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Environmental Indicators

Executive Summary

The environment is a source of widespread
anxiety and pessimism among the public and
policy makers alike. Even though by most
measures environmental quality has improved
dramatically over the last 20 years, public
opinion polls consistently show large majorities
of the public are pessimistic about
environmental quality. Leading politicians and
environmental organizations, both of whom
have a self-interest in being “crisis
entrepreneurs,” actively promote the idea that
our future is in doubt.

Although individual environmental problems
should be taken seriously, it is important to
appreciate the good news on the environment
over the last 25 years. Though many
environmental regulations are unnecessarily
costly and burdensome (or even counter-
effective), the general progress of the last
generation shows that economic growth and
environmental improvement are not
incompatible. Policy makers should reflect on
this experience as they contemplate
modernizing our environmental statutes and
regulations.

One reason policy makers and the public lack a
clear view of our progress is that there is little
aggregate information and analysis of
environmental trends. Although the U.S. EPA
and Environment Canada produce useful
annual reports on individual areas (air quality
and water quality, for example), there is no
report that presents a combined, trendline look
at environmental quality. (The EPA’s last
attempt at such a report was in 1989.) This
report attempts to fill the lacunae in
environmental reporting and analysis.

This report is a second and much expanded
edition of a report we first published in 1994,
entitled The Index of Leading Environmental

B2

Indicators. This new edition, which we produced
jointly with the Fraser Institute of Vancouver, British
Columbia, offers trendline data and comparisons for
the US. and Canada. This edition, retitled A
Compendium of Environmental Indicators for
Canada and the United States, is divided into three
parts: primary environmental indicators, secondary
environmental indicators, and a composite index that
provides a measure of overall environmental quality
improvement since 1980.

Primary indicators include air and water quality,
natural resource use, land use and condition, and
solid waste. These areas are considered “primary”
because they have the most direct effect on
environmental quality, and are areas about which the
most data are available. Indicators classified as
“secondary”—carbon dioxide emissions, oil spills,
pesticide and toxic releases, and wildlife—are areas
that provide indirect information about
environmental quality, often have less complete data
available, and are the subject of wide dispute over
their significance and meaning.

Finally, the concluding section is an index of four
major environmental indicators—air quality, water
quality, natural resources, and solid waste, and a
composite index of all four indicators. The base year
chosen for this index is 1980, although there had been
significant improvement in these areas during the
1970s. Using a cautious methodology and
conservative assumptions that understate the actual
improvement that has taken place, we find that the
composite environmental index has improved by
16.3% in the U.S. and 15.6% in Canada since 1980. The
Fraser Institute/Pacific Research Institute Index of
Leading Environmental Indicators will be refined and
updated henceforth on an annual basis, and will
provide a yardstick for policy makers and the public
to gauge year-on-year changes in our environmental
performance.
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Environmental Indicators

Introduction

“Most people in rich countries believe their environ-
ment is continuing to deteriorate.”
—Francis Cairncross, Costing the Earth

Public opinion and the environment

Several years ago the sociologist Robert Nisbet
wrote: “It is entirely possible that when the history
of the 20th century is finally written, the single
most important social movement of the period will
be judged to be environmentalism.”! Evidence sup-
porting this sentiment is abundant. According to a
1993 poll conducted in the United States, 75 percent
of Americans believe that “problems regarding
pollution and the environment will get significant-
ly worse during [their] lifetime[s].”> Moreover, re-
sults of another poll indicate that 77.6 percent of
Americans and 77.2 percent of Canadians believe
that “within the next ten years, there will be a large
increase in ill-health in [their] nation’s cities as a re-
sult of air pollution caused by cars.”? Over three-
quarters of respondents in both nations agreed that
“government should pass laws to make ordinary
people protect the environment, even if it interferes
with people’s rights to make their own decisions”
and over 90 percent think that government should
pass similar laws interfering with the rights of busi-
nesses.* Consistent majorities of poll respondents
agree: “Protecting the environment is so important
that requirements and standards cannot be too
high, and continuing environmental improve-
ments must be made regardless of cost.” The issue
is more complicated than this evidence would sug-

gest, however, as over 80 percent of respondents do
not agree that “economic growth should be sacri-
ficed for environmental quality.”>

The gap between public opinion
and observable fact

On the basis of the evidence reviewed, we have
found that there have been significant improve-
ments in the condition of many areas of the environ-
ment since the first Earth Day was held in 1970 to
raise public awareness about environmental prob-
lems. The public, however, continues to believe that
environmental quality is deteriorating rapidly. This
trend in public opinion can be observed at the na-
tional as well as local level. In Canada, for example,
93 percent of survey respondents are concerned
about national air quality even though across the
country air quality is improving and, in most cases,
meets the most stringent health standards.®

Why is there this divergence between opinion and
fact? Toxic accidents like the incidents on Love Ca-
nal and Times Beach, and oil spills like that involv-
ing the Exxon Valdez receive prominent and
dramatic media coverage that leads to exaggerated
negative perceptions about overall environmental
quality. While bad news receives feature coverage,
critical information about the environment is either
underreported or not reported at all.” For example,
substandard regional air quality is usually front-
page news but, when regions achieve the federal
standard, the news seldom receives prominent

ey

Nisbet, Prejudices, 1982, p. 101.
Wirthlin Group, The Wirthlin Report, 1993, p. 1.

Ibid.
Wirthlin, Wirthlin Report, 1993, p. 1.

- T T I

International Social Survey Program, “Beliefs about the Environment 1993,71996.

Gallup Canada, “Water Quality Tops List of Environmental Concerns”, The Gallup Foll, July 11, 1994.

Television reporting of environmental issues exhibits this tendency. Morrison, “Cancer and Health: TV Attention to the Envi-

ronmental Causes of Cancer,” 1992, See also Miljan, “Network Coverage of the Environment: Objectivity or Advocacy?” 1989.




media coverage. When San Francisco, for example,
met the federal ozone standard in 1992, The San
Francisco Chronicle reported the news on page 16.In
addition, environmentalists and politicians who
seek publicity and opportunities for legislative ac-
complishment make headlines by emphasizing bad
news. US Vice-President Al Gore, in his best selling
book Earth in the Balance, portrays environmental
issues as moral and even metaphysical problems.
Because of concern about the condition of the
environment, Gore writes “many people have lost
faith in the future.”® There are hundreds of environ-
mental organizations spending millions of dollars a
year for lobbying, litigation, and public relations.’?
These organizations have a vested interest in bad
news. A feature series in the New York Times on en-
vironmentalism observed that environmental orga-
nizations “might be in danger of becoming the
green equivalent of the military lobby, more inter-
ested in sowing fear and protecting wasteful pro-
grams than in devising a new course.”1?

Haphazard spending on the environment

The increase in expenditure both by government
and industry to reduce the number of low-risk pol-
lutants reflects public alarm over the state of the
environment. The rate of increase in environmen-
tal expenditures in the last 20 years has exceeded
the rate of economic growth, but the increases in
spending are not bringing about dramatic reduc-
tions in pollution. In several areas of environmen-
tal policy, increasingly large sums are being spent
to gain very small improvements in environmental
quality.!! Recent legislation, for example, demands
that firms reduce the amount of sulphur dioxide
they release into the air even though, since at least
the early 1980s, measured levels have been too low
to cause harm to either human health or to the environ-
ment. (See the Air Quality section in this report for
more information on this topic.)

Given the amount of money spent on the environ-
ment, there is a surprising lack of data of consistent
quality. In part, this is because the science of envi-
ronmental assessment is in its infancy and is still
evolving. The lack of good data can also be attrib-
uted to inadequate monitoring programs and the
lack of a statistics division specifically responsible
for collecting environmental data for either the En-
vironmental Protection Agency (EPA) or Environ-
ment Canada. A recent EPA report concluded that
its budget and staff resources are not allocated on
the basis of how much risk the pollutants present
to the environment. Consequently, more than 80
percent of the EPA’s resources are spent regulating
pollutants considered to be relatively low risks by
federal scientists.!? This is not a trivial issue.
Spending priorities must be set because, with
scarce financial resources, spending on one area of
the environment means not spending on another
area. Spending money to reduce already low levels
of sulphur dioxide, for example, means that less
money can be spent cleaning up heavily polluted
rivers, investing in declining fish stocks, or ad-
dressing other pressing environmental problems.

State of the environment:
things are improving

To separate the facts from alarmist misinformation
and to bring balance to the environmental debate,
The Fraser Institute and the Pacific Research Insti-
tute for Public Policy have developed Environmen-
tal Indicators for Canada and the United States. The
indicators are designed to help the public assess
more accurately the state of the environment in
several key areas: air quality, water quality, natural
resources, land use and condition, solid wastes,
energy, pesticides, toxic releases, and wildlife.

This report finds that, contrary to public opinion,
in most instances objectives for protecting human

8 Gore, Earth in the Balance, 1992, p. 2.

9 Greenpeace alone, on the wave of antinuclear and antiwhaling protests, grew from 12 members and US$18,000 in 1971 to a
peak of 4.3 million members around the globe and US$179 million in 1990. Membership and income declined during four
consecutive years after 1990. See Thomas, “Greenpeace at 25,” 1996, p. 27.

10 Schneider, “New View Calls Environmental Policy Misguided,” 1993, section 1, p. 1.

11 Professor Bill Stanbury of UBC notes that the 1992 regulations placed onerous costs on the pulp and paper industry (about
CDNS$5 4 billion) even though governments did not perform any cost-benefit analysis. See Stanbury, “Regulating Water Pol-

lution in the Pulp and Paper Industry in Canada,” 1993.

12 Smolonsky, Dickson, and Caplan, Annual Review of the Us Environmental Protection Agency, 1993, p. 1.
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health and the environment are being met, pollu-
tion and wastes are being controlled, and resources
and land are being sustainably and effectively
managed. Environmental quality in both Canada
and the United States is improving, not deteriorat-
ing. Following are some salient points.

e Overall, environmental quality improved 15.6
percent in Canada and 16.3 percent in the
United States relative to conditions in 1980,

¢ Air pollution from sulphur dioxide, nitrogen
dioxide, carbon monoxide, particulates, and
lead has decreased considerably in both the
Canada and the United States.

* The ambient level of sulphur dioxide de-
creased by 54.5 percent in Canada and 50.3
percent in the United States between 1975
and 1993.

e Ambient lead concentration fell 96.9 percent
in Canada and 97.1 percent in the United
States between 1975 and 1992.

* In 1990, 82 percent of the lakes tested in the
United States met swimmable objectives.

* In 1994, Alberta and Saskatchewan met their
water quality goals over 90 percent of the
time; British Columbia and New Brunswick
met their goals over 85 percent of the time;
Manitoba met its goals over 70 percent of the
time.

* DDE concentrations fell almost 85 percent in
both Lake Ontario and Lake Superior from
peak levels in 1975.

* Forests are increasing as growth exceeds the
harvesting of trees both in Canada and in the
United States.

* The amount of land set aside for parks, wilder-
ness, and wildlife is increasing in both Canada
and the United States.

* The amounts of toxic chemicals exposed to the
environment is decreasing.

* Critical wetland habitat is not declining.

Objectives of the study

This document is designed to give the reader an
overview of national environmental quality in
Canada and the United States. While the indicators
include many local or regional environmental is-
sues, such as the air quality of selected cities, the
goal of this study is to provide a “big picture” of
general, nationwide environmental trends in both
countries. It does not attempt to develop indicators
for global controversies such as tropical rainforest
deforestation, climate change, and bio-diversity.

Most of the data in this report come from the Or-
ganisation for Economic Cooperation and Devel-
opment (OECD) Environmental Data Compendium
1995. Where OECD survey results were unavailable,
data were supplemented by information from the
Environmental Protection Agency (EPA), Environ-
ment Canada, or other official government sources.

The indicators are divided into primary and sec-
ondary categories. Within each category, there are
several subsections. Primary environmental indi-
cators include information about air quality, water
quality, natural resources, land use and condition,
and solid wastes. These indicators provide direct
information about environmental quality. The sec-
ondary indicators include often cited environmen-
tal measures such as carbon-dioxide emissions, oil
spills, numbers of wildlife species, use of pesti-
cides, and toxic releases. These indicators are con-
sidered “secondary” since they provide only
indirect information about environmental quality.
In the final section of the report, the trend in envi-
ronmental performance for the primary environ-
mental indicators is compiled into an index. The
index shows considerable improvement in the en-
vironmental performance of both Canada and the
United States.




Primary Environmental Indicators

Air quality

Air quality in Canada and the United States pre-
sents the most accurate and consistent data avail-
able and shows the clearest trend of improvement
among all environmental categories during the last
25 years. This section examines the six air pollut-
ants that regulations target: sulphur dioxide (50,),
nitrogen oxides (NO,), volatile organic compounds
(vOCs), carbon monoxide (CO), total suspended
particulates (Tsrs) and lead (Pb). (See table 6 at the
end of this section for a summary of the discussion
of each pollutant.) The primary synthetic sources
of these pollutants are automobiles and industrial
activity such as smelting, mining, fossil fuel pro-
duction, pulp and paper production, chemical pro-
duction, and manufacturing.

Air quality is measured in two ways: by consider-
ing ambient levels and emissions. Ambient levels are
the actual concentration of a pollutant in the air.
They are usually reported in parts per million
(ppm), parts per billion (ppb) or micrograms per
cubic metre (ug/m?). Air-monitoring stations are
maintained in most cities with populations greater
than 100,000 where air pollution presents a poten-
tial problem. The Canadian National Air Pollution
Surveillance network (NAPS) began a comprehen-
sive national program of tracking common air con-
taminants in the mid-1970s. By 1995, the network
consisted of 140 monitoring stations using over 400
instruments in 52 urban centres across Canada.'?

In the United States, 600 sampling stations provide
ambient data.™

Statistics for emissions are less reliable than ambi-
ent concentrations because they are estimates rather
than actual measures. The EPA and Environment
Canada use models to estimate emissions. These es-
timates measure the pollution that human activities
generate; they do not include releases of the pollut-
ant from natural sources. Emissions are usually re-
ported in kilograms or tonnes. Frequent revisions in
the calculation methods used to estimate emissions
make comparisons between years less meaningful
than comparisons of annual ambient levels.

Each pollutant in this section is described and then
compared to Canada’s National Air Quality Objec-
tives for the protection of human health and the
environment.!> When pollution levels are within
the “good” to “fair” range, there is adequate pro-
tection for the most sensitive persons and parts of
the environment.!® These requirements describe a
broad range of environmental effects and are com-
parable to the requirements in the United States
and other parts of the world.!” The objectives es-
tablished by the World Health Organization (WHO)
are cited in the footnotes for comparison.

The data show that there is not a simple or predict-
able correlation between emissions caused by hu-
man activities and ambient air quality. For
instance, the United States has about 10 times the

13 Environment Canada, CEPA Annual Report, 1996b, p. 8.
14 USEPA, National Air Quality 1992, 1993a.

15 Canada has a unique three-tiered system of objectives defining maximum desirable, maximum acceptable and maximum tol-

erable air pollution levels over periods of one year, 24 hours, eight hours and one hour. Each table in this section gives the
corresponding levels explicitly in parts per million (ppm) or micrograms per cubic metre (ug/m?3). “Good” means an ambient
pollution level lower than the maximum desirable objective, “Fair” lies between the maximum desirable and maximum ac-
ceptable objectives, “Poor” lies between the maximum acceptable and maximum tolerable objectives, and “Very Poor” means
an ambient pollution level higher than the maximum tolerable objective.

16 Environment Canada, The State of Canada’s Environment, 1991, p. 26,

17 Environment Canada, “Effects of Air Pollution,” 1990, p. 26.
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Figure 1: Sulphur Dioxide (Ambient Levels)
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population, industry, and pollution emissions of
Canada and yet do not always have higher ambient
levels, because natural sources and meteorological
factors such as temperature, sunlight, air pressure,
humidity, wind, and rain affect ambient air quality.
Hot summers, for example, cause higher ozone
levels. The EPA is currently developing models that
will adjust for such meteorological conditions.

Sulphur dioxide

Sulphur dioxide (SO,) is a colourless gas that in suf-
ficient concentrations has a pungent odour. The
largest contributors to SO, emissions are industrial
and manufacturing processes, particularly the
generation of electric power. Environmental fac-
tors such as temperature inversion, wind speed,
and wind concentration affect measured levels.

80, is a precursor to acid rain.!® Acid rain in large
enough concentrations can cause the acidification
of lakes and streams, accelerate the corrosion of

1984 1986 1988 1990 1992 1994

buildings and monuments, and impair visibility. It
was originally thought to damage forests and crops
as well as endanger wildlife and human health.
However, the decade-long US National Acid Pre-
cipitation Assessment Program (NAPAP) concluded
that acid rain has had no significant effects on wild-
life, forests, crops, or human health.!® In fact, there
have been cases in which acid rain has had a posi-
tive effect on soil and lakes as it can enhance vital
nutrients and reduce pH levels where alkalinity is
a problem.

Table 1 shows some of the effects of SO, on the en-
vironment and human health at different concen-
tration levels. Figure 1 shows that the ambient
level of SO, decreased by 50.3 percent in the United
States and 54.5 percent in Canada between 1975
and 1993. The United States has met annual
“good” objectives since 1981. Canada has met an-
nual “good” objectives since 1978.20

In the case of emissions, figure 2 shows that levels
in the United States fell 32.2 percent between 1970

18 50, converts to sulphuric acid when it combines with oxygen and water in intense sunlight.

19 Bast, Hill, and Rue, Eco-Sanity, 1994, pp. 74-81.

20 Individual stations may exceed these objectives; a 1990 Canadian study showed, however, that 98 percent of stations met an-
nual “fair” objectives, 88 percent met 24-hr “fair” objectives and 82 percent met 1-hr “fair” objectives. See Environment Can-

ada, National Urban Air Quality, 1994, pp.12-17.




Table 1: Sulphur Dioxide (Ambient Levels)?

Good Fair Poor | Very poor
Annual objectives | (—.011 ppm 011-.023 ppm >.023 ppm NA
2¢-hour objectives | 0-.057 ppm 057-115 ppm 115-.306 ppm | >.306
1-hour objectives 0-172 ppm .172-344 ppm >.344 ppm NA
Effects on human no effects increasing damage to odorous, increasing increasing sensitivity
health and the sensitive species of vegetationdamageand | ofpatients with asthma
environment a TR ars
vegetation sensitivity and bronchitis

* World Health Organization (WHO) guidelines (as reported in USEPA, 1995¢, p. 7-4): Annual: .015-.023 ppm, 24hr: .038-.058 ppm, 1hr: .130

ppm; 10 min: .190 ppm.

Source: Environment Canada, The State of Canada’s Environment, 1991, p. (2)11

Figure 2: Sulphur Dioxide (Emissions Estimates)
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and 1994. Canadian emissions fell 54.6 percent from
1970 to 1992. The largest factor contributing to the
decline in emissions has been the increased use of
control devices by industry. Process improvements,
smelter closures, acid plant adoption, the use of low
sulphur coal, the adoption of coal blending and
washing procedures, and the conversion to cleaner
fuels (e.g., natural gas and light oil) have also con-
tributed to the decline. Federal environmental poli-

cy that mandates the use of scrubbers rather than
permitting power generators to switch to low-
sulphur coal may have impeded more dramatic
emission improvements in the United States.?!

In spite of this record, the US Clean Air Act
Amendments (1990), which Canada is committed
in principle to parallel,? mandates a further 9.1
million metric tonne reduction in SO, emissions

21 For a more complete analysis see Ackerman and Hassler, Clean Coal, Dirty Air, 1981. This regulation carries with it an enor-
mous cost as well. Scrubbers on coal-fired plants can cost as much as US$200 million to install. See Portney, “ Air Quality Pol-

icy,” 1990, p. 76.
22 Environment Canada, 1996b, p. 33.
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by the year 2000.23 These reductions, warranted
or not, may be achieved more cost effectively with
methods other than increased regulation. For ex-
ample, the 1990 US Clean Air Act has allowed the
introduction of tradeable emissions permits. The
Chicago Board of Trade now trades sulphur-diox-
ide pollution credits on the open market. Envi-
ronmental groups can now further reduce
emissions levels by purchasing these credits and
retiring them.?*

Nitrogen oxides

Nitrogen and oxygen combine naturally through
bacterial action in soil, lightning, volcanic activity,
and forest fires to form a variety of compounds
referred to as nitrogen oxides (NO,). The combus-
tion of fossil fuels by automobiles, power plants,
industry, and household activities also contribute
to NO, emissions. A reddish-brown gas called ni-
trogen dioxide (NO,), a member of the NO, family,
is regularly tracked by environmental agencies
since it combines with volatile organic compounds
(VOCs) in the presence of sunlight to form ground-
level ozone, which contributes to the formation of
urban smog.

Table 2: Nitrogen Dioxide (Ambient Levels)?

Table 2 lists the environmental and health effects of
the subgroup NO,. The ambient level of NO, shows
a 33.8 percent decrease in the United States and a
38.7 percent decrease in Canada between 1977 and
1993 (figure 3). Both Canada and the United States
have met annual “good” objectives since monitor-
ing began in 1975 and 1977, respectively.?

Emissions data for NO, are unavailable. American
emissions of the broader NO, category, however,
show an increase of 14.5 percent from 1970 to 1994,
and Canadian emissions increased 45.9 percent
from 1970 to 1992 (figure 4). In both nations, emis-
sions increased throughout the 1970s and re-
mained fairly stable after 1980. The emission
increases of NO, are puzzling in light of the reduc-
tion in ambient NO,. It may be the case that either
the estimates are inaccurate or the increase in other
nitrogen oxide emissions exceeded the reduction
in nitrogen dioxide emissions.

Hydrocarbons and volatile organic
compounds (vocCs)

Volatile organic compounds (VOCs) are a subgroup
of hydrocarbons (HCs) that enter the atmosphere

Good Fair Poor Very poor
| Annual objectives | 0-.032 ppm .032-.053 ppm >.053 ppm NA

24-hour objectives NA 0-106 ppm 106~.160 ppm >.160 ppm

1-hour objectives NA 0-213 ppm 213-532 ppm >.532 ppm

Ef:?hs nndhtﬁman no effects odorous odourand atmospheric | increasing sensitivity

ik E:‘ o fiiscoloration; increas- | of patientswith asthma
ing reactivity in asth- and bronchitis
matics

A WHO guidelines: 24hr: 080 ppm, Thr: 210 ppm.

Source: Environment Canada, The State of Canada’s Environment, 1991, p. (2)11.

23 USEPA, National Annual Industrial Sulfur Dioxide Emission Trends, 1995d, p. ES-1.

24 Working Assets Long Distance, a San Francisco-based long distance phone company, bought and retired US$74,000 worth of
permits in 1992; this represents 336 metric tonnes of emissions.

25 In the 1990 survey of individual stations, 100 percent of stations met annual, 24-hr and 1-hr “fair” objectives. Environment
Canada, National Urban Air Quality Trends 1981-1990, 1994, pp. 18-22.




Figure 3: Nitrogen Dioxide (Ambient Levels)
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Note: Environment Canada changed its calculation methodology in 1980.

through evaporation from auto fuel tanks, paints,
coatings, solvents, and consumer products, such as
lighter fluid and perfume. VOCs also occur naturally
as a result of photosynthesis. They are an important
subgroup of HCs because under the right conditions
they combine with NO, to form ground level ozone,
which contributes to urban smog. Regulators target
VOC emissions to combat the secondary pollutant

ozone. The ambient level of ozone and the emission
levels for vOCs and hydrocarbons are presented in
this section. Table 3 shows the effects of ozone on
human health and the environment.

The level of ambient ozone decreased 18.5 percent
in the United States but increased 12.5 percent in
Canada between 1979 and 1993 (figure 5). Although
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Table 3: Ozone (Ambient Levels)?
Objectives Good Fair Poor Very poor
Annual objectives | NA 0-.015 ppm >.015 ppm NA
1-hour objectives 0-.050 ppm .050-.082 ppm .082-.150 ppm >.150 ppm
Effects on human no effects increasing injury to decreasing perfor- light exercise produces
le‘:ﬂtr'; :;i:t‘e some species of vegeta- mance l-Jy some ?.thiEtes effect in some patients
tion exercising heavily with chronic pulmo-

nary disease

A WO guidelines: 8hr: .050-.060 ppm, 1hr: .050-100 ppm.

Source: Environment Canada, The State of Canada’s Environment, 1991, p. (2)11.

Figure 5: Ozone (Ambient Levels)
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ozone levels in Canada have increased, Canada is
still much better off than the United States in this ar-
ea. For example, American ozone levels have con-
sistently been much higher than those of Canada.
However, the current level in Canada still exceeds
annual “fair” objectives.?® The ozone levels in the
United States may be due to a difference in natural-
ly occurring VOC emissions but may also be due to
differences in data collection. Since ozone does not
form in cold weather, Canadian data is collected
from May to September, while American data is
compiled year round. In addition, ozone concentra-

tions vary considerably with meteorological factors
such as temperature, wind speed, height of the in-
version layer, cloudiness, and precipitation.

Ambient ozone levels do not directly or predictably
reflect emissions. A 1991 National Academy Scienc-
es report, Rethinking the Ozone Problem in Urban and
Regional Air Pollution, concludes that current ozone
reduction strategies may be misguided, partly be-
cause they do not account for naturally occurring
vOCs. In the United States, vOC emissions declined
244 percent from 1970 to 1994 (figure 6). Canada

26 In 1990, 38 percent of stations met annual “Fair” objectives and 31 percent met 1-hr “Fair” objectives, although no station
exceeded the “Poor” 1-hr level. Environment Canada, 1994, pp. 28-34.




Figure 6: Hydrocarbons and Volatile Organic Compounds (Emissions Estimates)
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estimated HC emissions until 1980, when they began
to estimate the specific subgroup, VOC emissions.
Total Canadian HC emissions increased 23.7 percent
between 1970 and 1985 but VOC emissions fell 4.0
percent between 1980 and 1991. VOC emissions have
decreased primarily because of the reformulation of
petroleum-based products (especially paints and in-
dustrial coatings) and better containment and stor-
age procedures that reduce evaporation.

The overlapping years for VOC and HC emissions in
Canada highlight the problems with emissions es-
timates. VOCs are a subgroup of total hydrocarbons
(HCs) and by definition must be smaller in abun-
dance than HCs. Yet in 1980 vOC estimates exceed es-
timates for total HCs due to the different calculation
methods employed.

Carbon monoxide

When fuel and other substances containing carbon
burn without sufficient oxygen, carbon monoxide
(C0O), a colourless, odourless gas, is produced. Trace
amounts of CO occur naturally in the atmosphere,
but most emissions come from automobiles.

Table 4 shows the effects of CO on human health
and the environment. CO reduces the capacity of
red blood cells to carry oxygen to body tissues.
Since CO poisoning occurs as a result of short-term
exposure, health guidelines typically do not in-
clude annual recommendations for ambient CO
levels. Ambient levels of CO have improved signif-
icantly. In the United States, annual ambient CO
concentrations in 1993 were 60.5 percent lower
than in 1975 while Canadian levels declined 61.6
percent over the same period (figure 7).%

CO emissions declined 14.9 percent in the United
States between 1975 and 1994. There was a 13.6
percent decline in Canadian CO emissions between
1970 and 1990 (figure 8). These reductions can be
attributed to cleaner automobiles (catalytic con-
verters oxidize CO into non-poisonous CO,) and
more fuel-efficient industrial processes. To meet
strict motor-vehicle regulations adopted in the
early 1970s, exhaust gas recycling systems (EGRs)
were installed and some older vehicles were re-
tired. This has led to vastly reduced emissions per
vehicle. For example, North American cars built in
1993 emitted 90 percent less NO,, 97 percent less
hydrocarbon, and 96 percent less carbon monox-

27 Although there are no annual objectives, in the 1990 study of Canadian stations, 98 percent of stations met the 8-hr and 1-hr

Fair objectives. Environment Canada, 1994, pp. 23-27.
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Table 4: Carbon Monoxide (Ambient Levels)A

Good Fair Poor Very poor
8-hour objectives 0-5 ppm 5-13 ppm 13-17 ppm >17 ppm
.| 1-hour objectives 0-13 ppm 13-31 ppm >31 ppm NA
Effects on human no effects no detectable impair- increasing cardiovas- increasing cardiovas-
L‘::’im:;‘iﬁe mentbutblood chemis- | cular symptoms in cular symptoms in
try is changing smokers with heart dis- | non-smokers with
ease heart disease, some
visual and coordina-
tion impairment
AWHO guidelines: 8hr: 9 ppm; 1hr: 26 ppm.
Source: Environment Canada, The State of Canada’s Environment, 1991, p. (2)11.
Table 5: Suspended Particulates (Ambient Levels)?
Good Fair Poor Very poor
Annual objectives 0-60 pg/ m? 60-70 pg /m? >70 ug/ m? NA
24-hour objectives NA 0-120 pg/m?3 120-400 pg/m? >400 pg/m? !
| Effects on Human | no effects decreasing visibility visibility decreased, increasing sensitivity
| g::;:t:;g rﬁle s:ai]jng through deposi- | of patientswithasthma
| tion and bronchitis

A WHO guidelines: Total Particulates, Annual: 60-90 pug/m?; 24hr; 150-230 pg/m¥; PM-10 24hr: 70 pug/m?,
Source: Environment Canada, The State of Canada’s Environment, 1991, p. (2)11.

ide than cars built two decades earlier.?® These re-
ductions in emissions are expected to continue as
more old cars are retired. The most cost-efficient
way to continue reducing emissions may be to tar-
get poorly tuned, polluting vehicles for repair or
replacement.?

Total suspended particulates and PM—-10
Suspended particulates are small pieces of dust,

soot, dirt, ash, smoke, liquid vapour, or other mat-
ter in the atmosphere. Sources may include forest

fires and volcanic ash as well as emissions from
power plants, motor vehicles and waste incinera-
tion, and dust from mining.

Table 5 details the health and environmental effects
of particulates. Particulates are an irritant to lung
tissue and may aggravate existing respiratory prob-
lems and cardiovascular diseases. Once lodged in
the lungs, certain particulates may contribute to the
development of lung cancer. Data from 1975 to 1991
show, in Canada, a 42.2 percent reduction, and, in
the United States, a 23.6 percent reduction in the
ambient levels of total suspended particulates

28 See Bast, Hill, and Rue, 1994, p. 111.

29 Dr. Donald Stedman, a chemistry professor at the University of Denver, has developed a device that can measure and test the
exhaust of moving vehicles, thus isolating the heaviest polluters. For more on this see Bast, Hill, and Rue, Eco-Sanity, 1994, pp.
115-6. Also, if power plants were to add chemical or isometric “labels” to their emissions, lasimetric technology could map
chemical concentrations from orbit. See Fred Smith, “Epilogue: Reappraising Humanity’s Challenges, Humanity’s

Opportunities,” p. 390.




Figure 7: Carbon Monoxide (Ambient Levels)
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Figure 8: Carbon Monoxide (Emissions Estimates)
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(TSPs) (figure 9). Both countries have met annual
“good” objectives since 1981.%0

The smallest particulates pose the greatest threat
to human health because they are able to reach the

tiniest passages of the lungs. As a result, recent
emissions estimates focus on TSPs that are 10 mi-
crometres or smaller (PM-10). The EPA changed
its regulatory focus from total suspended parti-
cles to PM-10 in 1987.3! Environment Canada,

30 Inaddition, the 1990 Canadian study shows that 100 percent of individual stations met annual “fair” objectives. Environment

Canada, National Urban Air Quality Trends, 1994, pp. 35-42.
31 usepA, National Air Quality 1994, 1995c, pp. 2-16.
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Figure 9: Suspended Particulates (Ambient Levels)
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however, continues to use the broader category of
total suspended particulates. These regulatory
differences make direct comparison of current
particulate emissions difficult. TSP emissions in
the United States fell 69.9 percent from 1970 to
1987 and PM-10 emissions declined 22.0 percent
from 1988 to 1994 (figure 10). In Canada, TSP levels
declined 8.5 percent from 1970 to 1990. The switch
from coal to cleaner burning fuels such as oil and
natural gas, as well as more frequent street clean-
ing, are responsible for most of the reductions in
emission levels.

Lead

Lead is a soft, dense, bluish-gray metal. Its high
density, softness, low melting point, and resis-
tance to corrosion make it a valuable industrial re-
source. It is used in the production of piping,
batteries, weights, gunshot, and crystal. Until re-
cently, automobiles were the source of most lead
emissions although small quantities of lead are
naturally present in the environment. Lead is the
most toxic of the main air pollutants. When it is in-
gested, it accumulates in the body’s tissues. In

high concentrations it can cause damage to the
nervous system, seizures, behavioural disorders,
and brain damage. In addition, recent evidence
suggests that lead exposure may be associated
with hypertension and heart disease.32 Since lead
is the most toxic of the main air pollutants, envi-
ronmental and health guidelines for lead are
stricter than the guidelines for other air pollutants.
Canada and the United States are committed to re-
ducing levels as low as technologically feasible, al-
though no explicit objectives have been set. The
WHO maximum for the protection of human health
is shown in figure 11.

The decline in lead emissions and ambient lead
concentration is the greatest success story in the ef-
forts to reduce air pollution. Ambient lead concen-
tration fell 97.1 percent in the United States and
96.9 percent in Canada between 1975 and 1992 (fig-
ure 11). The United States has met WHO's health ob-
jectives since 1981 and Canada has met them since
monitoring began in 1974.

Lead emissions in the United States fell 97.7 per-
cent between 1970 and 1994 (figure 12). In Cana-
da, total emissions fell 54.5 percent from 1978 to

32 USEPA, National Air Quality 1994, 1995¢, pp. 2-6.




Figure 10: Suspended Particulates (Emissions Estimates)
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Figure 11: Lead (Ambient Levels)
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1987, and automobile emissions fell 87.8 percent
from 1973 to 1988. Most of this dramatic reduc-
tion was due to the introduction of unleaded gas-
oline and the elimination of lead compounds in
paints and coatings.

Air quality in selected cities: number of days
exceeding the ozone standard

Sulphur, nitrogen, carbon, and fine particulate mat-
ter as well as ground-level ozone contribute to the
formation of urban smog. Since ozone measures are

| 20
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Figure 12: Lead (Emissions Estimates)
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Figure 13: Urban Air Quality in Selected American Cities
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relatively constant over large areas, it is often used
as an indicator of overall urban air quality.

Ozone problems occur most often on warm, clear,
windless afternoons. Figures 13 and 14 show that

the number of days when ozone objectives were
exceeded in different cities tend to peak and de-
cline in the same years. This strongly suggests me-
teorological influences. When analyzing this
measure, it is important to understand that when a

33 USEPA, National Air Quality and Emission Trends Report 1994,1995, p. 6-1.




Figure 14: Urban Air Quality in Selected Canadian Cities
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single monitoring station registers one one-hour
episode above the hourly standard this is consid-
ered a day above the ozone standard. It does not
mean, however, that the standard was exceeded
for the entire 24-hour period.

In many cities, days when ozone objectives are ex-
ceeded have become infrequent although in some
areas, and especially in Los Angeles, smog remains
a problem. Even in Los Angeles, ozone levels are
improving (figure 13): between 1985 and 1994, the
number of days exceeding the ozone standard fell
36.3 percent. In Houston, which, after Los Angeles,
had the worst record of the large American cities,
the number of days when ozone objectives were
exceeded fell 54.7 percent between 1985 and 1994.

In Canadian cities, the number of days when ozone
standards are exceeded have not matched the
worst American cases. This is largely due to Cana-
da’s colder climate. Ozone pollution is recorded al-
most exclusively in the summer months from May
to September. Data show that ozone levels in Tor-

onto and Montreal are low but variable; Calgary’s
levels are consistently low, and Vancouver’s ozone
levels are low and show a decreasing trend. Van-
couver did not exceed the ozone standard at all in
1993 (figure 14).3 The data show that the number
of days when ozone levels are exceeded in
Canadian cities is not increasing despite the over-
all growth in ambient ozone concentrations in
Canada. While the major urban centres demon-
strate relatively few ozone episodes, southwestern
rural Ontario records the highest number of days
exceeding the ozone standard .3

Water quality

Assessing water quality

Water quality is among those environmental prob-
lems most difficult to assess on a nationwide basis.
The data used in this section do not represent com-
plete ambient water-quality information due to
the lack of available data and the magnitude and

34 It should be noted that the Canadian ozone standard (.082 ppm) is stricter than that of the United States (.120 ppm).

35 Evenmeasures at Canada’s worst sites are relatively low. A recent study shows that the lakeshore sites around the Great Lakes
record an average of 150 hours (20 days) annually that exceed the 082 ozone standard. Recorded levels greater than .120 ppm
are rare in most regions and very infrequent in southern Ontario with only 0.14 percent of measures exceeding this level. See

Dann, Data Analysis Workgroup Report, 1996, 2.3., pp. 1-27.
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Table 6: Summary of Air Quality as Environmental Indicator

General comments

Performance record: US

Performance record: Canada

General comments on air quality

» Ambient level refers to the actual concentration of a pol-
lutant in the air.

* Emissions are estimates of pollution caused by human
activity.

» There is notasimple or predictable correlation between
emissions caused by human activities and ambient air
quality.

¢ Natural sources and meteorological factors such as

‘ temperature, sunlight, air pressure, humidity, wind,

| and rain greatly affect measurable levels.

* Pollution levels within the good to fair range provide
| adequate protection for people and the environment.

¢ Ambient pollution in all
categories has declined since
the 1970s.

* Ambient pollution decreased in
all but one of the categories.

Sulphur dioxide (SO,)

* SO, is a component of acid rain.

* Acid rain has not damaged forests or crops in either the
US or Canada and has had no observable effect on
human health.

¢ Ambient levels are affected by meteorological factors.

® Has met annual “Good”
objectives since 1981.

* Ambient level decreased 50.3%
from 1975 to 1993.

* Has met annual “Good”
objectives since 1978.

* Ambient level decreased 54.5%
from 1975 to 1993.

Nitrogen dioxide (NO,)

* NO, is a component of acid rain.

¢ NO, combines with VOCs to form ground-level ozone
(main component of urban smog); ozone levels vary
considerably, however, with natural and
meteorological factors.

Ozone

* VOCs and NO, combine to form ground-level ozone.

* Regulations target VOC emissions as the primary
means to combat ozone.

* Ambient ozone levels do not directly or predictably
reflect emissions because of their failure to account for
naturally occurring VOCs and meteorological factors.

® Has met annual “Good” * Has met annual “Good”
objectives since monitoring objectives since monitoring
began in 1975. began in 1977.

* Ambient level decreased 32.7% | ® Ambient level decreased 38.9%
from 1977 to 1993. from 1977 to 1993.

* Exceeds annual “Fair” * Exceeds annual “Fair”
objectives. objectives.

* Ambient level decreased 18.5% | * Ambient level increased 12.5%
from 1979 to 1993. from 1979 to 1993.

Carbon monoxide (CO,)

* North American cars built in 1993 emit 90% less NO,,

97% less hydrocarbons and 96% less carbon monoxide
than cars built two decades earlier.

¢ Ambient level decreased 60.5%
from 1975 to 1993.

e Ambient level decreased 61.6%
from 1975 to 1993.

Particulates

* Particulates come from a variety of
natural sources.

¢ Has met annual “Good”
objectives since 1981.

¢ Ambient level decreased 23.6%
from 1975 to 1991.

® Has met annual “Good”
objectives since 1981.

* Ambient level decreased 42.2%
from 1975 to 1991.

Lead

» Natural sources contribute small
quantities,

* Leaded gasoline was phased out once the adverse
health effects of lead were discovered.

* Has met WHO health guidelines
since 1981.

* Ambient level decreased 97.1%
from 1975 to 1992.

* Has met WHO health guidelines
since monitoring began in 1974.

* Ambient level decreased 96.9%
from 1975 to 1992.

B




complexity of measuring water quality. For exam-
ple, American estimates indicate that taxpayers
and the private sector have spent over US$500 bil-
lion on water pollution control since the enact-
ment of the Federal Water Pollution Control Act
(1972). Despite this expenditure, there is still no
adequate national database of water quality to
evaluate the results of such efforts.

To illustrate the complexity of measuring water
quality, consider the province of Nova Scotia,
which has 23 geological formations and 75 river
basins. The effects of natural and human contami-
nants on water quality vary with water conditions
(source, velocity, volume, depth, salinity, pH lev-
el), photosynthetic activity, and variations within a
day as well as from season to season. To get an ac-
curate picture of ambient water quality in Nova
Scotia alone would require some 225 monitoring
sites measured on a quarterly basis.? In addition,
inconsistencies in data collection occur due to
overlapping jurisdictions and budget consider-
ations. As a result, crisis management and site-
specific studies often take priority over systematic,
consistent monitoring.

Water pollutants

There are two sources of water pollution: point and
non-point. Point sources refer to industrial dis-
charge pipes and municipal sewer outlets that dis-
charge pollutants directly into the aquatic
ecosystem. Non-point sources refer to indirect
sources of pollution such as runoff from agricul-
ture, forestry, urban, and industrial activities, as
well as landfill leachates and airborne matter. Water
quality also varies naturally. Some bodies of water
are of poor quality due to inherent chemical, physi-
cal, and biological characteristics. Water pollution

from human activities includes nutrients, heavy
metals, persistent pesticides, and other toxics.

Nutrients like phosphorus and nitrogen can cause
significant degradation of water quality by acceler-
ating eutrophication,®® which depletes levels of
dissolved oxygen. Phosphorus and nitrogen are
found in fertilizers and livestock manure.® Gov-
ernment regulation stipulates a reduction of the
amount of phosphate in detergents in an effort to
improve water quality. Lower phosphate levels in
lakes and streams, however, do not always result
in higher levels of dissolved oxygen and improved
water quality as plants continually recycle phos-
phorus from sediments.

Heavy metals occur in water from the weathering of
rocks. They also reach the water system directly
from industrial and mining activity. The most se-
vere cases of metal contamination are caused by
abandoned mines. Non-point sources such as urban
storm-water and agricultural runoff also contribute
to metal contamination. High concentrations of
heavy metals can affect the quality of drinking wa-
ter and harm aquatic life as the metals accumulate
in organs and tissues (bioaccumulation). ¥

Pesticides and toxics like polychlorinated synthet-
ic compounds (DDT and PCBs) can also accumulate
in biological organisms. The effects of these com-
pounds on animals, such as birds, include growth
retardation, reduced reproductive capacity, dimin-
ished resistance to disease, and birth deformities.

Water treatment
Industrial and municipal sewage is usually treated

before being released into rivers, lakes, streams, and
oceans. Primary wastewater treatment removes

36 Cameron, personal communication, 1996.

37 Point versus non-point sources of water pollution could be compared to stationary versus mobile sources of air pollution.

38 Eutrophication, or nutrient enrichment, is the oversupply of inorganic nutrients that cause algae and plants to multiply rap-
idly; when they die and decompose, the water’s dissolved oxygen content is depleted. Dissolved oxygen, which is derived
from photosynthesis by aquatic plants and atmospheric exchange, is essential to ensure the maintenance of aquatic life and

self-purification processes in natural water systems.

39 Environment Canada, State of Canada’s Environment, 1991, p. (9)26.

40 Bioaccumulation in aquatic organisms occurs when a persistent, fat-soluble, contaminant enters the organism’s body through
the skin or by ingestion. If consumption exceeds the organism’s ability to metabolize or eliminate the contaminant, over time

it accumulates in tissues.
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solid waste mechanically. Secondary treatment em-
ploys biological processes to break down dissolved
organic material. Tertiary treatment removes addi-
tional contaminants, including heavy metals and
dissolved solids.

As of 1992, “all sewage generated in the US is treat-
ed before discharge.”4! Wastewater treatment has
reduced the release of organic wastes by 46 per-
cent, of toxic organics by 99 percent, and of toxic
metals by 98 percent. Although some individual
firms and facilities exceed regulated discharge lev-
els, most serious point-source discharges have
been eliminated. Non-point sources, however, con-
tinue to be a problem. The EPA notes that non-point
sources “are clearly the leading reason for impedi-
ment in surface waters.”*? Efforts to reduce non-
point sources increased in 1987 when amendments
were made to the Clean Water Act. These amend-
ments encourage states to develop plans to reduce
pollution from non-point sources.

In Canada, the proportion of waste water receiving
treatment increased from 72 percent in 1983 to 85
percent in 1991.*3 Canada’s Wastewater Technolo-
gy Centre recently shifted its focus from industrial
research to end-of-pipe pollution-prevention tech-
nologies.** For example, the Centre is developing
technology to reduce phosphorus and ammonia in
waste water, to control and manage sewer over-
flows and storm-water discharges, aswell as toim-
prove contaminated sites.

National water quality

Because Canada and the United States monitor wa-
ter quality differently, this report considers each na-
tion separately. Information on water quality and
wildlife indicators for the Great Lakes are also pre-
sented to provide a case study of North America’s
internationally important freshwater resources.

The United States

The EPA instituted a National Water Quality Inven-
tory (NWQI) in 1973. The NWQI assesses rivers,
lakes, estuaries, and ocean shorelines based on
“swimmable” and “fishable” criteria. The invento-
ry provides a “snapshot” of water quality. Accord-
ing to the NWQI, 17 percent of rivers, 42 percent of
lakes, ponds and reservoirs, and 78 percent of estu-
aries have been assessed to date.*> Table 7 reports
the results for 1990, the latest year available.

There are several problems with the NwQI data. For
example, meaningful time-series analysis of the
data is not possible due to annual changes in the
water bodies being assessed, differing methodolo-
gies and reporting techniques and incomplete data.
In addition, the percentages reported in table 7 may
actually underestimate good water quality since
states have a bureaucratic incentive to assess those
waters where problems are most likely to be found.
The EPA itself notes that “it is likely that unassessed
waters are not as polluted as assessed waters.”%6

Several efforts are underway to improve the data
on water quality. The National Water Quality Sur-
veillance System (NWQsS) and the US Geological
Survey’s National Stream Quality Accounting
Network (NASQAN) provide limited but consistent
data. The 420 monitoring stations in this network
are located on major American rivers, and are use-
ful in tracking the progress of prominent point
source controls, especially municipal sewage treat-
ment plants. This network, it must be emphasized,
is not designed to provide a statistical sample of
the water quality of streams throughout the nation.

Figure 15 shows that the percent of readings ex-
ceeding the local clean-water standard for both
phosphorus and fecal coliform have declined from
their peaks in 1975. This seems to indicate a clear
success for wastewater treatment. There has not,

41 Easterbrook, A Moment on the Earth, 1995, p. 682.
42 UsEePA, National Water Quality [nventory 1992, 1993b.

43 Environment Canada, “Municipal Water Use Database” and “Municipal Water Pricing Database,” Water Program from 1996

Environmental Indicators, 1996.

44 Environment Canada, Canadian Environmental Protection Act Annual Report, 1994 to 1995. 1996, p. 10.

45 USEPA, National Water Quality Inventory 1994 Report to Congress, 1995.

46 USEPA, National Water Quality Inventory 1988 Report to Congress, 1989, p. xi.




Table 7: United States National Water Quality Inventory (1990)

Swimmable objective Fishable objective
Meeting ::P:::tzlrg Not meeting Meeting I];la::;}:g Not meeting

Rivers/Streams 75% 8% 17% 80% 15% 5%

(647,000 miles)

Lakes 82% 10% 8% 70% 10% 20%

(17.6 million acres)

Estuaries 87% 8% 5% 76% 16% 8%

(22,000 square miles)
Figure 15: Water Quality in the United States
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however, been a significant increase in the dis-
solved oxygen content of water. In fact, “the most
noteworthy finding from national-level monitor-
ing is that heavy investment in point-source pollu-
tion control has produced no statistically
discernible pattern of increases in the water’s dis-
solved oxygen content during the last 15 years.” ¥

Canada

The Canadian Council of Environment Ministers
(CCME) established the Canadian Water Quality

Guidelines in 1985 to provide a basis for designing
site-specific water quality objectives. The guide-
lines outline concentrations recommended to sup-
port and maintain the use of water in several
categories including aquatic life, drinking, recre-
ational, agricultural, and industrial use. Water
must meet requirements for biological (bacteria,
viruses, protozoans), radiological (radioactive iso-
topes), physical (taste, odour, temperature, turbid-
ity, colour), and chemical factors.

In Canada, provincial governments legislate stan-
dards and regulations for water quality although

47 Knopman and Smith, “20 Years of the Clean Water Act,” 1993. See also Smith, Alexander, and Wolman, “Water Quality Trends

in the Nation’s Rivers,” 1987.
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the federal government has a leadership and advi-
sory role. Municipalities are responsible for testing
drinking water for coliforms and residual chlorine.

Detailed site-specific reports on water quality pro-
vide “snapshot” evidence that Canadian drinking
water is generally good. Most Canadian munici-
palities treat drinking water through chlorination,
ozone treatment or ultraviolet radiation. Environ-
ment Canada conducted a four-year study on the
quality of drinking water in the Atlantic provinces,
which revealed that of the 150 substances tested,
none was present in levels that exceeded the max-
imum acceptable guidelines.*® A 1986 study by the
Canadian Public Health Association showed that
levels of very few of the 161 substances measured
in treated tapwater from the Great Lakes exceeded
the guidelines.*’ Further, a 1990 study of the Great
Lakes by The Toronto Board of Health could detect
only 42 of the substances for which they were test-
ing; none was present in levels that exceeded the
guidelines.>

Although raw data on Canadian water quality ex-
ist in a federal database, the information is notin a
format that can be used to evaluate water quality
on a national level. The provinces, however, are
taking a greater role in monitoring water quality.
British Columbia, Alberta, Saskatchewan, Manito-
ba, and New Brunswick have developed site-
specific objectives and maintain a record of goal at-
tainment. These data provide only a snapshot of
Canada’s water quality.

Canada, like the United States, tests water at sites
located upstream or downstream from urban cen-
tres and industrial facilities, on transboundary riv-
ers and streams, and on bodies of water that are
used for recreation. Figure 16 illustrates the suc-
cess of British Columbia, Alberta, Saskatchewan
and Manitoba in attaining water quality objectives.
New Brunswick’s record shows a considerable de-
crease in the percentage of sites exceeding objec-

tives. It should be noted that the number and type
of bodies of water tested, and of pollutants exam-
ined varies from province to province. Details of
provincial reporting are described below.

British Columbia British Columbia has pub-
lished objectives and attainment records for water
quality since 1987. Objectives are based on British
Columbia Surface Water Quality Objectives. The re-
cently released British Columbia Water Quality Sta-
tus Report (1996) provides an extensive review of
some 124 bodies of water. This review develops a
detailed index from objectives and attainment
records (including the number, frequency, and
magnitude of objectives exceeded) with category
descriptions: poor, borderline, fair, good, and ex-
cellent. It details the source of threats to water
quality with recommendations for maintenance
and restoration of British Columbia’s bodies of wa-
ter. British Columbia has developed the most com-
prehensive monitoring and reporting program.”'

Alberta Alberta monitors 19 stations that exam-
ine 7 major rivers in the province. Most stations are
permanent and visited monthly. Nineteen differ-
ent pollutants are tested against the stated objec-
tives; more pollutants and objectives are being
added over time. The Alberta Ambient Surface Water
Quality Guidelines for recreation, agriculture, and
the sustainability of aquatic life determine how
quality objectives are set. The stated goal is to have
water quality downstream of developed areas
equal to upstream measures. Alberta has devel-
oped an arbitrary category description for objec-
tives met: “not recommended” (70 percent and
below); “poor” (71 to 85 percent); “fair” (86 to 95
percent); and “good” (96 to 100 percent) .3

Saskatchewan Saskatchewan collects data from
14, regularly monitored, stations that test for 32 pol-
lutants. Sites are monitored monthly for nutrients,
salts, and bacteria, quarterly for metals and three
times per year for some pesticides. Saskatchewan

48 Environment Canada, Atlantic Region Federal-Provincial Toxic Chemical Survey, 1990.

49 Canadian Public Health Association, Comprehensive Survey, 1986.

50 Kendall, Quality of Drinking Water in Toronto, 1990.

51 British Columbia Ministry of Environment, Water Quality in British Columbia: Objectives/Atlainment in 1992, 1993, pp. 2-45; and

Rocchini, personal communication, 1996.

52 Saffran, personal communications, 1996.; and Government of Alberta, Second Annual Report on the Performance of the Gov-

ernment of Alberta: 1995-96 Resulls, 1996, pp. 78-80.




Figure 16: Water Quality in Canada
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Note: Data from other Canadian provinces are not available. each province measures between 15 and 20 pollutants.

Surface Water Quality Objectives for aquatic life, irri-
gation, and livestock watering are cross-referenced
with the data. Priority is given to rivers affected by
populated centres and locations where water quali-
ty might be threatened

Manitoba Manitoba monitors up to 70 water-
quality variables at 35 sites located on 28 rivers
and lakes. The goal of the monitoring is to identi-
fy changes between upstream and downstream
locations and to develop focused maintenance
and protection programs. The results are cross-
referenced with Canadian Water Quality Guidelines
and Manitoba Water Quality Objectives. Manitoba
uses, with minor modifications, a water quality
index developed by British Columbia; as applied
by Manitoba, this index considers 25 key vari-
ables. Using the subjective category descriptors,
“poor,” “marginal,” “fair,” “good,” and “excel-
lent,” it assigns a ranking based on the number of
objectives met, and the magnitude and frequency
of exceedances, i.e., incidents when pollution
exceeds objectives.>*

Ontario Ontario has performed periodic water-
quality assessments at specific sites; the Toronto
waterfront is one example. There is no federal-
provincial agreement on water quality, although
there is cross-border cooperation between federal
governments through the International Joint Com-
mission (IJC) on water quality in the Great Lakes.
Ontario has 250,000 bodies of water and measures
water quality at thousands of sites for from 10 to
200 variables. Four databases contain raw data:
Great Lakes, Inland Rivers and Streams, Drinking
Water Surveillance, and Inland Lakes. The data-
bases are not set up to be cross-referenced with
site-specific objectives.>

Quebec Quebec maintains a large database con-
sisting of information on thousands of sites and
dating back to the mid-70s. Primary consideration
is granted to interprovincial sites and broad testing
has been performed for tracking mercury levels.*

New Brunswick New Brunswick examines 17
variables in various lakes and rivers throughout

53 Hallord, personal communication, 1996.
54 Willamson, personal communication,1996
55 Willamson, personal communication,1996

56 Gouin, personal communication, 1996.
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the province. Data is cross-referenced with the
Canadian Water Quality Guidelines for aquatic life.
Several instances of “objectives not met” are a re-
sult of naturally high levels of aluminum, copper,
and acidity. New Brunswick is currently working
on establishing its own site-specific objectives.””

Newfoundland No regular water quality moni-
toring program exists at the provincial level. New-
foundland follows the Canada Water Quality
Guidelines and has worked in conjunction with the
federal government on various initiatives.®

Nova Scotia Nova Scotia follows the Canada
Water Quality Guidelines but has not set site-specific
objectives. They do not perform ambient monitor-
ing but run short-term projects to monitor and im-
prove the water in problem areas. Residents rely
equally on surface and groundwater for drinking.
Nova Scotia’s drinking water is generally good.
Concerns specific to certain areas arise primarily
due to mining and industrial activity.>

Prince Edward Island Residents of Prince Ed-
ward Island rely exclusively on groundwater for
drinking water. Although pesticide contamination
is potentially a problem, extensive surveys to date
have revealed no cause for concern. In January
1996, Prince Edward Island signed an agreement
with the federal government to establish a Water-
shed Inventory Project that will examine 12 water-
sheds consisting of 26 rivers.®?

Yukon The federal government monitors river
sites throughout the Yukon; they focus on prevent-
ing pollution, as most water bodies are considered
to be in pristine condition. Only two communities
discharge waste into surface wa ter.!

Northwest Territories The federal government
has collected data on 30 to 60 variables from about

100 stations reporting on 80 bodies of water in the
Northwest Territories. Site-specific objectives have
been established in some locations to account for
unique natural occurrences and human activity.
Several individual reports have been generated
from the data.%?

The Great Lakes

The Great Lakes contain one-fifth of the world’s
freshwater. They are exposed to many sources of
point and non-point pollution. For many years it
was thought that the Great Lakes were too big to
have serious pollution problems. By the 1960s, how-
ever, sewage, fertilizer run-off, and chemical wastes
had caused serious degradation to Lake Erie, and
the other lakes showed signs of similar trouble. As a
result, over the last 20 years Canada and the United
States have spent over $9 billion to clean up Lake
Erie.®® These efforts have improved water quality.

Despite the improvements, however, the Interna-
tional Joint Commission (1JC), an advisory group of
Americans and Canadians, remains pessimistic
about water quality in the Great Lakes. They re-
cently recommended an extreme measure: a ban
throughout North American on the production of
products using chlorine chemicals. The data, how-
ever, reveal several encouraging trends in water
quality in the Great Lakes, particularly for harmful
chlorine compounds. Nitrogen levels have in-
creased, but are still well below the 10 milligrams

litre threshold for safe drinking water
(figure 17). Phosphorus levels have declined by
one-third in Lake Ontario, and have remained sta-
ble in Lake Huron and Lake Superior (figure 18).
Phosphorus targets have been met in Lake Michi-
gan since 1981, Lake Superior since 1984, Lake Hu-
ron since 1986, Lake Erie since 1987 and Lake
Ontario since 1988 (figure 19).5¢

57 Choate, personal communication, 1996
58 Ullah, personal communication,1996.

59 Cameron, personal communication, 1996.
60 Murphey, personal communication, 1996.
61 Whitley, Personal communication, 1996.

62 Haliwell, personal communication, 1996.

63 Hayward, The Index of Leading E nvironmental Indicators, 1994 p. 23.
64 Phosphorus targets: Lake Michigan, 5,600 tonnes; Lake Superior, 3,400 tonnes; Lake Huron, 4,360 tonnes; Lake Erie, 11,000

tonnes; Lake Ontario, 7,000 tonnes.




Figure 17: Water Quality in the Great Lakes (Nitrogen)
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Figure 18: Water Quality in the Great Lakes (Phosphorus)
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Another important indicator of water quality in  diphenyl-dichloro-ethylene (DDE) fell almost 85
the Great Lakes is the pesticide contamination of  percent in both Lake Ontario and Lake Superior
bird eggs. The contamination of herring gull eggs  from peak levels in 1975 (figure 20).55 Available
fell considerably between 1974 and 1991. Dichloro-  data also indicate a decrease in the already low lev-

65 poT (dichloro-diphenyl-trichloro-ethane) is a persistent, bioaccumulative, synthetic insecticide. Its use was heavily restricted
in the 1970s and prohibited after 1990. The breakdown product, DDE (dichloro-diphenyl-dichloro-ethylene), is most easily
measured in the fat of animals or in the eggs of birds. Most other pesticides in use today are not as persistent and hence are

not transported to the same degree as DDT.
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Figure 19: Industrial Discharge of Phosphorus into the Great Lakes
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Figure 20: DDE Levels in Herring Gull Eggs in the Great Lakes
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Note: No data is available for Lake Huron, Lake Erie and Lake Michigan. DDE = dichloro-diphenyl-dichloro- ethylene.

els of the pesticides Dieldrin and Mirex in herring  88.8 percent in Lake Ontario and 81.5 percent from
gull eggs. Polychlorinated biphenyls (PCBs) fell  their highest levels in Lake Superior (figure 21).5

66 PCBs were once used extensively in many parts of the electrical and transmission industry, in flame retardants, water-proofing
agents, printing inks, adhesives; they were also spread on roads to prevent airborne dust. In the 1980s, tight restrictions al-
lowed PCBs to be used only in closed electrical equipment, and safe incineration technologies now are used to destroy those
currently in storage. They have been associated with declining fish populations in some locations.




Figure 21: PCB Levels in Herring Gull Eggs in the Great Lakes
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Figure 22: HCB Levels in Herring Gull Eggs in Lake Ontario
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Note: No data is available for other Great Lakes. HCB = hexachloro-benzene.

The level of hexachloro-benzenes (HCBs) peaked in ~ These favourable trends can be observed in others
1977 and fell 96.3 percent by 1991 (figure 22).5  of the Great Lakes as well %

67 HCBs are used in fungicides, dye manufacturing, and wood preservatives; they are also produced as a waste by-product of
chemical manufacturing. The Great Lakes region is at risk from HCB contamination since numerous chlorine plants are located
near the Lakes on both sides of the border.

68 CEQ, 1993 Report, 1994, pp. 484-6.
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Table 8: Summary of Water Quality as Environmental Indicator

General Comments

Performance Record: US

Performance Record: Canada

National water quality

| ® National water quality is difficult to
assess due to inconsistent, incomplete

| data.

| * Water pollutants include nutrients,
heavy metals, persistent pesticides, and
other toxic substances.

| ® Industrial and municipal sewage

| normally undergo some treatment to
remove these substances.

| ® The US and Canada target different
aspects of water quality as priorities.

* Measures of phosphorus, fecal
coliform, and dissolved oxygen
exceeding local standards (inriversand
streams only) decreased between 1974
to 1995

* In 1990, 70 to 87% of rivers, streams,
lakes and estuaries met “swimmable”
and “fishable” objectives.

* Objective-attainment records are only
available for British Columbia, Alberta,
Saskatchewan, Manitoba and New
Brunswick.

* In 1994, Alberta and Saskatchewan met
their goals over 90% of the time. British
Columbia and New Brunswick met
their goals over 85% of the time.
Manitoba met its goals over 70% of the
time.

| Water in the Great Lakes

| » The Great Lakes contain one-fifth of the
world’s water.

| * Nitrogen and phosphorus are given

| priority when water quality is
evaluated.

* Measures of nitrogen have increased,
but are well below the 10 mg per litre
threshold for safe drinking water.

* Phosphorus levels have declined by
one-third in Lake Ontario and
remained stable in Lake Huron and
Lake Superior.

* Targets for phosphorus discharges
have been met in Lake Michigan since
1981; in Lake Superior since 1984; in
Lake Huron since 1986; in Lake Erie
since 1987; in Lake Ontario since 1988.

» Measures of nitrogen have increased,
but are well below the 10 mg per litre
threshold for safe drinking water.

* Phosphorus levels have declined by
one-third in Lake Ontario and
remained stable in Lake Huron and
Lake Superior.

» Targets for phosphorus discharges
have been met in Lake Michigan since
1981, in Lake Superior since 1984, in
Lake Huron since 1986, in Lake Erie
since 1987 and in Lake Ontario since
1988.

|
. Wildlife in and around the Great Lakes

| ® Bipaccumulation occurs when
persistent, fat soluble, contaminants
are ingested by an organism and
accumulate over time in tissue.
* Levels of DDE, PCBs and HCBs are
monitored in herring gull eggs.
| ® The use of DDT has been banned and

| PCBs are severely restricted.
|

* The levels of these contaminants in
herring gull eggs fell considerably
between 1974 and 1991.

* DDE fell almost 85% in both Lake
Ontario and Lake Superior from peak
levels in 1975.

* PCBs fell 88.8% in Lake Ontario.

* The level of HCBs peaked in 1977 and
fell 96.3% by 1991.

* The levels of these contaminants in
Great Lakes herring gull eggs fell
considerably between 1974 and 1991.

¢ DDE fell almost 85% in both Lake
Ontario and Lake Superior from peak
levels in 1975.

* PCBs fell 88.8% in Lake Ontario.

* The level of HCBs peaked in 1977 and
fell 96.3% by 1991.

Natural resource use

Forests

North America’s forests are the subject of some of

dent Theodore Roosevelt warned that “a timber
famine is inevitable,” and the New York Times ran
headlines in 1908 proclaiming, “The End of the
Lumber Supply” and “Supply of Wood Nears
End—Much Wasted and There’s No Substitute.”

the most emotionally charged environmental con-

troversies. The fear that we might run out of trees
dates back more than a century in the United
States. In his address to Congress in 1905, Presi-

North America’s diverse forest resources include
over 130 species of trees and sustain a wide variety
of plants and animals.®? Forests provide habitat,

69 Environment Canada, State of Canada’s Environment, 1991, p. (10)4.




Figure 23: Forest Harvest and Growth in the United States
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purify air, prevent run-off and inhibit erosion by
anchoring topsoil. Forests release water vapour
into the air and play a critical role in the carbon cy-
cle by absorbing CO,, storing the carbon, and re-
leasing the oxygen.

Canada and the United States play a significant
role in world imber-markets. In 1993, American
and Canadian production provided over 50 per-
cent of global wood pulp, over 35 percent of paper
and cardboard, almost 30 percent of wood-based
panels, and over one-third of other wood prod-
ucts.”’ The market demand for North American
forest products is strong and is likely to remain so.
The industry contributes significantly to regional
economies.

Despite this strong commercial reliance, only a
small portion of total forest resources are harvest-
ed each year. For example, in 1992, 933,177 hectares
of timber were harvested in Canada, representing
only 0.4 percent of total forest land.”! Further, the
Organisation for Economic Cooperation and De-
velopment (OECD) survey shows that the United

1990

States consistently harvests less than the amount of
annual new growth (figure 23). The United States
harvested 56 percent of the annual new growth in
1980, 59 percent in 1985 and 60 percent in early
1990s.

In Canada, various levels of governments own and
control over 90 percent of forested land. Govern-
ments decide how much can be harvested based
on the annual allowable cut (AAC), which is calcu-
lated by considering the quantity and quality of
species, accessibility of the trees, growth rates, site
sensitivity, and competing uses. The AAC calcula-
tion is not a measure of total new growth: it is a
measure of growth available for commercial harvest-
ing. The proportion of the AAC harvested was 68
percent in 1980; it climbed to 83 percentin 1985 and
fell to 64 percent in the early 1990s (figure 24).

Historically, forest land was cleared primarily for
agricultural use. Some land, however, has proven
unsuitable for farming and is now reverting back
to forest cover. In southern Ontario, forest land
cover has actually increased from 25 percent to 29

70 Organisation for Economic Cooperation and Development (OECD), Environmental Data Compendium, 1995, p. 117. Production
for each nation as a percentage of global production: wood pulp—US, 38.28%; Can., 1553%; sawnwood and sleepers—US,
24.55%; Can,, 13.82%; industrial roundwood—US, 26.33%; Can., 11.33%; paper and cardboard—US, 30.46%; Can., 6.92%;

wood-based panels—US, 23.73%; Can., 5.63%.

71 Environment Canada, Environmental Indicators, 1996.
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Figure 24:

Forest Harvest and Growth in Canada
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percent since the mid-1960s.”? Reforestation efforts
in Maine have increased wooded areas from 74
percent to over 90 percent of the state.”?

The serious environmental debates surrounding
forests and harvesting practices tend to be local in
nature; examples of such debates are those about
the preservation of old-growth stands and the
practice of clear-cutting.

Old-growth forests are those stands that are over
140 years old, have over a specified number of
trees, and have experienced minimal human dis-
turbance. They have considerable commercial and
environmental value. Today’s commercial cutting
cycle of 50 to 80 years means that once they are
harvested, old-growth ecosystems will not be re-
established. Second-growth forests, however, also
provide commercial and environmental benefits.

Even forests that have been clear-cut and replanted
support diverse wildlife populations and contain
trees of various ages, sizes and species. . .. The beau-
tiful wilderness scenes in the popular movie Last of

the Mohicans, for example, were filmed in a formerly
clear-cut commercial forest, not a natural forest 7

Clear-cutting remains a popular method of har-
vesting. In Canada, almost 90 percent of trees
logged are harvested by this means. There are two
reasons for this. First, it is economically viable; sec-
ond, clear-cutting simplifies reforestation. It allows
easy preparation of the site for the re-establishment
and tending of a new forest, and the open area pro-
vides the heat and sunlight needed for the new
trees to grow. In addition, dead stumps support an
extraordinary number of species, including fungi,
spiders, beetles, and centipedes. Finally, leaves and
branches contain plant nutrients and are often left
to replenish the soil. When clear-cutting is not per-
formed properly, however, it can damage sensitive
watersheds and the ecosystems of rivers.

Fresh water

Only 2.7 percent of the Earth’s water is fresh wa-
ter.”> Sources of fresh water include: snow, glaciers,

72
73
74

Armson, “People and Forests,” 1989,

Bast, Hill and Rue, Eco-Sanity, 1994, p. 24.

Ray, Environmental Overkill, 1993, p. 113; Sedjo, “Forests,” 1995, pp. 178-209.

5 Environment Canada, State of Canada’s Environment, 1991, p. (3)5.




Figure 25: Freshwater Withdrawals in the United States
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and polar ice (77 percent); underground (22 per-
cent); lakes and wetlands (0.35 percent); atmo-
sphere (0.04 percent); and streams (0.001 per-
cent).”® Only about 0.01 percent of water sources
are both fresh and accessible in lakes, rivers, soil,
and the atmosphere.

Water is used to provide a source of power, for
drinking, for irrigation, and for diluting waste. The
cooling of power-generating plants uses the most
freshwater resources, accounting for 38.6 percent
in the United States and 59.7 percent in Canada.”
Industry uses 7.9 percent of freshwater resources in
Canada and 5.7 percent in the United States.”® The
public uses 11 percent of freshwater resources in
each nation. Irrigation accounts for 40.2 percent of
freshwater use in the United States due to its large
agricultural base; in Canada, irrigation uses only

7.1 percent of the total.”? Approximately 90 percent
of the water withdrawn is returned to its source af-
ter use or treatment.®” Only about one-quarter of
agricultural water is returned to its source.

North American water prices are relatively low.
The cost per thousand litres is $0.35 in the United
States and $0.30 in Canada. Prices can be up to
three times higher in European nations. For exam-
ple, the price per thousand litres is $0.56 in the
United Kingdom, $0.66 in Sweden, $0.73 in France
and $1.12 in Germany. It is interesting to note that,
on average, bottled water costs about $425 per
thousand litres.8! As expected, lower prices tend to
lead to higher levels of freshwater consumption.
North Americans are the largest consumers of
fresh water in the world. The average daily house-
hold use is about 420 litres in the United States and

76 White, “Water Resource Adequacy: Illusion and Reality,” 1984, p. 252.

77 OECD, Environmental Data Compendium, 1995, p. 66.
78 Ibid.
79 Tbid.

80 Environment Canada, A Report on Canada’s Progress toward a National Set of Indicators, 1991, p. 82.

81 Environment Canada, Technical Supplement, 1991, p. 74. Conversion based on 1989 exchange rate of CDN$1.184 per US$1, from
Statistics Canada, Canadian Economic Observer, 1995, p, 89. Prices are quoted in US dollars.
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Figure 26: Freshwater Withdrawals in Canada
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Note: Freshwater withdrawals refer to the use of ground water (water below the surface) and
surface water (rivers, lakes, streams and estuaries).

Figure 27: Withdrawals as a Percentage of Renewable Freshwater Resources
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360 litres in Canada. This is more than double the =~ 1980 and 1990 (figure 25) but increased 20.0 per-
rate of water use in many European countries®  centin Canada between 1980 and 1993 (figure 26).

The United States has 2.5 trillion cubic metres of re-
The OECD survey indicates that total water use de-  newable freshwater resources and used 20.9 per-
creased 9.5 percent in the United States between  centin 1980 and 18.9 percent in both 1985 and 1990

82 Environment Canada, State of Canada’s Environment, 1991, p. (3)8.




Figure 28: Total Annual Consumption of Energy
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(figure 27).%8 Canada has approximately 2.8 trillion
cubic metres of renewable freshwater resources
and used 1.3 percent in 1980, 1.5 percent in 1985
and 1.6 percent in both 1990 and 1993.

While this abundance contributes to lower prices,
government subsidies also artificially suppress
prices. Several municipalities charge a flat rate for
water use and governments subsidize irrigation.
In Canada, the provinces pay an average of 85 per-
cent of the total cost of water use.?* Subsidization
policies eliminate the incentive for efficient use of
water resources. Subsidies lead to inefficient agri-
cultural use, less water recycling, and a greater
need for wastewater treatment facilities. This plac-
es further pressure on water sources and increases
the demand for new dam construction and water
diversion projects.

Although Americans and Canadians use only a
small portion of renewable freshwater resources,
regional water shortages continue to be a problem.
In parts of the United States where water is scarce,
farmers have responded by changing irrigation

technology and cropping practices, and by using
recycled municipal waste water for agricultural

purposes.®

Energy resources

Canada and the United States are among the
world’s most intensive users of energy due to their
highly industrialized economies, widely dispersed
populations, and large land masses. Nevertheless,
this section shows that energy resources are not be-
ing depleted and that less energy is being used per
capita in both Canada and the United States today
than in previous years.

Figure 28 shows that total energy consumption is
rising in Canada and the United States. A better
measure of energy use, however, is per-capita con-
sumption (figure 29). While per-capita energy use
rose steadily before the end of the 1970s, it has
since leveled off. For example, in 1992, Canada
and the United States both used less energy per
capita than they did in 1979. The reduction in per-

83 Calculations of Canadian and American figures are based on data from OECD, Environmental Data Compendium, 1995, pp. 63-65.

84 OrCD, Environmental Data Compendium, 1995, p. (3)10.
85 Avery, “Saving the Planet with Pesticides,” 1995, pp. 68-9.
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Figure 29: Per Capita Annual Consumption of Energy
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Figure 30: Consumption of Energy as a Percentage of Production
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capita energy use reflects improvementsinenergy ~ Instead, the opposite is true. Although total con-
efficiency.%6 sumption in the United States increased between

1980 and 1993, consumption as a percentage of pro-
If the world were close to running out of energy, as  duction has been fairly stable (about 85 percent). In
some believe, one would expect to see a decline in ~ Canada, consumption as a percentage of produc-
production and an increase in prices inrecent years.  tion decreased from 76 percent in 1980 to 54 percent

86 One measure of energy efficiency is the ratio of energy use to the size of the national economy. See OECD, Environmental Data

Compendium, 1995, p. 205.



Table 9: Summary of Use of Natural Resources as Environmental Indicator

General comments

Performance record: US

Performance record: Canada

Forests

* Forest resources have remained relatively stable
for the past fifty years.

* Forests replanted after clear-cutting support
diverse wildlife populations and contain trees of
various ages, sizes, and species.

¢ Forestry companies have taken increasing
responsibility for forest management, including
reforestation.

¢ Each year the USharvests less than
total new growth.

* Only about 60% of new growth is
harvested.

* Each year Canadian forestry
companies harvest less
commercial growth than
governments allow,

* Only 64% of Annual Allowable
Cut (AAC) was harvested in the
early 1990s.

Fresh water

! » North American water prices are relatively low;

| prices in Europe are up to three times higher.

» While abundant supplies contribute to lower
prices, government subsidies artificially
suppress prices.

= Lower prices lead to higher levels of freshwater
consumption.

* The US consumes only about 20%
of total available renewable
freshwater resources.

» Canada consumes about 1.5% of
total available renewable
freshwater resources.

Energy resources

* Energy supplies are abundant.
* There have been great improvements in energy
efficiency.

* The US consistently consumes
only about 85% of the energy it
produces,

* Canada’s consumption of energy
as percentage of production
declined from 76% to 54% in

» Higher energy prices encourage conservation,
technological innovations and increased
exploration.

between 1980 and 1993.

in 1993. Both countries are producing more energy
than they are consuming. Figure 30 shows that Can-
ada and the United States are net exporters of energy.

Land use and condition

Land cover in Canada and the United States is il-
lustrated in figures 31 and 32. This section discuss-
es land use and condition in each country.
Wetlands, urban sprawl, and soil erosion are the
three concerns examined.

Wetlands

Wetlands are areas of land that are sufficiently sat-
urated with water to promote aquatic processes.

They include marshes, swamps, and bogs. Wet-
lands protect land from flooding and shorelines
from erosion, and act as filtration systems by
breaking down nutrients and neutralizing disease-
causing pathogens. They also provide habitat for a
wide range of species. Canadian prairie wetland,
for instance, provides habitat for 50 percent of
North America’s waterfow1.87

In the past, wetlands were considered waste areas
to be drained and converted to economically pro-
ductive uses. Farming subsidies contributed to the
destruction of this sensitive habitat. In the United
States, over 80 percent of natural wetlands were
converted to agricultural use® The Canadian
Wheat Board Act determines grain delivery quotas
based on the total area seeded and left fallow. This
encourages farmers to cultivate marginal land

87 Environment Canada, State of Canada’s Environment, 1991, p. (17)10.

88 USEPA, Wetlands, 1988, p. 6.

0§




Environmental Indicators

Figures 31 & 32: Land Cover in the United States (1987) and in Canada (1989)
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rather than leave it in its natural form.®? In addi-
tion, the Maritime Marshland Rehabilitation Act
(1943) was designed to discourage reversion of ar-
able land to original wetland coverage.®® This
trend seems to be reversing, however, as recent
studies show that wetland loss from agricultural
conversion has dropped sharply.®!

The human impact on wetlands is difficult to quan-
tify as areas of wetland fluctuate dramatically in
size and number between wet and dry years. In ad-
dition, estimates from different studies vary de-
pending on survey techniques, time frame, region,
and definition of wetland. For example, the esti-
mates of prairie wetland loss in two Canadian
studies range from 40 percent to 71 percent.’? In the
United States, the EPA is developing a national wet-
lands inventory but there are disagreements over
basic definitions that have hindered its progress.®?

Wetlands are more extensive in Canada than in the
United States. According to the Ramsar Conven-

Forests
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Source: Environment Canada, 1991a.

*Other includes tundra, ice and snow.

**Built-up includes urban and industrial land.
***Forests include taiga.

“*** Agriculture includes cropland and rangeland.

tion, Canada contains 13,030,200 hectares of inter-
nationally important wetlands compared to the
1,194,000 hectares that is found in the United
States.” Nevertheless, this represents only a small
share of total wetland area. For example, most re-
cent estimates suggest that wetlands cover 14 per-
cent or 127,000,000 hectares of Canada’s land base;
this is nearly 25 percent of the world's wetlands.%
Since 1986, the OECD survey reports indicate that
Canada has suffered no net loss of wetlands.
American wetlands have also been stable since
1980 (figure 33).

As more is discovered about the function and val-
ue of wetlands, it is becoming clear that they can
play a reinforcing, rather than a strictly competing,
role in agriculture and urban development. For ex-
ample, wetland preservation can help conserve
and purify groundwater and protect against
drought. In the United States, degraded or lost
wetlands are now being restored as a means of
treating municipal sewage.

89 Environment Canada, State of Canada’s Environment, 1991, p. (26)6.

90 Environment Canada, 1991, p. (20)6.

91 Tolman, Gaining More Ground, 1994.

92 Thid.

93 Easterbrook, A Moment on the Earth, 1995, pp. 438-39.
94 OECD, Environmental Data Compendium, 1995, p. 149.

95 Environment Canada, State of Canada’s Environment, 1991, p. (26)7.




Figure 33: Area of Wetlands in the United States and Canada

200

B vnited states B8 Canada ‘

150 % R

Millions of Hectares
=

: 1980
Sources: OECD, 1993; Frayer et. al., 1983; Bailey, 1995.
In the United States, 75 percent of wetlands are on
privately owned land.?® Regulations for the protec-
tion of wetlands are usually imposed without com-
pensation; this places a heavy burden on the
landowners and causes controversy. It is interest-
ing that there is a new approach to the protection
of wetland habitat in both Canada and the United
States. Private organizations such as Ducks Unlim-
ited and the Nature Conservancy are the two larg-
est private stewards of Canada’s 1.1 million
hectares of non-government conservation lands.?”

Urban sprawl!

The main problem associated with urban sprawl is
the conflict over land use. Urban sprawl causes
two kinds of land-use conflict: urban expansion
into agricultural land, and human encroachment
on wilderness areas. Urban centres were originally
established close to prime agricultural land. As
populations increased, urban development began
to infringe upon farm land. Further, the spread

both of urban and of agricultural land has meant
that fewer areas were left in their natural state.

Changes in land use for urban, agricultural, and
protected areas in Canada and the United States
have occurred between the late 1950s and the late
1980s (figures 34 and 35).%8 Urban areas expanded
steadily in both countries during the decades fol-
lowing World War II. In the United States, the agri-
cultural landbase remained fairly stable despite
urban expansion. In Canada, where large expanses
of Crown land were available for conversion to
designated uses, the growth of agricultural and
protected lands kept pace with urban expansion.
For example, in 1959, urban areas in Canada were
equal to 5.5 percent of agricultural land; by 1986,
this proportion had grown to only 7.2 percent.

Agricultural lands are not in danger of being over-
run by towns and cities. Agricultural land-bases
are many times the size of urban areas. Further, the
figures presented above do not reflect the increas-
ing productivity of agricultural land. According to

96 Brookes, “The Strange Case of the Glancing Geese,” 1991, pp. 104-112. This estimate excludes Alaska, which is 90 percent wet-

land area and 90 percent government owned.

97 Statistics Canada, Human Activity and the Environment, 1994, pp. 214-5.

98 Comparable data do not exist after this period because the Canada Land Use Monitoring Program ended in 1986. Statistics
Canada is attempting to derive comparable data for 1991 (Trant, personal communication, 1996).
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Figure 34: Land Uses in the United States
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Note: Graph only considers land with currently competing uses. It does not include entire land base.

Figure 35: Land Uses in Canada
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the indices of the United States Department of Ag-  output far outweighs any threat to farmlands
riculture (USDA), the American agricultural sector  posed by incremental urban expansion.

was 158 percent more productive at the end of the

1980s than at the beginning of the 1960s; in Canada  Similarly, wilderness areas are not in danger of dis-
productivity grew by 206 percent.? This growthin  appearing. In both countries, protected areas have

99 usDA, World Agriculture: Trends & Indicators, 1961-91: North America and Australia and New Zealand, Electronic database, 1994.




Figure 36: Protected Areas as a Percentage of Urban and Agricultural Areas
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increased since 1959. The ratio of protected areas to
urban and agricultural lands had grown from 6.4
percent to 22.9 percent in the United States by 1987
(figure 36). In Canada, with its lower population
density, this ratio is much higher. By 1986, Canadi-
an protected areas were larger in total area than ur-
ban and agricultural lands combined. This trend
appears to be continuing. Between 1986/87 and
1991/92, agricultural land bases remained fairly
stable, decreasing by less than 1 percent in each
country.!® Protected areas increased in total size
by 10.3 percent in Canada and 1.0 percent in the
United States.!”! Claims about a “crisis” of urban
sprawl are exaggerated. In the most recent years
for which comparable data exist, urban areas occu-
pied 2.6 percent of the land base in the United
States and 0.8 percent of the land base in Canada
(figures 34 and 35).

Soil erosion

Erosion is the most common soil-degradation
problem. Erosion is a natural process that removes
topsoil, reduces the level of organic matter, and
breaks down soil structure.

Water erosion occurs when precipitation levels ex-
ceed the soil’s capacity to absorb water. Water ero-
sion varies widely depending on climate, ground
slope, vegetation, and soil type and condition. Ero-
sion from water causes the accumulation of silt, af-
fects fish habitat, and pollutes water.

Wind erosion occurs as a result of high winds and
dry surface conditions. Some farming practices
contribute to erosion. Compacted soil and lost or-
ganic matter impede water absorption. Cropping
practices like summer-fallowing that leave soil un-
protected can make wind and water erosion worse.
Other farming practices that encourage erosion in-
clude monoculture, improper tilling on slopes, fall
ploughing, and wide-row cropping. Although
wind erosion deposits sediments in water, it has a
larger impact on air quality. Airborne soil is abra-
sive, and can damage buildings, machinery, vege-
tation, and human health.

Figure 37 shows the average rates of erosion from
cropland in Canada and the United States since the
early 1980s. Erosion from American croplands de-
clined from 16.6 tonnes per hectare (t/ha) in 1982
to 12.6 t/ha in 1992. In Canada, these rates were

100 USDA 1994; USDA, Major Land Uses (1945-1992), Electronic Database, 1996.
101 ©ECD 1995; LN List of National Parks and Protected Areas, Electronic Database, 1993.
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Figure 37: Soil Erosion from Cropland
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lower than in the United States, declining from 9.5
to 9.0 t/ha between 1980 and 1991. This reduction
has occurred as farmers continue to adopt sensible
farming practices such as crop rotation, interseed-
ing, and the planting of winter crops.

Soil erosion, however, does not mean soil loss.
Studies show that only a small percentage of erod-
ed soil is permanently removed from agricultural
lands; most is merely moved from one field to an-
other.12 Further, soil is continuously being creat-
ed by natural processes. The average rate of soil
creation is about 0.5 to 1.0 tonne per hectare per
year. This is equal to the rate of soil lost on lands
with permanent cover.}% Soil loss of less than 5 t/
ha is difficult to see. Losses in excess of 5 to 10 t/
ha can represent a potential for long-term damage
to productivity.104

Solid waste

Solid waste has become a leading environmental
issue in recent years. Occasionally it is even billed
as a “crisis” because of the perceived lack of land-
fill space. The famous Mobro garbage barge epi-
sode in the mid-1980s, in which the wandering
barge appeared night after night on the news, be-

came the icon of the trash debate in the United
States.105

The management of solid waste involves decreas-
ing the amount of solid waste generated (“reduce
and reuse”) and disposed (“recycle and recover”).
Canada and the United States have adopted ambi-
tious targets—as much as 50 percent by the year
2000—for the reduction and recycling of solid
waste.106

102 Easterbrook, A Moment on the Earth, 1995, p. 388.

103 Environment Canada, State of Canada’s Environment, 1991, p. (9)10.

104 Tbid.

105 Whatever happened to the Mobro garbage barge? After wandering up and down the Atlantic seaboard for several weeks,
the trash it carried was placed in a landfill in New York, just a few miles from where it had started its journey.

106 The Canadian Council of Ministers of the Environment (CCME) has set a nation-wide goal of 50 percent reduction per capita
from 1988 level, by the year 2000. A second initiative, the National Packaging Protocol (NAPP), targets the 35 to 40 percent of
solid waste that is composed of discarded packaging, and aims to reduce the level of discarded packaging to 50 percent of
the 1988 level by the year 2000. See Environment Canada, State of Canada’s Environment, 1991, p. (25)4, 14.




Table 10: Summary of Land Use and Condition as Environmental Indicator

General Comments

Performance Record: US

Performance Record: Canada

Wetlands

* Government farming subsidies have
contributed to wetland loss.

* Wetlands fluctuate dramatically in size
and number with wet and dry years.

» Wetlands can help to conserve and
purify groundwater sources and
protect against drought.

* The US has 1,194,000 ha of wetlands
rated as internationally important
waterfow! habitat.

= American wetlands have been
relatively stable since 1980.

* Canada has 13,030,200 ha of wetlands
rated as internationally important wa-
terfowl habitat.

¢ Canada has suffered no net wetland
loss since 1986.

Urban sprawl

e Claims about a “crisis” of urban sprawl
are exaggerated.

= Agricultural lands are not in danger of
being overrun by towns and cities.

» Wilderness areas are not in danger of

1959 and 1987.
disappearing.

¢ In the US, urban areas comprise only
2.6% of the landbase.

= Urban areasrelative toagriculturalland | ® Urban areasrelative toagricultural land
increased from 2.5% to 5.4% between

* The ratio of protected areas to urban
and agricultural lands grew from 6.4%
to 22.9% between 1959 and 1987.

¢ In Canada, urban areas comprise only
0.8% of the landbase.

increased from 5.5% to 7.2% between
1959 and 1986.

* By 1986, Canadian protected areas
were largerin total area than urban and
agricultural areas combined.

Soil erosion

e Erosion is the most common soil
degradation problem.

* Erosion is a natural process that
removes topsoil.

= Most eroded soil is merely moved from
one field to another.

* Soil is continuously being created by
natural processes.

* Farmers have adopted farming

' practices aimed at reducing erosion,

1982 and 1992.

* Erosion from American croplands de-
clined from 16.6 to 12.6 t/ha between

* Erosion from Canadian croplands
declined from 9.5 to 9.0 t/ha between
1980 and 1991.

Reduction and reuse

The composition of municipal waste in the United
States is (by weight) 38 percent paper and card-
board, 23 percent food and garden refuse, 9 per-
cent plastics, 7 percent glass, 8 percent metals, and
16 percent textiles and other.'”” In Canada, the per-
centages are (by weight) 28 percent paper and
cardboard, 34 percent food and garden refuse, 11
percent plastics, 7 percent glass, 8 percent metals,
and 13 percent textiles and other.'® A comprehen-
sive study in the United States and a report by the

Ontario Ministry of the Environment both show

that discarded packaging accounts for about one
third of waste.1%

There are several reasons to expect that the genera-
tion of solid waste will increase as a country’s
wealth increases. The first and most obvious is that
rising incomes lead to rising consumption. The in-
crease in single-person households and in the num-
ber of women in the workplace also may increase
the amount of solid waste generated because both
increase the consumption of small packaged items.

107 OECD, Environmental Data Compendium, 1995, p. 160.
108 Ibid.

109 Franklin Associates, Characterization of Municipal Solid Waste, 1992; Environment Canada, State of Canada’s Environment, 1991,

p-(25)7.
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Figure 38: Total Municipal Solid Waste Generated in the United States and Canada
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An OECD survey tracks total and per-capita solid
waste from municipalities.”’® Overall municipal
waste increased 36.7 percent in the United States
and 49.2 percent in Canada between 1980 and 1992
(figure 38). Per-capita waste increased 21.6 percent
in the United States from the early to late 1980s. In
Canada, per-capita solid waste increased 31.4 per-
cent over the same period. A slight decline of 1.5
percent was observed between 1990 and 1992 in
Canada (figure 39).

Most solid waste is buried in landfill sites. The Unit-
ed States disposes of 62.5 percent of its solid waste
in landfills and incinerates 15.9 percent.!! Canada
disposes of 67.2 percent of its solid waste in landfills
but only incinerates 3.0 percent.'? The heavy reli-
ance on landfills has caused the fear that North
America is running out of space for landfills. This
popular concern about solid waste is unfounded;
North America is not running out of space for land-
fills. Although many landfills are close to capacity,
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this is because they are designed to have a short life
span. Thus, they are always scheduled to reach ca-
pacity and close within a few years of opening.
There is no shortage of room for landfills. A single
square of land, 114 km on each side and about 37
metres deep, could accommodate all of the garbage
generated in the United States for 1000 years.!!?
Canada would require about one-tenth of this area.
It is not a scarcity of land that inhibits the siting of
landfills and incinerators, but rather the high price
of land close to urban areas and political pressure.
When a site is chosen for garbage disposal, it be-
comes unavailable for other uses, and communities
worry about odour, dust, litter, and scavenging an-
imals that have been associated with landfills in the
past. New sanitary landfill technology now being
used greatly reduces these problems.

Concerns about running out of space for landfills
have made recycling an increasingly popular alter-
native to disposal. In the 1970s, most municipalities

110 In the United States, municipal waste is waste collected by, or on the order of, municipalities. It includes waste originating in
households, commercial activities, office buildings, institutions like schools and government buildings, and small business-
es that dispose of waste at the same facilities used for municipally collected wastes. In Canada, municipal waste is all waste
that is not construction and demolition debris. See OECD, Environmental Data Compendium, 1995, p. 161.

111 United States Bureau of Census, Statistical Abstract, 1995, table 360.

112 Christenson, personal communication, 1996.

113 Imperial measures are 44 square miles and 120 feet deep. See Wiseman, “US Wastepaper Recycling Policies,” 1990.
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Figure 39: Per-Capita Municipal Solid Waste Generated in the United States and Canada
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opened community recycling depots. Municipali-
ties, provincial governments, grocery stores, news-
paper publishers, and the plastics, packaging, and
soft-drink industries jointly fund the Blue Box pro-
gram. Under this program, household newspapers,
bottles, and cans are collected on a designated day.
Some municipalities have expanded collection to
include cardboard and rigid plastic containers.

Recycling and recovery

Recycling, composting, and resource recovery all
affect the total amount of waste disposed but recy-
cling is not always economically feasible. In many
cases, manufacturing products from recycled ma-
terials requires more resources and energy, and
produces more pollution, than it does to produce
the same products from primary raw materials. In
addition, recycling is not always environmentally
desirable.!* For instance, McDonald’s decision to

1992

discontinue the use of polystyrene hamburger
packaging has several unfortunate resource trade-
offs. A polystyrene package requires 30 percent
less energy to produce. This means 46 percent less
air pollution and 42 percent less water pollution
than the current paperboard alternative.'’> Finally,
recycling is not possible for all products. For exam-
ple, it is impossible at current prices and with cur-
rent technology to recycle burned out light bulbs,
since these contain glass, interior coatings, adhe-
sive cement, and two or three different metals.116

According to the OECD, paper and cardboard recy-
cling in the United States was 22 percent of con-
sumption in 1980, but increased to 34 percent by
1993.1"7 Glass recycling climbed from 5 percent to 22
percent of consumption over the same period (fig-
ure 40). In Canada, paper and cardboard recycling
rose from 20 percent in 1980 to 32 percent in 1992.
Glass recycling was 69 percent of consumption in
1990, and rose to 75 percent in 1992 (figure 41).118

114 Wiseman, “Government and Recycling,” 1992.

115 Scarlett, “Make Your Environment Dirtier—Recycle,” 1991.

116 Environment Canada, State of Canada’s Environment, 1991, p. (25)7.

117 Canadian data are based on apparent consumption (a proxy for waste generated derived from consumption) using figures
from domestic consumption of the respective product + imports - exports. American data are based on amounts of waste
generated. OECD, Environmental Data Compendium, 1995, p. 170-71.

118 Canada’s glass recycling figure includes the reuse of refillable money-back bottles. OECD, Environmental Data Compendiun,

1995, p. 171.
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Figure 40: Recycling Rates in the United States
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Table 11: Summary of Solid Waste as Environmental Indicator

1993

General comments

:

Performance record: US

Performance record: Canada

Reduction and re-use

* Solid waste can be managed through
| decreasing the amount generated and
decreasing the amount disposed.

* Both the US and Canada have adopted
ambitious solid-waste reduction
targets and recycling programs.

* Most solid waste is buried in landfill
sites.

¢ Waste disposal sites are designed to
impose minimal burden on
communities.

* There is no shortage of room for
landfills.

* Recycling has become an increasingly
popular alternative to disposal.

* Overall municipal waste generation
increased 36.7 percent in the US
between 1980 and 1992.

* Per-capita waste generation increased
21.6 percent in the US through the
1980s.

* Overall municipal waste generation |
increased 49.2 percent in Canada
between 1980 and 1992.

* Per-capita waste generation increased
31.4 percent in Canada in the 1980s
declined slightly between 1990 and
1992.

Recycling and recovery

* Recycling is sometimes more polluting
than producing new materials.

* Paper and cardboard recycling
increased from 22 percent of
consumption to 34 percent between
1980 and 1993.

* Glass recycling climbed from 5 percent
of consumption to 22 percent over the
same period.

* Paper and cardboard recycling
increased from 20 percent in 1980 to 32
percent in 1992,

e Glass recycling was 69 percent in 1990
and rose to 75 percent in 1992.




Figure 41: Recycling Rates in Canada
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Secondary Environmental Indicators

The secondary environmental indicators discussed
in this section are carbon dioxide, oil spills, pesti-
cides, toxic releases, and wildlife. These often cited
measures of the state of the environment are
classed as secondary indicators in this report be-
cause, at best, they provide indirect information
about environmental quality. In some cases, such
as carbon dioxide, it is unclear whether the indica-
tor contributes to an environmental problem (glo-
bal warming). In other cases, wildlife for example,
the questionable data makes it difficult to draw
reliable conclusions.

Carbon dioxide emissions
Carbon dioxide (CO,) is a vital nutrient for plants.

Oceans absorb and produce CO, in great quantities
through a complex cycle, and store about 50 times

more carbon than does the atmosphere.!”® The com-
bustion of fossil fuels by humans also generates CO,.

Since the 1950s, CO, has been monitored because of
its role in producing the “greenhouse effect.” co,
has the propensity to trap heat in the atmosphere
and so may contribute to global warming. Temper-
ature records, however, do not support the theory
that catastrophic global warming is underway. In
addition, the sophisticated computer climate mod-
els, upon which the global warming theory is partly
based, have been heavily criticized within the scien-
tific community. It is unclear, therefore, whether CO,
emissions are a dangerous pollutant.

Figures 42 and 43 show that American and Cana-
dian CO, emissions rose with economic growth
until the 1970s. Emissions then leveled off before
declining in the early 1980s. Recently, emissions

Figure 42: GDP Compared to CO, Emissions: Trends in the United States
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119 The atmosphere contains 750 billion tonnes of carbon dioxide compared with living plants (560 billion tonnes), soils (1,400
billion tonnes), ocean sediments (11,000 billion tonnes) and oceans (38,000 billion tonnes). See Environment Canada, State of

Canada’s Environment, 1991, p. (22)7.




Figure 43: GDP Compared to CO, Emissions: Trends in Canada
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Source: Environment Canada, 1996a; OECD 1996a.
Note: GDP is in constant (1990) dollars.

have increased. These figures show that cO, out-
put closely follows changes in GDP.

Oil Spills

Oil spills are high profile events. Incidents such as
the Santa Barbara oil spill of 1969 and the Exxon
Valdez spill in 1989 receive intense media coverage.
Despite the public perception that the number of
oil spills and the severity of those spills has in-
creased, figure 44 shows that there has been a de-
clining trend in the amount of oil spilled in
American waters over the last 20 years. As a source
of water pollution, oil spills from the petroleum in-
dustry are a minor source of pollution when com-
pared to oil waste generated by households. It is
estimated that American households pour 1.3 bil-
lion litres of oil and oil-based products down the
drain every year.'?¥ In comparison, the Exxon Val-
dez spilled just over 41 million litres of crude oil
into Prince William Sound.

While oil spills are never desirable, and the imme-
diate damage can be quite alarming, in time nature
will effectively deal with spilled oil. Since oil is a
natural substance produced by the decomposition
of micro-organisms, it degrades naturally in the

environment. Within 48 hours of an accident, 40
percent of spilled oil evaporates. Bacteria and oth-
er marine species break down and consume over
90 percent of the remaining 0il.'?! In some cases,
active cleanup can actually cause more harm than
good. For example, the steam used to clean rocks
kills many tiny organisms, including those that
would otherwise ingest and decompose spilled oil.

Canadian data track total marine spills from pe-
troleum, industrial waste, and other chemicals.
Data are only available for the 10-year period from
1976 to 1987 (figure 45). Both the number of events
and the volumes of oil spilled fluctuate widely
during this period. This fluctuation can be attrib-
uted primarily to differences in the numbers of
vessel collisions, groundings, and sinkings. It is
also due to changes in the number of accidents oc-
curring when oil is being transferred from one
vessel to another.

Pesticides

Pesticides are a family of substances including her-
bicides, insecticides, fungicides, and fumigants.
Although DDT and several other notorious pesti-
cides have been discontinued, pesticide use re-

120 Allen, “Who Else Pollutes?” 1993.
121 Bast, Hill and Rue, Eco-Sanity, 1994, pp. 148-53.
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Figure 44: OIll Spills in and around American Waters (by volume)
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Source: U S, Coast Guard cited in US. Bureau of the Census, 1995.

Figure 45: Significant Spills in and around Canadian Waters (by volume)
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mains controversial. Figure 46 shows the use of
pesticides per square kilometre of arable land in
the United States and Canada. The limited data
available show that, in the United States, the use of
pesticides fell from 204 kg/km? in 1980 to 195 kg/

km? in 1991. In Canada, use of pesticides fell from
94 kg/km? to 81 kg/km? between 1985 and 1990.
While these declines are not dramatic, they illus-
trate that fears of greatly increased pesticide use
have not materialized.'?

122 For a summary, see Easterbrook, A Moment on the Earth, 1995, pp. 79 ff.




Table 12: Summary of CO, Emissions and Oil Spills as Environmental Indicators

General comments

Performance record: United States.

Performance record: Canada

Carbon dioxide (CO,) emissions

¢ CO, is a vital nutrient for plants and
oceans absorb and produce it in
massive quantities,

* CO, is believed to contribute to global
warming but the temperature record
does not support this theory.

¢ The sophisticated computer climate
models, upon which the global
warming theory is partly based, have
come under heavy criticism.

¢ Industrialized economies produce
great amounts of CO,.

* A massive economic downturn would
be needed to reduce CO, emissions
radically.

early 1980s.

* American CO, emissions rose with
economic growth until the 1970s,
before leveling, and then fell in the

® In recent years, emissions have begun
rising again, although not as steeply as
in the decades before the “energy
crisis” of the 1970s.

® Canadian CO, emissions rose with
economic growth until the 1970s,
before leveling, and then fell in the
early 1980s.

* In recent years, emissions have begun
rising again, although not as steeply as
in the decades before the “energy
crisis” of the 1970s.

Qil spills

* Oil Spills from the petroleum industry
are minor compared to oil waste
generated by households.

* Since oil is a natural substance, it
degrades naturally in the environment.

® Within 48 hours of an accident, 40% of
spilled oil evaporates, then bacteria and
other marine species break down and
consume over 90% of the remaining oil.

* In some cases, active cleanup can
actually cause more harm than good.

years.

year.

® There has been a downward trend in
the amount of oil spilled over the last 20

® The Exxon Valdez spilled 41 million
litres whereas American households
pour 1.3 billion litres of oil and oil-
based products down the drain every

» Petroleum, industrial waste, and other
chemical spills vary considerably from
year to year. From 1976 to 1987, the
volume of spills varied from 34.1
million litres to only 0.9 million litres.

Pesticides today are substantially changed from
what they were when first introduced. Research
has produced pesticides that have a much shorter
half-life and are, therefore, less dangerous to hu-
man and animal health. In the 1960s, about one-
half of all pesticides were chlorinated hydrocar-
bons such as Aldrin, Dieldrin, and DDT. These are
persistent in the environment and tend to accumu-
late in animal tissue. Today, chlorinated hydrocar-
bons account for only about 5 percent of all
pesticides.!?® They have been replaced by a new
class of pesticides that are effective in lower doses,
less persistent, and have fewer environmental
side-effects.

Although pesticides are hazardous chemicals that
should be handled carefully, their use yields enor-
mous benefits and the risk from residues is minor.
Pesticides stimulate crop production so that less
land is converted from wilderness to agricultural
uses, and food costs are lower. Banning pesticides
and other agricultural chemicals could increase the
average household’s food bill by as much as 12 per-
cent per year.!?# The EPA’s most conservative risk-
assessment models attribute a maximum of about
0.00008 percent of all cancer cases per year to pesti-
cide residues.!® In fact, the risk from carcinogenic
compounds that occur naturally in food is much
greater than the risk from pesticide residues.126

123 Hayward, The Index of Leading Environmental Indicators.

124 Knutson et al., Economic Impacts of Reduced Chemical Use, 1990.

125 Utt, “The Divergence Between the Perceived and Real Risk of Pesticide Use,” 1991.

126 See Ames, Risks, Costs, and Lives Saved, 1996, chapter 2.
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Figure 46: Pesticide Use
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Toxic releases

The US Congress passed the Emergency Planning
and Community Right-to-Know Act in 1986 after
the toxic catastrophe in Bhopal, India and a near
disaster in West Virginia shortly after. This act
mandated the EPA to compile the Toxic Release In-
ventory (TRI), which requires industrial facilities to
report a broad range of toxic emissions. In 1993, the
latest year for which data are available, the TRI pro-
gram required the reporting of 316 chemical releas-
es in 20 different categories. In Canada, time-series
data do not exist over the same period, although
the National Pollutant Release Inventory (NPRI) be-
gan a similar program in 1993. Figure 47 shows the
data available for the United States and Canada.

In the United States, toxic releases declined sharply
over the brief period for which data are available.
Though this trend suggests an improvement in envi-
ronmental quality, toxic releases are a problematic
environmental indicator. Broad definitions apply to
toxic wastes and the TRI does not distinguish be-
tween releases that pose environmental problems
and those that do not. As the EPA points out: “TRI
data alone cannot indicate the risk that chemical re-
leases pose to human health and the environment.

1988 1989 1990 1991

... A determination of risk depends on many factors,
including the toxicity of the chemical, the extent of
exposure, the type of release, and the conditions of
the environment. For example, small releases of
highly toxic chemicals may present a greater risk
than large releases of less toxic chemicals.”1?’

Furthermore, the TRI definition of “releases”
makes no distinction between releases into the en-
vironment and instances where toxic wastes are
disposed of in well contained enclosures. For ex-
ample, though some chemical wastes are stored in
secure underground facilities, the TRI program
counts these underground disposals as toxic re-
leases.?8 In light of these problems with the data,
the decline in releases may be a positive sign of en-
vironmental improvement, but the magnitude of
this improvement is difficult to measure.

Wildlife

The North American wildlife population consists
of atleast 1,950 species of vertebrates, 4,200 species
of vascular plants, approximately 95,000 species
of invertebrates, and 34,000 species of insects.!?
Many more unrecorded species may exist.

127 USEPA, Executive Summary: 1993 TRI Data Release, 1995.
128 Ibid.

129 Environment Canada, State of Canada’s Environment, 1991, p. (6)4.
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Figure 47: Toxic Waste Releases
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Table 13: Summary of Pesticide Use and Toxic Release as Environmental Indicators

General comments

Performance Record: US

Performance record: Canada

Pesticides

* Use of DDT and several other harmful pesticides
has been discontinued.

* Today’s new class of pesticides are less persistent
and have fewer environmental side-effects.

[ » Pesticide use increases crop production, which

| means that less land is converted from

| wilderness to agricultural use.

| * Naturally occurring carcinogenic compounds

pose a much greater risk than pesticide residues.

® In the US, pesticide use fell from
204 kg /km? in 1980 to 195 kg/km?
in 1991.

e In Canada, pesticide use fell from
94 kg/km?in 1985 to 81 kg /km?in
1990.

| Toxic releases

| ® The US TRI requires the reporting of 316
chemical releases in 20 different categories.

» The Toxic Release Inventory (TRI) does not
distinguish between releases that pose an
environmental problem and those that do not.

* Determining risk depends on the toxicity of the
chemical, the extent of exposure, the type of
release and environmental conditions.

* The TRI makes no distinction between toxic
wastes released into the environment and those

| that are put into special, long-term storage
facilities.

® There has been a significant
reduction in releases from 1988 to
1993,

* Canada’s National Pollutant
Release Inventory (NPRI)
program, modeled after the TRI
program in the US, was started in
1993.
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Table 14: Summary of Wildlife as Environmental Indicator

General comments

Performance record: US

Performance Record: Canada

* The North American wildlife
population is diverse.

» There is no standard by which to
determine the threats human activity
actually poses to ecosystems.

* The rate of species extinction, the
practice of relating species decline to
habitat destruction, and even the total
number of species that exist are all
hotly disputed issues in the scientific
community.

plants.

* The number of species officially desig-
nated as threatened or endangered by
the US Fish and Wildlife Service has tri-
pled from 283 in 1980 to 836 in 1994.

* More than half of the species listed are

* The US Fish and Wildlife Service has
identified another 3,500 species as
candidates for listing.

¢ In Canada the number of species cate-
gorized by the Committee on the Status
of Wildlife as extinct, extirpated, en-
dangered, threatened, and vulnerable
has increased from a total of 17 in 1978
to 264 in 1995.

¢ Plants have been the largest category of
listed species since 1986.

The number of species officially designated as
threatened or endangered by the United States Fish
and Wildlife Service has tripled from 283 in 1980 to
836 in 1994 (figure 48). In Canada, the number of
species designated by the Committee on the Status
of Wildlife (COSEWIC) as extinct, extirpated, endan-
gered, threatened, or vulnerable!® has increased
from a total of 17 in 1978 to 264 in 1995 (figure 49).

Although the number of endangered species in the
United States appears to exceed those in Canada
greatly, it is unclear whether this reflects any actual
differences in the number of endangered species.
The numbers may reflect differences between the
countries’ definitions of what constitutes an en-
dangered species. In addition, definitions within
countries have changed to include more species
over time. In the United States, for example, spe-
cies are listed according to a process established by
the Endangered Species Act (1973). The public
originally supported the act on the grounds that it
would protect animals such as the bald eagle and
the grizzly bear. Today, however, more than half of
the species listed are plants (figure 50). The Fish
and Wildlife Service has identified an additional
3,500 species as candidates for listing. 3!

In Canada, over 120 government and private pro-
grams address wildlife issues.!® The Committee
on the Status of Wildlife is composed of federal,
provincial, and territorial management agencies,
the Canadian Nature Federation, the Canadian
Wildlife Federation, and the World Wildlife Fund
of Canada. Figure 51 shows the trends in species
listings. Since 1986, plants have been the largest
category of the species listed.

There are many problems with using wildlife as an
indicator when assessing environmental quality.
For example, the practice of relating the number of
species becoming extinct to the amount of habitat
destruction is a hotly disputed topic in the scientif-
ic community.’® In addition, there is uncertainty
associated with which species should be classified
as endangered and the distinction between a spe-
cies and a subspecies.!?* Regardless of the answers
to these scientific questions, private landowners
are being forced to bear almost the entire burden of
protecting listed species and habitat. In the United
States, “critical” habitat is heavily regulated with-
out compensation for the landowners, a practice
that has already begun to erode political support
for species and habitat protection.

130 Extinct: a species no longer existing; extirpated: a species no longer existing in the wild in Canada but existing elsewhere; en-
dangered: a species facing imminent extirpation or extinction; threatened: a species likely to become endangered if limiting
factors are not reversed; vulnerable: a species of special concern because it has characteristics that make it particularly sensi-
tive to human activities or natural events. From COSEWIC, Canadian Species at Risk, 1995, p-1

131 Mann and Plummer, “The Butterfly Problem,” 1992, p. 52.

132 Environment Canada, State of Canada’s Environment, 1991, pp. (6)20-3.

133 Edwards, “Conserving Biodiversity,” 1995, pp. 211-65.

134 Easterbrook, “The Birds,” 1994. Easterbrook argues that the number of spotted owls has been badly underestimated, that it
does not differ genetically from the spotted owl populations in California, that it thrives in more kinds of habitat than is

claimed, and, therefore, that it is not endangered.




Figure 48: Wildlife at Risk in the United States
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Figure 49: Wildlife at Risk in Canada
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Figure 50: Species at Risk in the United States
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Figure 51: Species at Risk in Canada
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Index of Environmental Indicators

The indicators in this report show improvements
in many areas of environmental concern including
air and water quality, natural resource use, and sol-
id waste management. This section develops an in-
dex that measures improvements or reductions in
overall environmental quality for the United States
and Canada. The index shows that the relative se-
verity of environmental problems is decreasing
and that environmental quality in most categories
is improving relative to the quality in 1980. It also
shows that overall environmental quality has im-
proved relative to 1980 levels for both countries.

Methodology

To aggregate individual environmental indicators
such as lead, phosphorus, and soil erosion into a
single measure of environmental quality, a com-
mon unit of measure is required. To create the index
of environmental indicators, annual values within
each of the four main categories (air quality, water
quality, natural resources, and solid waste) are con-
verted to the base year 1980. This makes it possible
to compare environmental quality in later years to
the base year. It is important to note that this ap-
proach allows a comparison of relative values only.
The base-80 values do not provide any information
about the absolute level of environmental quality.
This is unavoidable as assessments of absolute en-
vironmental quality are value judgments, beliefs
about the “state of nature” that are social constructs
varying among societies and over time.!

Base-80 values are comparable across categories
because they are measured in the same units. For
the same reason, these values can be averaged. A
second technical issue arises when determining
the weight assigned to each indicator. For example,
it is difficult to quantify the respective weights to

be given to air and, say, water pollution. For this
reason, no attempt is made to give relative weights
to each indicator. For each year, base-80 values are
averaged within each of the four environmental
categories (air quality, water quality, natural re-
sources, solid waste). The category averages are
then weighted equally to arrive at an overall aver-
age for each year.!?® The resulting time series rep-
resents the general trend in environmental quality
for the United States and Canada.

It was necessary to account for missing data in
many categories because the available time-series
environmental data are often incomplete. Straight-
forward linear regression techniques are used to
estimate missing values. In cases where trends are
improving, however, the law of diminishing mar-
ginal returns may begin to have a significant effect.
This means that future improvements may be
more difficult to achieve than past ones. In such
cases, linear projections would overestimate the
rate of environmental improvement. For this rea-
son, linear projections are used only to interpolate,
that is, to fill gaps between known data points and
years without data. Forward projections are con-
servatively estimated: they use the last known data
point as an estimator for later years with missing
data. This technique ensures that no additional en-
vironmental improvement is assumed where data
are missing. In cases where backward projections
are necessary, missing data are also conservatively
estimated. As a result, the index of environmental
indicators likely underestimates the actual improve-
ment in environmental quality relative to 1980.

Results

Tables 15 and 16 show the base-80 values for each
environmental indicator as well as category and

135 For a comprehensive discussion of the wide variety of beliefs about nature in this century alone, see Bramwell, Ecology in the

20th Century, 1989,

136 This two-stage averaging process is necessary to avoid giving exaggerated weight to categories that include a larger number

of sub-categories.
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Figure 52: Relative Severity of Environmental Problems in the United States
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Figure 53: Relative Severity of Environmental Problems in Canada
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overall averages for the United States and Canada
from 1980 to 1993.1% The category averages are pre-
sented graphically in figures 52 and 53. The trend in
each country is clear: relative to the situation in
1980, environmental pollution is declining in sever-

1 L | I |

1988 1990

ity in the categories of air quality, water quality, nat-
ural resources, and solid waste. On average, overall
environmental problems in the United States in
these categories were 16.3% less severe in 1993 than
in 1980, and 15.6% less severe in Canada (figure 54).

137 This is the time period for which the data are most complete across all categories.
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Figure 54: Relative Severity of Environmental Problems in the United States and Canada
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The greatest improvements in the environment in
both countries were in air and water quality. In Can-
ada, overall ambient air quality improved by 41.5%
while water quality improved by 26.9% between
1980 and 1993. During the same period, American
ambient air quality showed an 42.0% improvement,
while water quality improved by 27.2%. The im-
provement in water quality, however, should be
taken with a note of caution as the available data
represent only a small fraction of the number of riv-
ers, lakes and streams in each country.

While these trends are encouraging, a few indica-
tors showed a decrease in environmental quality.
For example, ground-level ozone levels deteriorat-
ed in Canada in the 1980s. Because ground-level
ozone is the result of many factors, its reduction re-
mains a particularly difficult regulatory problem.
In addition, freshwater consumption in Canada in-
creased relative to renewable freshwater resources.
However, since Canada has abundant water re-
sources and since freshwater consumption could be
drastically reduced by allowing it to be sold at mar-
ket value, this trend may not be of great concern.

In the United States and Canada, municipal waste
generation has increased substantially since 1980;

recycling rates, however, have increased as well.
While Americans and Canadians produced in-
creasing amounts of refuse, fewer economically
valuable resources were being sent to landfills and
incinerators. In addition, using the total amount of
waste generated as an indicator of environmental
quality may overstate the waste problem, as there
is no shortage of landfill space in either the United
States or Canada.

Conclusion

The Fraser Institute-Pacific Research Institute index
of environmental indicators shows that fears about
increasing environmental degradation in Canada
and the United States are unfounded. In both coun-
tries, environmental quality is getting better, not
worse. While it is impossible to determine the exact
magnitude of the improvement in the environment
due to the difficulty in determining how overall en-
vironmental quality should be measured as well as
the lack of data for some important categories, the
direction of the change in quality is clear. While
there are still some serious environmental prob-
lems that need to be addressed, overall environ-
mental quality is improving,.
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Table 15: Relative Severity of Environmental Problems in the United States (base year 1980)*
Values >1 represent an increase in environmental degradation; values <1 represent a decrease.

1980 ( 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 ch:lfgte“

Air qualityc©

50, | 1.00 (094 [0.86 [0.83 |0.84 |0.84 [0.83 (081 [0.82 (079 [0.73 [0.72 | 067 |0.66 | -0.339

NO, 1.00 {096 | 0.89 (0.89 |0.93 [0.80 | 0.81 |0.80 [0.81 | 0.80 |0.76 | 0.75 | 0.73 | 0.71 | -0.289

Ozone 1.00 {091 (050 [1.00 [0.90 [0.90 | 0.87 | 091 | 099 |0.85 | 0.83 | 0.84 | 0.78 0.80__:0.20T-

Cco 1.00 {097 | 087 [0.88 | 0.87 _0.74 076 | 0.72 | 0.69 | 068 | 0.62 | 059 | 0.56 | 0.53 | -0.473

TSP 1.00 (0.89 [0.76 0:75 0.78 | 074 [0.74 | 076 | 0.77 | 0.75 | 0.74 | 0.74 | 0.74 074 | -0.263
T’b 1.00 | 081 [0.50 | 0.38 [0.36 |0.28 | 0.18 [0.16 | 0.11 | 0.08 | 0.08 | 0.06 |0.05 |0.05 | -0.955 i

Average 1.00 {091 (0.80 |0.79 [0.78 |0.72 | 0.70 [0.69 | 0.70 |0.66 | 063 | 0.62 | 059 | 0.58 | -0.420

Water quality

“Exceedances™P 1.00 1095 (1.03 | 1.03 | 0.90 | 0.85 | 0.75 [0.68 [0.70 [0.88 [0.78 | 048 | 0.80 | 0.84 | —-0.163

Phosphorus (Gr. Lakes) | 1.00 | 096 [0.91 |0.87 (083 |0.78 | 078 [0.87 |0.83 [078 |0.78 | 074 | 074 | 0.78 | -0.217

Nitrogen (Gr. Lakes) 1.00 | 1.02 {1.03 |1.05 [1.06 |1.08 | 1.11 (113 |1.12 (114 |1.15 |[1.18 |1.14 |1.12 | 0.118

| DDE (Gr. Lakes) 100 (148 (145 (070 (081 (081 |0.68 | 045 | 0.64 | 0.69 | 0.53 | 0.63 | 0.63 | 063 | -0.368
PCB (Gr. Lakes) 1.00 | 1.37 | 1.19 | 0.78 | 0.83 | 0.63 | 0.51 |0.35 [0.45 [0.58 (037 [038 | 038 038 | -0.620
HCB (Gr. Lakes) 1.00 {141 (094 | 047 (071 | 041 (041 | 024 (041 | 041 (018 |0.18 |0.18 |0.18 | —0.824

Average (Great Lakes)® | 1,00 [1.25 | 1.10 [0.77 | 0.85 |0.74 |0.70 | 061 [0.69 | 072 | 0.60 | 062 | 0.61 0.62 | -0.382

Average! 1.00 (1.10 [ 1.06 | 0.90 | 0.87 [0.80 [0.72 | 0.64 | 0.69 | 0.80 | 0.69 | 055 [0.71 | 0.73 | -0.272

Natural resources

Forests® 100 (101 (1.02 [1.03 [1.04 (1.05 [1.06 |1.06 |1.06 | 1.06 | 1.07 | 1.07 | 1.07 |1.07 | 0.071
Water! 1.00 | 0.98 [0.96 | 094 | 092 [0.90 | 0.90 | 0.90 [0.90 | 090 (091 | 091 |091 |091 | -0.095
! Energy' 1.00 (099 (095 (098 [095 |0.96 | 096 | 098 | 1.00 | 1.01 | 098 | 096 | 0.97 | 1.01 0.010

.Developmenlsprawlf 1.00 {1.00 [1.01 [1.01 |1.01 [1.01 {1.01 |1.01 [1.01 |1.01 [1.01 |1.01 [1.01 |1.01 | 0.006

Soil erosion 1.00 {098 (093 |092 [091 |0.89 | 088 [0.87 |0.84 [0.80 |077 | 074 [ 0.71 | 0.71 | -0.295

|Average 1.00 1 099 | 097 | 0.98 | 097 |0.96 |0.96 [096 (096 [096 [094 [ 094 | 093 | 094 | -0.061

‘ Solid waste

‘ Waste generation 1.00 {102 [1.03 [1.05 |1.07 [1.09 |1.13 |1.17 (121 |1.25 |1.29 | 133 |137 |137 0.367
Recycling rateX 1.00 ({099 | 097 |096 [0.95 [0.94 | 092 [091 | 090 [089 | 087 |0.86 |085 | 083 | -0.168
Average 100 (1.00 [ 1.00 |1.01 |1.01 (1.01 |1.03 [1.04 |1.05 |1.07 |1.08 |1.09 [1.11 |1.10 | 0.100

Overall averaget

1.00 | 1.00 | 0.96 (0.92 (091 | 0.87 [ 0.85 | 0.83 [ 0.85 | 0.87 | 0.84 | 0.80 | 0.83 | 0.84 -—0.163J




Table 16: Relative Severity of Environmental Problems in Canada (base year 1980)A
Values >1 represent an increase in environmental degradation; values <1 represent a decrease.

1980 | 1981 [ 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 ch?rf;es
Air quality®©
80, 1.00 |0.89 (0.89 | 067 | 0.78 [ 0.67 | 0.67 | 0.56 | 0.67 | 0.67 | 0.67 | 0.56 | 0.56 | 0.56 | ~0.444
NO, 1.00 (092 092 | 088 | 092 | 084 (088 (092 [0.84 | 088 |0.84 |0.80 | 0.72 | 076 | -0.240
Ozone 1.00 | 094 1100 [1.00 [1.00 |1.00 |1.06 [1.06 |1.19 |1.19 (106 (125 |1.13 |1.13 | 0125
co 1.00 |1.01 |0.86 [0.79 [0.70 | 065 | 062 | 0.63 | 060 | 063 | 054 (050 | 048 | 049 | -0.512
TSP 1.00 |088 [0.78 [0.71 [0.70 |0.64 |0.64 [ 0.71 | 066 | 0.65 | 058 | 057 |0.52 |0.53 | -0.466
Pb 1.00 (094 | 077 |0.73 (0.66 |0.53 (045 | 028 |0.18 |0.16 |0.07 | 0.05 [0.05 | 0.05 | -0.951
Average 1.00 | 093 |087 (080 |0.79 (072 | 0.72 [0.69 | 069 [0.70 | 0.63 |0.62 | 058 | 0.59 | -0415
Water quality
“Exceedances? 1.00 | 1.00 | 1.00 {1.00 [1.00 (1.02 |1.02 |1.02 | 098 | 097 | 0.79 | 0.76 | 0.78 | 0.84 | -0.155
Phosphorus (Gr. Lakes) | 1.00 (096 |[091 (0.87 (0.83 [0.78 |0.78 | 087 | 0.83 | 0.78 | 0.78 | 0.74 | 0.74 | 078 | -0.217
Nitrogen (Gr. Lakes) 1.00 {102 {103 [1.05 |1.06 |1.08 [1.11 |1.13 |112 [1.14 | 115|118 |1.14 (112 | 0.118
DDE (Gr. Lakes) 1.00 |148 (145 [0.70 |0.81 |0.81 | 0.68 | 045 | 064 | 069 | 053 | 063 |063 | 0.63 | -0.368
PCB (Gr. Lakes) 1.00 137 | 119 (0.78 | 0.83 (063 | 051 (035 | 045 (058 | 037 | 0.38 | 0.38 | 0.38 | -0.620
HCB (Gr. Lakes) 1.00 | 141 |054 (047 | 071 | 041 (041 |0.24 | 041 {041 |018 |0.18 | 0.18 | 018 | -0.824
Average (GreatLakes)® | 1,00 | 125 |1.10 |077 |085 (074 | 070 | 061 | 0.69 | 0.72 | 0.60 | 062 | 0.61 | 0.62 | —0.382
Average® 1.00 {112 | 1.05 |0.89 (092 (088 [0.86 (081 [0.83 | 0.85 | 0.70 | 0.69 |0.70 |0.73 | -0.269
Natural resources
Forests® 100 [ 1.04 |1.09 |1.13 |1.18 |1.22 | 1.18 [ 1.14 [1.10 [1.06 [1.02 | 098 | 094 | 094 | -0.059
Watert! 1.00 [1.03 (105 |1.08 (110 |1.13 (1.14 | 114 (115 |1.16 (117 |1.18 |1.19 | 120 | 0.200
Energy' 1.00 |1.00 (094 (091 (086 |0.84 | 0.84 | 0.81 | 0.79 | 0.80 | 0.78 | 0.74 | 0.74 | 0.71 | -0.294
Development sprawl/ 1.00 (1.02 |1.02 | 102 |1.02 ({1.02 |1.01 |1.01 [1.01 |1.01 |1.01 |1.01 |[1.01 |1.01 0.006
Soil erosion 1.00 | 1.00 (1.00 |1.00 [1.00 |1.00 (099 | 098 [0.97 | 096 | 0.96 [0.95 | 095 | 095 | -0.053
Average 1.00 (1.02 (1.02 |1.03 |1.03 |1.04 |1.03 |1.02 | 1.00 | 1.00 | 099 | 097 | 0.96 | 0.96 | -0.040
Solid waste
Waste generation 100 |1.04 [1.09 |13 (1.7 |1.21 (126 | 130 (134 | 139 [ 143 [146 | 149 (149 | 0492
Recycling rateX 100 | 098 (097 |095 (094 |092 [090 |0.87 (0.85 | 0.82 |0.78 (0.74 | 0.70 | 0.70 | -0.295
Average 1.00 | 1.01 | 1.03 |1.04 | 1.05 | 1.07 |1.08 |1.09 |1.09 [ 1.10 | 1.10 | 1,10 | 1.10 |1.10 | 0.098
Overall average®

1.00 |1.02 | 099 (094 (095 | 093 [ 092 | 090 |0.91 |0.91 (085 |0.85 | 0.83 | 0.84 |-0.156




Environmental Indicators

P o= O o om

Except where otherwise noted, missing data were either extrapolated backward using the earliest available data point or extrapolated for-
ward using the last available data point. See text for explanation.

Net change equals the 1993 base-80 value minus the 1980 base-80 value; multiply by 100 to obtain a percentage change. Any slight discrep-
ancies between the net change column and the difference between the 1993 and 1980 columns are due to rounding-off.

Ambient levels.

An “exceedance” is an instance of a reported failure to comply with a standard. This line shows the percentage of readings failing to meet
local standards. In table 15, this is an average of fecal coliform, dissolved oxygen, and phosphorus; in table 16, this is an average of respons-
es from British Columbia, Alberta, Saskatchewan, Manitoba, and New Brunswick.

Average of phosphorus, nitrogen, DDE, PCB, and HCB.

Average of the line “Exceedances” and the line "“Average (Great Lakes).”

In table 15, this is the ratio of harvest to growth; in table 16 this is the ratio of annual allowable cut (AAC) to growth.

Ratio of withdrawals to renewable resources.

Ratio of consumption to production.

Developed land (urban + agricultural) as a proportion of total land base.

Recycling rate is an average of the rate of recycling of paper and cardboard and of glass. The rates are inverted to express the proportion
of waste not recycled. Canadian glass recycling figures (table 16) were unavailable before 1990, so figures for 1980 to 1989 were derived
using the average ratio of paper and cardboard to glass for years where data is available.

Overall average is the average of the lines “Average (air quality),” “Average (water quality),” “ Average (natural resources),” and " Average
(solid waste).”
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