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INTRODUCTION

The Canadian Council of Ministers of Environment (CCME) has mandated a Development
Committee to draft a Canada Wide Strategy for Management of Municipal Wastewater Effluent. This
strategy is being developed based on four components: harmonization of the regulatory framework,
environmental risk management, coordinated science and research, and economic implications.

In respect of economic implications, an issue that has come up number of times is the notion of
“affordability”; that is, the capacity of the public in different urban municipalities across Canada to
pay for construction, operation and maintenance of increasing levels of municipal wastewater
management. As a first step, the Development Committee commissioned this study, which looks at
the issue of household affordability of municipal wastewater services in Canada and provides a
snapshot of the existing cost of these services to Canadian consumers.
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DEFINING AFFORDABILITY

The issue of affordability of (ability-to-pay for) municipal services, such as wastewater collection,
treatment, and disposal, is commonly looked at from two perspectives: municipal affordability and
household affordability.

MUNICIPAL AFFORDABILITY
At the municipal level, there are two ways to examine affordability.

One way is to look at fiscal indicators (such as debt charges, reserves, and bond rating) to determine
the financial health of a municipality. These indicators reflect the choices made by the municipality
with respect to capital investments and the use of borrowing versus current revenues (such as
development charges and property taxes) to finance capital expenditures (such as wastewater
treatment upgrades or expansions). However, fiscal indicators may not be a good measure of
municipal affordability. Consider the following examples:

1. A municipality with a high ratio of debt to reserves in a given year may have just
undertaken a large capital expenditure that required depletion of its reserves and/or an
increase in debt load. This does not mean that the municipality cannot afford to
undertake the expenditure, nor does it necessarily indicate that it cannot borrow more, if
needed.

2. A municipality with a good bond rating and low debt charges (because the municipality
borrows very little) may look fiscally healthy but may not be providing an adequate level
of service.

A second way to address municipal affordability is to look at the ability of a municipality to provide
the desired level of service without resorting to imposing unduly high rates (such as increasing taxes
or user rates). Some municipalities may be unable to provide an adequate level of service at a
reasonable rate. This may occur for a number of reasons, such as: (1) the costs to provide services
may be higher in that municipality (e.g., wage costs, fuel costs, costs related to distance); (2) the need
for services may be higher (e.g., more industrial properties); and/or, (3) the tax base may be smaller.

If municipalities account for and recover the cost of wastewater services, then there is unlikely to be
an issue of municipal affordability. Even if municipalities can afford to provide wastewater services,
there may still be an issue of household affordability, because some households within the
municipality may not be able to afford to pay for their share (use) of the services.

HOUSEHOLD AFFORDABILITY

Household affordability is primarily a function of income related to the cost of living. Income is
often used to estimate a community’s socioeconomic status and the related ability of residents to
support utility costs.
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The most prevalent method of assessing household affordability involves determining the annual
amount spent on services as a fraction of annual household income. Much of the pioneering work on
household affordability relating to water and wastewater originated from the United States
Environmental Protection Agency, which funded studies in the 1990s. Many of these studies resulted
in the development of so-called threshold values, which define the affordability of water and/or
wastewater charges as a function of income. Table 1 presents affordability threshold values for water
and/or wastewater.

Table 1. Threshold Values and Calculation Methods for Determining Affordability of Water and/or

Wastewater.
THRESHOLD VALUE CALCULATION! REFERENCE
1.5%t02.5% (questionable) annual user charge
>2.5% (unaffordable) median household income

Water Utility Financing Study (1980).

100% to 200% (questionable)

>200% (unaffordable) percentage rate increase

water and sewer bills U.S. Department of Housing and Urban
household income Development.

1.3% to 1.4%

>2.00% water and 2EWET bills U.S. National Consumer Law Center (1991).
household income

<0.8% (no hardship) average annual cost for . .
0.8% to 1.5%  (mid-range) household as a percentage of gilitEPSAtaEnc(?;rcc)ir:I\;:VoGrLliEgglf ? df:;rﬂ\;Vater
>1.5% (unreasonable) median household income y '

costs as a percentage of U.S. EPA Affordability of the 1986 Safe

0,
>2.0% household income Drinking Water Act (1993).

Raftelis (1993). Note that the denominator
equals the median household income
reduced by property, income, sales and
other relevant taxes.

annual water bill
median household effective
buying income

>1.5% (or 3% for both water
and sewage)

Hardship based on the following percentages of the community’s

median household income (MHI): New York State Affordability Criteria for the

Drinking Water State Revolving Fund. Note

- 10
$0 10 $24,725: 1% MHI that dollar amounts are in $U.S.1998.

$24, 725 to $39,557: $247 + (MHI - $24,725) x .0235
$39,558 and above: 1.5% MHI

Typically, the threshold value, which is expressed as a percent, is applied to a measure of income to
determine the point at which the cost of water and/or wastewater services becomes “unaffordable”.
As shown in the table, there can be a range of “unaffordable” conditions, such as “no hardship”,
“questionable” affordability, and “unreasonable” cost.

! Information and indicators in this table were taken from U.S. EPA (1998). Information for States on Developing
Affordability Criteria for Drinking Water. EPA 816-R-98-002, Washington, D.C. Note that for some of the indicators, the
type of income (e.g., median, average household income) is not specified.
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As the information in the table shows, there are several different ways in which threshold values can
be calculated. Some thresholds include water and wastewater charges in the numerator, some use
average (mean) household income in the denominator, while others use “median income” or
“effective buying income”. There are many variations and there is currently no single universally
accepted approach.
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ANALYSIS OF CANADIAN WASTEWATER
CHARGES

APPROACH

To begin the analysis of household affordability of wastewater services in Canada, data were obtained
from the most recent versions of Environment Canada’s Municipal Water Use and Pricing Database
(MUP) and Municipal Water Use Database (MUD)?. Both databases, described briefly below, are
compiled by Environment Canada using results from Environment Canada’s Municipal Water and
Wastewater Survey, which is the only national survey of its kind in Canada.

The Municipal Water Use and Pricing (MUP) database presents basic municipal water and
wastewater consumption and pricing statistics from Canadian municipalities. It is based on the
Municipal Water Use and Pricing (MUD) survey, held every two to three years by Environment
Canada since 1983. For this study, the most recent available MUP database for 2001 was used. This
database contains 3,246 entries, and combined data for 2001 as well as past years where 2001 data
was not available. Each entry corresponds to a single price for either residential or non-residential
customers, so that there were usually at least 2 entries for each municipality represented in the
database. For this study, only entries identified as residential, with source year identified as 2001
were used; this reduced the sample size to 531 entries.

The Municipal Water Use (MUD) database presents information about municipal water works, water
treatment facilities, and wastewater treatment facilities. For this study, the 1999 database was used.
This is because reliable statistics about wastewater are not available for 2001. The 1999 database,
which has 1,286 entries, does include such information; specifically, it contains fields that identify the
level of wastewater treatment (waste stabilization pond, primary, secondary, or tertiary). Of the 531
entries in the modified MUP sample, wastewater treatment information was available for 314.

Since the usual practice in Canada is to set wastewater collection and treatment charges as a
percentage of water supply charges, further screening of the database was undertaken to (1) eliminate
entries with incomplete records (for example, missing domestic water use data); and, (2) consolidate
duplicate entries for the same municipality (such as for municipalities with increasing or decreasing
block rates).

The final sample contains 123 entries for which average annual wastewater charges could be
calculated.

Wastewater charges were calculated in one of three (3) ways, depending on the rate structures
recorded for the municipality:

1. For municipalities with only a flat rate, the annual wastewater charge per household was
calculated by multiplying the monthly flat sewer rate by twelve.

2 Complete details about the databases can be found at http://www.ec.gc.ca/water/en/manage/use/e_data.htm.
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2. For municipalities with only one non-flat rate, the annual wastewater charge per
household was calculated by:

a. calculating the amount of water used per person per day, based on domestic
water use (total average daily flow used for domestic purposes in cubic metres
per day) and the number of persons served by water,

b. calculating the annual water use per household by multiplying the result of ‘a’ by
the average number of persons per household based on Statistics Canada
information®, and multiplying that value by 365,

c. multiplying the result of ‘b’ by the residential charge for one (1) cubic metre of
sewer service”.

3. For municipalities with more than one rate (for example, a combination of flat and non-
flat, or different types of non-flat rates, such as constant unit, declining block, or
increasing block rates), a weighted average rate was calculated by summing the products
of each rate and the corresponding population served by sewers for that rate, and then
dividing the sum of the products by the total population served by sewers.

The following tables and figures present summary information about the final data sample used for
this study.

Table 2 shows the number of municipalities per province/territory in the final data sample, along with
the median household income and average persons per household for each province/territory. As
shown in Table 2, the final data sample does not contain entries for municipalities in Prince Edward
Island, Yukon, Nunavut, or Northwest Territories, because the records for the municipalities in these
provinces/territories did not list the source year as 2001, did not have entries identified as residential,
were missing level of wastewater treatment, and/or did not contain complete information.

Table 2. Number of Municipalities in the Final Data Sample, Median Household Income and Average
Persons per Household for all Canadian Provinces and Territories.

Province Count Median Household Average Persons per
Income ($2000) Household
Newfoundland and Labrador 2 $37,614 2.7
Prince Edward Island 0 $40,512 2.6
Nova Scotia 1 $39,908 2.5
New Brunswick 10 $39,951 2.5
Québec 15 $40,468 2.4
Ontario 21 $53,626 2.7
Manitoba 6 $41,661 2.5
Saskatchewan 13 $40,251 2.5
Alberta 23 $52,524 2.6
British Columbia 32 $46,802 2.5
Yukon 0 $51,930 2.5

® Source: Statistics Canada 2001 Census of Population, Report No. 93F0053XIE

* The residential charge for one (1) cubic metre of sewer service was derived by normalizing the residential monthly price
for 25 cubic meters of sewer service. This approach was taken due to the absence of any data in the MUP database for the
percent sewer charge field, SEW_PCNT, which would have provided the percentage of price information derived from a
sewer surcharge component.
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Nunavut 0 $63,721 2.9
Northwest Territories 0 $45,440 3.7
Total 123

Table 3 presents the distribution of municipalities by population size range, and by the level of
wastewater treatment. With respect to the former, the population within the municipality that is
served by sewers was used. In the case of the latter, the highest level of treatment was brought
forward; for example, if primary and secondary treatment were both identified for the same
municipality, then secondary treatment was brought forward. As shown in Table 3, the final data
sample contains records representing municipalities with populations ranging from less than 1,000 to
greater than 100,000. All treatment types are represented by the final data sample.

Table 3. Number of Municipalities in the Final Data Sample by Population Served and by Level of
Wastewater Treatment

Population Range Count Treatment Type Count

<1,000 5 Waste Stabilization Pond 46

1,000-5,000 56 Primary 12

5,001-35,000 42 Secondary 41

35,001-100,000 11 Tertiary 24

>100,000 9 Total 123
Total 123

Note 1: population refers to the number of residents identified as being served by sewers.
Note 2: highest level of wastewater treatment recorded per municipality.

Based on the final data sample, the average daily water demand per household was calculated to be
1,027 litres, with a standard deviation of 678 litres. The median average daily water demand per
household was calculated to be 852 litres. Using an average number of persons per household of
2.57°, the average daily water demand per household translates to almost 400 litres per person per
day.

For the final data sample, the average annual wastewater charge per household was calculated to be
$185.35, with a standard deviation of $111.92. The median annual wastewater charge per household
was calculated to be $168.00. The average population served by sewers for all entries in the final
data sample was calculated to be 36,048 persons. The median population served by sewers was
calculated to be 5,012.

Figure 1shows annual wastewater charge per household as a function of the logarithm® of the
population served by sewers. Similarly, regressions were analysed between (i) annual wastewater
charge per household as a function of community size for different regions, (ii) annual wastewater
charge per household as a function of average income for different regions, and (iii) annual
wastewater charge per household as a percentage of median household income as a function of

® Statistics Canada (2006). Average weekly food expenditure per household, Canada and selected regions (2001).
<http://www40.statcan.ca/l01/cst01/famil27a.htm>.

6 Logarithm values for population were used because of the relatively wider range of values for population than for annual
wastewater charge.

Page 8


http://www40.statcan.ca/l01/cst01/famil27a.htm

Affordability of Wastewater Treatment Services in Canada

Project # 384-2006

population served by sewers. There is considerable scatter among the data, such that there does not
appear to be a simple relationship between any two sets of variables.’

Figure 1.
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Average annual wastewater charge per household as a function of
the logarithm of the population served (by sewers).

Figure 2 shows the average annual wastewater charge per household as a function of level of
wastewater treatment. In this case, the relationship between the two variables appears to be directly
proportional, shown by the dashed trend line, which suggests that as the level of wastewater treatment
increases, the average annual wastewater charge also increases (however, this may not fully account
for the variation in annual wastewater charges for each level of treatment).
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" Anova or regression analysis that accounts for other factors might show a stronger relationship.
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Figure 2. Average Annual Wastewater Charge per Household by Level of

Wastewater Treatment

ESTIMATES OF AFFORDABILITY

As described earlier, the most prevalent method of assessing household affordability involves
determining the annual service charge as a fraction of annual household income. For the purpose of
this study, this method has been applied to two different types of annual household income: (1)
median household income; and, (2) median household income for low-income households. Since, as
stated previously, there is currently no single universally accepted approach to defining and
determining affordability, and there is no single universally accepted threshold value, a range of
threshold values (taken from Table 1) have been applied to the final sample data.

Using median household income, the final sample data yields the following results:

o The average wastewater charge as a percentage of median household income is 0.4%,
with a standard deviation of 0.24%;

o The median wastewater charge as a percentage of median household income is 0.35%;
and,

e The minimum and maximum wastewater charges as a percentage of median household
income are 0.08% and 1.73%.

Comparing the annual wastewater charges as a percentage of median household income to various
thresholds shown in Table 1 indicates that for the final data sample:

o 3.3% of the entries have annual wastewater charges that are more than 1% of median
household income;

o 0.8% of the entries have annual wastewater charges that are more than 1.5% of median
household income; and,

e In no case did the maximum wastewater charge exceed 2.0% of median household
income (the maximum being 1.73% as noted above).

Table 4 presents the average, median, minimum and maximum annual wastewater charge per
household by level of wastewater treatment. The table also shows the annual wastewater charge as a
percentage of median household income for each level of treatment, and shows the percentage of
entries that exceed threshold values of 1% and 1.5%. As stated above, in no case did the maximum
wastewater charge exceed 2.0% of median household income.

Table 4. Analysis of Annual Wastewater Charge by Level of Wastewater Treatment.

Waste

Annual Wastewater Charge Stabilization Tanary Secondary Tertiary
Pond reatment Treatment Treatment
Average $154.48 $187.65 $197.56 $222.53
Median 133.62 179.52 168.20 205.36
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Minimum 39.96 75.00 36.79 69.54
Maximum 473.66 399.96 809.77 488.72
As a percentage of median household 0.34% 0.41% 0.44% 0.43%
income

1 i i 0,
Proportlon of entries exceeding 1.0% of 2 204 0 4.9% 4.9%
median household income

1 I I 0,
Proportion of entries exceeding 1.5% of 4.0% 0 2 4% 0

median household income

The analysis using median household income appears to indicate that average annual wastewater
charges as a percentage of median household income could be considered “affordable” based on the
threshold values quoted in Table 1.

Since affordability focuses not on whether consumers will pay for wastewater service, but whether
consumers can pay for wastewater services households, it is necessary to examine the impact of
wastewater charges on households for which such rates may pose a significant financial burden,
namely, low-income households. To analyze the impact of annual wastewater charges as a
percentage of median household income for low-income households, a low-income measure® of 50%
was applied to median household income. The median household incomes and the derived low
household income®, calculated as 50% of the median household income, are shown in Table 5.

Table 5. Median Household Income and 50% of Median Household Income for All Provinces Represented
in the Final Data Sample.

Median Derived Low
Province Household Household
Income ($2000) | Income ($2000)
Newfoundland and Labrador $37,614 $18,807
Nova Scotia $39,908 $19,954
New Brunswick $39,951 $19,976
Québec $40,468 $20,234
Ontario $53,626 $26,813
Manitoba $41,661 $20,831
Saskatchewan $40,251 $20,126
Alberta $52,524 $26,262
British Columbia $46,802 $23,401

When the derived low household income amounts shown in Table 5 are substituted for median
household income, the average annual wastewater charge as a percentage of income is 0.79%, with a
standard deviation of 0.47%. The median annual wastewater charge as a percentage of income is
0.70%. The minimum wastewater charge as a percentage of derived low household income is 0.16%.

8 Statistics Canada (2001). Low Income Cutoffs from 1990 to 1999 And Low Income Measures from 1989 to 1998.
Income Statistics Division, Catalogue no. 75F0002MIE — 00017.

% The use of a low-income measure of 50% of median income is one approach to identifying low-income. There are others.
It is important to note that the use of income cut-offs and low-income measures are quite different from measures of
poverty. The low-income cut-offs and measures reflect a methodology developed by Statistics Canada that identifies those
who are substantially worse off than the average, which does not necessarily mean poor. In the absence of an accepted
definition of poverty, low-income cut-offs and measures are used to study relatively worst off families in Canada.
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Comparing the annual wastewater charge as a percentage of derived low household income to various
thresholds shown in Table 1 indicates that:

22% of the entries have annual wastewater charges that are more than 1% of income;
6.5% of the entries have annual wastewater charges that are more than 1.5% of income;
3.3% of the entries have annual wastewater charges that are more than 2% of income;

0.8% of the entries have annual wastewater charges that are more than 2.5% of income;
and,

The maximum wastewater charge as a percentage of derived low household income in
the final data sample is 3.46%.

The analysis appears to indicate that average annual wastewater charges as a percentage of household
income may not be “affordable” for almost one quarter of the derived low-income households, based
on a threshold value of 1%. However, if a threshold value of 2% is used, the analysis indicates that
annual average wastewater charges as a percentage of derived low household income could be
considered “affordable” for almost all derived low-income households.

LIMITATIONS ON USING HOUSEHOLD AFFORDABILITY THRESHOLDS

Although the most commonly used method for determining household affordability is estimated by a
measure such as total annual user charge as a percentage of annual median (or average) household
income, there are limitations with using this measure:

It is difficult to obtain up-to-date information on income. Income data generally come
from the census, which is done every five years by Statistics Canada. Income must be
weighed in the context of the cost of living. A household’s ability-to-pay with a $35,000
income in one municipality may be the same as a household with a $45,000 income in
another municipality. Cost of living varies from municipality to municipality and among
Canada’s Provinces/Territories. To account for cost of living differentials, it would be
necessary to adjust income by some factor. However, cost of living information is only
available for the largest metropolitan areas (populations greater than 100,000).

Households with higher incomes spend a relatively smaller percentage of income on
fixed costs, such as property taxes and utilities, than low-income households. It is not
uncommon for wastewater charges as a percentage of income to be well under
affordability thresholds for a municipality as a whole, but for lower income residents, the
financial impact of the charges may be significantly higher.™

When low-income households are concentrated in larger urban areas, the incidence of
affordability problems for low-income households may be masked by the higher incomes
and higher tax base typically associated with larger urban centres.

Although the United States Environmental Protection Agency has financed the
development of threshold values for water and/or wastewater affordability, the Agency

19 Eyture Investment in Drinking Water and Wastewater Infrastructure, November, 2002, Congressional Budget Office of
the United States, pg. 55, Appendix C.
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has never adopted a measure to indicate how much an individual household can pay for
services before they become unaffordable. The threshold values that have been
developed to date are intended to be used to compare the revenues collected by a water
system to the median household income in a service area (whole water/wastewater
system), not to individual household incomes. Thus, applying threshold values to
incomes “does not translate into a judgment that each individual household served by that
system should pay no more than the threshold for water/wastewater services.”**

e Furthermore, the affordability thresholds are not intended to be used for assessing
affordability for low-income households. Rather, application of the thresholds is meant
to encompass all households in a given size category of water/wastewater system in order
to determine what is affordable for the average household served by that system.*?

1 Future Investment in Drinking Water and Wastewater Infrastructure, November, 2002, Congressional Budget Office of
the United States, pg. 55, Appendix C.

12 scott Rubin (2001). Affordability of Water Service: Critical Issues in Setting Regulatory Standards, pg. 10, National
Rural Water Association.
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COMPARISON OF WASTEWATER CHARGES TO
OTHER COSTS

The challenges surrounding the assessment of household affordability have prompted policy-makers
to suggest alternative methods. Two commonly cited alternative approaches of assessing
affordability involve comparison of local charges to: (1) international benchmark rates; and, (2) other
household expenditures.

There are advantages and disadvantages associated with each of these approaches, as outlined in the
following table:

Table 6. Advantages and Disadvantages of Comparisons of Wastewater Charges to Other Costs.

Approach Advantages Disadvantages
Comparison to international e Easy to understand e Limited availability of
benchmark rates e Applicable to household level comparable data

o Difficult to adjust for exchange
rate, comparison period,
different regulatory standards,
climatic conditions, local
conditions, cost of living, etc.

Comparison to other household e Easy to understand o Difficult to assess user
expenditures (e.g., cellular e  Applicable to household level motivations (e.g. prestige,
telephone, cable television, Internet | «  Readily available data health), values (e.g. health) or
service, entertainment, electricity, e Both necessary and preferences (e.g. aesthetics).
gas, bottled water use) discretionary expenditures

can be used in making

comparison

Assessing affordability within the context of what others pay for water/wastewater services or
comparison to other household expenditures has one major failing — while these alternative
approaches provide interesting comparisons of budget allocations and potential cost burdens, they are
simply surrogates for “willingness-to-pay”, which is not the same as “ability-to-pay”, or affordability.

Page 14



Affordability of Wastewater Treatment Services in Canada
Project # 384-2006

CONCLUDING REMARKS

Based on the limited information and analyses presented above, average annual household wastewater
charges in Canada appear to be “affordable” when compared against median annual household
income.

At the same time, it is necessary to recognize that there is no single correct answer to the question of
how much households of different incomes can “afford” to spend on wastewater services, how
household expenditures should be measured, or how and at what level affordability thresholds should
be set. This is because the definition, measurement and interpretation of household affordability are
ultimately subjective.

Consider the case of a household that spends a significant amount on discretionary items (such as
satellite television or internet services) to the extent that they have little leftover to save and invest —
should this household be viewed as having an affordability problem? Or, should a low- or moderate-
income household that spends a large proportion of income to live in an affluent neighbourhood be
viewed as having an affordability problem, or as having made a choice to spend more on housing?
These scenarios illustrate some of the situations that may be present in a municipality, but are not
captured by current approaches to affordability.

The subjective nature of current approaches to affordability may be one reason why there is no
standard measure in Canada for determining whether water or wastewater rates are “unaffordable”.

Nonetheless, for the purposes of water and wastewater system financing it has been necessary to
adopt definitions that can be quantified. In adopting a framework for assessing household
affordability some basic principles should be followed. Specifically, it is suggested that the
framework be based upon:

1. Realistic factors that represent Canadian attributes

2. Readily available data

3. Ease of application, and the ability to replicate results

4. Universally applicable across Canada

5. Delivery of unambiguous results that can be used to make fully informed decisions.

Assuming that the data collected by Environment Canada under the 2001 Municipal Utility Pricing
and Municipal Utility Data are correct and assuming the thresholds presented in Table 1 are
reasonable, the analysis of Canadian wastewater treatment data does provide insight into the relative
(but not absolute) cost burden to households. It would appear that, based on the analysis of a limited
number of Canadian municipalities (123 of a total of more than 6,000 municipalities in Canada) in
this study, wastewater rates could rise in many municipalities before household affordability might be
considered, on a provincial aggregate basis, to be “unaffordable”. However, as explained above,
factors, such as cost of living, local conditions, provincial regulatory standards, treatment technology,
and others, would need to be incorporated into the determination of affordability, along with methods
to capture individually-affected households within a given municipality, before any definitive
statement can be made.
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