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II
ABETRACT

The study compares household water expenditures among 12 anmajor
cities in Canada. Expenditure data were derived from the Statistics
Canada series, Urban Family Expenditure 1969-1982 (cat. nos. &2-534,
62-550). A nationwide telephone survey of the waterworks department
in sach study metropolitan centre was alsoc conducted to determine
related information concerning source of water supply, water billing
frequency and water cost calculation in each of the cities.

The study revealed that major metropolitan areas in Canada have
significantly different means of managing, charging and billing for
water. This management inconguity has, in turn, caused variations in
water charges among cities. Household water expenditures ranged over
the study period between a high of over $60.00 (1971 dollars) in
Regina in 1978, to a low of $3.40 in 1969 1in Quebec City. These
figures denote the cost for the procurement of water to an average
household in each tity, over a one vyear period. Generally, water
expenditures were highest in metropolitan areas located in the Prairie
region, while the majority of Eastern cities indicated costs below the
national average.

Qverall, water expenditures appeared to fit in a pattern of
regional water availability, 1in that costs were high in water-short
regions, while expenditures were low in areas of water abundance.
Water expenditures were also genserally related to billing frequency,
type of water supply source, per capita water wuse, wmethod of water
cost calculation, and level of wastewater treatment among the study

metropolitan centres.
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PREFACE

The task of examining household water expenditures is a difficult
exercise, for a variety for reasons. First, the topic covers a large
area and time period, with the study of 12 separate metropolitan areas
and their urban water supply arrangements, over a 13 year period,.
Many aspects of hydrology, engineering, climatology, biology,
political science, sconomics, and geography are involved, in varying
degrees, in any discussion of wurban-water supply, hence, the
examination of each city in a one particular year alone could hava
warranted a separate study. The wide scope was necessary, however, to
gain a broad perspective of the entire Canadian urban-water system,
although the logistics of the topic entails analysis and
interpretation that only scratchs the surface of these disciplines and
their relationships with the subject.

Secondly, a more serious problem existed with respect to the lack
of relatad literature. Biologists and hydrologists have lang
dominated water research, and they have concentrated on issuas of
water quality and water cycle study, at the expense of most all else.
Consequently, a significant gap exists in the literature of
urban-water manégement, particularly with respect to pricing issues.
This trend was identified by Mitchell and McBean (1985) who examined
changes in funding for various types of water research, by saurce
since 1966, as shown in Figure A. Water quality and water cycle
research was and remains the main focus of funding, while the catagory
of Economic, Social, legal and Institutional research amounted to anly
three percent of total funding in 1946, with a slight increase to four
percent by 1983. The fact that water economics was grouped in a
general cateéory with the other three research areas would also
suggest that specific economic study was only a portion of this small
amount. This evidence explains why a significant portion of the works
listed in the bibliography are not cited directly in the study.

Thirdly, the use of subjective interpretation was often necessary
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FIGURE A: FUNDING FOR VARIQUS TYPES OF WATER RESEARCH, 195&,1983
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because information regarding basic aspecis of urban-water managament,
the source of water supply for example, was not readily available. 4
genaral inventory of watar management arrangements was conducted far
all the study cities, but ;his infarmatian only descriaed the
framework of urban-water management bureaucracy. [t did not axplain
how these factors relatad, if at all, to household watar éxpenditures.
Subjective ingerpretaticn, therafore, was needed to hypothesize “links
Between the two.

Above all, the thesis will addrass varigus aspects aof Canadian
urban-water supply, haowaver modestly, with a national perspectivae.

Many people are bacoming increasingly cancarned with the scarcity aof
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water, the quality of 1its accompanying infrastructure, and the
possibility of water export to the United States, all of which have
important implications for Canada’s urban-water supply. The advent of
the Inquiry on Federal Water Policy (1983), an advisory committee
appointed to the Federal Minister of Environment, has finally spurred
this concern into more detailed discussion of these and other water
resource problems, on a national scale.

In this context, the organization of the study is as follows.
The first chapter examines the 1isolated nature of Canadian water
management, and it is argued that metropolitan areas in Canada have
become distinect ‘city states’, removed from other cities and ather
lavels of government, in regard to water management arrangements. The
second chapter examines past case studies of water-pricing in Canada
and the United States. The review illustrates the many difficulties
asgociated with comparing water prices and water management
arrangements between cities. Chapter three discusses the study
methodology, which involves a review of the Statistic; Canada series
Urban Family Expenditure in Canada (cat. nos. 62-534, 62-350), from
which, the household expenditure data were derived. Tha chapter also
details the nationwide survey which was conducted to collect specific
information regarding each waterworks department. The fourth chapter
presents the study results and discusses the trends comparing such
variables as precipitation, population size, per capita water use,
pricing and billing procedurss, level of water treatment and source of
supply among the study metropolitan centres. Lastly, chapter five
presents the «conclusions, and offers recommendatiaons concerning

urban-water research,
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CHAPTER ONE - INTRODUCTION

Issues of wurban-water pricing have not been the centre of
national survey, hence, it is the intent of this study to identify the
basic residential water pricing and billing arrangements in the major
metropolitan centres of Canada. Spatial variations in these water
supply components will also be discussed in reference to geographic
factors, across regions and among cities. The study will sxamine the
household water expenditures® in 12 major cities, namely St. John's,
Halifax, Quebec, Montreal, Ottawa, Toronta, Winnipeg, Regina,
Saskatoon, Calgary, Edmonton and Vancouver, in selectad years between
1969 and 1982, The analysis is designed with the follaowing thrae
objectives: the review of past literature; the identification of the
water expenditures and basic water management arrangments in each
study metropolitan centre during the specified time framej and the

analysis and explanation of the evident trends.
Why Study Household Water Expenditures?

There are several reasons why the study of this subject is
important. First, metropolitan water supply facilities and their
related economic components should be subject to continuous scrutiny
because of the high concentrations of population and water use in
these wurban areas. The combined population of the 12 study cities
represented nearly half of the total population of Canada during the
study period, while the combined municipal ~Water use in the 12
metropolitan areas amounted to nearly 2.3 trillion litres in 1974,
nearly 33 percent of the total municipal water use in Canada in that
year (Statistics Canada,1983; Canada Hater Yearbook, 1983).

Secondly, past research by Lee (1969,1972), Quinn (1968,1973,
1976,1977,1981) Sewell (1961,1966,1974,1977,1978,1981,1983), Tate
(1978,1983,1984) and White {1969) have utilized geagraphic
methodologies and approaches .in their analysis of North American water
issues. It is recognized, then, that geographers have played a

pivotal role in past water research, justifying their active



involvement in present and future water study.

Lastly, the use of household water expenditures provides a
consistent, if not a simplier, quantitative index for comparing costs
between metropolitan centres. Expenditures are measured over time, a
one year period in this case, as opposed to measures which are
generally given in terms of cost per unit volume. Past pricing
studies have generally used municipal water rates, which correspond to
specific blocks of water usage, as the sole criterion for comparison.
However, the great degree to which municipal water rates and
accounting procedures vary among cities makes it difficult to
establish accurate comparisons. Some cities charge by the amount of
water used, others by a flat-rate based on property value, while one
city calculates charges based on the number of rooms and water

fittures in the household.
The Isolated Nature of Canadian Urban-Water Management

The remainder of the chapter will examine various aspects of the
Canadian water management system to better illustrate the regulatory
enviraonment in which urban-water use and cost are determined. The
overview reveals that the lack of a coordinated water policy among all
government levels has developed a substantial diversity in municipal
water management arrangements. Water procurement for metropolitan
centres has evolved with little or no cooperation with either the
federal ar provincial governments. Consequently, each nmetropolitan
area can be likened to a separate city state with respect to water
management because all aspects of pricing, billing, source of water
supply, and water treatment are mostly the choice of the city alane.

The three levels of government provide essentially four water
services to the people of Canada. The local level supplies freshwater
and sewer services to each household and business, while the
provincial governments maintain hydro-facilities and water-related
recreational sites. The federal government is generally responsible

for transportation, navigation, agriculture, trade and Northern
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concerns, while at the same time, all three levels are involved in
protecting Canada‘s water fram the pollution and natural destruction
which often accompanies the pravision of the services just described.
The record of each level of government research and action within this
management scheme has been one of isolation, evidenced by the frequent
overlaps in water agency mandates and jurisdictions between and within
levels of government. Bureaucratic confusion and conflict has been
the result, with hundreds of water-related departments administering
different types of programs, each with its unique priorities and
objectives (Gibson,1949; Judy,1969; Foster and Sewell, 1981).

The reasons for this fragmented nature of management can be
traced back to the Britisﬁ North America Act (B.N.A.) of 1B&7, which
established the legal framewaork for all subsequent water management in
Canada, This document drew a distinction between the proprietary and
legislative rights of governments to water, that is, between wha owns
the resource and who can legislate regarding its use, although this
distinction does not apply in the northern territories where the
federal government retains complete jurisdiction. Elsewhere, the
provinces own the resources and as owners, thay authorize and license
development, levy fees, and regulate flows. Tﬁe only provinces that
requlate inter-provincial flows are Manitaoba, Saskatchewan and
Alberta, all of which formed the Prairie Provinces Water Board in 1948
to better study water flow problems in the region. Water charges and
user fees are also more common in the Prairie provinces because of the
many water-short areas in the region (Sadler,1983).

The federal government can legislate exclusively with respect to
navigation, fisheries, agriculture and, indirectly, in regulation of
interprovincial and international undertakings, including trade. The
federal government may also provide funding for systen construction,
particularly in areas of federal interest, such as interjurisdctional
water, military bases and native lands, This government level also
provided assistance for public water system construction through its

Community Services Contribution Program, but this service expired in
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1984 (Tate et al., 1984}, The Prairie Farm Rehabilitation
Administration continues to assist in the financing and construction
of farm water water supplies and small community systems in Western
Canada. In a few cases, private industrial operations may also
provide financial support for water services. In one-industry towns,
for example, large industrial plants may supply the municipal water
and waste treatment facilities (Sadler,1983).

The provinces, as owners of the water, delegate large areas of
responsibility over water supply and sewage treatment to municipal
and/or regional governments. Most of the provinces also assign water
recreation and administration of public lands and associated waters to
separate ministries (Tinney and Van Loon,1972; Bellinger,1975;
Mitchell,1973).

Yet, the theoretical division of propiertary and legislative
rights is mastly inconsequential when viewing the evolution of water
management following the B.N.A. Act. Water stewardship for the next
hundred years would be mostly ad hoc, acting in response to
identifiable water oproblems. The Water Survey of 1908 and the
International Boundary Hater Treaty of 1909 are two examples in this
regard. The Water Survey remains in operation today and obtains basic
hydraulic and hydrolagic information on water levels, temperaturs,
quality and sediment from over 3,000 stations across Canada. The
International Boundary Haters Treaty was established between Canada
and the United States to assign rights and duties to both countries
regarding sharsd waters, The International Joint commission was
formed as a direct result of this agreement with the aim of resolving
common water opraoblems through cooperative proceedings (I1.J.C.,1980),
Although these developments were important, a serious oversight was
the lack of any unifying policy objectives regarding water use. The
tirst sign of any water policy would not appear until 1970, with the
establishment of the Department of the Environment and the Canada
Hater Act. The former was created with primary responsibility for

administering water resources from the national point of view, while
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the latter was enacted to provide for comprehensive water quality and
guantity management in major river basins across Canada, in
conjunction with the various provincial governments. These
developments reflected a growing trend among the federal and
provincial governments for greater research regarding water quantity
and quality and other related environmental concerns during the 1970s.

These delays in formulating fedaral palicy would have
far-reaching effects, especially with respect to the provision of
urban-water supplies, which went largsly unnoticed by the federal and
provincial governments. Metropolitian centres were almost always the
sole financial contractors of their own water development, although
grants and cost-sharing agreements may have been common between the
provinces and selected rural amunicipalities. Canadian metropoiitan
centres can be classified as micro-regions in this regard, because
they designed and constructed their own waterwork systems in sole
relation to the perceived ﬁeeds of the proximate urban area, on a
scale proportional to the level of population and industrial
concentration.

Another factor which further isolated municipal water management
from the federal and provincial levels was, and remains, the differing
objectives involved in each. Water managers at the local level are
the most politically sensitive of all water resource professionals to
public criticism because a majority of Canadians live in cities, and
they have generally come to expect water in the purest state in
unlimited quantity, a common perception of urban residents regarding
their water supply (Ibsen and Ballweg,1949; McMeiken,1972;
Wasny,1982). In this manner, the urban dwelling, or the home, is the
locale where the majority of Canadians come into direct contact with
water everyday, Meanwhile, provincial and federal officials are
responsible for water removed from urban centres, the residents of
which, usually express a decreasing lack of interest in natural
resource development and protection, the further removed its activity

is from the city. This situation is not always the case, as esvidenced



by the protest of many environmental groups, native interests and
concerned proximate inhabitants in opposing water projects, although
this type of protest is confined to am almost insignificant proportion
of the total population,

The wurban bias of Canadian society places more intense political
pressure on municipal managers to deliver a tangible water supply to
each dwelling and business. In contrast, the federal and provincial
governments usually offer a service of transportation, navigation and
environmental protection in their water-related activity. B8enerally
speaking, then, municipal governments are geared toward a ‘water-good’
orientation, while ‘water-service’ is the emphasis of the other levels
of government. This observation may seem elementary, but it relates a
key distinction between levels of government and how each possesses

its own objectives and ethos in water management.

Summary

This chapter has demonstrated that cities are isolated éreas of
water management, both in a theoretical and spatial setting. The lack
of a national or regional water policy in Canada has allowed cities to
develop their own water priorities and develop cost structures mostly
independent of any external guidelines that would usually be imposed
by higher levels of government. The emphasis on water as an economic
good in municipal concerns, as opposed to water as a service in other
governments, is further cause for distinction. Above all, cities have
developed water supply arrangements independent of aone another, hence,
much diversity in structure and cost can be expected in municipal

water management economies across Canada.
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Notes

* In this study, the terms ‘water expenditure’' and ‘water cost’' are
considered synonymous and will be used interchangeably.



CHAPTER TWO - WATER-PRICING CASE STUDIES

The theoretical trends of urban-water management reviewed in the
first chapter lead into an examination of past water-pricing case
studies. This research has examined price schedules, water cost
calculations, billing frequency and other related supply
characteristics in a number of cities and municipalities. The review
will be divided into two sections, namely unpublished and published
studies. The former have emphasized a national approach at the
expense of in-depth analyses, while the latter have documented
water-pricing in specific cities and regions, but not on a national

scale. The published studies will be reviewed first,
Published Studies

Seidel and Cleasby (1964) published a summary of statistical data
on waterworks departments in the United States, and reported that the
size of the wutility, degree of treatment, and type of ownership
affected the level of rates, although no coefficients of relationships
were generated from their analysis. Afifie and Bassie (1969) reported
that the most important determinants of water prices in Illinois were
as follows: total populatien served; type of ownership; source of
supply; quantity of water produced; balance of long-term debts;
percent of metered accounts; type of treatment income per head;
average cost of water; and number of years the water charge had been
in effect. These two American studies indicated that urban-water
prices were related, in part, to cost of supply, while debt service
costs and system scale were also important explanatory variables.

Penman (1981) noted that there are five general principles
underlying the setting of water rates, namely life-line, flat-rate,
demand-modification, value of service, and cost of service. Water
rates using the life-line principle would be very low for the minimum
amount of water required for health standards, while in a flat-rate

system, customers are charged a fixed amount regardless of the amount
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of water used. Demand-modification refers to the development of
artificial rates, as opposed to cost-based rates, to increase or
decrease the amount of consumption, while in the value of service
principle, rates are set at what the market will bear. The cost of
service principle dictates that water charges to customer classes are
based on the actual cost of serving the customers. |

He also reported that the cost of service rate may be derived by
two different water cost calculation methods, namely functional cost
and base-extra capacity. Rates in the functional cost method are
determined in consideration of the total costs associated with
operating the utility, in addition to the total water sold within
selected volume categories. Following this, the volume categories or
blocks are associated with types of customers, usually residential,
commerical or industrial. The base-extra capacity method also
considers total costs but other costs are considered on the basis of
the design of the system for certain peak requirements. In simplier
terms, functional cost accounts for water utility cost plus the caost
of the w;ter itself, while base-extra capacity accounts for the same
costs, although the extra cost of designing for peak flow is included.
Engineering design parameters, therefore, are the basis of these rate
methods.

A problem with the Penman study is that it fails to explain the
exact relationship between water rates and total costs. Past work by
Ciriacy-Wantrup (1961), Seidel and Cleasby (1966), Lee (1972), Grima
(1984), and Tate et al. (1984) have agreed that many cities determine
their water rates based, in part, on the total costs of their
operations. Yet, the wexact definition of ‘total cost’' for a
metropolitan area water utility remains uncertain. The most visible
cost is the yearly operating expenses but there nmay be other costs
that are not so easily apparent. For example, a utility may have
accumulated a deficit over a period of time, which may or may not be
its responsibility to retire, while in other cases, the host city may

consider the utility debt as merely a necessary civic expense, and
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subsidize its operations through general tax revenues®. The utility
may also be expected to pay a proportion or all of the debt interest,
or even the principal itself, hence, the degree to which civic water
rates reflect yearly cost of operations, past debts, or debt interest
payments is not known. ‘

The descriptive nature of Penman’s study is an exception amang
the majority of published literature in this area, which is more
critical in its assessment of urban-water pricing. Davar (1977) noted
that water rates in all sectors of the Canadian economy were related
to token charges, providing revenue to offset administrative expenses
of the waterworks departments. Grima (1972) reported that the capital
costs of water-based infrastructure in nmetropolitan centres were
becoming 1increasingly expensive. He suggested that flat-rates and
cost of service rates were inefficient as the basis of water charges
because they promoted overuse of the resource, and the overbuilding of
water supply systems. These methods do not recognize that the vast
majority of water demands are fairly elastic, in that an increase in
water prices would lead to a decrease in demand. This evidence
suggests that a system of increasing block rates, which increases cost
with greater water use, would promote water conservation and more
rational water system construction, although at present, daclining
block rates are mostly in effect, which encourage significant water
waste. The latter rate method, as 1its name implies, entails the
overall unit cost of a large volume of water being less than the unit
cost of a small volume of water. However, bhefore a custamer receives
the benefit of the reduced rate for larger volume, the higher rate
must be paid for the initial wusage. The decreased unit cost of
supplying the larger volume, it is argued, Jjustifies the decreased
unit cost.

Sewell and Roueche (1974) studied water pricing in Victoria,
British Columbia, and noted that economically viable water pricing
would lower opeak water demands, leading to savings in both

construction and operating costs. These gensral conclusions were
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later shared by Gill and Leitch (1983), who conducted a review of the
water and sewer rate design in the municipality of Durham, Ontario.
Their study noted that it was common practice in the nmunicipality to
channel part of the water system revenues into general funds unrelated
to the provision of water services. This practice was considered to
be politically advantageous in that it kept taxes down, while
maintaining the level of water services far only modest increases,
although it resulted in improper price signals being sent to
customers. Consequently, their conclusions concurred with earlier
studies which strongly urged that water pricing should be better
designed to promote more efficient water use.

A similar study to this household expenditure analysis was by
Grima (1984), who performed a comparative analysis of the cost of
supply and water rates in 43 Ontario municipalities for the period
1965-1949, He determined that the average cost of urban-water
services in Ontario was 35 cents per 1,000 gallons in 1949, and the
costs ranged from a low of 13 cents in St. Catherine’'s, to a high of
70 cents in Bertie township. The variance was explained by the two
major components of debt service cost and operating tosts, but it was
suggested that there were important political inputs into the
decisions to price urban-water services, Over 80 percent of the 42
municipalities charged less than average cost to large custaomers, who
used over two wmillion gallons per month, while i8 of the
municipalities charged less than average «cost to small industrial
users, who used approximately 50,000 gallons per month, Smaller
residential/commercial usars were also charged less than average costs
in six municipalities, and the required revenue was recovered by means
of fixed service charges and/or higher rates 4for small wusers.
Overall, Grima reported that the pricing of urban-water services was
not cost-related, and there was considerable over-investment in
municipal water supply systems because of underpricing.

The household water expenditure study is generally similar to

Grima's analysis in that water costs are compared between Canadian
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metropolitan divisions, although costs are strictly defined in terms
of expenditure over a yearly period, not, as in Grima’'s case, a rate
per 1,000 gallans. However, the limited scope of Grima’'s analysis,
within southern Ontario during the years 1965-1969, enabled the study
of such detailed data as the debt service cost and operating
expenditure of each municipality. Unfortunately, these factors cannot
be considered in this study because exact financial information
regarding water supply systems of major Canadian cities is not readily

available.
Unpublished Studies

At the outset, water cost calculation and billing frequency merit
discussion because they will be referred to in this section. The
former refers to the method by which the «costs of water are
calculated, which invelves a flat-rate charge, a metered cost, or some
combination of both. The flat-rate system bases costs on a fixed
charge in relation to property value, or the number of rooms and water
fixtures in a dwelling, thus, the amount of water used plays no role
in the cost for its procurement. The metered system calculates costs
based on consumption, which may or may not include a nminimum service
charge, and a nmeter must be Ffirst installed in each dwelling to
calculate the amount of water use. Billing frequency refers to the
number of times water bills are issued every year. In some cities,
for example, a water bill is sent out only once a year while in other
metropolitan centres, water bills are issued monthly.

Robinson (1984) studied aspects of municipal water conservation
and pricing in the municipalities of Kitchener-Waterloo and Cambridge,
Ontaria. He reported that no incentives existed for water
conservation and, as a result, water systems in general were overbuilt
in these municipalities, Robinson suggested that more water
canservation measures be implemented, namely rebates for installing
water-saving devices, the encouragement of retrofits of water-using

appliances, and rewriting plumbing codes and housing standards to
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encourage conservation,

A comprehensive work in water pricing was undertaken by Tate et
al., (1984), who distributed questionnaires to municipalities in all
regions of Canada and gathered data on current water pricing
practices, aspects of jurisdiction, tariffs and charges, financial
aspects of water servicing and water quality. Comparisons of water
prices betwsen municipalities were undertaken using the «cost of an
‘average’ household water pumpage, selected at an arbitrary 20,000
litres per month. The respondent municipalities were then grouped by
region, namely Atlantic, Quebec, Ontario, Prairies and B.C.. Table
2.1 displays a sample of their results for the Atlantic region,
although the ‘population served’ category in each municipal listing
infers that the majority of municipalities were rural, or at lsast,
not major metropolitan centres. These figures, therefore, are a
greater reflection of rural water water prices than city water
charges.

Most municipalities surveyed used either a flat-rate, declining
block rate, or a combination of both. The correlation between total
pumpage and the estimated cost of a typical amount of water was below
«2 for all five regions, illustrating that water price played little
apparent role in municipal water use at the regional level. It was
argued that this result did not negate previous research which has
suggested that price may be a significant variable in the Water use of
individual municipalities, Water use, for example, has proven to be
highly elastic,‘in that increases in price will lead to a decrease in
demand, hence, water pricing is an effective demand-modification tool
(Ciriacy-Wantrup,1960). In addition, the correlation between total
residential water pumpage and total population was high, over .8 for
all regions, indicating that the greater the population, the more
water use,

It was not specified how water costs compared among regions, so
the average menthly cost for sach region was calculated from their

results, as shown in Figure 2.1, The averages are lower in the
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FIGURE 2.1:° AVERAGE RESIDENTIAL MONTHLY WATER CHARGE BY REGION
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in Canadian Hater Nanagement. Unpublished regort to 0.£.C.D., Environsent Canada, Ottawa.
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Atlantic, Central and B.C. regions of Canada, reflecting that water
prices were generally lower in areas of abundant supply, although the
quality in some cases might be an issue. The Prairie region indicated
a higher average, suggesting that the procurement of its water supply
was mora involved and expensive because of its semi-arid climate.

A difficulty with this study concerns the method by which the
water cost for municipalities based on a flat-rate structure were
calculatead. Flat-rate water costs are usually based an the property
value of the residence and the assumption is that the higher the value
of the residence, the greater the ability to pay. Consaequently, this
rate method entails a higher water bill for residents of higher valued
properties. The amount of water used, therefore, plays no rale in

the water charge, and in this case, the use of the standard 20,000
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litres per month for residential water use is meaningless. Instead,
the average property value of each aunicipality would have had to heen
calculatad, and then measured against the rate at which praperties
were assessed in regard to water charges. The fact that no mentian
was made of this procedure suggests caution in the use af the results.
The Comptroller's Department, City of Regina, undeftook cast
comparisan studias that were similar to the Tate et al. (1984)
analysis, although on a smaller scale. In the Regina study, greater
emphasis was placed on identifing water and sewer charges, as
indicated on Tables 2.2 and 2.3. Watar consumption was assumed to
aceur gvenly throughout the year which is, in fact, a

misrepresentation because water use greatly increases during the

TABLE 2,2: COMBINED WATER AND SEWER CHAREES OF EIGHT CITIES BY USAGE, 1982

Usage®  Toromto ms‘:"?’ ¥innipeg FRegina  Saskatocn  Calgary fdsonton  Vancouver AVERAGE
6,500 n 97 g s 88 20 140 [ 1
12,000 8 13 AU 1% s = 19 1m
20,000 2,789,234 4,000 4,68 2,963 LB 43 8 2,93

1,000,000 11,15 477 15,145 18,92 11,20 12,124 18,24 2,78 11,548

! Nusbers are in rounded $1982 and dencte how mich each eetropolitan area charged for the given block of water
usage in 1982 .

2 Usage is in cubic foet.

Sources na olierg Denartsent, {983, Colpmm of Xater ud Senagc Rates {a Selectad Canadian
Citin-REg? u‘.ﬁxmwwmh ollars Departaant, City of Regina, Saskatchewan,

TABLE 2.3: COMBINED WATER AND SENER CHARGES OF EIGHT CITIES BY USAGE, 1984

Usag®  Toronto M?h‘gr Winnipeg Regina  Saskatoon  (algary Edeonton  Vancouver AVERASE.
6,500 ) 109 | 138 129 103 21 167 &5 13
12,000 183 138 = A5 186 %8 20 ) as
0,000 3,38 1,3 4708 5,29 3.5 4,500 52 97 3,6
1,000,000 13,59 55 17,45 20,00 13,680 o 2008 2,98 135,33

! Nusbers are in rounded $1984 and dencts how auch each setropalitan area charged for the given block of water
usage in 1984,

2 lsage is in cubic feet.

Source: Regina rollers Degartsent. 1985, Cmmm of Nater and Senaqo Ratzs is Selected (asadian
Cities - I3 m“hed Repart by the Comptrollers Department, City of Regina, Saskatchewan,
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summer months, while another problem concerned the lack of methodology
in explaining how the water costs were calculated. For example,
Toronto water charges are based on the number of rocoms and water
fixtures in each dwelling, plus a meter rental charge based on the
size of the meter and a sewer charge, where applicable. Consequently,
the authors of the Regina study had to convert this structurs into
specific blocks of usage, 6,500 cubic feet, and then calculate a
yearly rate for Toronto. This procedure likely involved interpolation
and subjective judgement which suggests caution in the use of the
results,

The study revealed that Vancouver «costs were, by far, the
cheapest of the eight cities in all usage categories. This trend was
attributable, in part, to the fact that Vancouver residents do not pay
sewer charges, which are financed from general tax revenues, as was
also the case in Thunder Bay. Calgary displayed the highest costs in
the residential wusage categories, while Winnipeg was the most costly
in the industrial/commericial classification. GBenerally speaking, the
Eastern cities of Toronto and Thunder Bay, the latter of which is
arguably ‘Eastern’ oper se, indicated lower costs than Hestern
metropolitan centres, with the exception of Vancouver. Detailed
explanations of these trends are given in later discussion aof the
household water expenditures where the Regina results will be compared
with this analysis,

Table 2.4 indicates the structure of residential combined charges
to determine the relative proportion of water and sewer costs in the
total water charge. Thunder Bay and Vancouver indicated a structure
of 100 percent in the water category because there were no sewage
charges in those cities. Toronto indicated a sewage cost structure of
approximately 13 percent while, in contrast, the remainder of the
cities displayed sewage proportions between 30 and 50 percent of total
cost. It can be inferred, therfore, that water costs in the West,
with the exception of Van;ouver, were mostly derived from water supply

tharges.



TABLE 2.4: STRUCTURE OF COMBINED WATER AND SEWER CHARGES, {984 -18-

Thunder=
Usage*  Toronto  Bay  Winnipeg Regina  Saskatoon Calgary Edscnton  Vancouver*

6,500
Wtee 8.5 1000 B.J  5LI 62.1 Bk S5 100.0
Sewer 135 0.0 AL 8.8 37.8 e 0.5 0.0
Total  100.0 1000 @0 0.0 100 @0 100 [0
12,000
Wtee 8.1 1000 B4 Db 60.8 B4 B 1000
Sewr 129 0.0 L6 9.3 0.2 s 33 0.0
Total (0.0 W3 100 @0 100 0.0 W0 [0
250,000
Wter  §7.0 1000 B3 0.3 %1 B4 &9 1000
Sewer 130 0.0 47 M7 1.9 M. 3L 0.0
Total 0.0 [®.0 180.0 1007 100.7 100.0 100,50 .5
1,000,000
Watee 8.0 1000 0.0 9.2 57.9 Bd L0 100.0
Swer 130 0.0 9.9  45.8 2.1 T X 0.0

Total 100 000 1.0 1.0 100.0 18 S 1 N R ' )
t Denotes the w opartion of the water and sewer charges within the cosbined charge. The
important issue hﬂ is to ify which of these two charges dominate the total charge.
2 Usaqe is in cubic feet.

3¢ Ko sewage ges were assessed in the cities of Thunder Bay and Vancouver. Instead, sewage
charges are fmanczd roa general tax revenuss.

msag:_r;e% it .Rngx_n?%ﬁ%ﬁgrs toent, ﬁ:‘m Colganm of Hater iad ngmge Rates ia Selectad
The structéré':nalysis'is nlv?rk‘erj of aubthr not the City of Regina éuptrnllers%rm:. )
The City .of Winnipeg Waterworks, Waste and Disposal Division
performed similar water cost and water billing comparisons among
Canadian cities in the years 1982 and 1984, as shown in Tables 2.5 and
2.6. The 1982 and 1984 studies are markedly different in a number of
ways, namely the number of cites being compared, the categories of
usage, and the time period over which the costs are measured, althaugh
the reason for these differences is not known. The 1984 study is~
identical to the Regina studies in two regards, namely the categaries
of consumption, and water costs being determined per volume of use.
In fact, the costs quoted in the 1984 Winnipeg study are similar to

those in the 1984 Regina work, esxcept for the fact that Vancouver was



TRRE 2.3: maazsmmmmmmwmmmmwm; 1982

lisage® Kinnipeg Regina Calgary Edonton
3,000 T.47 21,00 18.34 A2
(bwalling A2
7,000 14,48 21,00 A% 2.2
(bwelling B) -
19,000 3%.05 0.8 2R .14
(Dwelling C)
88,000 151,78 179,76 1.9 18,01
(Saall Restaurant)
510,000 TS2.16 1,030.2 8.7 925,69
(Astosatic Car Mash) '
978,000 1,3%.37 1,974,00 §5.48 1,634.4
(brge Restarant) - ! : '
1,848,000 2,353 3,702 1,423.10 2,%5.%8
"gten) ! e ! '
14,043,000 17,128.89 28,313.04 8,&%7.66  18,929.09
(Foundry)

! Nusbers are in $1982 and denote the three-sonth cosbined water and sewer charge by usage
categories for various types of dwellings.

23 Note the uug‘is in qallons not cubic fest as in the Regina studies, The usage rate quotsd,
however, refers to the average water consusgtion of the type of dwelling (indicated in  brackets)
during @ three-sonth pericd, Additionally, ‘Dwelling AL’ denctes three semarate sizes of
residential units in increasing order of square footage.

Sourcet City of ¥innipeg Waterworks, Waste and Disposal Departsent. 1983, Survey of Billin
Procedures of YSehctgd pecgngia Citles - 1982 Zpd:lidm Report by the Hatmgks, Naste qu
Disposal Departaent, City of ¥innipeg, Manitoba.

TAELE 2.6: (OMBINED HATB!MSBBMGMCITIESBYL&E,WM‘

‘ Thunder
Usage? Toronto Bay Winnipeg  FRagina Saskatoon falgary  Edeonton

6,500 A 12 v 103 A 167
7,00 M2 1B = u3 s % 20
00 29| LI 408 529 35S W 5m

1,000,000 11,818 535 1798 2,88 13,60 w01 20,08

1 Nusbers are in rounded $1984 and dancte how such each metropalitan arsa charged for the given block
of water usage in 1984,
2 |mage is in cubic feet.

s City of Winnipeg Waterworks, Waste and 0 Departaent. 1985, Survey of Billiag Procedures
T hieted Cansatan TCities - 198¢. npudlised Report by the Waterwarks, Nests and Disposal
Departsent. City of Winnipeg, Manitcba.
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not listed, and the rates cited for Toronto were somewhat lower in the
Winnipeg study.

Another observation concerns the 1982 studies of both Winnipeg
and Regina, and how each study indicated different results regarding
the same cities. The 1982 Winnipeg study displayed that Edmonton had
the highest cost in the residential category, and was followed in
order by Regina, Calgary and Winnipeg. The 1982 Regina study,
however, indicated that Calgary had the highest cost, followed in
order by Edmonton, Winnipeg and Regina. In other words, both cities
reported entirely different rankings and results even though the same
water rates from each metropolitan centre, during the same year, were
being compared. Furthermore, in each 1982 study, Regina and Winnipeg
each listed themselves as having the cheapest costs of the four
Prairie cities, suggesting significant point~of-origin bias in

calculating water charges.
Summary

The chapter has reviewed a selection of published and unpublished
water-pricing case studies. The published works of Davar (1977),
Grima (1972,1984) and Gill and Leitch (1984) have suggested that water
pricing, in general, is not cost-related and that many political
variable influence water costs. Tate et al. (1984) have also reported
that water systems in Canada are heavily subsidized in all sectars,
and that few esconomic relationships exist between the wuser of water
services and the amount paid. Meanwhile, studies undertaken by the
City of Regina and City of Winnipeg Waterworks Departments have
collected wuseful data regarding general rates structures and water
billing procedures, but their cost comparisons are inconsistent and

therefore must be used with caution.
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Notes
rsonal Communication with Sharon Martissen, Water Rates Analyst,

of N;nnipEﬁ Waterworks, Waste and Disposal Division, October 17,
y Winnipeg, Manitoba,
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CHAPTER THREE - METHODOLOGY OF STUDY

This chapter examines the study methodology and reviews the
Statistics Canada series, Urbanr Fawily E£xpenditure in Canada, fFrom
which, the household water expenditure data were derived. The
discussion will focus on the method in which the data were collected,
and note the difficulties associated with gathering data of this type.
The explanatory variables will be examined, namely source of water
supply, water billing trends, precipitation levels, water use,
population size, level of water treatment, and total household
expenditure, and it will be explained why these variables was selected
as significant determinants iﬁ this analysis. Information regarding
several of these variables was derived by a nationwide telephone
survey of the waterworks departments of each study city and this
survey will also be reviewed. The chapter is divided into three
sections: an explanation of the study metropolitan centres and time
trame; the discussion of the household water expenditure dataj and the

gxamination of the comparison variables,
Study Metropolitan Centres and Time Frame

The 12 cities used in the study were specifically selected on the
basis of data availability because the Family Expenditure surveys,
which will be discussed shortly, were conducted mostly in these major
metropolitan centres. The cities also prdvided an adequate
representation of the Atlantic, Quebec, Ontario, Prairie and British
Columbia regions of Canada, as shown in Figure 3.1. The year 1949 was
chosen as a beginning point of study because it was the first year in
which the Family Expenditure surveys had been conducted on a national
scale with consistent sampling technigues in all study cities
(Statistics Canada,1983). Prior to 1969, these surveys did not record
such details as water expenditures and instead only tabulated general
categories of household expenditures such as food, shelter and
clothing, 1982 was chosen as the final year of study because it was

the most recent year in which the household water expenditure data



were availakle.

FIGURE 3.1 - STUDY METROPOLITAN CENTRES

Househald Water Expenditure

Houseshold water expenditure is the amount of money spent in one
year by an individual, or a group of individuals living in a
residential wunit, be it a duplex, apartment, or house, for the
procurement of water services to their dwelling. This expenditure
refers to both water supgly and sewage charges, although Vancouver is
an exception since no sewage charges are assessed to its water
customers. The expenditures are the average of all the water costs
indicated by each respondent, for their household in the given city

during the specifisd vyear. The water expenditures of all surveyed
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households, be it a one room apartment or a 20 roonm house, were addad
for a given metropolitan area and then divided by the total sample
size in the same city, to calculate the ‘average’ water expenditure.

The data are wholly derived from the Statistics Canada sgries,
Urban Family Expenditure in Canada (cat. nos. 62-334, 62-350) which is
developed by the Family Expenditure Section, Consumer Income and
Expenditure Division, of Statistics Canada. This agency has conducted
ongoing personal intervigws with selected families, in major
metropolitan areas across Canada since 1937, although detailed records
of expenditure did not begin wuntil 1969 (Statistics Canada,1983),
Statistics Canada officials collect information in the interviews
regarding all expenditures made by the household for the survey year.
The surveys are conducted in January, February and March, and
respondents are asked to recall their expenditures for the previous
calendar year. In 1982, for example, the expenditures indicated for
that vyear are for 1982 alone, although the results were tabulated by
personal interview in the first three months of 1983. The accuracy of
these data depended on the ability of the respondent to remember
individual purchases at a considerable level of detail (Statistics
Canada,1983).

The recollection of water expenditures would have been somewhat
difficult for most of the respondents because water bills usually
accounted for less than half a percent of total family expenditure in
a year. Anaother issue involved the manner in which the respondent was
billed for water, considering that billing frequency varied among
the cities. Calgary, for example, issued water bills avery month to
egach household, while in Vancouver no water bills, in the strict sense
of the word, were sent out and, instead, water tharges were included
in an itemized statement of general civic taxes which was issued oanly
once a year. The pricing system used to calculate water expenditure
in each city was another related variable because some metropolitan
centres charged a flat-rate for water service, while other cities

based water charges on metered use. The extent to which these
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differing methods of billing and pricing affected a respondent’s
ability to recall their yearly water expenditures is not clear,
although residents who faced a metered charge likely had a greater
water cost awareness than did householders who paid a flat-rate.
Respondents who lived in cities with a higher frequency of water
billing, every month or two months, could also be expected to poOsSsess
a greater awareness of water cost than those who were billed once a
year, inferring that the higher the water bill freguency in a city,
the more accurate of its response. Either way, the issue is that
water billing procedures and cost arrangments likely had some effect
on the respondents’ view of their water expenditures.

The expenditures may have a downward bias because most apartment
dwellers usually paid much less, in some cases aven nothing, for water
service than did homeowners, Although rental agreements vary fram
building to building, it is common practice of landlords to include
water charges as part of the basic rental payment or lease agreenment
with their tenants. In most cases, a statement of the water charge to
the apartment unit is not listed on the rental invoice, hence,
respondents who lived in apartménts had to estimate their water costs
who, in turn, likely indicated water expenditures that were relatively
low. However, the wuse of averages negated some of the axtreme
miscalculations to provide a relatively accurate index of the

gxpenditures.
Comparison Variables

The data were then analyzed in consideration of relevant
geographic factors, which were selected on the basis of two criterion:
each had to be ‘geographic’ in nature, related to the provision and
pricing of a water supply to a city; and each had to be information
accessible, which refers to the amount of available data and
information regarding the variable. Seven variables were selected
within this criteria, namely water supply source, billing frequency,

method of water cost calculation, level of precipitation, per capita
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and general water use, population size and growth, extent of water
sewage treatment, and level of total household expenditure. This list
does not preclude the fact that a number of other variables may be
signficant, either singly or Jjointly, in affecting household water
expenditures, although the seven selected variahles appear to be those
most likely to have signifcant affects on the issue.

All the variables, with the exception of the water supply source,
billing frequency, and method of water cost calculation were derived
from a variety of government publications. Data on the latter were
collected from a nationwide telephone survey undertaken during
October, 1985, although the water supply source of Vancouver, Calgary,
Edmonton, Saskatoon and Winnipeg were identified from annual civic
budget reports for each city. Water supply source information
concerning Regina was derived from Cullimore (1980), but direct
contact was necessary with the waterworks departments of Eastern
cities to determine their water supply source.

A telephone survey was considered to be the most logical method
of data «collection because of the large distances between the
metropolitan centres, and the inherent difficulties associated with
mail surveys to government agencies. The waterworks department, or
similarly named agency, of each study city was contacted, and a brief
interview, which ranged between 15 minutes and one hour, was conducted
with a willing respondent. Prepared questions were then asked to
determine the basic water management arrangements in each city, namely
the water supply source, frequency of water billing, method of water
cost calculation, and water rate structure (see Appendix 3.1 for the
survey results), Information derived from this survey regarding these
variables will be assumed to be the conditions which were in place
over the 1969-1982 study period.

This  survey also yielded some rather unexpected results because
in several of the Eastern cities, waterworks personnel who answered
the call could not identify the water supply source source of their

own metropolitan area. A second or third persaon referral was often
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necessary to find out its exact location(s), which suggests a
deficiency of information concerning basic urban-water supply
arrangements in several study cities,

Several of the survey results were also somewhat different than
those reported by earlier surveys regarding the same variables., In
this survey, two pricing and billing procedures were often in effect
in the same city for different user types. Billing {requency was
different foar low=-volume residential users and high-volume
industrial/commerical wusers in several metropolitan tentres, while in
others, the frequency was identical, a water bill gvery month in
Calgary, for oexample, for all residences and industry. Toronto and
Vancouver, in particular, izsued residential bills twice and once a
year respectively, while billing for industrial/commerical users was
more frequent, four times a year in Toronto and six times annually in
Vancouver, Methods of water cost calculation was also different
between wuser types several cities charged a flat-rate fee for
residential wuse, while a metered charge was being assessed for
industrial users. Earlier studies merely classified water cost
calculations as either 'flat rate’, ‘'metered’, or ‘flat rate and
metered’. The question that arises from this situation is, does the
indicated trend refer to residences ar industry or both?
Unfortunately, this was never made clear in the past literature, but
this study has taken care to correctly associate the specific bhilling

trend with its proper user type.
Summary

This chapter rationalized the study metropolitan centres and
time frame and reviewed the method in which expenditure data were
collected and tabulated. Household water expenditure denaotes the
average yearly expenditure for water service procurement, which
includes both water supply and sewage, as reported by the respondents
of the Urban Family Expenditure in Canada survey, in the given «city

during the specified year. The household water expenditures of all
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respondents in a particular city were added up, and then divided by
the total number of households in the survey, to calculate the
‘average’ expenditure. This chapter also identified seven comparison
variables to be wused in the study analysis, described in the next

.chapter,
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CHAPTER FOUR - THE ANALYSIS OF HOUSEHOLD WATER EXPENDITURES

This chapter presents the water expenditure study results and
offers explanations regarding the prevailing trends. The first
section will identify the household water expenditures and the basic
water management arrangements in each of the study cities, while the
second section will analyze the results utilizing several comparison
variables, The discussion will also examine the breakdown of
expenditures by class of tenure, family income and family size of all

cities combined.
Presentation of Results

Table 4.1 identifies househdld water expenditures, in constant
1971 dollars, for the seven occasions between 1969 and 1982 when the
Family Expenditure surveys were undertaken®. Figure 4.1 indicates
that water expenditures were generally higher in the Prairie
metropolitan areas, particularly in Regina, Calgary and Edmonton, and
lowest for the two coastal cities of St. John’'s, Newfoundland and
Vancouver, British Columbia. Quebec City registered tha lowest average
household cost over the study period, while Montreal indicated an
average water cost that was nearly five times that of its provincial
counterpart, as shown in Figure 4.2. Mantreal was also the only
Eastern city to indicate water costs above the national average,
particularly in 197¢ and 1972 when the expenditures were nearly
$30.00, while all Prairie cities were also above the nationai average.

Overall, water expenditures appeared to be generally related to
variations in geography, particularly with respect to precipitation
patterns, rather than being an issue in isolation. The higher costs
in Prairie cities were related to the water-deficit nature of the
region, while the low expenditures in B.C. Central and Atlantic
metropaolitan centres reflected the relative abundance of water
supplies in those areas.

Table 4.2 displays that Edmonton and Calgary? indicated larges net

increases in water expenditurs of over ${8.00 and nearly #15.00



TARLE 4,1 HOUSEHOLD WATER EXPENDITURES BY CITY 1%?@1932' »

feerage Kater
159 WM T WM W NB 1L & Ys \otheare
S Jon's %4 53 M2 168 W2 18T 13 1.6
Halifax 1.4 Z9 M3 Bms AR B/ M 2
Quebec 3.4 S - a2 A Y X 7.5
Mntreal 413 B3 W 4 M0 %S B2 %
Ottam 16.8 B2 B4 WS - AT B2 2.8
Trmto 20 0 26 M9 BI %I AL IS .
Mimigeg 23 B0 Al B2 Tb M4 IS .4
Regina 8.5 . X - w2 28 .3
Sskaton 3.6 - - B - W WS w1
Calgary - - - W2 N 2 I X 7.0
Eaontn 3.4 BS54 BS M0 51 58 .0
Vacoer 184 26 2 . 194 e 10 10.4 1.8
“svy'rvt': N1 B4 B4 OBI BE B8 N B4

! Yusbers are in $1971 and denote avrrz?u yearly water expenditure of households living in an urban
residential owelling, be it a single faaily hose, dulex, or aparteent, in a given city for the specified
glr. Ser fgpendix 63 for a listing of the yeariy dollar conversion indes. The data were derived from
atistics a series, Urban Fanily Expenditure in Casada, 1969-1982 inclusive.

2 The Average Expenditure By City, 196%-82 denotes the average of the years 1969, 1974, 1978 and 1982, The
yuars [971, 1972 and 1976 were oaitted in this calculation because ¢ wre less setropolitan armas
srveyed and significantly less les retuned during the Fasily Expenditure Surveys in those three

s, Furthersre, the years 1989, 1974, {978 ad 1982 provided sore consistent and logical
{me-intervals for the 14 year study pericd.

T fata were not available for these cities in the given yeirs because the setropolitan areas were mcluded
froa the Fasily Expenditure surveys in those years.

;99; sissing data for Calgary in 1989 necessitated this average to include caly the years 1978, 1978 wnd

'y

TARLE §,2: - NET AND PERCENTAGE DHAGE OF WATER EXPENDITURES 1949-17982"

1969-1974 19741978 19781982 1969-1982
&, Jon's 4 (B L3 1L -1 4.3 4.2 W0
Halifax 8.2 7.1 -3 {-1.2) 4.7 1-18.8) 2 (8.4
Quebec 8.8 {200.0) -1.0 (-9.8) <42 -89 3.6 1105.9)
Yontreal .4 @n 5.9 =139 -10.3 (-28.2) -15. {-3.6}
Ottaa 47 (3.0 20 L9 L5 &9 44 (1.1
Toronto .4 6.8 40 (159 24 8.2 1.5 3L
Hinnipeg R ) 82 2.2 .9 .4 42 (158
fegina =37 8.5 A4 (8.8 B4 137 %3 2Le
Saskatoon Lo 2N 15 Q9 <56 140 <31 8.2
Calgary -2 <45 (-7 A4 (.9 "y (BN
Edaonton 23 6.9 9.6 2.0 3.7 (12.8 18.2 (8.8
Vancogver L6 {50 8.4 (-43.3) -6 (5.5 8,0 {-43.5)
fverage
By Yar L2 17.0 1.9 {6.b) =7 23 5.4 2L

* Jushers not in brackets dencte the net change of the water mxpenditures by city in 81971, while the
percentage change is indicated in brackets, pand i !

2 fatq wece not availadle in Calgary in that yesr because of that city’'s exclusion from the Fasily
Expenditure surveys in 1969. -

3 Denotes net and percentage chings for the period 1974-1982,
Sorce: Adapted fros Statistics Canada. Urdan Family Expenditure in Caada. 196%-1722

=30~
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FIGURE 4.1t HOUSEROLD WATER EXPENDITURES BY CITY, 19469-1982*
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The expenditure indicated for Calgagzﬂin 1969 is, in fact, its cost in 1974 because data wera not
available for the city in 1949, fu&nummumnmwmmuummaw-
Vancouver; ED - Edsontons O - Calqar_{; - Saskatoon; RS - Regina; WN - Winaipeg; T0 - Toronto; OT -

treal; o - Gusbec Ci ¥§ H - Halifax; &) - 8. John's. - Source: Maptad tfros Statistics

Canada. Fasily Expe:dftura iv Landda, 1969-1952,

respectively over the study period, while Regina and Toronto household
costs also showed significant net gains, The large percentage

increase of Quebec is misleading, because its water cost was only

$3.40 in 1969, which later more than doubled by 1982. The only cities

to indicate a net decrease in expenditure over the study period were
Montreal, Saskatoon and Vancouver. Montreal, in particular, had the
largest net decrease of over $15.00, Vancouver displayed the highest
percentage decrease, nearly 45 percent, while Saskatoon indicated a
slight $3.00 reduction in water expenditure over the same period.

A trend of declining household water expenditures was evident in
the majority of cities over the study period. Total expenditures in

Vancouver, Halifax, Quebec, and Montreal steadily decreased after
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FIGURE 4.2: AVERAGE WATER EXPENDITURE BY CITY, 19469-1982
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The average supenditure by city denctes the average of the years 1969, 1974, 1978 and 1982,
Source: aggptedproa Statiszi:s ada, Fanily Expggditure inygggada, 13¢9-1982.

1974, while costs in Winnipeg, Regina, Saskatoon and St. John‘s
declined between 1978 and 1982. Four of the 12 «cities illustrated
steady increases over the study period, namely the two Ontarian cities
of Ottawa and Toronto, and the Albertan metropolitan areas of Calgary
and Edmonton, These trends of declining costs were significant
because each city increased in population and thereby relatively
increased its level of water wuse, both at a macro and micro scale
(Canada Hater Yearbook, 1983). Net increases in manufacturing and
construction at a national level precipitated more water use, while
the advent of such products as dishwashers and electric washing
machines had significant repercussions for water wuse in the hose
(Tate, 1983; Canada Yearbook, 1981-1982). In 1971, for example, there
were approximately half a million automatic dishwashers and nearly
2,300,000 automatic washing machines in Canada, but in 1981, there

were over two million dishwashers and six million washing machines, a
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fourfold and nearly threefold increase respectively (Statistics
Canada,1971,1981}.

The observation that water cost decreased in constant dollars,
despite increased demand, is contrary to normal theories of market
behaviour. An accepted economic maxim is that as the demand for an
item increases, so does 1its price, in order to maximize the use of
scarce resources. In this case, as the demand rose, the price
decreased, hence, households were paying increasingly less monsy for
substantially more water use in the majority of the study metropolitan
centres.

Tables 4.3 and 4.4 display that several of the most gasterly
cities, namely St. John’'s, Halifax, and Buebec, enjoyed a relative
comparative advantage concerning water procurement because water
expenditures there were among the lowest, yet, the household sizes of
these metropolitan areas were among the largest of all study areas.
The largest increases in per capita expenditure were displayed by
Calgary, Edmonton and Regina in the West, while Toronto and Ottawa
showed the greatest gains of all Eastern cities (seze Appendix 4.3 for
a listing of the average household size of esach city over the study
period). The correlation between the average water expenditures and
average per capita costs was .95, using Spearman’s cosfficient.

The examination of the water supply source, frequency of water
billing and wéter cost calculation reveals a diversity of water
procurement arrangements among the study cities. Table 4.5 lists the
specific source(s) of supply, while Table 4.6 classifies the water
source by lake, river and groundwater. The latter listings are
simplifications of complex water management arrangements, but the
intent is to establish the main type of water source for each city.
For example, Quebec and Vancouver also draw part of their water from
rivers, but the cities are classified as lake-fed because lakes are
the main points of origin in their water supply. Regina is the only
tity to be classified into two sources of supply categories because

that metropolitan area has unique water supply arrangements, namely a



TABLE 4,3 HOUSEHOLD WATER EXPENDITLRES FER CAPITA®

fverage Per Cagita =34~
Hater Expenditure
1989 1974 1978 1982 1969-1982
St. Jen's 22 4.2 5. 53 3.9
Halifax 4.8 1.8 8.2 7.4 7.0
{ushec 9 W % L4 L4
Montreal 12.3 13.7 12,4 %.7 2.1
Qttasa 49 6.9 8.0 8.8 7.4
Toronta 7.4 g.¢ 10.0 11,3 34
Winnigeg 8.3 %4 123 12.1 0.5
Regina 13.2 12.8 Al 19.4 16.7
Saskatoon 11.4 12.9 14.3 3.3 %0
Calgary -2 W3 13.0 Al 161
Edeonton 9.8 1.8 5.6 181 157
Vancouver 7.4 9.3 10,8 10.9 b
fverage
By Year 7.3 9.3 1.2 {13 10.1
! Thasa per capita axpenditures are in $1971 and were derived using the
following foraula:
Household Hater Exgenditure for aach correspeading city and year
verage rousenold Size for each corresponding ity and year.
2 Nata were not availabla in 1949 in Calgary because of its exclusion frca
the faaily Expanditure surveys in that g:r Sowrce: ted from
Statistics Canada. Urbaa Family Expeaditure ia Canada, 196%-1982. and
Statistics Canada. 1982, Census Housedold By 3ize. cat. no. %3-708,
Mnister of Supply and Services, Ottima, See Apmix 3.3 fora lis':in%nf
the avarage housenald size for sach study city curing the years 1989, 1974,
1978, and 1982,
TABLE 4.4: NET AND PERCENTAGE CHNGE 7 WATER EXPENDITURE PER CAPITA!
1959-1974 1974-1978 1978-1982 196%-1982
. Jom's 20 (L 9@ L2 RS L7 7
Halifax .0 (6.5 4 G- =l (=124 3 .9
Qusbec L2 (2%4.,4) =1 =53 =6 (~20.0 1.5 (16,0
fontreal 1.2 3.8 -0 -8.0) -L9 (~Z3.0 -8 (~2.4
Dttama L0 (8.8 1.1 {89 WA L7 73S
Toronts 1.0 {141) .9 &3 1.3 5.0 42 8.2
Winnipag 9 (10,8 27 (0.9 -2 (=148 4 LY
Regina -4 (=30 8.3 (M.8 -5 (7.8 b4 88.3
Sasiaton L3 (1.2 1.4 (10,9 -0 <7.0 {9 (180
Calgary -2 -3 4.0 &1 6] &3 (47,53
Edaoniton 1.9 (9.8 41 D 5 1140 8.5 &8 ~—
Vancouver 40 (0.0 <38 (4.8 =~ L8 =23 {~3%.5
fverane
By Yur .9 &N 1.3 (14,00 S I8 X3 %

* Nuaers not in trackets dmote the net change of the watsr mpenditures par capita in S1971, wile
percantage change is indicated in brackets,
2 (uta were not available in Calgary in that ysar because of its wclusion from the Fasily
Expandature surveys in (949,
3 anctes nst and jarcantage change for the paricd 1974-{982.

Sowrcs: Adagted froa Tatistics Canada. Urba Faaily foeditwre i Caada, 1965-1982, aw
%‘&tm Canata. 1982, Cansus Houserodd 3y Size, cat. no. 73-708. Minister of Smply ang Services,
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TABLE 4.5: WATER SUPPLY SOURCE (F STUDY METROPILITAN CENTRES”

&. John's  Windsor Lake, Pett¥ Harbour Lake with s;pplmtal water purchased fros a
S separate governaent water authority, and pusped froa Bay Bull's Big Pond,

Halifax A 17 square kiloaeter watershed area encospassing Long Lake, First Chain Lake,
Second Chain Lake, Withrod Lake and Pockwock Lake.

Quebec City A lake systee cosprised of appmiutel{ 30 saall lakes endin? at Lac 5t.
Charles. The water flows in 12 kilometers froa Lac St. Charles, via St.
Charles River to Quebec City.

Montreal St. Lawrence River

Dttawa Ottama River

Taronta Lake Ontario

Winnipeg Shoal Lake, located 160 kiloseters south-zast ofthe city in Ontario.

ina roximately two thirds of Regina's 1y is drawn frow Buffalo Pound Lake.

Fog %gs wter iz traated at thekggffalu mdyFiltratim Plant which is jointl .
owned and operated by Moose Jaw and Regina, Moose Jaw ds entireiy on this
su?gly whereas Regina obtains up to a third of its ;ggly froa 25 groundwater
wells, the water of which is untreatad (Cullisors,i950),

Saskatoon Lake Dipfenbaker

Calgary  Bow River, Elbow River

Edeonton North Sagkatchemwan River

Vancouver Bater is drawn from sountain lakes and streass in the Coast Range north and west
of Burrard Inlet, The Breater Vancouver Mater District (6.V.N.D.) supplies
water by gravity froa three sources: Capilano Riveri‘?ylour River; and

iloseters

Coquitlas Lake. These sources cosprise SBS square of watershed
area,

! Eastern city listings were derived froa the October, 1985 telephone survey of the water
departaents, or sisilarly-nased y in each u{ropolitan centres. Western city listings
were derived froa the amnual civic ms reports, although in the case of Regina, additional
inforsation was derived froe Cullimore” (1980).

third of its supply is derived from groundwater, while the other
portion is drawn from Buffalo Pound Lake (Cullimore, 1530}. Overall,
eight of the metropolitan areas draw water from a lake source, while
four cities draw their supply from a river.

Table 4.6 also indicates that Prairie cities had a more frequent
issue of water bills than did Eastern cities. Saskatoon, Calgary and
Edmonton all distributed water bilis once a month to their residential
customers, while in contrast, Quebec, Montreal and Vancouver billed
their customers once a year. Halifax, Ottawa and all the Prairie

cities distributed a separate bill for water charges which was

=
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TABLE 4.6 WATER BILLING FREQUENCY, WATER COST CALCLLATION, AND TYPE OF
SATER SUPPLY'SOLRCE BY CITY

Hethod of Type of
g = O o

St. John's z flat-rate lake
Halifax 4 setered lake
fueber i flat-rate lake
Hontreal { flat-rate river
Ottana 3 setered river
Toronto 2 flat-rate - lake
Winnipeg : sctersd Lake
Regina b netered lake/groundwater
Saskatoon 12 setersd lake
Calgary 12 flat-rate river
Edacnton 12 setersd river
Vancouver 1 flat-rate lake

! Water billing frequency denotes the nusber of times water bills are issued annually
to residential “custosers.

2 Method of water cost calculation denotes the method by which water charges were
calculated for residential dwellings in that city, Toronto and Calgary are
wmceptions in_ this regard because i minority of residential dwellings in those
cities, under J0 percent of the total, were in some instances based on a setered
rate, in conjunction with the existing flat-rate. The fact that the flat-rate systea
doainated residential water charges in the two setropolitan centres warranted their
flat-rate classification,

3 Type of Water Supply Source denotes the nature of the watercourse which provided
e K t°““24 :entrelmth atnamtylrﬁ its uatert ﬂmply..d?\esg lbséings arog
simplications & water arrangesents i in - the cases
quc:mver and mebecmgty, wich alsﬂfgraym part of their uae?grc froz river and streas
{lows. Regina was classified as having two types of water supply sources because of
it's unique %rmments, in that a third of the city’s supply is derived froe
groundeater, ' issug is to establish a general cosparison of the water
expenditures with the main type of water supply source for each of study cities.

separately assessed and mailed alone, and did not include a statement
of other civic taxes, Water charges in Vancouver, Toronto, Montreal,
Ottawa and St. John's were included as part of a general civic tax
statement, in which, the water charge was a one or two line statement,
among a list of many other charges for property tax, fire and police
protection, civic services, and roads and transportation tax. There

were also marked differences among cities regarding the method of
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water cost «calculation. Western «cities, with the exception of
Vancouver and Calgary, utilized the metered system of water-cost
calculation, while Eastern metropolitan centres, with the exception of
Ottawa and Halifax, used the flat-rate system.

There was conflicting information regarding the method of water
cost calculation in Calgary because Thompson (1983) reported that
approximately B8O percent of residential users there are metered. This
information clearly differed with a report given by a Calgary
waterworks official during the telephone survey who noted that the
clear majority of residential customers were billed a flat-rate>. A4
survey undertaken by the City of Winnipeg Waterworks, Waste and
Disposal Division (1784) also indicated that approximately
three-quarters of residential dwellings in Calgary were assessed a
tlat-rate charge, hence, in this study, Calgary is classified as a

flat-rate city.
Analysis of Results

Variations among cities regarding water cost and billing
arrangements may be attributed to two factors, namely bureaucracy and
geography. First, water prices, and their related arrangements, have
been set by a bureaucratic process which has establighed relatively
low prices for the ‘public good’, broadly defined as issues cancerning
public health, fire protection, and industrial development. The role
of a water wutility, therefore, has been to provide an essential
service, the standards of which, Ciriacy-Wantrup (1961) suggests are
best achieved when divorced from economics. The bureaucracy has had
no particular interest in saving water in this objective, or
gstablishing oprices more in line with water’s economic value, however
that value is defined. The cost differences among cities, therefore,
can be traced back to the first efforts at a centralized water supply
in each city. Prices and arrangements have evolved as each successive
civic administration saw fit, generally in a manner which was

different than other Canadian urban centres. Different approaches to
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recovering water supply costs have developed as a result, with each
metropolitan centre possessing its unique objectives and priorities
;;gﬁerﬁihg civic taxation, a coﬁbﬁdént' of which involves charging for
water, It is not presumed, then,4 that the household water
expenditures are a direct reflection of the cost of its provision.

Secondly, geographical factors play a critical role in explaining
Athe expenditure variancey; hence, this issue will be the subject of the
resaining discussion in the chapter: |

The water . expenditures and the basic water management
arrangements fit into a pattern of regional water availability, as
shown in  Table 4.7. Prairie metropolitan centres had the highest

total and per capita water expenditures, more frequent water billing,

TABLE 4.7: HOUSEHOLD WATER EXPENDITURES BY REBION:

Average
- fAverage Expenditure
Region City Expenditure By Region
British
- Colusbia Vancouver 14.8 14.8
Kinnipeg 30.4
Regina .3
Prairie Saskatoon 3.7 4.1
Edacnton 41,0
Calgary 7.0
: Toronto a4
Ontario - 4.1
Ottava 2.8
¥entreal 3.6
Susbec 2.1
Busbec City 7.5
Halifax 14,6
ftlantic : - 18.4
St. John's 2.2

! Figues are in $1971. Source: ted froa Statistics Canada,
Urban Fanily Expaenditure i Canada. 1959 &2,
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and the metered system of cost calculation. The water-deficit nature
of the region necessitated the use of pricing and billing instruments
which priced water higher and more closely monitared its wuse. The
water abundant B.C., Central and Atlantic regions also fit this
pattern, although in a different manner, because metropolitan centres
in those areas generally displayed low total and per capita
expenditures, infrequent water billing, and the flat-rate system of
cost calculation. The relative abundance of water in these regions
reflected, in turn, urban-water arrangements which priced water lower,
and were less stringent in monitoring its use.

Tables 4.8 and 4.9 indicate that water costs were significantly

higher in metropolitan centres with frequent billing and the metered

TRBLE 4.B; HOUSEHOLD WATER EXPENDITLRES BY WATER BILLING FREQUENCY!

, &nwﬁwe
Nater Billing a?e By da
Frequency Lity Expenditure Billing Frequency

Saskatoen 317

12 Calgary 7.0 4.9
Edsonton 4.0

'3 Regina 6.3 8.3
Halifax 2.2

L) 24,8
Kinnipeg 7.4

3 Dttama 2.8 2.8
St. John's 14,4

4 a4.0
Toronto yIN
Hushec 7.5

! Fontreal k.4 19.4
Vancouver 14.8

' Expenditures are in $1971. Hatar bxllxn frequency denotes tha nusber of
tises water Dills mere {ssued to gousahold in & year. Source:
fgé tfgszfrcn Statistics Canada, Urban Fasily Expenditure in Canada.
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TABLE 4.9: HOUSEHDLD WATER EXPENDITLRES BY MATER COST CALCLLATION

g:: aﬁ?&?ﬂfw Fetered amﬁﬁra
St. John's 146 halifae 2.2
ebec 75 Otts 0.8
Fontreal 3.6 Kinnipeg 0.4
Taronto 7.4 Regina $.3
Vancouver = 14,8 Saskatoon 37,7
Calgary 4.0 Edacnten 41,0
fverage EZ; fiverage 35;

! Denotes the average expenditure in $1971 of each city for the years 1969,
1974, 1978 and 1982, Source: Adapted froa Statistics Canada. Urban faaily
Expenditure in Canada. 1967-1982.

system. Each of the water management arrangements, namely the water
billing frequency, water cost calculation, and the source of supply
are not so much the major causes of expenditure differences, as they
are an indication of other underlying cost differences. Frequent
billing necessitates greater expense for computer processing, postage,
and sending and receiving mail, while with less frequent water
billing, billing costs are substantially less. Metered water service
is also more costly to operate than a flat-rate service because in the
former, a water meter has to be first manufactured, and then installed
in every residence. A substantial number of peréonnel and equipment
is then needed for the installation of these devices, along with the
ongoing maintenance and readings of the meters., 1In turn, the field
personnel are supported by a clerical staff which aust process the
readings and tabulate the water bills.

Conversely, water charges are easier to derive in the flat-rate
system because water costs are based on the property value of the honme
or the number of rooms and water +fixtures in the residence. The
necessary information is «contained in the assessment rolls of each
city, and as a result, little field personnel or equipment are needed.

Furthermore, over many years, the cost savings in using the flat-rate

PP



— - -41-

system may be appreciable, considering the Iarga capital investment,
substantial equipment depreciation, And greater workforce associated
with the metered system of water cost. A management-level employee of
the City of Winnipeg Waterworks, Waste and Disposal Division remarked
in this regard that water metering was a highly costly endeavour,
almost to the pDing of being unreasoqable‘. This person also
suggested that if the decision to install water meters was to be made
at the preseﬁt time, it 1is likely that their use would have been
rejected based upon past experience. The issue, then, 1is that
frequent billing and the metered system, which are substantially more
costly to operate, are related to higher water expenditures, while
infrequent billing and the flat-rate method, which are less costly,
are related to low water costs.

The water supply source of each city is another indicator of
underlying ;ost differences among metropolitan centres. Table 4,10

illustrates that on average, river based source of supply cities had

TABLE 4.10: HOUSEHOLD RATER EXPENDITURES BY SOURCE OF SUPPLY!

Mﬂ?&
) Average Expendifure
Source . Lity Expenditure By Source of Supply
St. dohn's 14.b
Halifax 2.2
Qughec 7.3
Toronto 7.4
Lake 3.5
Ninnipeg 0.4
Regina 5.3
Saskatom .7
Vancouver 14.8
Montreal 3.6
Dttama 2.8
River 3.4
Calgary 47.0
Edmonton 4.0
Broundwater Regina 3.4 3.4

! Expenditures are in $1971, Source: Adapted fros Statistics Canada.
Urban Faaily Expenditure ia Canada. 1969-1982,
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water expenditures substantially higher than#lake—based metropolitan
~areas. There are many matters of technical feasibility surrounding
: individual sites of a water supply source, hence, the exact reason for
the cost difference between lake and river source of supply is not
readily apparent from an engineering perspective. However, other
factors appear to be related, namely runoff and precipitation rates,
and level of water treatment, Figure 4.3 displays that water supplies
are more difficult to acquire in the Prairie region because of its
semi-arid climate, and the fact that only a third of total
precipitation in the region occurs as runoff, the lowest amount of
runoff in any region. River levels are also highly variable
throughout the year in the region and this may cause problems when the
water demands are near or exceed the available river supply. More
retention ponds and water storage facilies are needed as a result to
ensure that water demands are met in times of short supply. These
factors are.related, to some extent, to the high water cost for the
cities of Calgary and Edmonton, which draw their water from the Bow

and North Saskatchewan Rivers respectively,
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Secnndly, the fact that Montreal draws its water from the St.

Lawrence River, a watercourse filled with pollution and effluent fronm

‘upstream sources in the GBreat Lakes, is another related factor.

DEPTH (IN MILLIHETERS)

Montreal water 1is subject to extensive filtration, disinfection and
taste and odor adjustment before delivery to its residential
customers., Montreal had the highest number of water treatment
processes of all the study cities, and threse purification processes
require considerable expense, especially at a scale necessary to
supply water to the nearly three million residents of Montreal (Canada
Rater Yearbook, 1979).

Figure 4.4 displays that‘in metropolitan centres which experience
high levels of precipitation, it was common to have lower levels of

expenditure. The identified precipitation derived from Environment

FIGURE 4.4: ON LEVEL BY
AVE RE
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The letters on the plot dencte the abbreviated city name, while their positions correspond with
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Canada (1982} is for the city proper because in the majority of
metropolitan areas the water supply was relatively proximate to the
civic boundaries. The 1issue is to identify a general level of
precipitation for each metropolitan centre, although the figuras do
not represent precipitation levels in the larger water basins which
feed the civic water supply. In this context, the correlation between
average oexpenditure and average annual precipitation was -.85, using
Spearman’s coefficient. Greater water availability appears to be
related to the low expenditures in this regard because the high annual
rainfalls in and around St. John's, Halifax, GQuebec and Vancouver
enables each of these cities to draw water supplies from nearby
freshwater sources, which considerably reduces pumpage and water
treatment expenses. Quebec City draws water from a lake systen
comprised of 30 lakes, whereas Halifax draws from a watershed area of
five separate lakes. §t. John’'s has three lakes fér a water supply
source, while Vancouver draws water from three sources, all derived
from mountain lakes and streams surrounding the Burrard Inlet.
Precipitation levels and water supplies in the Prairie
metropolitan centres were also reflected in the gxpenditures, although
in a different manner. Regina indicated on average, the highest
expenditure over the study p;riod because of several factars, namely
its dependence on groundwater and its use of a dual water supply.
First, approximately a third of Regina’'s supply was drawn from
groundwater sources, which entail significant pumpage costs (Biere and
Worman,1983). Secondly, Regina was the only study city to utilize a
dual water supply structure and provide two types of water sarvices,
namely the provision of the usual potable supply to all residences and
commercial dwellings, and the supply of relatively less-pure water for
high volume commercial use (Tate et al.,1984). A dual service such as
this is relatively expensive to operate, hence, the high water
exbenditures appear to be related to these greater industrial water
services., Tate et al. (1984) noted that the cost of industrial water

use 1is often absorbed, in varying degress, by residential customers



-45-

customers and Regina appears to fit this pattern.

Regina is also wunique because it iz the only major Canadian
metropolitan area to share a water supply source with anather separate
city, Regina and Moose Jaw jointly draw their water from Buffalo
Pound Lake, and both share in the costs of operating a filtration
plant on the lake (Cullimore,1980).

Saskatoon and Winnipeg are other examples illustrating the
problems with securing adequate water supplies in the Prairie region.
Saskatoon draws its water from Lake Diefenbaker, an artificial lake
which was created as part of the South Saskatchewan Dam project, while
Winnipeg is the only metropolitan centre in Canada whose water supply
is external to its own provincial boundaries. The distance between
its civic boundaries and it source of supply, Shoal Lake, is 160
kilometers, the longest distance between a city and its water supply
source of all study cities. Winnipeg's water system is similar to
urban water supply arrangements in such American states as Arizona and
California in this regard. Cities such as Phoenix and Los Angeles
also pump in water from great distances using agueducts, although the
scale of the inter-basin diversions and the nature of the climates of
these American cities receiving the water are significantly different
than Winnipeg®,

Qverall, the-high expenditures in the Prairie cities were related
to low precipitation levels and the special nature of their water
supply sources. Winnipeg relies on a distant water supply, Saskatoon
depends on an artificial lake, Regina draws a significant portion from
expensive groundwater sources, while Calgary and Edmonton rely an
rivers which experience considerable seasonal fluctuations.

The differing levels of wastewater treatment are also related to
the variations in water supply costs among cities. Tate and Lacelle
{1978) noted that there was inadequate sewage treatment facilities in
the provinces of Quebec, Nova Scotia and Newfoundland, while there was
a greater emphasis on sewage treatment processes in the majority of

Western cities. These patterns were later reiterated in the WHNational
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Inventory of  Municipal WKaterworks and Hastewater Systews in Canada®,
which was conducted in January, 1985, by the Egvironmental Protection
Service, of Environ@ent Canada. as indicated in Table 4,11. The study
reported that cnastai_ provinces, especially Atlantic provinces,
treated a smaller percentage of their wastewater than did Dntafio and
the Prairie provinces, chiefly because they discharged their sewage
directly into the ocean. Quebec and Newfoundland, in particular,
served only 13 and six percent of their populations respectively with
sewage treatment, These figures are in contrast with those of the
Prairie provinces, all of which serve at least '95 percent of their
populétions with sewage treatnent,

St. John’'s, Halifax and.Quebec City have no water treatment while

only over five percent of Montreal residents are serviced in this

TABLE 4.11: HASTEWATER SYSTEMS, EXTENT OF SERVICE IN EACH PROVINCE (R TERRITIRY?
Percentage Percentage Served
By Sewage

%om;eyu' ' Tutaérmtim Sg'\:;ds Treatsent
Newfound] and 497,018 60.0 12.8
Prince Edeard Island 57,567 100.0 94.4
Yova Scotia 36,404 83.3 214
New Brunswick 409,900 9.8 0.7
Quebec 5,685,434 B1.9 6.2
ntario 7,641,807 86,1 8.5
Fanitoba 839,18 9.9 .7
Baskatchewan 811,072 9.0 %.0
flberta 1,882,714 9.3 9.3
British Coluabia 2,175,74 7.5 77.5
Yuken Territory 21,888 _ 8.0 85.2
Northwest Territories £2,93 9.6 2.5
Tetal 2,772,490 B3 7.3

* Data were provided by the provincial and territorial governsents on an irreguiar basis. Sowrce:
Adapted froe Enviroameni Lanada, Environsental Profection Service. 1982, Mational lpweniory of
Bunicipal Waterworks and Mastewater Systess in Camada, I961. Supfly and Services Canada, (Qttaws.
Data updated to January, 1985, as cited in ;nquirEton Federal Water Policy. 1985, Currents of Chaage
= Final Raport. Minister of Supply and Services, Ottasa,
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Figure 4.6 indicates that on average, daily per capita water use
was nearly 20 percent greater in Western cities compared to Eastern
metropolitan areas. There also existed a relationship, a correlation
. of .56 using Spearman’s correlation, between levels of per capita
water use and average water expenditure. Regina and Calgary showed
significantly high per capita use because of a major chemical plant,
Kalium Chemicals, in the former and allarge petroleum industry in the
latter city, both of which are high water wuse 'sectors (Tate,1983).
Past research has also indicated that water procurement for
large-scale uses of the type just described was usually subsidized by
residential users (Grima,1972; Davar,1977; Tate et al.,1984). This
factor is related, in part, -to the fact that Regina and Calgary had
the two highest expenditures of all cities over the study period.

Calgary, in particular, contains bofh the flat-rate and metered systen

FIGURE 4.6: DAILY PER CAPITA WATER USE BY CITY, 1976
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of residential water cost calculation, although the former system is
used in the vast majority of households. Past studies by Kellow
1970) and Gysi (1981) have shown that on average; -~gach flat rate
customer used nearly 50 percent more water than each ametered customer.
The higher per capita water use in that city was attributable, in
part, to this factor. Greater per «capita water wuse in Prairie
metropolitan centres, therefore, were related to higher water. tharges
because all cities in the region, with the exception of Calgary, based
water costs on a metered system.

In the East; Montreal displayed the highest per capita water use
and total use, as showr in Figure 4.7. Hoét significant in this
regard is that Tororto water wuse was a third less than Montreal,
despite Toronto’'s population being larger-in that year (Statistics
Canada,!981). This incongruity is not easily explained, but several
reasons likgly account for this difference., First, evidence based an

general estimates of water use and civic expenditure points to

FIGURE 4.7: DAILY TOTAL WATER USE BY CITY, 1974
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Montreal having a greater level of water leakage through its municipal
water pipes and sewers than Toronto (Canada Hater Yearbook,1979).
Deteriorating water systems are a common problem in many North
American cities because of the lack aof routine maintenance, repairs
and replacement of water-related equipment. Powledge (1983) reported
that the tunnels, pipes and water mains that service a city are
literally out of sight, and often out of mind, particularly when
financially-troubled cities must confront other, more  visible
problenms. For example, in 1982, Boston was found to be lasing 78
million gallons a day, or about half of its water supply from braoken
and leaking pipes, while in New York City, water loss estimates range
from 70 to 200 million gallons a day. Houston alszo loses 20 to 30
percent of its water supply in transit although it is a relatively
young city, while in Winnipeg, nearly 20 percent of the total water
supply 1is either wused for firefighting or is lost thrdugh leakage
(Penman,1981).

Secondly, the fact that the data were collected in 1976, the year
of the Olympic Games in Montreal, is another factor. Water use in that
year may be artifically high because water supplies were provided to
the tens of thousands of athletes and spectators whao visited Montreal
in the summer of 1976,

Thirdly, Montreal «contained more food and beverage, primary
metal, and paper and allied industries, all of which are high water
use industries, within its specific «city limits than did Toraonto
(Tate, 1983; Statistics Canada,1983). In southern Ontario, the
manufacturing base is relatively diffuse over the area bounded by
Lakes Huron and Ontario, although a significant portion is located in
Toronto. A greater concentration of high water wuse industries in
Montreal, therefore, partially explains the greater water use by that
city. |

Two patterns concerning Montreal merit further attentian, nanmely
its high expenditures and its significant decrease in water cost over

the study period. First, Montreal wexpenditurs was, by far, the
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highest of all Eastern cities and this was somewhat surprising because
of its low water bill frequency and the use of the flat-rate systenm.
However, these billing arrangements do not automatically infer that
Montreal's expenditure would be low because water expenditures differ,
in varying degress, between cities using the same method of water cost
calculation due to differing fiscal arrangments or assessment methods.
Metropolitan centres which used the metered system also had relatively
different methods of calculating charges, even though all charges are
based on volume of water use., There exist inter and intra differencas
regarding water charging methods which must be recognized in this
xregard, and in the case of Montreal, it appears that water taxes
composed a greater proportion of total property value than other
cities based on a flat-rate.

Secondly, the wmost puzzling trend displayed by Montreal was its
$13.00 decrease in expenditure between 1976 and 1982, the largest net
decrease of all cities. Study error might be a factor in this regard
because the drop in cost was both sudden and substantial, especiaily
considering that before 1976, Montreal expenditures were among the
highest of all study cities. Statistics Canada interviewers may have
accidentally reported inflated results when they surveyed Montreal
respondents. Water procurement charges in Montreal are assessed in a
general «civic tax bill, in which, water charges are grouped in an
‘essential service tax’ which includes a charge for +fire and police
protection. It is not known whether each of these essential services
are separately identified within the total, but assuming there is no
breakdown, interviewees may have unintentionally included these costs
for fire and police in the water expenditure category. Statistics
Canada officials may have subsequently discovered this error by 1976,
and ensuing water expenditure reporting after that year only
considered the ‘true’ water expenditure and not the other essential
service expenses,

General population trends of the study cities over the study

periaod also appear to relate in some cases to the water expenditures,
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Table 4.12 displays that Calgary and Edmonton both demonstrated an
over 30 percent increase in population between 197! and 1981, the
--highest " percentage increases of all study cities. .It . appears that
these increases related. to the substantial gains in water «cost in
these Albertan cities, despite the fact that the correlation between
net change in expenditures and net change in population was low, .24,
for all study cities. The energy crisis of 1973 precipitated the oil
boom in Alberta and many'pauple migrated to that province in the wake
of new investment and employment opportunities. The sudden growth in
population and industry, particular in the petroleun sector,
necessitated rapid installation of new water mains, sewer lines,
hydrants, and other water supply infrastructure. Increased residential

water charges appeared to be related because water costs increasad

TABLE 4.12: COMPARISON OF POPULATION CHANGE AND NATER EXPENDITLRE TRENDS

Net and Percentage Change Net and Parcentage Change Met and Percentage Change

in P giggign in Hatigbgilsazitures in Per Cai§23.§§%§nditures
g, John's B0 (7.5 L2 (M7 L7 (73
Halifas =240 L2 e 23 W9
Quebec b (19.9) 3.6 (105.9) 1.5 (166.7)
Motreal B0 G ~15.1 (-36.6) 2.8 (2.4
Ottawa 15,4 (19,2 bt (B0 L7758
Toronto 0.9 (14.1) 7.5 (31,3 L2 (5.2
Kinnipeg “5 62 42 (5.4 L6 (2.4
Ragina Bob (16,8 93 (2.4 bt (48.5)
Saskatoon 7.8 (2.0 308 L9 (16.7)
Calgary 19,4 (2.0 e (.0 68 (7.5
Edecnton L3 (32.5) 18,2 (5.8 8.5 (8.5
Vancouver 185.8 17,2 4.0 (-43.5) 23 (=365

! The net change in population is expressed in 000's, while all net changes in expenditures
and per capita expenditure are denoted in $1971. All figures in brackets denote percentage
change.  Source: ted froa Statistics Canada. Urban Fanily Exgndztur_e i Lanada.
1969-1982, and Statistics Canada. 19€3. Population For Canada and the Provinces. cat. no.
91-201, Minister of Supply and Services, Cttama.
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nearly $15.00 and over %18,00 in Calgary and Edmonton respectively.

Significant increases in total and per capita costs in Regina
appeared to be related to its increasing dependence on groundwater
sources, caused by the significant 13 percent population growth
between 1971 and (981 (Statistics Canada,1981). In the East, Toronto
and QOttawa showed significant gains in total and per capita water
expenditure which were related, in part, to their population increases
of over 350,000 and 115,000 respectively between 1971 and 1981. The
construction of new water infrasturctures to accommodate the large
population gains appeared to be related to the residential water
charges, which increased nearly $10.00 and $8.00 in Regina and Toronta
respectively.

Montreal, Vancouver and Saskatoon were the only metropolitan
centres to display a net decrsase in water expenditures between 1969
and 1982, despite the fact that population gains were gxperienced, in
varying degrees aover the study operiod. Vancouver, in particular,
displayed a population gain of nearly 200,000 between 1971 and 1981,
yet water expenditures dropped $8.00 over the study periad, while in
Saskatoon, water costs dropped nearly 10 percent even though that
city increased in population by nearly 25 percent. Population
increases, therefore, were not related to water costs in these cities,
although it appears that expenditures declined because water charges
to customers remained stable in current dollars, even though rising
inflation rates decreased the cost in constant dollars.

Table 4,13 displays that water expenditures were, on average, one
third of one percent of total housshold expenditure® in the majority
of metropolitan centres over the study period. The fact that total
expenditures never exceeded #$42.00, and were as low as $£3.40 for an
entire vyear of water procurement, illustrates that wmany urban
Canadians paid very little, both relatively and absolutely, for a
crucial household service. The percentage figures also reflected
the absolute value of the original expenditures because water

axpenditures in Quebec City, for example, were low, both in absolute
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TRELE 4.13: A COMPARISN (F NATER EXPENDITURES AND TOTAL HOUSEHOLD EXPENDITLRES: '

1969 1974 1978 " 1982

St. John's o d 2 o

Halifae .2 2 2 2

Quebec .0 o W ol

Montreal 5 4 o3 o3

Ottama .2 W2 o2 2

Toronto 2 2 i 3

¥innipeg 3 3 3 o

Regina S o4 ) )

Saskatoon 3 4 A 4

Calgary 3 4 3 4

Edeonton 2 3 4 4

Yancouver 2 2 o ol

fverage TE- -E; TE_ .T;
ek i “‘°.ﬂf§§*“‘?&§u"£t2°““‘$”§“’a"'i‘“§ tone,services, piits o
ﬂxi?‘xtxms purchased in a yaar. These nusbers were derwed using the follmng

Housghold Mater Expenditure . 1002
Total Fousehold Water Expenditure

Source: ted froe- Statistics Canada. drbar Fami ; ' i )
1969_1982_Ad‘p 3. brbee family Expeediture in Carada

terms (compared to othaer cities) and low in relative terams (compared»
to the total household expenditure). Montreal, Regina and Saskatcon
also indicated water costs as a relatively 'high’' percentage of total
household expenditure in this regard. Consequently, differences in
the level of total household expenditures were not a wmajor facter in
the water expenditure variance among cities.

The discussion will now shift focus and examine the water
expenditures of all cities combined by selected family
characteristics. Table 4.14 illustrates that tenant water costs were
often less than a third of homeowner water expenditure. This trend
occurred because tenant water charges are wusually included in the

general rental agreement of the rented dwelling. Tenants are the mcst
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TARLE 4,14: HOUSEHOLD BATER EXPENDITURES BY CLASS OF TEMRE:

Net and
- Percentage

Change
199 1974 1978 1982 69-85
All Hoseomners? 43,5 £.8 £.0 %3 8.2 (-18.9)
All Tenants™ 15.0 17.1 15.8 107 4.3 (-8.7)
! The exgen@igures are in $1971 and refer to all cities coshined. For exasple, in 1974, a
total of 12 cities were surveg*ed Thus, all the water e;?enditures inall cities in this
one year were coabined, and then re-classified by class of tenure.
2 Al Hoseowners denotes the average expenditure of all sur hoaeowners. These are
gewle who iived for the full survey year in a dwelling owned, with or without a sortgage,
y a fanily aeaber,
3 Al tenants denotes the average vater expenditure by all surveyed tenants. These are

le who rented a dwelling for the'full survey year, as a reqular tenant, as a rooser, or
?:gg free. Source: Statisfics Canada. Urbas Family gxpe:ditﬁ?e in Canad. 19631982, '

isolated of all residential wusers from information which describes
their water procurement costs and their level of water use, while
self-owned .househclds are directly responsible for their own water
procurement and water charges are unavoidable, be it either a
flat-rate or metered chargs.

Table 4.15 indicates that in general, the greater the household
income, the greater +the water expenditure. -This pattern occurred
because a vast majority of the households paid for water as a function
of household value, and in this way, as the property value of the
residence rose, so too did the water expenditures. However, only in
metered cities could increased water use, be it a function of higher
family income, cause higher water charges because any water use
incurred in a flat-rate city is inconsequential to the water cost.
The $35,000+ income group was the only category to indicate a net
increase in water expenditures over the study period, while the
$10,000-$14,999 and $15,000-$19,999 categories illustrated percentage
decreases in water expenditures of nearly 40 percent over the sanme
period. Higher income groups, therefore, paid an increasing share of
water procurement «costs, albeit minimal, indicating that water costs

in the higher income households increased over the study period, both
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TABLE 4.15: HOUSEHOLD WATER EYPENDITURES BY FAMILY INCOME: '

Net and
Percentage
-~ (Change
1949 1974 1978 8-
Under
$10,000 . 2.1 2.0 18.6 <15 -8.7)
$10,000-
$14,999 5.2 3.7 2.0 ~13.2 (-37.9)
$15,000~
$19,%99 2.7 R.b 7.4 -15.6 {-%.5)
$20,000~
$24,999 2.7 3.4 A2 ~11.5 (-26.9)
$25,000-
$25,999 4.7 8.4 %7 =60 (-14.1)
$30,000~
34,999 42.7 4.4 3.4 5.3 (-12,4)
35,000+
over 42.7 4.4 8.2 5.5 (+12,9)

' Expenditures refer to all cities coshined and are in $1971. Different incose
tlassifications through the study period necessitated the use of estimates regarding several
income classifications. In addition, expenditures were not available for 1962 because of
the mxclusion of a breakdown by fuiiy incoae in the survey results in that yesr.
2 & Denotes the highest family incose grnug, for which, Statistics Canada provided water
expenditures in the specified year. For example, in 1949, the family incose classification
of $15,000~$19,999 was the highest level of fasily incose, for which, Statistics Canada
identified a water expenditure. In later years, however, Statistics Canada provided water
wmpenditures for higher levels of fasily incose, as was the case in 1974 ($25,000-425,999)
and 1978 ($35,000+), ~ The coaparison water espenditures between the three years,
therefore, necessitated the -use of expenditure estisates, as indicated in italics, for
ison purposes, the water expenditure indicated in the highest faaily incose growp in
tha sgar, are mtrapolated to represent all higher fasily incoee groups. Source:
Statistics Canada. Urban Fasily Expenditure in Canada. 1947-1982.

in current ;nd constant dollars,

Lower income classes indicated a wmarked decline in water
expenditures even though the property values of these lower income
households increased, in varying degrees, through the study period.
The fact that wmiddle and lower income groups paid increasingly less
for water service suggests that water charges remained relatively
static in current dollars, while these costs substantially decreased
in constant dollars. Another possible reason for this condition is
that the higher income gqroups probably owned their houses which
increased in value during this period. Lower income households were

probably renting or living in areas where house values did not rise
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significantly, or as fast as in the ‘higher ingome’ areas. .
Table 4,16 illustrates that the expenditures increased at 5 rate
commensurate with the number of persons in  the houseﬁold.
Expenditures also rose steeply in ralation to increased family size,
at a rate of approximately #10.00 for each additional person, until
the expenditure corresponded to four persons. At this family size and
larger, expenditures appeared to stabilize.  St. John's, Halifax and
Buebec enjoyed a highér level of water use with less cost in this

regard because of the generally larger family size in each city.

TABLE 4.16: HDUSEHOLD WATER EXPENDITURES BY FAMILY SIZE:

Net and
Percentage
Change
1959 1974 19782 69—72
{na
Person 9.8 e 187 59 (80.2)
Tw
Persons 4.3 4.4 %.9 1.6 (6.6)
Three
Persons 3.3 3.0 3.8 S (1.6
Four '
Persons }.b £.0 .6 20 5.1
Fivor
Kre §2.7 42.2 2.2 -5-1.2

! Exgen¢iturgs reter to all cities cosbined, and are in #1971, The expenditure denoted for

each faaily size classifications (i.e one persc, two ?ersms) is the average of the various

adult-child combinations which inhabit 'the household, assuaing that there is at least one

adult in each household. For exa:gle,.the "three persons’ cat:gggl is tie average of the

g&e:dltuge fwh'la:lil of the following: three adults; one and two children; and two
s and one child.

2 A breakdown of water expenditures by fasily size was not available in the 1978 and 1982
{alxlg expenditure . For this reason, 1976 is used in this listing, Source: Adapted
froa Statistics Canada, Urbas Faaily Expe»di%ure in Canada. 1969-1982,
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Summary

This chapter identified the significant range of household water
expenditures and water procurement arrangements among major
metropolitan centres in Canada. Issues of billing, source of supply,
sewage treatmant, population size and growth, water use,
precipitation, family size and income, and class of tenure were

related to the water expanditures.
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Notes

* See Appendix 4.1 for the ranking of the highest to lowest watar
expenditures by city.

2 Missing data in 1969 for Calgary necessitated the use of 1974 and
1982 figires for the net and pércentage change data.

® Personal communication with an employee of the Calgary Waterworks
Department wha wished to remain anonymous. October 17, 1985,
Winnipeg, Manitoba.

% Personal communication with an employee of the City of Winnipeg
Waterworks, Waste and Disposal Division, who wished to remain
anonymous., November 3, 1983, Winnipeg, Manitoba.

5 Personal Communication with Dr. I, Goulter Professor of
gngigegring, University of Manitoba. April 2, éae, Winnipag,
anitoha,

cipal Waterworks and Wastewater

© The WNatiomal Inventory of
1 was initiated in 1973 by

Huni
Systeas in Canada (1974,1981,1985)
Environment Canada in order to monitor various aspects of water
management arrangements in municipalities across Canada, at five-year
intervals. The title alone would suggest similar research goals as
this study but it is significantly different. Research 1is oriented
toward technical and “engineering concerns, regarding inventories of
such information as sewer line widths, water main layouts, and water
treatment processes.

n
5
l

7 Personal communication _ with Mr. E. Kuiper, Professor of
Englneering Department of Engineering, University of Manitoba.
January, 1 é4, Winnipeg, Manitoba.

7 Total household expenditure denotes the combined costs of all
items, services, securities and gifts purchased by all workin adults
residin in the surveyed household for a full ear (Statistics
Canada,I983). GSee Appendix 4.4 for a listing of the otal household
expenditures by city over the study period.
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CHAPTER FIVE - OBSERVATIONS AND CONCLUDING REMARKS

This chapter will summarize the study results across regianal
lines, note several general observations, discuss the future trends of
household water expenditures in Canada, and pinpoint future areas of

research in the urban-water management area.
Study Results

Cities in the Atlantic region displayed water gxpenditures below
the national average and a number of factors appeared to be related in
this regard, namely high levels of precipitation, no sewage treatment,
and moderate levels of per capita water use. Differing methods of
cost calculation and billing were in effect in the region, as Halifax
used the metered system and billed its residential customers four
times a year, while St. John’s assessed a flat-rate charge and bilied
its customers twice a year, Both cities also draw water from a series
of proximate, freshwater lakes, considerably reducing pumpage and
water treatment costs. Both metropolitan centres indicated declining
water costs over part of the study period, Halifax expenditure
decreased steadily after 1974, while 8t. John's water cost dropped
between {978 and 1982. Halifax and §t. John’'s also enjoyed a
relative comparative advantage concerning water procurement °hecause
water costs there were among the lowest of all cities, even though the
household sizes of these metropolitan areas were the largest of all
study areas.

Quebec metropolitan centres indicated water costs that were in
sharp contrast because Quebec City expenditures were the lowest of all
cities, while Montreal costs were above the national average. Quebec
City costs also declined steadily after 1974, while Montreal
expenditures dropped dramatically between 1978 and 1982. Cost
calculation, billing frequency, levels of precipitation, and sewage
treatment did not appear to be factors in this regard because
flat-rate charges, annual billing, high levels of precipitation, and

little or no wastewater treatment were apparent in both cities.
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However, differences in the source of supply, per capita water use,
level of water treatment, and population size appeared to be relatad
issues, First, Montreal draws its water from the St. Lawrence River,
a polluted watercourse, while Quebec City draws its supply from a
series of 30 unpolluted fresh-water lakes. A greater number of water
treatment processes in Montreal, entailed more cost, relatively
speaking, than in Quebec City which required little water treatment
because of its pure water supply source. Secandly, the fact that
Montreal was five times the population of Quebec over most af the
study period appeared to have entailed greater cost, relatively
speaking, for Montreal in servicing their larger water infrastructure.
Thirdly, per capita water use in Montreal was nearly double that of
Quebec City, indicating distinct differences in general patterns of
residential, industrial and commercial water use between the two
cities.

The Ontarian cities of Ottawa and Toronto indicated water
expenditures below the national average and number of factors appear
to be related to this pattern, namely level of precipitation and
source of water supply. Both «cities are located in a region with
substantial precipitation and many sources of supply, although water
quality is an issue in some cases. Ottawa draws water from the Ottawa
River, while Toronto derives its supply from Lake Ontario, both of
which are reliable, abundant sources of water supply. Water
expenditures were somewhat higher in Toronto and it appears that cost
calculation, billing frequency, and per capita water usa were factors
in this regard. Toronto utilized the {flat-rate system and issued
bills twice a year, while Qttawa used the metered method and
distributed bills three times a year. The fact that Toronto costs
were higher than Ottawa expenditures, despite the fact that the former
utilized the flat-rate system, is noteworthy. Substantial differences
in population size and per capita water use, both of which are
significantly higher in Toronto, appear to related in this regard.

Ottawa and Toronto also showed steady increases in water cost gver the
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entire study period, and substantial population gains in both cities
appeared to be a related factor. The population of Toronto increased
by nearly 400,000, the largest net increase of all study cities, while
Ottawa increased by over 100,000 persons between 1971 and 198f. It
appears that residential water charges were related, to same extent,
to the increased water supply construction to accommodate this greater
population, as evidenced by the gain of $7.50 and $6.40 in water costs
in Toronto and Ottawa respectively.

Prairie metropolitan areas generally indicated the highest total
and per capita water expenditures of all study cities, and a number of
factors appear to be related, namely level of precipitation, cast
talculation, billing frequency, source of supply, level of sewage
treatment, per capita water wuse, and populatian change. First,
precipitation levels on the Prairies were, by far, the lowest of all
regions indicating that the procurement of water would be more
involved and expensive because of the scarcity of supply. The use of
the metered system, with the exception of Calgary, and frequent
billing in all the Prairie cities appeared to be related to the lack
of water availability. Consequently, water use was priced higher and
more closely monitored in this region more than any‘other. Secondly,
sewage treatment was ubiquitous in the Prairie metropolitan centres,
as opposed to the Atlantic and G@uebec regions where little aor no
wastewater treatment was undertaken. It appears, then, that water
costs were related to the extent of wastewater service because Prairie
expenditures were high while the expenditures in the Eastern regiaons
were generally low.

Thirdly, per capita water use was high in Prairie metropolitan
centres, particularly in Calgary and Regina. This trend indicates that
the structure and concentration of residential, industrial and
commercial operations in Prairie cities necessitated higher levels of
water usage, relatively speaking, than other regions. The fact that
this higher water wuse was, in turn, more closely monitored through

metering in all Prairie cities, with the exception of Calgary,
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indicates that increased water wuse was related to the higher
expenditures in the region. Fourthly, Edmonton and Calgary showed the
highest net increases of water expenditure over the study period.
Population change appears to be an issue in this regard because both
Albertan metrapolitan centres experienced significant rises in
population and industry during the 1970s. Edmonton and Calgary were
also the only Prairie cities to indicate a steady increase in cost
over the study period, since Saskatoon, Regina and Winnipeg showed
declining expenditures betwesn 1978 and 1982. Fifthly, Regina
indicated on average, the highest cost of all cities over the study
period, and this trend appeared to be related to several unique water
management arrangements there, namely its use of groundwater for a
third of its supply, and its use of a dual water supply.

In the B.C. region, Vancouver indicated expenditures below the
national average, and precipitation, cost calculation, Billing
frequency, and source of supply appear to be related issues. First,
abundant oprecipitation and runoff levels in the region enabled the
procurement of water supplies to be less costly compared to the
Prairie region because Vancouver draws it water from nearby mountain
lakes and streams which flow by gravity to the city. Secondly, the
use of the flat-rate system and infrequent billing in the city
presupposes a low priority for identifying water use and cost to its
residential customers. This low priority, in turn, can be related to
the low water sxpenditures, which showed a steady decline after 1974,
Lastly, Vancouver residents did not face a tharge for sewer services
because sewage charges for individual households wera financed out of
general tax revenues.

There are a number of observations regarding the study in general
which also merit further discussion. First, water expenditures appear
to be related to two nmajor factars, namely regiaonal water
availability, and differant bureaucratic approaches to recovering
water supply costs, Water availability is a function of the

hydrologic cycle, a recycling process in which freshwater is stored in
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lakes, while the remainder circulates dynamically through evaporatian,
transpiration, and precipitation., The abundance ar scarcity of water
in a region, in turn, necessitates the development of carresponding
pricing and monitoring arrangements by civic bureaucracies. However,
each civic administration possesses different objectives regarding
finance, cost distributiqns, and the role of water procurement charges
within the tax system. These factors explain, to some extent, the
diversity of water costs and management arrangements among the study
cities.

Secondly, water expenditures decreased in eight of the 12 cities
between 1978 and 1982, indicating that many urban residents in Canada
paid less money, for appreciably more water use. The decreasing costs
appeared to be the result of entrenched water pricing arrangements in
the majority of study cities. Water procurement charges remained
relatively constant in current dollars, but the rising inflation rates
of the 1970s gradually lessened the cost of these charges in constant
dollars.

Thirdly, water costs were generally higher in metropaolitan
centres which utilized the metered system of water cost calculation.
The higher expenditures appeared to be related to increased costs for
water meter installation, maintenance, and reading, while metropolitan
areas utilizing the flat-rate system calculated water charges based on
assessment data, the collection of which was less costly and involved.
Higher total water expenditures were also evident in metropolitan
arsas with greater water bill frequency. Cities which issued water
bills every month displayed total expenditures that were, on average,
nearly double those of cities which issued water bills only once a
year. The greater expense associated with more frequent water
billing, including increased costs for computer processing, postage,
envelopes, and paper appear to be related, to some extent, to the
higher water costs.

Fourthly, a majority of the Canadian population residing in the

study cities had little, or no association between water use and its
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cost. The three largest cities in Canada, Montreal, Toronta, and
Vancouver, based water charges on a flat-rate total, while apartment
dwellers in metered cities also paid a flat-rate because water charges
were usually included in the general rental charge of the dwelling.
There is also little relationship between water wuse and cost in
metered cities, even though water wuse is more strictly monitored.
Thers exists a general understanding that water procurement charges
should be relatively low to encourage public tleanliness, attract
industry, create enployment, and develop ather activity‘ for the
‘public good'. VYet, this deliberate underpricing or unpricing of
water has sent improper signals to residents about the real costs of
water procurement, and extensive water waste and pollution has been
the-result in some locales.

Fifthly, the study gxposed significant deficiencies in
urban-water management research in Canada. A national telephone
survey of waterworks departments, in particular, revealed that some
waterworks personnel could not identify the water supply source of
their own city. Several management-level gmployesas of wataer
departments also had no knowledge whatsosver concerning the [nquiry on
Federal Water Policy (1985), while past studies in the general
urban-water management area have presented vague, and often
conflicting reports of water cost arrangments between cities. This
evidence appears to indicate a significant level of institutionalized
ignorance regarding urban-water supply concerns which, over time and
at a sufficient scale, could limit the effectiveness of gxisting and

future water management strategies.
Future Trends

The future 1is never certain, but water costs in Prairie cities
will likely remain the highest of all metropolitan aresas in Canada.
The metered systems now in place and the frequent billing procedures
currently practiced will probably remain because of the relative

shartage of water in the region. B.C., Central and Atlantic
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metropolitan centres based on a flat-rate will likely exhibit
relatively low household costs in the future, considering the nature
of the flat-rate system which indicates little regard for water use or
the cost involved in its procurement. However, the extent to which
these general water pricing and billing arrangements are entrenched is
debatabla. Would Montreal, for example, ever convert to a metered
system, or would Winnipeg ever adopt a flat-rate system? Changing
trom a metered to a flat-rate system would likely be the result of
cost pressures, because the latter system is easier to operate and
less expensive in comparison to the elaborate, capital-intensive
metered method. Conversely, the conversion from the use of flat-rates
to a metered system would likely be related to a need for better
identifying specific levels of use to both supplier and consumer.
Water-short regions would not be the only areas to utilize a metered
system in this regard, because in locales with extensive water
pollution, higher pricing and strict monitoring of water use may be
needed to deter further pollution, and to ensure a minimum patable
supply.

There also appear to be several economic and social forces at
work, all of which could potentially collide, in the field of Canadian
urban-water management. First, water demands will increase to
accomodate demographic and industrial growth or, at the very least,
sustain the present quality of life for the current and upcoming
generations., Up to the present, increases in demand have been met
with equivalent increases in the water supply, a situation Tate (1983)
refers to as the ‘supply fix’.

Secondly, the diminishing fiscal power of municipal governments
has forced decision-makers to bhe more reluctant in underwriting large
expenditures for the expansion of water services. Reduced transfer
payments between levels of government(s), large deficits, high
interest rates, a declining dollar, and steady inflation have been the
main factors in this issue. This trend is further compounded by the

fact that Canada’'s present water infrastructure is in need of
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large~scale restoration. The Federation of Canadian Municipalities
(1983) noted that $12 billion (1985 dollars) will be needed ¢to bring
many of the watermains and sewers of Canadians cities up to standard
(Hunter,1985), The repair of the existing water supply infrastructure,
therefore, would appear to be of a greater priority than the
construction of new or expanded waterworks systems in the future, New
York City has reached a dilemma in this regard because water use thera
is bordering on the amount that can be supplied. Furthermore, the
city has barely enough funds to repair leaky water mains, let alone
finance massive new water supply systems:® (Gewell,1966; Powledge,1983;
Keating, 19835).

Thirdly, a perception exists among many Canadians that water
should be supplied in virtually limitless guantities, at little or no
cost. This pattern is further accentuated by the fact that water
charges to wmany urban Canadian houssholds have steadily decreased in
constant deollars since 1978.

It appears, then, that Canadian urban-water managers may soon
have to resolve conflicts concerning the economic gxpectation, fiscal
reality, and public perception of its water supply. People will
almost certainly want maore water for their homes and businesses, at
the same low costs, although the government's ability to continually
deliver the high volumes, in pure quality, at low price appears to bs
diminishing. Similar to New VYork, Canadian cities may not have
enough revenue at the municipal level to continually satisfy their
ever—incréasing water demands. As a result, there may be a greater
appreciation of scarcity in the future, although this realization
would be one of fiscal restraint, not one of a genuine concern for the
efficient use of water. It is probable, then, that water costs nay
rise in the future, not for controlling demand, but in order to
generate more revenue to build even bigger water delivery systams to
meet the larger demands. This circular and cumulative causation is
cartainly possible if the opresent emphasis on supply orientation

continues, and demand-modification options are not further explared.
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Future Research

An urgent need exists for more detailed, integrated and
comprehensive urban-water research studies if planners are to better
understand the nature, variability, and effects of water pricing and
water billing arrangements in the various ‘;ities and regions of
Canada. Geographers such as Quinn (1977) and Sewell (1981) have had a
prominent  role in identifying these and other water resource problems
in a broad Canadian context, but more work is needed at a micro-level
which further emphasizes an inter~disciplinary perspectivsa,
Geographers have a strategic raole to play in this regard, particularly
in the coordination and synthesis of urban-water research to better
reflect holistic approaches and methodologies.

A number of issues demand careful consideration in the
urban-water research area, recognizing the need for ongoing concern
and input by geographers. First, greater attention must be paid to
inventory research, detailing all aspects of the history, billing,
pricing, water wuse, number and type of employed, administrative
structure, classification and number of water customers, department
gxpenditure, and revenue of each waterworks deparment. This
information would allow for more enlightened comparisons among cities
and across ragions regarding their water procurement arrangments.
Secondly, the exact relationship between municipal financing and water
pricing should be better explorad. Comparisons of expenditure
allocations and water revenues between types and classes of customers
are also necessary to determine the structure of water-related
financing in each metropolitan centre. Thirdly, greater =efforts are
needed in the detection of urban-water system leakage. Tha location,
extent, and cause(s) of the leakage problem must be addressed if
water waste is to be minimized.

Fourthly, more studies should be undertaken which compare use
rates among persons regarding their class of tenure, family income,

family size, stage of life-cycle and sex. Demand-modification
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techniques should also be better researched to determine what
effect(s) higher opricing, rebates, public education, water-saving
devices, and other demand-modifiers have on water use in the home, and
public attitudes in general. Fifthly, detailed forecasts of water
use are needed from metropolitan centres to determine their future
water requirements, especially in the wake of ongoing propaosals for
water export to the United States. Past ressarch regarding this issue
has been characterized by many sweeping assumptions of water use,
along very broad regional lines, hence, more micro-level data should
be examined before any formal negotiations begin concerning water
expart. Lastly, the water nmanagement practices of other nations

warrant further investigation, to better understand how and why
| countries have succeeded, or failed, in wurban-water management
cancerns., Water quality and quantity issues in the United States, in
particular, should be constantly monitored because of the potential
tor export, and the possibility of pollution and contamination through
shared waters.,

Above all, the underlying theme of this research would be to
establish a national perspective, and a number of options for action
are recommended toward this end. First, the establishment of a annual
metropolitan water conference would be invaluable in promoting
discussion of urban-water concerns in Canada. Ideas and information
could be exchanged «concerning water pricing, demand-modification
techniques, budgetary issues, and billing practices. A wide variety
of experiences and suggestions considering the diversity of geagraphy,
climate, and population size among the major metropolitan centres of
Canada could be aired. At present, the Conference on Drinking Water
is conducted annually, sponsored by a variety of federal and
praovincial agencies, but its mandate is the specific discussion of
water and sewage treatment issues. Consequently, a separate
conference would have to be established to focus on pricing and
billing concerns, and to develop concepts of direction at a national

level in this research area.
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Secondly, the federal government should expand its existing water
research programs to include the study of urban-water concerns. The
National Inventory of Hunicipal Haterworks and Hastewater Systeas in
Canada (1976,1981,1983) has collected valuable data on water and sewer
processes, but more information and analysis is needed from a policy
perspective to identify pricing, billing, and water use patterns in
specific cities and municipalites. The federal government should also
expand its WATDOC system, a computer-based environmental reference
service, to include the complete citation of water-related documents
fronm the public and private sectors of bath domestic and foreign
sources. This on-line library would allow for quick and convenient
referral from one central source, with consistent indexing. The fact
that present cataloguing of water information is less than adequate in
many government publication libraries would provide further incentive
to implement such a system.

The cost of such a program would probably be high, especially at
its outset, but over several years, this information network would
likely prove to be more cost-effective in developing and accessing
research than would be if every city waterworks department had its
own, autonomous research body. Furthermore, budgetary constraints of
many departments may entail substantial cutbacks in research funding,
if not the elimination of these programs altogether, hence, a
computer-based national network would still provide crucial
information links, at minimum cost. The computer service should be
established in the offices of every waterworks department, not in a
nearby municipal or university library, to encourage water management
decision-makers to personally use the service, as often as possible,
to maximize their information awareness. The fedesral government
would, in turn, gain valuable contacts and develop new channels of
communication with the major amunicipal gavernments. In this way, the
implementation and enforcement of any future national water policy
could be achieved with greater efficiency and effectiveness, aided by

the information infrastructure already in place.
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Lastly, wuniversity researchers, including professors, graduate
students, and undergraduate students, should be encouraged to take a
more active role in water research in Canada. Governments and
industry should sponsor or cost-share more water research projects
with universities or particular departments, and a greater number of
water study scholarships should be offered to stimulate interest in
the subject at both an under and post graduate level. Universities
would gain increased funding and a more active voice in water
management decision-making in this arrangement, while government and
industry would benefit from the expertise of many academics, whose
skills up to this point, have been largely untapped in the urban-water
management area. At this time, several federal agencies such as the
Canada Mortage and Housing Corporation and the Inland Waters
Directorate award scholarships in this field of water study, as does
the Canadian Water Resources Association, a private organizatian
concerned with Canadian water issues, but the scale of suppart is
minimal, Ultimately, the funding and scholarship programs of thease
organizations could be further expanded, either individually, ar in
cooperation with other government agencies and private interests to
create a Canadian Water Research Foundation, the function of which
would be to sgolicit and distribute funding for water research in

Canada.
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RESIDENTIAL WATER BILLING FACTORS BY LITy!

St. Jon's

Freqi?  bi-annually (April, October)

faler™  flat-rate

Rate:*  $35.00 per half year, Hater bills are assessed by the civic tax departaent as part
of a general civic tax bill, No separate water bill is issued per ce, only a one or
t:o line statement of water cost is included in the general itemized civic tax
charge.

Halifax

Freq: quarterly

Calc:  netered (read every three months)

Rate: A aininun service rate is charged, depending on the size of the meter, plus an
additional charge of $.163 per cubic meter of water use and $.113 per cubic meter fur
sewage use,

Bushec

Fregs annuall

Calee tlat-rate

Rate: The water charge is included in a general civic tax bill. In this bill, water is
included as part of a ‘general civic service tax’ categarz. In this cass, a
statesent of water charges is not even listed, instead, it is qrouped in this
tax category which also’includes the costs of fire and poiice protection.

Montreal

Freqs annuall¥

Cale: tlat-rate

Rates The billing structure is nearlK identical to Quebec City. A general service charge
is assessed in proportion to the property value of the residence.

Ottawa

Freqt  tri-annually

Calc:  oetered (accounts are read every four months)

Rates A aininus charge of $2,00 per sonth is charged, which is assessed whether or not any
water is used. This ninisus cost includes up to six cubic meters of water use.
Beyond this volue, an additional charge of $.335 per cubic seter is charged.

o i e v

! The general consensus is that a residence is any single fanily dwelling, duplex or other
building which does not exceed four living units or apartments. Accoringly, these billing
factors do not refer to large apartaent blocks.

“ Freq denotes Bill Frequency. This refers to the number of times water bills are issued each
year,

* Calc denotes Hater Cost Calculation, This denotes the sain sethod by shich water bills were
calculated, This usually involved either a flat-rate charge (water consusption is not
considered and only a pre-determined asount is assessed for the service) or a setered charge
{water meters are installed, and water cost is based on consusption which may or may not be in
addition to minimum service charges).

4 The rates guuted are in reference to October, 1965, In most cases, the rates include both
water supply and sewage.



Teronta

Freq: bi-annually

faler  flat-rate

Rate:  The water charge is based on the total nusber of rocas, water fixtures and toilets in
gach residence. Fach roo costs $%.10, every fixture 1s $5.79, and each toilet is
$9.35 for every six sonth period. Also included is a sewage discharge cost which
totals to 15 percent of the water bill. In other words, a flat rate’is charged for
water service and 13 percent of this cost is added on as a sewage charge.

Hinnipeg

Freq:  quarterly

Cale:  getersd (read svery thres eonths)

Rate:  The charge is $2.24 ger 100 cubic feet (c.f.) of water use up to 9,600 cubic fest of
cansumption during the billin? erigd. This cost is further divided into $1.30 for
water and $.94 for sewer per 100 c.f. of use. Ahove this voluse, $1.0{ for and $.94
for sewer is charged per 100 c.f. up to 96,000 c.f. of use. Over this volume, water
is .$91 ger 100 cubic feet, but the sewer rate remains the same. It is also
important to note that charges are based sulely on consuaption, with no service or
meter fee.

Regina

Freq:  sec-annually

Lalc: netered (read every two manths)

Rate: A minimus charge of $20.40 is assessed each bill (510,50 for water and $9.90 for
sewer service). This charge includes u? ta 1,000 cubic feet of water use. Above
this anount, $1.09 for water and $1.07 for sewer is charged per 100 cubic feet.

Saskatoon

Freg: monthly

Calc:  netered (readings are made quarterly and then estimated)

Rates Mininum charge 1s $2.30 and is assessed whether any water is used or not. In
addition, the first 400 c.f. cost $1.01 per 100 c.f. The next 400 c.f. is $.90 per
100 c.f. The next 3,300 c.i. ?er month 15 4.83 per 100 c.f. while the next
20,700 c.f. is $.78 per 100 c.f. The lawn and garden rate, seanwhile, is $.72 per
100 c.t, This lawn and garden rate is used when consusption is over the average
consuaption, which is based on the first three months of the year.

Calgary

Freq:  monthly

falc: tlat-rate

Rates The water charge is included as part of a general utility bill which includes sewer,
electricity and water. In this case, the charge is based on the assessed value of
the residence,

Edmonton

Fregs santhly

falc: me%gregeéactual reading occurs every three nonths while the other two months are
estinated,

Rate: A sinioun nontly charge of $5,75 is charged for water while a separate sewage bill is

$2.20 per nonth, Above this basic service charge are additional cunsumftiun charges.
Sewage costs $.8451 for 100 c.f, while water charges are based on a declining black
rate. The first 800 c.f, cost $1.95 per 100 c.f., the nest 3,200 c.f. cost $1.40 per
100 c.f., the next 21,000 c.f, are priced at §1.4 per 100 ol The following
473,000 c.f. is $1.29 per 100 c.f., while any water over this voluze is priced at
5,94 per 100 c..



Vancouver

Freg:
Caleg:
Rate:

City

&t. John's
Halifax
fuebec
Montreal

" Qttawa
Taranto
W¥innipeg
Regina
Saskatoan
Calgary
Edmantan

Vancouver

annuallz

flat-rats

A standard rate of $70.00 is charged for water use in each Vancouver residence, For
every extra suite in a home, thera is an additional $25.00 charge. Duplexes,
seanwhile, are charged 47.% ger side. Again, no formal water bill is issued per
se, rather, water charges are listed on a tee statement of general civic taxes, shich
is distributed once a year.

WATER BILLING FREGUENCY, WATER COST CALCULATION BY CITY

Residential Industrial  Residential Industrial
Billing Billing Lost Cost
Frequency Frequency Calculation Calculation

2 2 tlat-rate flat-rate

4 ) getered petered
{ { flat-rate flat-rate

{ i flat-rate neterad

3 3 petered netered

2 4 tlat-rate setered

) ) fieterad netered

] 8 setered netered

12 12 getered setered

12 12 flat-rate setered

12 12 petered gatered

! ' ] flat-rate petered
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* Musber denotzs the average household water expenditure in $1971 of each city over the 1969-1982 study period.

2 Data were not available for Cal

that year,

1949
Regina 43,5
Montreal 41,3
Sasktoon  37.6
Edmonton 32,6
{innipeg 27.2
Toronto 24,0
Yancouver 18.4
Halifax  17.4
Ottawa  14.B
St. John's 9.4
Buebee 3.4

-2

fverage 2.7

APPENDIX 4.1
RANKING OF HIGHEST WATER EXPENDITURES 1969~1982

1974
Calgary 44,2
Yontreal 42,4
Regina  39.8
Saskatoon 38.6
Edoonton 35,3
Winnipeg 28,2
Halifax 25,4
Torento  25.1
Ottawa 2.5
Vancouver 19.4
Et. John's 14.8
fusbec 10,2

8.9

Source: Adapted from Statistics Canada. 1971- 1984,

no. 62-334, 62-350. Minister of Supply and Services,

1978
Regina 41,2
Edeonton  45.1
Saskatoon 40.1
Calgary 37,7
¥ontreal 34,3
Winnipeg 4.4
Toronta 29,1
Halifax  25.3
Ottawa 217
5. John’s 18.7
Vancouver 11,0
Guebec 2.2

30.8

1982
Calgary 99.1
Regina  352.8
Edmonten  50.8
Sagkatoon 4.5
Rinnipeg 31.3
Toroato 31,5
Montreal 26,2
Jttawa  23.2
Halifax  20.4
St. Jon's 13.6
Vancouver 10.4
Buebec 7.0

30.1

gary in 1969 because of the city's exclusion in the Family Expenditure surveys in

Urban Fanily Expenditure in (anada 1969-1982. Inclusive. cat.



APPENDIX 4.2
DOLLAR INDEX (1971=100)
Year Index
1969 941
1970 972
1971 1,000
1972 1.048
1973 1127
1974 1,250
1975 1.383
1976 1.489
{977 1,408
1978 {732
1979 1,912
1980 2.106
1981 2,369
1982 2,625

Source: Statistics Canada. 1983, The {onsuaer Prica Index. cat. no.
62-001. Minister of Supply and Services, Ottawa.
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APPENDIX 4.3
INTERCENGAL ESTIMATES OF AVERAGE HOUSEHOLD SIZE IN CANADA 1949-19821

1949 1974 1978 1982 Negééqgg%nge
Et. Jobn's 4.3 4,0 3.7 3.3 -.8 (-18.8)
Halifax 3.8 5.3 31 2.9 =7 (-19.4)
Busbec 3.6 3.3 34 2.9 -7 {-19.4)
Yontreal 3.3 41 2.9 2.7 -4 (-18,2)
Ottawa 34 31 2.9 2.7 -7 (-20.6)
Toronto 3.4 31 2.9 2.8 =6 (-17.8)
#innipeg 32 3.0 2.8 26 -6 (-18.8)
Regina %3 % 2.9 27 -6 (-18.2)
Saskatoon 33 30 2.8 b =7 -21.2)
Calgary 3.3 &1 2.9 2.8 -3 (-15.2)
Edmonton 3.4 31 2.9 2.8 =6 (~17.6)
Vancouver .9 C 29 47 2.6 =3 (=10,3)
fverage 34 % 5.0 2.8 b (~17.6)

! Figures dencte average household size in each city and year.

Source: Adapted from Statistics Canada. 1982, Census Households By Size. cat. no.
93~708. Minister of Supply and Services, Ottama.



APPENDIX 4.4
TOTAL HOUSEHOLD EXPENDITURE BY CITY!
1969 1574 1978 1982

. dohn's  7,220.7 11,5670 10,184.2 11,145.4
Halifax 8,792.6 11,716.6 10,600.3 10,848.2
Quebec 8,522.6 10,6755 12,576.7 10,308.4
Yontreal 8,974.4 10,634.1 11,049.4 10,224,1
Qttawa 11,410.8 13,339.3 13,306.2 12,929.0
Toronto 11,191.8 11,869.9 11,876.4 11,861.1
Winnipeg 8,385.4 10,994.5 9,960.9 10,306.4
Regina. 8,010.5 10,326.8 11,468.7 11,434.8
Saskatoon  B,018,2 9,309.8 10,8%.2 9,83L.3
Calgary -z 11,144,7 13,3830 13,339.3
Edmonton 9,947.1 11,207.8 12,496.9 12,010.9
Vancouver  8,845.8 11,120.6 11,336.2 11,485.8
fverage . 9,045,2 11,1922 11,605.9 11,345.4
* All numbers are in $1971. The figures denote the cosbined costs of all itess,
gﬁ:zéigg,hojggggfgifgr :ngu€%f§§ag?rchased by all working adults residing in the

2 Data for Calgary were not available in 1949 owing to the city's exclusion in
the Fasily Expenditure surveys in that year.

Source: Adapted from Statistics Canada, Urban Family Expenditure in Canada
1969-1982, Inclusive.
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