babin, et al. 1982; Field and Greberstien,

1979).

The standard procedure to deal with this simultaneity problem
involves the wuse of instrumental variables estimation (Maddala,

1977, Chapter 11). Unfortunately, 1in the case of the British
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Columbia manufacturing industry, most firms face no common external
.price schedule for their water intake and, thus, there is no clear
candidate for instrumental variables. Thus while the procedure
described here to generate price proxies is somewhat more
sophisticated than the ‘average cost proxy' method it does not deal
adequately with the simultaneity problem. The identification and
use of instrumental variables in fhis context certainly merits

future study.

The method of generating a price for water used in this study
extends a procedure suggested by Ziegler and Bell (1984).
Observations on‘the firm's expenditures on and quantities of water

use are employed to regress the following equation:

2
(4) TC = a, + a]Q + az(Q)
‘where TC is total expenditure on a given category of water use, Q is
total quantity of water use and as a, and a, are unknown
parameters. Thus, it 1s assumed that water use costs are quadratic

in form. Once equation (4) has been estimated using OLS methods

then the following two price proxies are constructed:

(5) MC é]'+ 2320

(6) AC 80/0 + é] + 520

where MC s the estimated marginal cost of water use (derived by
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differentiating equation (4) with respect to quantity), AC is the
estimated average cost of water use and éoi, 5] and 52 are parameter
estimates from eqdation (4). We now have three proxies for the
price of water: the computed average cost (ACB = TC/Q), the
estimated average cost [from equation (6)] and the estimated
marginal cost [from equation (5)]. Each one of these may be used in

the estimation of water demand eduat1ons and their respective

explanatory power may be compared.

The sparceness of fhe data set provided by the Industrial Water Use
Survey necessitated tﬁe use of another constructed proxy variable.
While economic theory dictates that the level of output be included
as an explanatory variable 1in the water demand equations this
information was not collected in the Survey. As a proxy for output
we construct a variable, total employee hours, which is defined as
total days of operation per year times average number of employees
per year times average hours of operation per day. These three
separa{e variables are all available from the Survey. This
constructed vér1ab1e will act as a 'good' proxy for output if labour
and output are strongly correlated and if labour and water use are
separable. Unfortunaté]y, the data set available does nof allow

testing these hypothesis.

Before proceeding to the estimation of the water demand equations
one further data-related issue merits ‘discussion. The Industrial

Water Use Survey questionnaires were plagued with poor response
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rates on the cost of water use questions. Yet it was unclear, on
economic grounds, whether these observations should be omitted.
Us1hg only the non-zero cost observations would certainly generate a
more credible set of results but would result in the omission of a
substantial portion of the data set. As a result of this
uncertainty, the estimation of the price prox1és was conducted both
with the whole data set and with an abbreviated data set

representing only the non-zero cost observations.

The estimation of an industry's water demands should be conducted as
part of a larger characterization of thé industry's technology. For
example, the estimation of a production function for an industry
would allow water demands to be estimated simultaneously with the
other.1nput demand equations. Data limitations on non-water inputs
prohibited this being done3. As a result, single equation water
intake demand equations were estimated. 1In the absence of a chosen
functional form for the product1on or cost function, there was
1ittle guidance to fhe required functional form for the demand
equation. Two funct1oha1 forms were adopted: 1logged dependent and
1inear independent vartables (equation (7)); and linear dependent
and logged independent variab]es (eduation (8)). The estimated
water demand equations, then, had one of either of the following

forms:

As well, problems with the computer econometrics package's
sub-routine responsible for estimating systems of equations forced
postponement on that stage of the study.
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(7) 10g(QIN) = ag + ajPIN + a,PTRT + a3PRCR + a4POUT
+ agTHR + u

(8) QIN = by + bylog(PIN) + bylog(PTRT) + blog(PRCR)
+ balog(POUT) + bglog(THR) + v

Where:

QIN =  total water intake

PIN = price of water intake

PTRT = price of water treatment
PRCR = price of water recirculation
POUT = price of water discharge

THR =  total employee hours

u,v = error terms

It should be noted that each price term was proxied by the three
different available proxies (as described earlier in this section)

and that OLS techniques were used throughout.

Summary’

Many'of estimation methods described here are far from ideal and yet
would seem to. be the most sophisticated methods the data set would
allow. Future work will be concentrated on investigating the use of
instrumental variables in the construction of price proxies and the
estimation of water demands as a simultaneous system.of equaf1ons.
The next chapter reports on the results of the estimation of water
intake demand equations for the British Columbia manufacturing

industries.
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CHAPTER V

THE COSTS OF WATER USE

Introduction

The purpose of this chapter is to detail the costs related to water
use in the British Columbia manufacturing industry. The two most
significant costs are water rental fees which must be paid to the
provincial government or to a municipal wutility and 1in-house
operating and maintenance and capital costs for the firm's
facilities for water intake, treatment, recirculation  and

discharge. Each of these is discussed in turn.

Nater_Pr1c1ng in British Columbia

A firm in British Columbia wishing to secure a supply of water must

"~ elther rely on a public utility or find 1£s own source of supply.

In the former case it is confronted with a price schedule which
specifies the cost of water suppTy‘ The nature of these schedules

varies enormously throughout the province. Municipalities use a

variety of charging methods and reliance 1is split fairly equally

among flat rate charges, metering, and the use of both (British
Columbia Water and Waste Association, 1982, table 4.7). The level
of charges also var1es significantly across municipalities. For
instance, the mean annual water intake for a British Columbia
manufacturing firm in 1981 was approximately 5.8 miliion cubic
metres. Depending on' the location of this hypothetical firm, it

would have to pay between $0.1 - 1.2 million (1981 dollars) for its
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1htake water if it relied totally on a public utility (BCWWA, 1982,
table 4.3). The size of these intake costs provides an excellent
indication why 94 per cent of manufacturing water intake in this
province is se]f—supplied]. Firms drawihg'.water from a private
source bear on]y'provincia1'water licence fees and in house pumping

and treatment costs.

In order for a private agent_to withdraw water from circulation,

that person requires a licence as specified in the British Columbia

Water Act (RSBC, Ch. 429, 1979). That statute empowers the
provihc1a1 government to set rental fees for the right to withdraw
both surface and ground watefs.v To date, the government has chosen
to set fees only for the withdrawal of surface waters. These fees
are set out in the regulations unde( the Water Act. Table 5.1

i1lustrates the type of charges provided for under the Water Act.

In addition to paying for intake water either to a public utility or
to the provincial government, a firm often has other costs
associated with its water.use. These are the in-house operating and
maintenance costs and capital costs associated with its in-plant

system which pumps, treats, stores, recirculates and discharges

It s difficult to say what the hypothetical self-supplied firm
would pay for its water because the responses to the cost of intake
question may have included provincial licence costs in addition to
in-house operating and maintenance costs. The cost of a Provincial
water licence, however, to withdraw 5.8 million cubic metres per
year for cooling purposes would be $550 (see Table 5.1).
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TABLE 5.1

Sample Ca1cu1atﬁon'of Fees Under the Water Act

Fees for water withdrawn for Cooling Purposés:

Application Fee - 1981(%)
for each 10,000 galions/day, total less
than 500,000 gallons/day | 2.0!

for each 10,000 gallons/day, total between
500,000 and 1 million gallons/day 1.0

for each 10,000 galions/day, total greater
than 1 million gallons/day , 0.5

Rental fee - same rates as application fees

Thus, if a manufacturing firm had an annual intake of 5.8 million
cubic metres per year2 (the average for British Columbia
manufacturing firms) and used all of this water for cooling purposes
then it would have to pay a combined application and rental fee of
approximately $550 (1981) for that right to the Provincial government.

NOTES:
1. The application and rental fees were all doubled in 1982.
Listed in Table 5.1 are the 1981 fee rates.

2. This sample calculation assumes the f1rm is in operation 365
days per year.

water. While the 1981 Industrial Water Use Survey did not require
capital cost information it did ask for operating and maintenance
cost information. In the next section this component of the firm's

water-related costs is discussed.

C. Internal Costs of Industrial Water Use

In order to obtain and use water in its production process a firm

must dncur certain costs. These include expenditures to install,
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6perate,-ma1nta1n and monitor the various systems necessary to bring
water to the plant, treat the water to a desired quality, dse the
water in the production process ahd then discharge it. In this
section some summary statistics from the Industrial Water Use Survey

are presented as they relate to water use costs.

Téb]e 5.2 presents the‘total operating and maintenance cost by use
component and by industry. For examp]é, note thét the Primary Metal
industry spent just over $584,000 (1981 dollars) in order to obtain
water. It is important to note however that this fiqure represents
only those expenditures for firms which responded to the Industrial
Water Use Survey and also answéred the question on water acqu151t10n
costs. Nonetheless, some of the results for specific industries are
quite interesting. The ﬁu]p and Papervindustry is the number one
spender‘on water - largely due to the substantial treatment prior to
discharge costs. Food and Beverage is also a large spender on water

(having the third.largest total water cost). This is attributable

to the large amounts of treatment process water must undergo prior

to discharge and to the fact that many of this industry's firms rely
on pub]ié utilities for intake water - a relatively expensive
source. Yet, comparisons of water costs across industries in Table
5.2 1s made difficult by the differences 1in size of these
industries. A more accurate picture may be obtained by comparing

average costs as shown in Table 5.3.
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TABLE 5.2

-Industrial Water Use Costs by Purpose in British Columbia
($000, 1981 dollars)

Industry Water

Group Acquisi- Intake Recircu- Discharge
tion Treatment lation Treatment Totall
Cost Cost Cost Cost’ Cost

Total: British Columbia 8779.896 5181.181 3361.687 11071.033 28393

Food & Beverage 1543.009 280.028 107.600 538.185 2468
Clothing & Rubber 54.813 14.539 398.122 1.258 468
- Wood 1288.948 190.981 308.913 302.165 2091
Paper & Alliled 3342.760 3766.843 820.107 7513.050 15442
Primary Metal 584.115 21.00 5.302 30.003 640
Metal Fabricating 160.192 17.657 31.970 342.818 552
Transportation 22.210 .003 .003 .003 22
Non-Metallic Mineral Products 128.649 25.574 182.841 34.641 3N
Petroleum & Coal Products 735.640 730.162 1094.227 1782.000 4342

Chemical & Chemical Products 919.557 134.389 412.600 526.907 1993

.197
.822
.732
.007
.760
.421
.637
.219
.05
.029
.453

Source: Tate and Scharf, (1985), Volume I, table 1.4

1.

 NOTES:

Column 5 is calculated by summing across columns 1 to 4.

Table 5.3 presents estimates of average or per unit costs broken
down by water use component and by industry. It is important to
note how these averages were determined. Only those respondents
providing a non-zero cost estimate were included in the estimation
of these figures. Averaging over the entire data set would have
meant underestimating the average cost because of the prevelance of
respondences with zero cost observations but non-zero quantity

observations. For example, in Table 5.3, the average recirculation
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cost for the Chemicals industry is given as $36.261/1000m3. However

the 'simple' average (that is, total treatment cost divided by total

treatment) is only $19.864/1000m3.

TABLE 5.3

Computed Average Industrial Water Use Costs in British Columbia
$/1000m3 per year (1981 dollars)

------------ COMPUTED AVERAGE COST —--o--—-m-

1.

Industry Recircu-
Group - Intake Treatment lation Discharge Total
. Food & Beverage : 137.06 404.27 989.16 130.04 1660.53
Clothing & Rubber 137.78 114.24 116.10 43.67 411.790
Wood 206.24 28.825 3.12 796.65 1034.84
Paper & Allied 420.27 30.01 1102.90 506.10 2059.33
Primary Metal 1185.9 *1 *] 0.11 1186.0
Metal Fabricating 1988.60 0.15 0.08 x1 1988.8
Transportation 220.90 72.84 1.24 117.88 412.85
Non-Metalic Mineral
Products 127.96 319.55 27.20 178.96 653.67
Petroleum & Coal
Products 32.83 43.27 39.67 145.43 261.21
Chemicals & Chemical - _ _
Products 226.37 219.56 36.261 270.56 7152.75
NOTES:

~Estimate less than .01.

One 1interesting featﬁre of Table 5.3 is that the 'big four' - fe.
the top four industries in terms of water intake - Primary Metals,
Paper and Allied, Petroleum and Chemicals - also have some of the
highest average water use costs. In addition to these four

industries, however, it can be seen that the Metal Fabricating and

i I B v .
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Food and Beverages industries also have relatively high average
costs. In addition, 1t would appear that for mgst» industries
(Primary Metals and Metal Fabricating being the exceptions) the
total costs of water use are fairly well distributed among the use
components. As well, for mést industries, the. average costs of
discharging water make up a fairly large portion of total average

costs.

To an economist, another relevant variable to be considered when
studying input use is the marginal costz. This amount essentially
indicates the amount the firm spenf on the last unit of input it
acquired. Unfortunately, in order to compute the marginal cost of
water use it is necessary to know something about the re1af1onsh1p
between costs and the level of water use. A single observation will
not supply this information. However, a method of estimating the
marginal cost was discussed in the preceeding chapter. This is the
method suggested by Ziegler and Bell (1984) which estimates the
relationship between cost of gquantity of Qater use and then derives
from this estimated relationship an estimate of the marginal cost
(see Chapter IV for details). The estimated mean marginal cost for

each water use component and each industry is presented in Table 5.4.

- The figures presented in Table 5.4 are quite striking. In every

instance (with the_exceptions of the marginal cost of recirculation

‘Marginal Cost 1s defined to be the change in total costs for a one

unit change in input use (here, a unit is 1000 cubic meters).
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- TABLE 5.4

‘Estimated Mean Marginal Cost of
Industrial Water Use in British Columbia

$/1000m3 (1981 dollars)

------- ESTIMATED MEAN MARGINAL COST ------o-

Industry Recircu-
Group Intake Treatment 1lation Discharge Total
Food & Beverage 48.3 4.53 10.90 *1 63.73
"Clothing & Rubber * 15.32  39.00 * 54.32
Wood Products . 4.03 ¥ * 4.09 8.12
Paper & Allied 42.19 .055 * * 42.245
Primary Metals .12 .002 * .005 .19
Metal Fabricating 25.82 *x2 ki *k 25.82
Transportation 55.29 * 17.78 20.89 93.96
Non-Metallic Minerals * * 28.72 * 28.72
Petroleum & Coal Products 50.29 8.16 7.43 98.49 164.37
Chemicals & Chemical
Products 18.06 1.06 4.59 25.54 49 .25
NOTES:

1. * denotes an estimate less than or equal to zero.
2. ** denotes an insufficient number of observations to estimate.

for the Transportation and Mineral Products industries) the marginal
cost of each water use component for each industry is less than the
average cost. For example, from Table 5.3 it 1s seen that the
average cost of 1intake for the Food industry was computed to be
$137.06 /1000 m3 (1981 dollars) while the corresponding marginal
cost is estimated to be only 48.30 /1000 m3 (1981‘d011ars). In fact

many of the estimates of the marginal cost of water use were

negative or insignificantly different from zero! A comparison of
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these two tables yields two-tentative conclusions. First, because
of the relatively small water use 'prices' charged to firms they
have expanded their water use to the point where the marg1na1 costs
have been driven almost to zero. Secondly, the fact that marginal
costs are consistently estimated to be 1less than average costs
suggests that firms enjoy returns to scale with respect to water
use. This, in turn, may be due to the complementarity between water
use and cap1ta1 expenditures. The 1latter hypothesis certainly
merits further investigation. Alternatively, the dec]1n1ng block
rate structure common to water pricing schedules in British Columbia

may be partially responsible for this difference.

While the above tables 1indicate the approximate level of
expenditures on water by manufacturing 1ndustr1es they do_not give a
good measure of the importance of those expenditures relative to the
total costs borne by the firm. Table 5.5 presents estimates of the
share in total costs that water-related expenditures represents.
These estimates wefe constructed by assuming that all British
Columbia manufacturing industries under study experience constant
returns to scale. In that case total revenue is equal to total cost

and the ratio of water expenditures to total revenue (total revenue

‘s available from Statistics Canada publication SC 31-209) is a good

approximation to water's cost share. It would appear that water's
share of total costs is small - reaching a maximum of only three per
cent in the Wood Products industry (for comparison, it 1is often

assumed that the cost shares for labour, capital and materials in
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TABLE 5.5

Water's Share in Total Costs
in British Columbia Manufacturing

Industry Water's Cost
Group Share (%)

ALL MANUFACTURING*
Food & Beverage
Clothing & Rubber
Wood Products

Paper & Allied
Primary Metals

Metal Fabricating
Transportation
Non-Metallic Minerals
Petroleum & Coal Products
Chemicals & Chemical

— 00 ~0000O0OW-—-00O
PO WWO—-00O~Na0;
N ~J

* Computed as a weighted average where
weights are total intake.

Canadian manufacturing are twenty-five, fifteen and sixty per cent,
respect1Ve1y). lIn addition, of the top five water using industries
(Primary Metals, Paper, Chemicals, Petroleum and Wood Industries)
only Wood and.Chemica1s have cost shares greater than one per cent.
This situation exﬁ]aihs why the overall manufacturing average water
cost share is only one half of one per cent. There is, however, one
source of bias which leads this cost share to be too small. What is
reported on the Industrial Water Use Survey are operating and
maintenance costs. No capital costs for water use were requested.
Thus, Table 5.5 shows the share that the water-related operating and
maintenance costs have and not the share for all water—re]ated costs

(operating and maintenance plus capital).
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Summary

What then can be concluded from the data.presented in this chapter?
The most obvious result is that British Columbia manufacturing
industries, on average, spend very little to use large qﬁant1t1es'of
water. Second, it would appear that their water-related costs are

characterized by declining average costs. - Both of these conclusions

. do not bode well for the estimation of water intake demand curves.

It remains to be seen whether, despite water expenditures relatively
small share of total costs, industrial water demands are sensitive
to the average or marginal cost of water intake. These and other

empirical issues are the focus of the next chapter.
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CHAPTER VI

EMPIRICAL RESULTS

Introduction

The purpose of this chapter 1is to report the results of an
estimation of water intake demand equations for British Columbia
manufacturing industries. In addition, the water use cost
equations, estimated in order to generate price proxies, are
reported. Finally the own price and output elasticities of intake
water and the cross-price e]asf1c1t1es between water intake and

other categories of water use are detailed.

The results reported in this chapter should be interpreted as being
preliminary findings. This is because the estimation model chosen
(the single equation format) is fairly simple and not rigourously
derived from economic principles. In the future more detailed
estimation models (with a more firm grounding in economic theory)

will be employed.

Empirical Results

Most of the firms responding to the Industrial Water Use Survey
faced 1ittle or no external price for their intake water. As a

result some proxy for price must be generated in order to estimate

~water intake demand equations. In Chapter IV a method, proposed by

Ziegler and Bell (1984), was outlined which would generate two
proxies for the price of water use in any category: the estimated

marginal cost and the estimated avefage cost.
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Table 6.1 represents the results of using the Ziegler and Bell
(1984) methodology. For each 1industry, 'total cost of water use'
equations were estimated (using OLS techniques) for four water use
categories: intake, treatment, recirculation and discharge. From
these regression equations the estimated marginal and average costs
of water use were computed and, in turn, used in the demand equation

estimation.

The figures reported in Table 6.1 are, for the most part, not very
impressive. Many of the estimated equations have quite low levels
of explanatory power (seen in the low adjusted R2 and t ratio
values). For the Transportation industry, for example, most of the
estimated coefficients are not statistically significant and the F
value on the recirculation equation is not high enough to warrant
rejecting the null hypothesis that all of the regression
coefficients 'equa1 zero. In general, the intake cost equation
results are best, perhaps reflecting better quality responses by
firms. The poor equation results for treatment and recirculation
are partially attributable to the large number of survey responses

which did not provide this information..

It 1s_rather disappointing that the basis for the construction of
the price proxies would be of such a poor quality. 1In part this is
due to the lack of data. In addition, the functional form chosen
(te. the quadratic nature of the fotaT cost equations) is largely

arbitrary. It is hoped that future work will yield more
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TABLE 6.1

Estimated Water Use Cost Equations
by Industry and Water Use Category]
in British Columbia

Food and Beverages

Intake .

TC = 2284.9 + .56244E-1(Q) - .14110E-7 (Q2)
(.77896)  (5.3157)  (-3.5023)
F =32.977, R% = .3728, OF = 76

Recirculation
TC = 492.74 + .16767E-1(Q) - .10900E-7 (Q?)
(1.7055)  (5.3105)  (-4.8384)
= 14.468, RZa = .2523

Treatment

TC = 2006.3 + .92908E-2(Q) - .21623E-8 (Q?)
(2.2397) (2.0054) - (-1.5004)
F=6.268, R = .0534

Discharge

TC = 3778.2 + .64932E-3(Q) + .36658E-8 (Q2)
(1.3879)  (.62619)  (.96021)
F =5.937, R% = .091

Clothing, Rubber and Textiles

Intake

TC = 2269.8 - .52065E-1(Q) + .47640E-6 (Q2)
(2.0329)  (-1.3511)  (2.4469)
F = 10.287, R% = .4585, DF = 16

Recirculation )

TC = -7377.8 + .38208(Q) - .86582E-9 (Q2)
(-.50178) . (3.5020)  (-3.5023)
F=4.692, R% = .3643

Treatment

TC = 18.375 + .18545(Q) - .33962E-5 (Q2)
(-.53244) (3 1349)  (-2.6568)
F =5.249, R = -3336

Discharge

TC = 67.152 - .14743E-3(Q) - .14034E-8 (QZ)
(.72658) (-.45469) (-.84792)
F = 3.600, R% = .1129

Wood Products

“Intake
TC = 1906.4 + .75613E-2(Q) - .60536E-10 (QZ)

(.35711)  (2.5761)  (-1.9196)
F = 8.686, R% = .2049, OF = 23

Recirculation

TC = 34924 - .68012E-4(Q) + .24444E-13 (Q2)
(1.4263)  (-.13163)  (.35454)
F = 8.5710, RZ = .0802

Treatment

TC = .15157E+6 —.93428E-3(Q) +.77793E-11 (Q2)
(2.777)  (-.43252)  (.61503)
F=4.95% R = .0633

Discharge

TC = .13638E+6 +.12570E-1(Q) -.13441E-9 (Q?)
(1.1933)  (2.0279)  (-2.0250)
F =1.814, R = .0834

Paper _and Allied Products

Intake

TC = 4234.8 + .47298E-1(Q) - .39918E-8 (Q?)
(.87909)  (6.738)  (-5.6288)
F = 25.622, R = .5197, OF = 5}

Recirculation

TC = 3614.9 + .33857E-2(Q) - .15812E-9 (Q2)
(1.9344)  (1.71711)  (-1.7288)
F=3.102, R% = .0190

Treatment

TC = 2527.0 + .191056-2(Q) - .17229€-9 (Q2)
(2.6100)  (.92801)  (-.87627)
F=13.209 R% = .0217

Discharge

TC = 4663.6 - .218156-4(Q) - .46255E-10 (Q2)
(1.8586)  (-.56910)  (-.11372)
F=1.253, R = .0346
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TABLE 6.1 (Continued)

Transportation Equipment

Intake
TC = 755.48 + .37972E-1(Q) + .56784E-7 (Qz)
(.33223) (1.2889) (1.2029)

F = 52.688, R% = .9037, DF = 9

Treatment
TC = 39.507 - .49035E-1(Q) + .44441E-5 (QZ)

(.78569) (-3.8297)
F = 264.533 R% = .9895

(20.851)

Recirculation Discharge

TC = 347.10 + .33578E-1(Q) - .22145E-7 (Q2) TC = 506.55 - .69817E-1(Q) + .45436E-6 (Q2)
(.19617) (1.9509) (1.7803) (.68815) (-.73350) (2.9196)
F=1.935, RZ2 = .1587 F = 32.523 R%a = .8752

Primary Metals

Intake Treatment

TC = 51476 + .77884E-3(Q) - .27204E-12 (Q2) TC = .50929E-26 +.15563€-6(Q) +.50959E-14(Q2)
(1.1981) (.63018) (-.22356) (3.4182) (2.1467) (1.4167)
F = 10.441, R% = .7207, OF = 5 F =2.1964 R% = .3649

Recirculation Discharge

TC = 877.46 - .12837E-3(Q) + .330036-12 (Q2)  TC = .73643 - .33449E-5(Q) + .32881E-13 (Q?)
(.99015) (-.35521) (.34967) (1.8972) (-2.9851) (2.9802)
F=1.327, R% = .0377 F = 33.272 R% = .9016

Metal Fabricating

Intake Treatment

TC = 1442.2 + .30401E-1(Q) - .26235E-7 (Q2) TC = .80954E-1 + .51122E-4(Q) - .60929E-9(Q2)
(1.6492) (1.5373) (-1.6276) (.80937) (1.9559) (-1.3321)
F=5.011, R% = .1109, OF = 9 F =9.353 R% = .6042

Recirculation Discharge

TC = .22016E-2 +.14532E-3(Q) -.46044E-8 (Q2)  TC = .53689E-1 + .46402E-2(Q) -.33809€-8 (Q2)
(.14092) (20.632) (-12.884) (.35322) (1.3171) (-1.0987)
F = 451.221, R% = .9892 F=3.573 R% = .2563

Non Metallic Minerals

Intake

TC = 3186.7 - .41725E-2(Q) + .987S1E-8 (Q2)
(2.5019)  (-.27442)  (.62436)
F=6.067, RS = .0171, DF = 29

Recirculation

TC = .1236.2 + .17611E-1(Q) + .211876-7 (Q2)
(.53901)  (.73334)  (.87300)

F = 11.681, R = .4571

_ Treatment
TC = 850.52 - .14312€-2(Q) + .75239E-9 (Q?)
(1.4420)  (-.89260)  (.44762)
F=4.76 RZ% = .0658
Discharge
TC = 956.72 + .18308E-2(Q) - .37344E-8 (Q?)
(1.53719)  (.16456)  (-2.7718)

F=1.2082 R% = .0553
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TABLE 6.1 (Continued)

Petroleum Products

- Intake

TC = -30638 + .71700E-1(Q) - .10956E-8 (Q?)
(-1.0631) . (3.2522)  (-2.9800)
F = 83.080 R% = .9600, OF = 4

Recirculation

TC = .4997 - .54067E-2(Q) + .39027E-9 (Q?)
(1.4916) (-1.0844) (3.1781)
F =136.702, R% = .8999

Treatment ’

TC = 40789 + .92018E-2(Q) - .53011E-10(Q2)
(1.6790) (.66370) (-.232170)
F = 65.811 R%a = .9488

Discharge

TC = 17440 + .13264(Q) - .191506-8 (Q2)
(.16120)  (.87921)  (-.75334)
F = 23.664 Réa - .8883

Chemicals and Chemical Products

Intake

TC = 3106.3 + .20411E-1(Q) - .59948 (Q2)
(.39759)  (6.6280)  (-4.4550)
F = 33.429 R% = .7510, OF = 21

Recirculation
TC = 7685.7 + .53342E-2(Q) + .78066E-9 (Q2)

(1.0970)  (.42470)  (.46410)
F=6.770, RZa = .3385

NOTES:

1. Figures in parentheses are t ratios.

Treatment

TC = 1917.7 + .15501E-2(Q) - .24335E-10 (Q2)
(.80861)  (2.2399)  (-1.3977)
F = 5.349, R%a = .2546

Discharge ,

TC = -3609.8 + .20382E-1(Q) - .74708E-9 (Q?)
(-.34458)  (4.9342) - (-4.2286)
F=10.460 R%a = .5117

DF means degrees of freedom for the t ratios. For

each estimated equation, TC represents total expenditure reported for that category of
water use and Q is the total quantity of water used in that category.
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sophisticated methods of generating price proxies (such as using an

instrumental variables approach).

Having generated the proxies for water use prices it remains to
estimate the water intake demand equations. As discussed in Chapter
Iv, the demand for water intake was modelled as a function of the
price of intake water, the prices of other inputs and the level of
output. | The 'other inputs' included in our estimation model are
other water wuses: treatment, recircu1at1on‘ and discharge. The
intake demand equation is assumed to be approximated by either
equation (7) or (8) in Chapter IV.  Preliminary results using the
Tinear dependent .variable-logged 1independent variables form were
very poor and, thus, this equation form was abandoned. As a result,
three equations for each industry were estimated. These were all of
the form of equation (7) 1in Chapter IV except different price
proxies were used 1h each. The first equation used estimated
marginal cost as the price proxy for all four water use categories.
The second used estimated average cost for the price of intake and
discharge water wh11e using marg1na1 cost for the price of
recirculation and treatment. The third equation used the computed
average cost to act as price for all water use categories. All
equations were est1hated with OLS techniques using the econometrics
computer package SHAZAM (White, 1978). Once estimated, the three
equations (for each industry) were compared and the ‘'best' equation
was chosen for presentation. The choice was made on the basjs of

the following criteria: equation statistics, significance of
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coefficients and conformity with expectat1¢ns regarding the signs of

coefficients and elasticity estimates.

Table 6.2 presents the estimated water intake demand equations for
the ten British Columbia manufacturing industries under study]. Ali
of the equations have the expected negative sign on the own price
variable (with the exception of the C]dth1ng industry which has an
insignificant coefficient) and a positive sign on the output-proxy
variable. On the other hand, for many equations, the coefficients
on the price of treatment and price of recirculation variables are
not sign1f1cant - due, perhaps, to the relatively poor quality of
the data relating to these variables. The price of treatment
variables has a negative coefficient for the Food, Clothing, Pulp,
Metal Fabrication, and Petroleum industries (indicating
complementarity between intake and treatment) while that coefficient
is positive for the rest of ‘ the  industries (suggesting
substitutibility). The price of recirculation variable has a
positive coefficient for all industries except Clothing, Metal
Fabricating, and Petroleum, suggesting that substitutibility between
recirculation and intake 1svmost comhon. Rather suprisingly only
four of the ten equations show the expected negative sign on the
price of discharge variable (indicating complementarity). It should
be noted, however, that five of the six reported positive

coefficients on the price of discharge variable are insignificant at

Results for the Mining survey are reported in Appendix A.
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TABLE 6.2

Estimated Industrial Water Intake Demand Equations]

Food and Beverages2

Tn Q = 10.904 - .48009 (AC1) - 3.0644 (MC2) + 3.5869 (MC3) - .42352E-1 (AC4) + .14458E-S

(3.8667) (-4.7954) (-.82336) (.97428) (-1.5883) (5.1312)
F = 812.509 SEE = 1.7039 R2a = .4864 OF = 95

Clothing, Rubber and Textiles

(THR)

In Q.= 14.566 + 76.785 (MC1) - 6.3622 (MC2) - 2.0972 (MC3) + .16558 (MC4) + .21838E-5 (THR)

(1.3875) (.74719) (-1.7349) (.95763) (.47125) (.69157)
F = 163.612 SEE = 1.5836 R%a = .5233 DF = 24

Paper and Allied Products?

In Q = 9.3484 - .17509 (AC1) - 86.932 (MC2) + 87.125 (MC3) - .1B446E-1 (AC4) + .10254€-5
(21.915) (-3.6324) (-.38012) . (.38096) (-.93462) (3.7690)
F = 374.488 SEE = 2.0105 RZ2a = .3958 OF = 7
wWood Products
In Q = 13.402 - 5.0536 (ACB1) + 20.978 (ACB2) + 59.499 (ACB3) +.45472 (ACB4) + .47547€-6
' (15.145) (-2.8169) (1.4026) (.51966) (1.3383) (3.0977)

F = 136.018 SEE = 2.8218 R%2a = .5027 DF = 22

Primary Metals

In Q = 8.9801 —.12682 (ACB1) +.48719E+6 (ACB2) + 38.280 (ACB3) - 2889.0(ACB4) +.30855E-6
(5.9351) (-.26996) (1.4508) (1.0137) (-.27890) (2.8868)
F = 29.702 SEE = 2.8020 R%a = .6913 OF = 3

Transportation Equipment .

1n Q = 10.740 - 7.1411 (ACB1) + 7.032 (ACB2) + 27.048 (ACB3) + 5.6620 (ACB4) + .19329E-6
(9.3007) (-2.9631) (.31msy - (.60184) (.28701) (.70983)
F = 78.931 SEE = 1.7185 R%a = .535) OF = 7

Metal Fabricating

n Q = 7.6426 —.23489 (ACB1) - 10277.(ACB2) - 60783.(ACB3) +.53044E + 6(ACB4) +.20136E-5
(16.186) (-2.4000) (-1.3522) (-1.5445) (2.20811) (2.9041)
F = 116.006 SEE = 1.4525 R%a = .6164 OF = 12

Non Metallic Mineral

(THR)

(THR)

(THR)

(THR)

(THR)

Tn Q = 12.325 -.15513 (AC1) + 2136.0 (MC2) + 31.894 (MC3) - .18568 (AC4) + .50680E-6 (THR)

(8.3766) (-3.2559) (2.4855) (1.2614) (-2.5645) . (1.4165)
F = 360.894 SEE = 1.4935 RZa = .5219 OF = 45
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TABLE 6.2 (Continued)

Petroleum Products

1n Q = 15.001 - 60.732 (ACB1) - 36.497 (ACB2) - 8.5602 (ACB3) + 6.8689 (ACB4) + .12706E-5(THR)

(6.2775)- (-6.8190) (-.85816) (-2.8140) (.51402) (.84631)
F = 47.13] SEE = 2.2806 R%a = .6850 OF = 1

Chemicals and Chemical Products

In Q = 5.5145 - .10544 (ACy) + 1122.3 (MCp) + 258.10 (MC3) + .15577E-1 (AC4) + .90620E-5(THR)

NOTES:

(1.8762) (-2.4537) (.66794) (1.3639) (1.0177) (4.5409)
F = 177.657 SEE = 1.9652 R%a = .6708 OF = 34

For each industry, three equations were estimated (see the text for further discussion)
and the ‘'best' equation (in terms of statistical significance) is reported here.
Figures in parentheses are t ratios. The following is a list of variable definitions:

Q quantity of intake water

MCY estimated marginal cost of intake
ACl! = estimated average cost of intake
ACBY = computed average cost of intake

MC2 = estimated marginal cost of treatment
ACB2 = computed average cost of treatment
MC3 = estimated marginal cost of recirculation
ACB3 = computed average cost of recirculation

MC4 = estimated marginal cost of discharge
AC4 = estimated average cost of discharge
ACB4 = computed average cost of discharge
THR = total employee hours

A1l of the estimated equations are of the logged dependent variable - linear independent
variables form. Reported below each equation are the estimation statistics: F ratio

_(to test the hypothesis that all estimated coefficients are not statistically different

from zero), standard error of the estimate (SEE), adjusted RZ and the degrees of freedom
for the t ratios (DF).

A1l equations were tested for homogeneity of degree zero in prices (i.e. that the
coefficients on the price variables sum to zero). Only the equations for Food and Pulp
failed the test. These were then reestimated with homogeneity imposed as a restriction.
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the .05 per cent level. Further discussion of the relationships .

between intake and other water.uses is delayed until the estimated

e]asf1c1t1es are presented in Table 6.3.

It 1s interesting to note that each of the three equation forms
appears at 1least once. The form using computed average cost was
chosen most often (five times), while the equation using estimated
average cost was chosen four times. - The equation using estimated
marginal cost as the price proxy was chosen only once. Thus, when
the two forms of average cost proxies are taken together, it is seen
from Table 6.2 that the average cost broxy appears to provide
superior explanatory power than the marginal cost proxy in nine

cases out of ten.

A1l of the equations have relatively good statistics considering the
quality of the résponses and the cross-sectional néture of the data
set. Adjusted R2 values range from 0.39 (Pulp) to 0.69 (Primary
Metals). This suggests that the demand equation models are able to
explain between forty and seventy per cent of the variation of water
use, depending on the industry. In addition, all equations have
h1gh F ratio values, implying rejection of the null hypothesis that
the estimated coefficients in any equation are all zero. Each
equation was tested for homogeneity of degree zero in prices. This
was ddne by testing whether the sum of the price wvariables'
coefficients equalled zero. All equations except Food and Pulp

passed the test. These equations were then reestimated with the
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- homogeneity restriction imposed. It is the restricted version for

those two industries which is reported in Table 6.2.

As indicated 1in Chapter IV, one of the most important economic
statistics generated by applied work is the price elasficity. By
concentrating on elasticities one can make comparisons across
industries which are free of bias introduced by differences in scale
or units of measurement. Table 6.3 presents estimates of
elasticities (computed at the mean of the data in each case) from

the regression equations presented in Table 6.2.

Table 6.3 presents the own price and output elasticities of water

intake (EII and E respectively) and the cross-price elasticities

10’
of 4intake water with respect to treatment, recirculation and
discharge (EIT, EIR and EID' respectively). A1l of the own price
elasticities are negative while only Petroleum, Clothing, and
Transportation are greater than one (in absolute wvalue).
Interestingly, the 'big four' water wusers (Chemicals, Primary
Metals, Pulp and Petroleum) have quite inelastic intake demands,
with only Petroleum having an elasticity greater than a half. This
indicates that the 'big four' water users have intake demands which

are not very sensitive to changes in water's price.

The cross-price e1a§t1c1t1es show no  general patterns. Five
industries indicate substitutibility between intake and treatment

and five show complementarity. This 1is also true for the
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TABLE 6.3

Industrial Water Demands in British Columbia:
Estimated Price and Output Elasticities!

. Estimated Estimated
Industry Elasticity Industry Elasticity
Food & E1r -0.35108 Primary Metals Epj -0.011698
Beverages E1T -19.830 Err 0.57415
E1r -0.65304 Eir 0.34545
Erp -0.85645E-1 E1p -0.10830
E1o 0.36706 E1o 1.9563
Clothing, E11 -1.5401 Transportation Egg -1.2134
Rubber, EiT 0.2479 E1T 0.19195
Textiles Eir -0.74773 EIR 0.17647
E1p -3.9709 E1p 0.20538
Eio 0.33229 E1o 0.63852E-1
Paper & Allied Egg -0.38536 Metal €11 -0.23356
Products 1T -2.8119 Fabricating EIT -0.26202
E1R -1.1593 EIR -0.82756
Eip -0.81358E-1 E1D -1.0222
E1o 0.34517 E1o 1.4784
Wood Products Ejg -0.78170 Non Metallic Erg -0.25277
_ ErT 0.35960 Minerals ErT -2.92782
E1Rr 0.10624 EIR 0.66507
E1p 0.19560 E1p -0.35181
E1o 1.6487 E1o 0.13606
Petroleum E1l -1.7937 Chemicals & Err -0.29466
ErT -1.5794 Chemical Er7 1.6175
EIR -0.33963 Products EIR 1.1726
E1p -0.99891 E1p -0.13401
E10 2.3529 E1o 1.8586

1. For each industry, this table reports five estimated elasticities
(computed from the regression coefficients reported 4in Table 6.2)
calculated at the means of the data set. The following elasticities are

reported:
Egr = the own price elasticity of intake water ‘
EiR = the cross price elasticity of intake water and recirculation
11 = the cross price elasticity of intake water and treatment
Eip = the cross price elasticity of intake water and discharge
€10 = the output elasticity of intake water.

A1l of these terms are defined in Chapter IV of this report.
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relationship between “ recircu1ation aﬂﬁ intake. The - latter
observation is somewhat suprising as.ft_was expected most industries
would exhibit an ability to substitute recirculation for water
intake. If some of the major water users (for example, bu1p and
Petroleum) view recirculation and intake as complements rather than
substitutes then some other methods will have to be found to
encourage decreased water use other than increased reliance on

recirculation.

Most industries display complementarity between d1schargé and
intake, as was expected. This seemingly straightforward
relationship, however, may be complicated by some firms' use of
intake water to dilute wastewater concentrations. This might be
done if sewer charges were a function not only of quantity of

wastewater but also the concentration of wastes (cf. Sims, 1981).

The own output elasticities are very interesting. A1l output
elasticities are positive and some are quite large (indeed, for the
'big four' water wusing group the average output elasticity is
approximately 1.6). This particular set of results 1s not
reassuring; it would indicate that future growth in manufacturing

will 1mp1y substantial increases in demands for intake water.

Summar
This chapter has presented the results of the first round of

estimation of water intake demands for British Columbia
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ménufacturing industries. There is ample evidence of the price
responsiveness of intake wéter and for "the possibility of
substituting among intake, recirculation and treatment 1in some
1ndusfr1es. There 1is also, however, evidence of the Timitations
that recirculation faces as a solution to the water shortage
problem. This is an important and potentially troublesome finding;
as Js the average magnitude of output elasticities among the 'big

four' water users.

It merits repeating that these results should be viewed as being
preliminary. More sophisticated econdmetr1c methods are feasible
.and could be used in future studies. It 3s also possible to
formulate a model which considers the demand for water as part of a
system of interrelated demand equations. The optimal Tlevels of
intake, treatment, recirculation and discharge could then be
estimated simultaneously for the British Columbia manufacturing
industry in order to get an understanding of the interrelationships
between water use and other inputs. An important concern in these
tybes of studies would be the definition and generation of price

variables.
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CHAPTER VII

INDUSTRIAL VALUATION OF WATER

Introduction

British Columbia manufacturing industries use very large amounts of

‘water each year. But a question which needs answering 1is, what

value does each industry put on its water intake? More importantly
in theory, or in practice, can what a firm or.an industry is willing
to pay for water be measured?1 It turns out that the answer is a
tentative ‘'yes'. Economic theory provides the framework within
which fhe industrial wvaluation of water}may be estimated and the
data available from the Industria] Water Use Survey allows initial

estimates to be generated.

Industrial Valuation of Water: Theory

How highly Canadian manufacturing firms value their use of water is
largely an unexplored issue. However, as the possibility of future
regional water shortages increases, the relative valuation of water
by all industries will become more and more relevant. If society is
to derive the maximal benefits from the use of water available to
it, an important consideration in the apportionment of scarce water

supplies will be the estimated relative value of competing users.

To an economist, the value of a commodity is approximated by
determining the maximum amount that individuals (or firms) would be
willing to pay for the right to use it.
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In addition, in order to evaluate .a proposed water-related public
works (a storage dam, for example) it is often necessary to have an
estimate for how much users will value an increase in reliable water
supply. A further issue which requires an understanding of the
valuation of water use is the question of domestic water transfers
and water exports. Presumably, any decision on whether to export

water will depend, Iinter alia, on a comparison of the benefits

.derived from the water which is be1ng considered for export if it
remains in Canada and whatever éompensation Canada is to receive for
the exported water. The former will be based in part on the
expressed valuations of current water users. But. how are these

valuations to be estimated?

In Chapter 2 some of the alternative methods of computing 1ndustr1a]
willingness to pay for water were outlined (herein the phrase
'willingness to pay' will be replaced by WTP). 1In that chapter the
best economic proxy of the firm's WTP for an additional unit of any
input was identified to be that input's contribution to the firm's
profits. In this section that assertion will be justified and the

'mechanics’' of estimating industrial WTP for water will be discussed.

How much should a firm pay for a unit of water? Suppose the firm
knew that using one more cubic metre of water would add one dollar
to its total profits. Then, a firm should not pay more than one
dollar for that unit of water for if it did it would be decreasing

its total profit. On the other hand if the firm pays less than one
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dollar it will be adding to its total profits. However, if the firm
is paying, for example, eighty cents for its last unit of water and

earning a dollar of profit (assuming all other factors of - production

are paid their opportunity cost price) is it doing the best it can?

No, it is not. The firm could increase profits by expandjng its
water use until the price it pays Just equals its incremental
contribution to profits. Only then will the firm be in equilibrium

with respect to water use.

Economists usually assume that firms undertake something like the
decision making outlined in the previous paragraph. As a result
they can state that the maximum amount a firm should be willing to
pay 1is the value in dollar terms of an input's 1incremental

contribution to profit.

The actual amount a firm is willing to pay for an input can be
surmised by referring -to the firm's demand curve for that input.
For any quantity of the input, the height of the demand curve
(holding the quantities of all other inputs constant) gives the per
unit gross WTP. If the demand curve 1is integrated (i.e. find the
area under the demand curve) then an estimate of the total gross WTP
for that quantity of input is derived. Finally if the per unit WTP
and the price actually paid for the input 1is compared then the
difference represents the net contribution to profits or the net per
unit WTP. Of course, for the equilibrium quantity of- the input

(Y.e. where the supply curve intersects the demand curve for that
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1npht) the gross per qnit WTP 1s just equal to the price charged
and, as a result, per'unit'net WTP is equal to zero. 1If all the per
unit net NTP}generated by the use of an input can be added up2 then
an estimate of total net benefit occurring to the firm through use

of that input is avallable.

Industrial Valuation of Water: Evidence

The previous section discussed the economic theory behind the
valuation of 4ndustrial water use. This section reports this
study's estimates of the valuation by British Columbia manufacturing

industries of water intake.

Table. 7.1 presents gross and net willingness to pay figures for the
ten' British Columbia industrial groups. The methods employed to
obtain these estimates are described in notes to the Table. There
are several interesting features contained in this Table. First, if
the gross WTP figures are compared to the total intake expenditures
reborted in Table 5.2 then it can be seen that the estimated gross
WTP 1s greater than reported intake expenditures for all industries
except the Pulp and Paper industry. Second, note that the average
net WTP are all substantially less than the average gross WTP. Only
in the cases of the Pulp and Chemicals industries are the average

net WTP greater than ten per cent of the average gross WTP. Third,

This requires integrating the area under the demand curve but above
the equilibrium price (for a single equilibrium price) or the area
between the demand and supply curves (for a block-rate pricing
structure).
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TABLE 7.1

Indusfrﬁa] Water Demands in British Columbia:
Estimated Gross and Net Willingness to Pay

Total Gross! Average Gross! Total Net3 Average Net?
WTP WTP WTP WTP

(millions) ($/m3) (million$) ($/m3)

- 1981 dollars -

Food & Beverages : 89.503
Clothing, Rubber _
and Textiles® -

2.

583

1.

648

0.

0476

Wood Products 107.944 1.735 1.021 0.0164
Paper & Allied Products  0.156 0.009 0.046 0.002
Primary Metals 50.944 0.045 0.999 0.0009
Metal Fabricating 4.219 1.776 0.036 0.023
Transportation tEquipment 0.911 0.585 0.009 0.004
Non Metallic Minerals  11.197 2.184 0.158 0.031
Petroleum Products 132.369 2.001 0.110 0.017
Chemicals & Chemical

Products 20.535 0.255 2.754 0.034
NOTES:

Computed as the area beneath the industry water intake demand curve for

., quantities less than the estimated equilibrium water intake quantity.

Obtained by dividing total gross WTP by total water intake.

Computed as the area between the.1ndustry water intake demand curve and
the estimated water supply-price curve for quantities 1less than the
estimated equilibrium water intake gquantity.

Obtained in the same manner as average gross WTP.

Not calculated because of the poor quality of the estimated water intake
demand curve.
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there is a significant diversity in the average net willingness to

~ pay. Not surprisingly the Ffood and Beverage industry has the

highest per unit net valuation and the Primary Metals industry (the

province's largest water user) has the lowest.

Thé results reported in Table 7.1 may be compared to the only other
reported source of findustrial water wvaluation figures. Using
figures from the Young and Gray study (1972), Muller (1985) reports
the following average net WIP for various industries {these
valuations were assumed to be the same across Canada): Food and
Beverage, $123.65 /1000m3; Chemjca] Products, $75.92 /1000m3; and
Pulp and Paper, $86.74 /1000m3. All thé values are expressed in
1984 dollars. Even after allowing for inflation (i.e. this study's
dollar figures are 1981 dollars while Muller's are expressed in 1984
dollars) all fhe estimated WTP for British Columbia's manufacturing
industries are Tless than thqse reported by Mu]]er3 - a1th6ugh the
two estimates for the Petroleum industry are quite close this

study's estimate is $17.00 /1000m3 (1981 dollars) while Muller's 1is

$18.55 /1000m° (1984 dollars).

There is a reason why this study's WTP estimates are lower than
Muller's. The Muller estimates are not really WTP values but are
engineering estimates of the cost of recirculating water in each
industry (these estimates are computed in the Young and Gray (1972)
study). The logic in using the cost of recirculation as a proxy for
WTP is that recirculation is often the closest substitute to
increased intake. However a more complete modeling of each
industry's technology - one which allows for the substitution of
labour or capital for intake water, for example - is necessary to
determine what 1s 1indeed the 1lowest cost substitute for intake
water. The present study considers a sliightly more general model of
water use than did Grey and Young (1972) and, as a result, has
estimated lower WTP values because it considers a wider range of
possible substitutes to intake water.



- 77 -

Much more work 1is needed on the topic of industrial valuation of
water use. The résilts presented here, if indicative of the
benefits derived from industrial water wuse throughout Canada,
suggest that wvery 1little net benefit accrues to manufacturing
industries (and, in turn, to Canadian society) from water use4.
This is a]moét certainly related to the fact that since most
industrial water users face negligible externa] prices for their
intake water, they have expanded their water wuse (thereby
substituting away from re]afive]y more expensive labour and capital
inputs) to the point where 1ittle net benefit is earned from their
water withdrawals. Future studies would provide new (and hopefully
improved) parameter estimates with which more accurate industrial

valuation estimates could be generated.

It ¥s possible that the method of estimated demand equations biases
the WTP estimates to underestimate the true industrial valuation of
water. Demand curves were estimated using observations primarily
drawn from large water users. As a result the estimated demand
curves may appear 'flatter' than they would if more observations of
small water using firms were used. If the estimated demand curves
are, 1indeed, too flat for small quantities of water intake then
industrial WTP could be underestimated.
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CHAPTER IIX

CONCLUSIONS

Industrial water demands have not received much study. Those studies

~wh1ch have been conducted, however, indicate fhat industrial water demand

is price sensitive. As wé]], there are important and not well understood

interactions between firms' water use and their use of other productive

inputs. Yet, the value of the past research on industrial water demands
is diminished because they are all based'on the use of highly aggregated

data sets of American industrial water users.

The jurisdictional background surrounding the withdrawl of freshwater in
British Columbia is fair]y clear. Under tﬁe Canadian Constitution,
British Co]umb1a has almost exclusive authority over the regulation of
the use of freshwater resources within its boundaries. It carries out
these respons15111t1es primarily through the Water Act which allows the
provincial government to set rental fees to be paid by people or
companies wishing to withdraw water for private use. | Alternatively,
those firms relying on a public utility or municipal agency to supply
their 1intake water, must pay a price (often computed from complicated
block rate tariff structures) for -their water. The data set used 1n this
study is comprised primarily of British Columbia firms' responses to
Environment Canada's 1981 Industrial Water Use Survey. This survey
questioned near]y» four thousand companies throughout Canada on their
quantities and costs of water intake, treatment, recirculation and

discharge. Some missing cost of intake observations were. replaced with
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estimates based on the rental tariffs for water withdrawal specified

under the Water Act.

Economic theory specifies a model of the factors affecting a
representative firm's demand for water. This model emphasizes the prices
of water and other 1inputs and the 1level of the firm's output as
explanatory factors. Once a general model of intake water demand (which
relates the quantity of water used to the price of water and other
factors) has been developed, then a statistical model must be specified
in 6rder to estfmate empirically the structure of water demands. The
estimation of demand equations is not strafghtforward, however, due to
the problems of defining the price of water. If the marginal cost of
water intake depends on the quantity consumed then the estimation of
demand equations is faced with a s1mﬁ1tane1ty problem. This could result
in potentially biased estimates in the sense that the reported average of
the estimated parameter may not equal the true unknqwn population mean.
Nhf]e this econometric problem remains unresolved a method for generating

several price variables was suggested and the format of the demand

“equations was presented in Chapter IV.

The costs of water use to Br1fish_'C01umb1a manufacturing firms are
strikingly small. One way to see this is by considering the cost of
water use as a fraction of the total costs of a firm or industry. In
British Columbia estimates of this sort range from 0.05 per cent for the
Metal Fabricating industry to 3.0 per cent for the Wood products

industry. Thus, water costs are a very small portion of most British

Columbia firms' costs.
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The estimated water 1intake demand equations were reported for ten
manufacturing industry groups in Chapter VI. . These equations showed

price responsiveness in all 1industries with intake price elasticities

~ranging from -0.01 (Primary Metals) to -1.7 (Petroleum). As well, intake

demands were shown to be sensitive to output levels and that there
existed possibly strong interactions between water ~intake and other
jndustrial water wuses. An important result was that, in general, the
'big four' water users exhibited relatively low price elasticities and
high output elasticities. Thése results are potentially important both

from a regulatory and from a water use forecasting point of view.

The industrial valuation of water use 1s a largely unexplored issue in

Canada. The estimated industrial willingness to pay figures (the

~ economist's approximation to the value of water) were strikingly low

using the British Columbia manufacturing data. In Chapter VII, it was
reported that average gross willingness to pay (in 1981 dollars) ranged
from $9 /1000 m3 (Pulp) to. $2580 /1000 m3 (Food) while average net
willingness to pay figures were much Tlower: $0.9 /1000 m3 (Primary
Metals) to $48 /1000 m3 (Food).' These estimates are substantially below

comparable figures reported by Muller (1985).

This study has explored a very recently developed field. Industrial

water demands have received 1ittle or no attention from researchers in

- Canada. There still exist several areas where unresolved methodological

questions persist (especially in the construction of a 'price of water'

variable). While the results reported here must be 1interpreted with
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caution it is hoped that they may contribute to a better understanding of

the pressures being placed upon British Columbia's freshwater resources.

There are several feasible extensions to this project. In terms of the
]nethodo1ogy employed a more sophisticated treatment of price variables

including perhaps an instrumental variables approach could be

~investigated. In addition, 1t 1is possible to model industrial water

demands as part of a system of interrelated input demands. This more

general modeling should provide more robust estimates of own and cross

price elasticities. Finally, these more general modeling techniques may
be applied to the entire Canadian data set rather than restricting
attention to the British Columbia data. This extension would allow

regional differences in industrial water demands to be identified.
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APPENDIX A

MINING WATER DEMANDS

Introduction

The major concern of this study has been to model the water demands
of the manufactur1ng industry. This appendix overviews efforts to
mode]l the water demands of ér1t1sh Columbia mining 1ndustry]. While
this industry's annual water use (124 million cubic metres in 1981)
is small relative to the entire manufacturing sector's water use
(2181 million cubic metres), its water withdrawal rate 3is surpassed

only by two manufacturing industries - Primary Metals and Paper

products.

The analysis developed in the main body‘of this report is applied to
a data set for the British Columbia mining jndustry. This data set
s drawn from the 1981 Mining Water Use Survey conducted by
Environment Canada and is augmented (where cost of water 1ntake was
not reported) with provincial water rental records. In total the
sample consists of twenty-seven observations on individual mines and

their respective water uses and expenditures.

Unfortunately, data 1limitations did not allow a dissaggregation
beyond the 'mining industry' level.
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Water Use in the Mining Sector

0f . the major'water using sectors, m1hing is the smallest in British
Co]umb1a2. Yét the mﬁn1ng industry's use of water is important for
several reasons. First, the size of individual mines implies that
they may be very important when water use studies are disaggregated
to a specific river basin. For example, coal developments represent
a potentially significant portion of water withdrawals in the
Flathead River basin in sdutheastern British Columbia. A second
reason is that mining ranks only behind agriculture in consumption
of its 1ntake'water. The 1981 Canada Water Yearbook reports that in
1980 the British Columbia mining sector consumed approximately 40
per‘cent of fts water withdrawals (Table 3, p. 24). Finally, the
quality of discharge water from minesites can be a serious
environmental concern. Elevated acidity levels and 1ncreaseﬁ Tevels
of suspended solids and heavy metals can often be characteristics of

mines' runoff water.

Table A.1 summarizes the various aspects of the mining industry's
water use. The ‘'total water use' part of Table A.1 1is quite
1nterest1ng‘ The mining industry apparently practices substantial
water recirculation. Yet the discharge figure exceeds the intake
figure. This may be due to the fact that many mines and oil and gas

fields contain significant amounts of groundwater which must be

The 1981 Canada Water Year Book reports the following annual
withdrawal figures (in millions of l1itres per day):

Municipal and Rural 1076 Manufacturing 5642
Mining 211 Agriculture 1568
Thermal : 787
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TABLE A.1
Summary of British Columbia Mining Water Use Statistics

Total Water Use (miliion m3)

Intake - 124.39
Treatment 30.29
Recircuilation 350.01
Discharge 139.17

Breakdown of Intake by Purpose! (mil1lion m3)

Processing 106.81
Cooling and Condensing 11.67
Sanitary ' 5.71
Other 0.13

Breakdownvof Intake by Source? (million m3)

Public : . 4.54
Private: Surface 65.47
Ground 16.91

Other 37.45

Breakdown of Discharge by Point of Discharge3 (million m3)

Public 0.009
Private: Freshwater body 28.89
Tidewater body 23.85
Ground 16.59
Tailings Pond 69.83

Mining Water Use Relative to Employment and Output

Total Intake 124.39  (mi11ion m3)
Total Value of Output? 12499.455 (million 1981%)
Total Employment3 11648

Ratio: Intake/Employee 10.679 (1000 m3/person)
Ratio: Intake/Value of Output 0.0497 (m3/1981%)
NOTES:

1. Source: Tate and Scharf (1984), Vol II, Table 2.08

2.. Source: 1ibid, Table 2.11

3. Source: 1ibid, Table 2.20

4. Source: Statistics Canada (1981), SC26-201

5. Source: 1ibid
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pumped out. The majority of water intake is used for process as
Table A.1 -indicates. This is 1in contrast to the manufacturing
industry's watef use wﬁ1ch was concentrated in cooling and steam
prqduct1on. The mining v1ndustry resembles the manufacturing
industry, however in that it also has an almost total reliance on
pr1vafe1y supplied water and 1t uses private discharge points.
However, the mining industry makes a proportionately larger use of

tide water bodies for intake and discharge.

F1hé]1y, Table A.1 reports m1n1ng'water use relative to employment
and mining output. The mining ratio of water intake to employee is
low relative to the manufacturing industry as is mining's ratio of

water intake to dollar value of output.

Empirical Results

In order to study the mining industry's water demands the same
procedures used in studying of the manufacturing sector were used.
Thus, the same techniques were used to détermine water use costs, to
construct water prices, to estimate water intake demand equations

and to estimate mining industry's valuation of water use. The

- results of the work are summarized in Table A.2.

Water use costs are not a significant factor for the‘m1n1ng industry
in British Columbia. In fact they are almost negligible - the

estimated cost share for water use is only 0.25 per cent. As well,
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TABLE A.2

Water Use by British Columbia's Mining Sector:
Summary of Mining Empirical Results

Costs of Water Use

Estimated

Total Cost Computed Average Cost! Marginal Cost?
Purpose (million 1981%) (1981$/1000m3) (1981$/1000m3)
Intake 1.9208 45.59 20.26
Treatment 0.2957 372.19 - 7.96
Recirculation 2.77185 138.99 5.99
Discharge 2.0097 145.71 7.63
Total

Estimated Cost Share3

Ratio: Total Water Costs to Total Operating Costs 0.26%

Estimated Cost Equation4

Intake
TC = 13765 + 0.28061E-1(Q) - 0.86447E-9 (Q2) F = 10.157 R2; = .3025
(.50823) (3.4395) (-3.1759) OF = 21
Recirculation
TC = 72704 + 0.70434E-2(Q) - 0.51861E-10 (Q2) F = 3.987 R2; = .0303
(1.4323) (1.5147) (-1.6336)
Treatment
TC = 8974.5 + 0.10054E-1(Q) - .11359E-8 (Q2) F = 2.876 R2; = .0299
(1.0891) (1.0017) (-1.0462)
Discharge
TC = 28937 + 0.31919E-2(Q) + 0.40463E-9 (Q2) F = 5.540 R2, = .2747

(.5596) (.21033) (.74370)



_ 87 -

TABLE A.2 (Continued)

Estimated Intake Demand Equation and Elasticities®

1nQ = 15.154-6.0501(AC1)-128.70(MC2)-48.775(MC3)+2.2742(AC4)+0.15277€-6 (THR)
(26.485) (-4.6723) (-2.7107) (-.46954) (3.7430) (2.4459)

F = 626.745, SEE = 1.1795, Rza = .71847, OF = 21

Erp = -2.4171, Epy = -.96471, Epp = 0.27796, Epg = -1.6818, Epg = 0.55793

Valuation of Water Use®

Total (million$) Average 1981$/1000m3)
Gross Willingness to Pay 54.657 439.40
Net  Willingness to Pay . 1.028 8.27

NOTES:

1. Defined as Total Cost divided by Total Quantity

2. See Table 5.4 and the preceding discussion for definition
3.  See Table 5.5 and the preceding discussion for definition
4., See Table 6.1 for definition of variables

5. See Tables 6.2 and 6.3 for definitions of variables

6.

See Table 7.1 and the preceding discussion for definitions
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the reported average and marginal cost estimates are fairly low
relative to those seen in Tables 5.3 and 5.4. The estimated cost
equations serve the same purpose and carry the same interpretation

as those reported for the>manufactur1ng industries in Chapter VI.

The estimated water intake demand equation and the relevant price
and output elasticities are also reported 1in Table A.2. With
respect to the estimated demand equation it can be seen that both
the price and output coefficlients are of the expected sign and are
significant. In addition, the own price elasticity (EII) is rather
high at -2.4. The othér elasticities 1indicate substitution
possibilities between intake and recirculation and complementarity

betﬁeen treatment and intake and between discharge and intake.

The last entry 1in Table A.2 presents estimates of the mining
industry's valuation of its water use. The method used to construct
these estimates is detailed in Chapter VII. Both the gross and net
willingness to pay estimates are low relative to the figures
reported in Chapter VII for the manufacturing industry. This is not
very surprising when one recognizes that most water used in the

mining industry either breaks or carries unprocessed ore.

This appendix has'presented the results of this study's findings of
the British Columbia mining industry's water demands. It was seen
that the mining industry was a relatively small user of water from a

provincial perspective but a large user when one considered
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consumption rates or when one adopted a régiona] point of view.
Water intake demand was>found to be qu1te sensitive to the average
cost of intake despite the relative insignificance of water costs.
As well, estimated valuation (either gross or net) of water use by

the mining industry was quite low on average.
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APPENDIX B

1976 _BRITISH COLUMBIA INDUSTRIAL WATER DEMANDS

Introduction

As part of a. National Industrial Water Use Survey conducted by the
Inland Waters Directorate, Environment Canada, 1in 1976, a 1large
number of British Columbia firms were surveyed regarding the
quant1t1es' and costs of their Qater use. In 1984, the British
Columbia survey results formed the basis for a statistical study of
industrial water demands cqnducted by the staff of Inland Waters
Directorate, Pacific and Yukon Region.] That study (herein referred
to as the BWM study),'perhaps the first of_1ts'k1nd in Canada, was
particularly concerned with testing the hypothes1§ that industrial
water demands were insensitive to price changes (cf. DeRooy, 1974).
The BWM study estimated water intake deﬁand price elasticities
ranging from -0.432 (the Beverage industry) to -1.186 (the Petroleum

Refining industry).

The purpose of this appendix is to report on the re-estimation of
1976 industrial water demand equations. There are two reasons why
this re-estimation was conducted. First, aftervthe BWM study was
completed it became possible to augment the data set by inputing
water intake costs to non-respondents. This was done by using water

price rates obtained from municipalities 1in which non-respondent

This study was undertaken by M. Betkowski, I. Wells and R. McNeill
during the summer of 1984. :
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firms were 1located (British Columbia Water and Waste Association,
1979 and 1982). In total twelve non-zero responses were added,
- representing a 7.5 per cent in usable observations. The second
cause for re-ést1mat1on concerngd the estimation methodology used by
BWM. In that study, the price of water intake was proxied by the
average of reported operating and maintenance costs of water
intake. As outlined in the main body of this report, using average
cost as a proxy for price can lead to simultaneity in demand
equation estimates and, thus, lead to biased parameter estimates.
As an alternative the price proxy was generated using the Ziegler
and Bell (1984) method (discussed in Chapter IV). The rest of this
essay concerns itself with a brief discussion of the estimation
method and reporting and 1interpreting -the results of the

re-estimation. The industries considered are 1isted in Table B.1.

TABLE B.1

Industry Groupings in BWM Study

Industry SIC (1980)
Chemicals 37
Refining 36
Concrete Products 354
Transportation , 30
Wood Products 217
Pulp and Paper 25
Foodstuffs 10
Beverages 109
Fruit Processing 103
Mining] ' 06

NOTE: 1. This 1industry was not included in the present
study because of a loss of the data set.
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Estimation Procedure

Under the assumptidﬁ-df cost m1n1m1zing'b§hav10ur, economic theory
indicates that the general form of a firm's (or, under conditions
suff1c1ent for aggregation, an industry's) derived demand function

for water should resemble:

(1) Qw = f(Pw, X, P]....P y T).

n
Where:
Q, = the quantity of water demanded
Pw = the price of water
X = the level of firm (or industry) output

Py...Pp = the prices of all non-water inputs
= an index of technological progress.

-
1

In order to estimate equation (1) must do several things must be
done. First a funétiona]’form must be.spec1f1ed. The log-linear
and linear-log forms are used. The specification of the model's
variables must be determined. The quantity of water intake demanded
is measured in thousands of gallons per year. The proxy for price
of water was constructed as follows (cf. Ziegler and Bell, 1984).
First, the following equation was estimated for each industry using

OLS techniques:

(2) TCw =3y + a1Qw + az(ow)2 + e

Where:
TC, = total operating and maintenance costs of water intake
Qy = total quantity of water intake
ag, ai, '
ap = parameters to be estimated
e = error term, assumed to have with a normal distribution

with zero mean and constant variance.
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From equation (2), estimates of the marginal and average costs
(equations (3) and (4), below) were obtained and used as proxies for

the price of water:

(3) MC
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A simple average cost was also computed by dividing total intake
expendftures by total water intake. Thus, we have three potential
proxies for the price of intake water. Each shall be used in the
est1mét1on of intake demand functions and their respective

explanatory power will be considered.

Unfortunately, the level of the firm's output was not elicited by
the survey. As a proxy for output total-employee-hours per year
have been uséd. There are obvious problems with this procedure.
“Total emplioyee hours will act as a good proxy for output if it is
| highly correlated with output and if the demand for labour is
separable from the demand‘for water intake. Regrettably, there is

no way to test this last assumption.

- The coding of the 1976 survey did not include.the questions relating
to the costs of other water-related inputs. As a result, it was not
possible to include the prices of other inputs in the estimation of

the water intake demand equations.
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In the absence of data regarding the prices of non-water intake
inputs and regarding the technological character of each

observation, several dummy variables were used. Qur wuse and

definition of these variables coincides with the BWM study.

Table B.2 gives a description of how the dummy variables were used

for each industry grouping.

TABLE B.2

Dummy Variables Used in Estimation Models

Industry ~ Dummary Variablel

Group Public? Treat.3 Recirc.4  -D4>
Transportation X X
Foodstuffs X X

Pulp & Paper X X
Wood Products X X X

Beverages X X X X
Refining X X X X
Concrete X X X X
Chemicals X X X X
Fruit Processing X X X

NOTES:

1. A cross (X) indicates the inclusion of\that dummy variable in
the estimation of that industry's demand equation.

2. Public =1 1if the observation drew water from a public utility
= 0 otherwise
3. Treat 1 if the observation treated intake water prior to use

0 otherwise
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Recirc.= 1 1if the  observation recircu1ated water in the
production process
= 0 otherwise

D4 1is an industry specific variable. The following breakdown

gives its definition, by

Transportation D4=1

=0

Beverages D4=1
=0

Concrete D4=1
=0

Chemicals same
Fruit Processing D4=1
. = 0

Refining . Da=1
=0

industry:

if observation is a shipbuilding firm
otherwise

if = observation produced alcoholic
beverages

otherwise

if observation both treated and
recirculated water

otherwise

definition as Concrete

if observation produced fruit juice
otherwise
if observation was on o011 refinery
otherwise
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Thus, the industry water intake demand equation estimated was one of

the two following forms:

+ a_THR + a.D + u

(5) log Q= ay + a,P, +a, 3

(6) Qw = b0 + b11ong + b21og THR + b31og D +v
where D = vector of dummy variables

THR = total employee hours

u, v are error terms, assumed to have a normal

distribution with mean zero and constant variance.

Empirical Results

A1l of the estimation was conducted using OLS techniques on the
econometrics computer program, SHAZAM (White, 1978). Observations
reporting zero costs of intake were deleted i1f an expenditure on
water 1intake ‘could not be imputed through reference to the
respondent;s municipal water works' rate tables. It is acknowledged
that the deletion of zero cost observations is not without risk. Ii
is possible that some firms do, indeed, have minimal water intake
costs; however, the estimation of demand equations does require
non-zero price observations. It was felt that the empirical results
based on §k1pp1ng the zero cost observations would provide a better

picture of industrial water demands in British Columbia.

The first set of results concerns the costs of water intake.

Table B.3 reports the 1industry averages for three categories of
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TABLE B.3

Water Intake Costs ($/m3)

Industry Computed Mean Estimated Mean Estimated Mean
Group Average Cost! Average Cost2 Marginal Cost3
- 1976 dollars -

Chemicals 0.204 9.776 0.004
Refining - 0.808 5.31 o4

Concrete - 0.772 1.358 «4

Transportation 0.811 1.179 0.218
Wood Products 1.135 3.332 0.362
Pulp and Paper 0.479 1.603 0.393
Foodstuffs 0.299 1.079 0.231
Beverages 0.561 0.432 0.257
Fruit Processing 0.221 0.407 0.274

1. Computed Average Cost = Total Cost of Water Intake divided by
Total Quantity of Water Intake.

2. From equation (2).
3. From equation (2).

4. * indicates an estimate less than zero.
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intake cost: computed average cost (found by simply dividing total
costs of intake by total quantity of water intake), estimated
average costs and estimated marginal costs (the 1latter two
categories are derived from estimations of equation (2) for each
industry). The striking thing about Table B.3 is the magnitude of
the estimated mean marginal costs. No industry has a mean marginal

cost greater than forty cents per cubic metre of water.

It is difficult to tell, however, whether the reported average

intake costs are 'high' or 'low' simp1y by studying Table B.3. We
may use a 1979 survey of British Columbia ﬁunicipa] water rates
(BCWWA, 1979) to evaluate the figures reported in Table B.3. From
thatvsurvey (cf. Table 4.3) it can be calculated that the average
annual charge for a commercial-industrial metered wuser was
approximately $4,000 /1000m3/year (1979 dollars). If an adjustment
for 1nf1atjon is made this annual average cost is about $2,800
/1000m3/year (1976 dollars). This figure 1i1s more than twice the
highest reported annual average 9intake cost (the wood products
industry reports $i,135 /1000m3/year (1979 dollars). It would
appear that a major reason why the annual averagé intake costs
reported in Téb]e 3 appear low is that the majority of these firms
are se]f-suppHed2 and 'pay' for their water only through 1licence

and rental fees to the provincial government and through in-house

According to Tate (1976), moré than 94% of B.C. industrial water

intake was self-supplied.
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expenditures on the operation and maintenance of their water intake

systems.

Table B.4 presents'the estimates of water intake price elasticities
by industry which were computed by BWM and the present study. The

BWM study's estimates are generally lower than those computed from

.the re-estimated industrial 1ntake water demand equations. However,

both studies find substantial evidence of price responsiveness.
These results are important for two reasons. First, they cast doubt
upon the 'fixed coefficient' method of water use forecasting
commonly employed today. It would seem that inclusion of price
elasticities in these models would in general lower demand forecasts
and this, in turn, may avert the unnecessary expansion of water
supply capacity. Secondly, these results give credence to those who
have called for an enhanced role for demand-side management to water
use problems (cf. Tate, 1984). If industrial water intake demands
are price sensitive, as they have been demonstrated here, then the
price of water is a potentially important variable to>be considered

in the balancing of supply-demand projections.

The final set of results are summarized in Table B.5. These are the
coefficient estimates of the industrial 1intake water demand

equations. Note for each industry, the functional form and price

© proxy used are‘reported. These were chosen as the 'best' equations

based on the equation statistics (R2 adjusted, F value, SEE,
individual t values). It is interesting to note that the estimated
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TABLE B.4

Comparison of Water Intake Price Elasticities

Industry BWM Study Renzetti Study

Chemicals -0.849 -0.911
Refining -1.186 ' -0.673
Concrete Products -0.110 - -0.576
Transportation R -1.103
Wood Products -1.136 : -1.024
Pulp and Paper -0.256 -1.003
Foodstuffs 1.0453 -1.325
Beverages -0.043 -0.534
Fruit Processing -] -1.1027
Mining _0.408 2
Heavy Manufacturing 0.052 —2
NOTES:

1. Not reported in BWM Study.

2. These industries were not included in the current study because
the data were unavailable.
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~average cost happens to be the 'most popular' proxy for intake price

- being chosen seven out of nine tjmesa_ It is possible that the
mean marginal cost of'water intake was typ1ca11y so small for most
industries that 1t did not play a significant role in decision
making. Instead, firms concerned themselves with the average cost
of water intake. If this is 1indeed the case then the criticism
levelled against declining block rates for encouraging excessive
consumption may not be as strong as previously supposed. This is

certainly a matter which warrants further research.

With regard to the coefficient estimates, the results would seem
quite plausible. A1l of the price proxies have negative
coefficients and host are significant. With the exception of the
concrete products iJndustry, all the output proxy coefficents are
positive a1fhough most are statistically insignificant. Most of the
coefficients on the public water supply dummy variable have a
negative sign - indicating perhaps that the prevalence of metered |
charges for public water acts as a disincentive to water intake and
thus lowers the demand for water. Most of the coefficients on the
water treatment dummy variable are positive, suggesting a direct
correlation between intake and treatment. Rather suprisingly, the
coefficients on the recirculation dummy are positive (although not
significant). While this particular result mirrors the BWM study,
it was expected that water intake and water recirculation were
substitutes. The paucity of cost-of-recirculation data 1in the
reported surveys may be a factor but the relationship between water

intake and recirculation merits further investigation.
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When the equation statistics are examined it would seem that the
functional forms band price proxies chosen broy1de quite good
explanatory power. This 1is particularly true considering that the
estimation was based on cross-sectional data. Ffor all equations,
the F statistic 1s high enough to ensure rejection of the null

hypothesis (that all the coefficients equal zero) at the .01 level.

Finally, note should be made of the reported elasticities. The
price elasticities are repeated froﬁ Table B.4 and need no further
discussion. The 'ohtput elasticities' must be 1interpreted with
care. If the proxy employed forldutput (total employee hours) does
not misrepresent the relationship between water intake and the firms
output, then the results are quite interesting. The output
elasticity figures suggest that, for unchanged prices and using
current technology, future g}owth in these‘industr1es will be water
intensive .1n nature. With the exception of the transportation
goods, food and concrete products industries, a one per cent growth
in output for any 1industry will lead to at least a one per cent
growth in water intake. The weakness w1£h which technological
change can be modelled using cross-sectional data, however, casts

some doubt on these output elasticity estimates.

The empirical results of this re-estimation are quite interesting.
They indicate industrial water intake demands are sensitive to the
price or co;f of water intake and that other water uses influence
intake. The results, however, suggest several potentially valuable

avenues for future research.
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Summary

The purpose of this appendix was to document the efforts to
re-estimate water intake demand equations using 1976 data for the
British Columbia Manufacturing sector. The results summarized here
suggest that water intake démands are sensitive to the price or per
unit cost of 1intake water and to the level of output. The revised
intake demand equations also tentatively indicate that per unit cost
may be a more 1mportanf_econom1c variable to firm managers than the

marginal cost in p]anning water use.

Research into the economic characteristics of industrial water use
in Canada 1is woefully 1inadequate. Next to nothing 1s known
regarding industrial valuation of intake water or whether
technological progress>has béen water-using or water-saving. These
topics, and others mént1oned'throughout this report, certainly merit

further research.
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