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Chapter 2

Natural Capital, Linkages between the Economy and the Environment, and Pollution
This chapter delves more deeply into the role of environmental economics in assessing how society can sustain its economy and environment.  We introduce the concept of natural capital to help link the environment with the economy and to differentiate between environmental and natural resource economics.  The chapter extends the concept of sustainability presented in Chapter 1 and defines terms used throughout the book. We conclude with observations about the state of Canada’s natural capital. 

Natural Capital

Canada’s natural capital is the stock of natural and environmental resources that sustain our ecosystems, economy, and wellbeing of our residents.  Three components comprise natural capital:  

1. Natural resource capital – stocks of renewable and nonrenewable resources (e.g., minerals and energy, forests, water, fisheries); 
2. Ecosystems or environmental capital – systems that provide essential environmental goods and services such as our atmosphere and waste assimilation provided by forests, grass and wetlands; and 
3. Land 
The word natural capital has come be used by economists and environmentalists alike because it merges key elements from the economy and natural environment – ‘natural’ to denote ecosystems and all their component parts and ‘capital’ to represent that nature also is:

· A store of value, like other forms of capital – human and physical – natural capital has huge intrinsic value.   It sustains life, economic activity, and wellbeing.

· Capable of producing goods and services (food, motor vehicles, electricity and more intangible goods such as wellbeing or quality of life) over time.  While this is especially true of our sustainable resources – water, the atmosphere, land fertility, even resources that are depletable (minerals, fossil fuels) typically can be extracted over long periods of time. Natural capital provides inputs into everything we consume and enjoy on the planet.
· Depletable if there is not enough reinvestment in sustaining the capital stock. When human activity (or natural forces such as extreme weather events, earthquakes) run down the stock of natural capital and don’t invest in sustaining it, natural capital will decline and no longer be able to produce goods and services over time.  

Sustaining our natural capital at a healthy level is essential to sustain our population and any economic system. Using natural capital to produce goods and services for people has three effects:  (1) using natural capital inputs draws down the stock, producing valuable goods and services but for many forms of natural capital, leaving less to use tomorrow; (2) residuals or waste occur as by-products of use; and (3) these waste products may further degrade the quality and quantity of the remaining natural capital stocks. Figure 2-1 illustrates the connectedness of the environment and economy and will help highlight the focus of environmental economics versus that of natural resource economics.  
Natural Resource and Environmental Economics

Figure 2-1 shows the flow of natural capital inputs into the production of goods and services that are ‘consumed’ by people. The study of how to efficiently extract or harvest or use natural capital inputs over time is the primary subject of natural resource economics. The natural capital inputs come from stocks of renewable and non-renewable resources. The living resources, like fisheries and timber, are renewable; they grow over time according to biological processes. Harvesting from these resources can be sustainable over time. Some non-living resources are also renewable, the classic example being the sun’s energy that reaches the earth and hydrological cycles. Non-renewable resources are those for which there are no processes of replenishment—once used, they are gone forever. Extraction is thus non-sustainable. Classic examples are fossil fuels such as petroleum and natural gas reservoirs and non-energy mineral deposits. Certain resources, such as many groundwater aquifers, have replenishment rates that are so low they are in effect non-renewable. Living resources can also become non-renewable if harvests continually exceed the growth of the resource stock.

A resource that is vitally important to the survival of all species resides not in any one substance but in a collection of elements: biological diversity. Biologists estimate that there may be as many as 30 million different species of living organisms in the world today. These represent a vast and important source of genetic information, useful for the development of medicines, natural pesticides, resistant varieties of plants and animals, and so on. Human activities have substantially increased the rate of species extinctions, so habitat conservation and species preservation have become important contemporary resource problems.

One of the distinguishing features of most natural resource issues is that they are heavily “time dependent.” This means that their use is normally spread out over time, so rates of use in one period affect the amounts available for use in later periods. In the case of non-renewable resources this is relatively easy to see. How much petroleum should be pumped from a deposit this year, realizing that the more we pump now the less there will be available in future years? But these trade-offs between present and future also exist for many renewable resources. What should today’s salmon harvesting rate be, considering that the size of the remaining stock will affect its availability in later years? Should we cut the timber this year, or is its growth rate high enough to justify waiting until some future year? These are issues with a strong intertemporal dimension; they involve trade-offs between today and the future. Certain environmental problems are also like this, especially when dealing with pollutants that accumulate, or pollutants that require a long time to dissipate. What is in fact being depleted here is the earth’s assimilative capacity, the ability of the natural system to accept certain pollutants and render them benign or inoffensive. Some of the theoretical ideas about the depletion of natural resources are also useful in understanding environmental pollution. In this sense assimilative capacity is a natural resource akin to traditional resources such as oil deposits and forests.

Figure 2-1: A Circular Flow Relationship for the Environment and the Economy

CATCH REVISED FIGURE 2-1 
The natural environment provides natural capital inputs to the economic system. Production and consumption generate residuals that can be recycled, but ultimately are discharged back to the natural environment. The residuals degrade the natural capital stock and without means of reinvestment or rejuvenation, will degrade and deplete the natural environment.

Environmental economics examines the waste products or residuals from production and consumption and how to reduce or mitigate the flow of residuals so they have less damage on the natural environment and depletion of natural capital. In Figure 2-1, the arrows emanating from consumers and producers show possible pathways of residual flows. Production and consumption create all types of materials residuals that may be emitted into the air or water or disposed of on land. The list is incredibly long: sulphur dioxide, volatile organic compounds, toxic solvents, animal manure, pesticides, particulate matter of all types, waste building materials, heavy metals, and so on. Waste energy, in the form of heat and noise, and radioactivity, which has characteristics of both material and energy, are also important production residuals. Consumers are also responsible for enormous quantities of residuals, chief among which are domestic sewage and automobile emissions. All materials in consumer goods must eventually end up as residuals, even though some may be recycled along the way. These are the source of large quantities of solid waste, as well as hazardous materials like toxic chemicals found in items such as pesticides, batteries, paint, and used oil.

Environmental economics focuses on measures to reduce the flow of residuals and their impact on society and the natural environment, but it is not the only one. Humans have an impact on the environment in many ways that are not pollution-related in the traditional sense. Habitat disruption from housing developments or roads and pipelines, scenic degradation, and drainage of wetlands for agricultural production are examples of environmental impacts that are not related to the discharge of specific pollutants. Environmental economics looks for ways to change the way economic activity is done to reduce these damages to the environment and protect natural capital. Some courses combine the study of environmental and natural resource economics. Indeed, the two are part of the same big picture as illustrated in Figure 2-1. To go more deeply into the study of how society can reduce waste and help sustain the environment, this text focuses on models and analysis devoted to reducing pollution and environmental degradation.
Reducing the Flow of Residual Wastes into the Environment

Recycling can obviously delay the disposal of residuals. But recycling can never be perfect; each cycle must lose some proportion of the recycled material. This shows us something very fundamental:

To reduce the mass of residuals disposed of in the natural environment, the quantity of natural capital inputs taken into the economic system must be reduced.
There are essentially three ways of reducing the use of natural capital inputs and, therefore, residuals discharged into the natural environment:

(
Reduce the quantity of goods and services produced. Some people argue that this is the best long-run answer to environmental degradation: reducing output, or at least stopping its rate of growth, would allow a similar change in the quantity of residuals discharged. Some have sought to reach this goal by advocating “zero population growth” (ZPG). A slowly growing or stationary population can make it easier to control environmental impacts, but does not in any way ensure this control, for two reasons. First, a stationary population can grow economically, thus increasing its demand for inputs from nature. Second, environmental impacts can be long run and cumulative, so that even a stationary population can gradually degrade the environment in which it finds itself. But it is certainly true that population growth will often exacerbate the environmental impacts of a particular economy. In the Canadian economy, for example, the emission of pollutants per car has dramatically decreased over the last few decades through better emissions-control technology. But the sheer growth in the number of cars on the highways has led to an increase in the total quantity of certain automobile emissions in many regions, most particularly large cities such as Toronto, Montreal, and Vancouver.

(
Reduce the residuals from production. This means reducing residuals per unit of output produced. There are basically just two ways of doing this. We can invent and adopt new production technologies and practices that produce smaller amounts of residuals per unit of output produced. We can call this reducing the residuals intensity of production. When we discuss Canadian policy responses to GHG emissions and atmospheric warming, for example, we will see that there is much that could be done to reduce the CO2 intensity of energy production, especially by shifting to different fuels but also by reducing energy inputs required to produce a dollar’s worth of final output. This approach is also called pollution prevention.


The other way of reducing residuals from production is to shift the composition of output. Output consists of a large number of different goods and services, producing different amounts and types of residuals. So another way to reduce the total quantity of residuals is to shift the composition of production away from high-residuals items and toward low-residuals items, while leaving the total intact. The concept of a low-carbon economy is one where fewer fossil fuels are used as energy sources and consumers and producers increase the energy efficiency of their activities. Another example is to shift from primarily a manufacturing economy toward services. Most economies have experienced relatively fast rates of growth in their service sectors, especially in recent years. The rise of the information technology sectors is another example. It is not that these new sectors produce no significant residuals; indeed, some of them may produce harsher leftovers than we have known before. The computer industry, for example, uses a variety of chemical solvents for cleaning purposes. But on the whole these sectors probably have a smaller waste-disposal problem than the traditional industries they have replaced.

Consumers can influence these production decisions by demanding goods that are more environmentally friendly than others. An environmentally friendly good releases fewer or less harmful residuals into the environment than more pollution-intensive goods. Examples are liquid soaps without antibiotics added, thermometers that do not contain mercury, laundry detergents without phosphates, and energy-efficient appliances and vehicles.

(
Increase recycling. Instead of discharging production and consumption residuals into the environment, we can recycle them back into the production process. The central role of recycling is to replace a portion of the original flow of inputs from nature. This can reduce the quantity of residuals discharged while maintaining the rate of output of goods and services. Recycling may offer opportunities to reduce waste flows for economies all over the world. But we have to remember that recycling can never be perfect, even if we were to devote enormous resources to the task. Production processes usually transform the physical structure of materials inputs, making them difficult to use again. The conversion of energy materials makes materials recovery impossible, and recycling processes themselves can create residuals. But materials research will continue to progress and discover new ways of recycling. For a long time, automobile tires could not be recycled because the original production process changed the physical structure of the rubber. Used tires are now being used as roadbed material for road construction, as garbage bins, and even to produce footwear. We no longer see vast stockpiles of used tires that used to blight Canadian landscapes and occasionally caused major environmental problems when they have ignited, such as several tire fires in Ontario in the late 1990s that spewed toxic compounds into the air for days.
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These fundamental relationships are very important. Our ultimate goal is to

reduce the damages caused by the discharge of production and consumption residuals.

Reducing the total quantity of these residuals is one major way of doing this, and the relationships discussed indicate the basic ways that it may be done. But we can also reduce damages by working directly on the stream of residuals. 

Terminology

While all key terms are defined in the Glossary, the following are some of the common terms that will be used throughout the text.

(
Ambient quality: “Ambient” refers to the surrounding environment, so ambient quality refers to the quantity of pollutants in the environment; for example, the concentration of SO2 in the air over a city or the concentration of a particular chemical in the waters of a lake.

(
Environmental quality: A term used to refer broadly to the state of the natural environment. This includes the notion of ambient quality, and also such things as the visual and aesthetic quality of the environment.

(
Residuals: Material that is left over after something has been produced. A plant takes in a variety of raw materials and converts these into some product; materials and energy left after the product has been produced are production residuals. Consumption residuals are what is left over after consumers have finished using the products that contained or otherwise used these materials.

(
Emissions: The portion of production or consumption residuals that are placed in the environment, sometimes directly, sometimes after treatment.

(
Recycling: The process of returning some or all of the production or consumption residuals to be used again in production or consumption.

(
Pollutant: A substance, energy form, or action that, when introduced into the natural environment, results in a lowering of the ambient quality level. We want to think of pollutants as including not only the traditional things, like oil spilled into oceans or chemicals placed in the air, but also activities, like certain building developments, that result in “visual pollution.”

(
Effluent: Sometimes the term “effluent” is used to describe water pollutants, and “emissions” to refer to air pollutants, but in this book these two words will be used interchangeably.

(
Pollution: “Pollution” is actually a tricky word to define. Some people might say that pollution results when any amount, no matter how small, of a residual has been introduced into the environment. Others hold that pollution is something that happens only when the ambient quality of the environment has been degraded enough or its absorptive capacity exceeded enough to cause some damage. The word pollutant will be used to define a residual that degrades the natural environmental and can affect human health and the economy.
(
Damages: The negative impacts produced by environmental pollution—on people in the form of health effects, visual degradation, and so on, and on elements of the ecosystem through things like the disruption of ecological linkages or species extinctions.

(
Environmental medium: Broad dimensions of the natural world that collectively constitute the environment, usually classified as land, water, and air.

(
Source: The location at which emissions occur, such as a factory, an automobile, or a leaking landfill.

Types of Pollutants

 Characteristics of residuals that become pollutants are important to acknowledge in the design of policies to reduce their generation and impact on the environment. A number of distinctions are made below that we use throughout the text. 
Accumulative vs. Non-accumulative Pollutants

One simple and important dimension of environmental pollutants is whether they accumulate over time or tend to dissipate soon after being emitted. The classic case of a non-accumulative pollutant is noise; as long as the source operates, noise is emitted into the surrounding air, but as soon as the source is shut down, the noise stops. At the other end of the spectrum we have accumulative pollutants that stay in the environment in nearly the same amounts as they are emitted. Their total stock thus builds up over time as these pollutants are released into the environment each year. Radioactive waste, for example, decays over time but at such a slow rate in relation to human lifespans that for all intents and purposes it will be with us permanently. Another accumulative pollutant is plastics. The search for a degradable plastic has been going on for decades and, while gains have been made, most plastics decay very slowly by human standards; thus, what we dispose of will be in the environment permanently. Many chemicals are cumulative pollutants: once emitted they are basically with us forever.

Between these two ends of the spectrum there are many types of effluent that are to some extent but not completely cumulative. The classic case is organic matter emitted into water bodies; for example, the wastes, treated or not, emitted from municipal waste treatment plants. Once emitted the wastes are subject to natural chemical processes that tend to break down the organic materials into their constituent elements, thus rendering them much more benign. The water, in other words, has a natural assimilative capacity that allows it to accept organic substances and render them less harmful. If the assimilative capacity is exceeded, organisms will start to perish, but once the flow of the effluent is reduced to non-toxic levels the water quality will improve again. Of course, the fact that nature has some assimilative capacity doesn’t automatically mean that we have a strictly non-accumulative pollutant. Once our emissions exceed the assimilative capacity we would move into an accumulative process. For example, the atmosphere of the earth has a given capacity to absorb CO2 emitted by human and non-human activity, as long as this capacity is not exceeded. CO2 is a non-accumulative pollutant. But if the earth’s assimilative capacity for CO2 is exceeded, as it seems to be at the present time, we are in a situation where emissions are in fact accumulating over time.

Figure 2-2: Possible Relationships between Current Emissions and Ambient Pollution Concentration
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Panel (a) shows a non-accumulative pollutant where damages are proportional to current emissions. Panel (b) illustrates an accumulative pollutant where damages are dependent on the total stock of pollutant that has been released over time. The positive intercept of the curve shows that there will always be some damage even if emissions are reduced to zero.

Whether a pollutant is accumulative or non-accumulative, we still have essentially the same basic problem: trying to figure out the environmental damages and relating these back to the costs of reducing emissions. But this job is much more difficult for accumulative than for non-accumulative pollutants. Consider the graphs in Figure 2-2. Panel (a) represents a non-accumulative pollutant, while panel (b) depicts one that is accumulative. In panel (a) the graph begins at the origin, implying that current ambient concentrations are proportional to current emissions. Ambient concentrations are strictly a function of current emissions—reducing these emissions to zero would lead to zero ambient concentrations. But with accumulative pollutants the relationship is more complex. Today’s emissions, since they accumulate and add to the stock of pollutants already existing, will cause damages both today and into the future, perhaps into the distant future. It also means that the current ambient quantity of an accumulating pollutant may be only weakly related to current emissions. The graph in panel (b) begins well up the vertical axis from the origin and has a flatter slope than the other. Thus, a cutback in today’s emissions has only a modest effect on current ambient concentrations. Even if today’s emissions were cut to zero, ambient quality would still be impaired because of the cumulative effect of past emissions. The fact that a pollutant accumulates over time in the environment has the effect of breaking the direct connection between current emissions and current damages. This has a number of implications. For one thing, it makes the science more difficult. The cause-and-effect relationships become harder to isolate when there is a lot of time intervening between them. It also may make it more difficult to get people to focus on damages from today’s emissions, again because there may be only a weak connection between today’s emissions and today’s ambient quality levels. Furthermore, accumulative pollutants by definition lead to future damages, and human beings have shown a depressing readiness to discount future events and avoid coming to grips with them in the present.

Local vs. Regional and Global Pollutants

Some emissions have an impact only in restricted, localized regions, while others have an impact over wider regions, perhaps on the global environment. Noise pollution and the degradation of the visual environment are local in their impacts; the damages from any particular source are usually limited to relatively small groups of people in a circumscribed region. Note that this is a statement about how widespread the effects are from any particular pollution source, not about how important the overall problem is throughout a country or the world. Some pollutants, on the other hand, have widespread impacts, over a large region or perhaps over the global environment. Acid rain is a regional problem; emissions in one region of the United States affect people in Canada and other regions of the United States. The ozone-depleting effects of chlorofluorocarbon emissions from various countries work through chemical changes in the earth’s stratosphere, which means that the impacts are truly global.
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Other things being equal, local environmental problems ought to be easier to deal with than regional or national problems, which in turn ought to be easier to manage than global problems. If a person smokes out the neighbours with a wood stove, we may be able to arrange a solution among ourselves, or we can call on local political institutions to do it. But if that person’s behaviour causes more distant pollution, solutions may be more difficult. If we are within the same political system, we can call on these institutions to arrange solutions. In recent years, however, we have been encountering a growing number of international and global environmental issues. Here we are far from having effective means of responding, both because the exact nature of the physical impacts is difficult to describe and because the requisite international political institutions are only beginning to appear and the number of players can be quite large, making agreement very difficult.

Point Source vs. Nonpoint Source Pollutants

Pollution sources differ in terms of the ease with which actual points of discharge may be identified. The points at which sulphur dioxide emissions leave a large power plant are easy to identify; they come out the tops of the smokestacks associated with each plant. Municipal waste treatment plants normally have a single outfall from which all of the wastewater is discharged. These are called point source pollutants. On the other hand, there are many pollutants for which there are no well-defined points of discharge. Agricultural chemicals, for example, usually run off the land in a dispersed or diffused pattern, and even though they may pollute specific streams or underground aquifers, there is no single pipe or stack from which these chemicals are emitted. This is a nonpoint source type of pollutant. Urban stormwater runoff is an important nonpoint source problem.

[image: image6.jpg]



EPA Nonpoint Source Pollution Homepage: www.epa.gov/owow/nps<NOXMLTAGINDOC> <DOCPAGE NUM="37"> <ART FILE="NEWWEB~1.EPS" W="72pt" H="47.959pt" XS="100%" YS="100%"/> </DOCPAGE> </NOXMLTAGINDOC>
As one would expect, point source pollutants are likely to be easier to come to grips with than nonpoint source pollutants. They will probably be easier to measure and monitor and easier to study in terms of the connections between emissions and impacts. This means that it will ordinarily be easier to develop and administer control policies for point source pollutants. As we will see, not all pollutants fit neatly into one or another of these categories.

Continuous vs. Episodic Emissions

Emissions from coal-fired electric power plants or municipal waste treatment plants are more or less continuous. The plants are designed to be in operation continuously, though the operating rate may vary somewhat over the day, week, or season. Thus the emissions from these operations are more or less continuous, and the policy problem is to manage the rate of these discharges. We can make immediate comparisons between control programs and rates of emissions. The fact that emissions are continuous does not mean that damages are also continuous, however. Meteorological and hydrological events can turn continuous emissions into uncertain damages. But control programs are often easier to carry out when emissions are not subject to large-scale fluctuations.

Many pollutants are emitted on an episodic basis. The classic example is accidental oil or chemical spills. The policy problem here is to design and manage a system so that the probability of accidental discharges is reduced. But with an episodic effluent there may be nothing to measure, at least in the short run. Even though there have been no large-scale radiation releases from Canadian nuclear power plants, for example, we could still have a “pollution” problem if they are being managed in such a way as to increase the probability of an accidental release in the future. To measure the probabilities of episodic emissions we have to have data on actual occurrences over a long time period, or we have to estimate them from engineering data and similar information. We then have to determine how much insurance we wish to have against these episodic events and how to design policies that minimize the risks of an accidental spill.

Table 2-1 provides a list of the major pollutants in Canada, whether they are spatially differentiated or uniformly mixed, the major sources of emissions, and probable environmental impacts. Section 5 of the text looks at these pollutants in more detail and examines the types of policies being used in Canada to address these environmental problems.

Table 2-1: Major Pollutants in Canada
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Notes:
SD stands for a spatially differientiated pollutant



UM stands for a uniformly mixed pollutant



N stands for a non-accumulative pollutant



A stands for an accumulative pollutant



FF stands for fossil fuels

Environmental Damages Not Related to Emissions

So far the discussion has focused on the characteristics of different types of environmental pollutants as they relate to the discharge of residual materials or energy. But there are many important instances of deteriorating environmental quality that are not traceable to residuals discharges. The conversion of land to housing and commercial areas destroys the environmental value of that land, whether this is its ecosystem value, such as habitat or wetland, or its scenic value. Other land uses, such as logging or strip mining, can also have important impacts. In cases like these, our job is still to understand the incentives of people whose decisions create these impacts, and to change these incentives when appropriate. Although there are no physical emissions to monitor and control, there are nevertheless outcomes that can be described, evaluated, and managed with appropriate policies.

Environmental Quality  in Canada

We conclude this chapter with a brief look at some indicators of environmental quality for Canada to illustrate the different types of pollutants discussed in the previous section. We look at a few available measures of ambient air and water quality. 
Air Quality

The National Air Pollution Surveillance Network of Environment Canada monitors air quality at a number of sites across Canada.  They report ambient air quality by region and provide summaries of national averages per year.  You can look up air quality in Canada’s major urban communities (see: www.ec.gc.ca/mspa-naps and follow the links). Figures 2-3 through 2-6 shows average annual levels of air pollutants in Canada. These pollutants are suspended particulate matter (PM), nitrogen dioxide (NO2), ground-level ozone (O3), and sulphur dioxide (SO2). All of these pollutants come from both point and nonpoint sources. Key point sources are industries that burn fossil fuels, especially oil and coal. The major nonpoint source is motor vehicles. PM and O3 are generally considered non-accumulative pollutants; they are fairly quickly dissipated by winds and precipitation. They can, however, have significant local and regional effects. Air pollution is generally a much more serious problem in urban rather than rural areas, and in areas surrounded by mountains, which trap the air pollutants, rather than in flat terrain. SO2 and NO2 are the components of acidic precipitation, often called acid rain. Ecosystems differ in their ability to absorb or neutralize the acidic precipitation. In areas where there is little buffering capacity (that is, with soils and water that are alkaline enough to neutralize the acid), the soil and water can turn acidic and threaten sensitive wildlife and vegetation. The adverse effects of acid precipitation can be seen in many lakes in the Canadian Shield where aquatic species have been eliminated.6 Maple forests in eastern Canada have had a “die back” problem (low growth, sick trees) in part associated with acidification.

6. The Great Lakes have a large buffering capacity for acid precipitation due to their alkalinity (from limestone bedrock). They are thus not vulnerable to acidification.

Figure 2-3: Canadian Ambient Levels of Sulphur Dioxide, 1970-2008
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Sulphur dioxide levels have decreased by 96% since 1970.

Source:  Environment Canada, National Air Pollution Surveillance Network, accessed at: http://www.ec.gc.ca/rnspa-naps/Default.asp?lang=En&n=5C0D33CF-1, September 27, 2010.

Figure 2-4: Canadian Ambient Levels of Particulate Matter
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From 1970 to 2008 particulate matter has decreased by over 50% in ambient air.

Source:  Environment Canada, National Air Pollution Surveillance Network, accessed at: http://www.ec.gc.ca/rnspa-naps/Default.asp?lang=En&n=5C0D33CF-1, September 27, 2010.

Figure 2-5: Canadian Ambient Levels of Volatile Organic Compounds

[image: image10.jpg]9002

5002

o0z

£002

2002

1002

0002

6661

8661

1661

$51% 1990-2007

9661

S661

661

£661

Trends in annual mean volatile organic compounds (VOC), 1990 to 2007

2661

1661

iH

0661

10d su




Volatile organic compounds, including benzene, have declined significantly since measurements started in 1990. 
Source:  Environment Canada, National Air Pollution Surveillance Network, accessed at: http://www.ec.gc.ca/rnspa-naps/Default.asp?lang=En&n=5C0D33CF-1, September 27, 2010.

While the preceding figures show declining levels of pollution in Canada’s major metropolitan areas, one pollutant, ground-level ozong (O3) has stayed at relatively constant ambient levels over the past 16 years. Figure 2-6 illustrates. Section 5 examines the policies that have led to declines in most air contaminants: a combination of environmental regulations, technological changes, and voluntary actions.

Figure 2-6: Canadian Average Ground-Level Ozone Levels, April to September
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Source:  Environment Canada, National Air Pollution Surveillance Network
Water Quality

There is no national indicator of water quality in Canada. Water quality is sampled in specific rivers, groundwater reserves, and lakes and streams across the country. Water is monitored for fecal coliform (a bacteria responsible for gastronomic illnesses), various parasites and viruses, toxic compounds, and compounds that contribute to excessive growth of algae (e.g., nitrogen and phosphorus).7 One example is illustrated in Figure 2-7. Figure 2-7 shows the ambient concentrations of PCBs (polychlorinated biphenyls) in Canadian waterways. PCBs were used in transformers for electric power lines, industrial solvents, and other industrial uses. They are a toxic compound that bioaccumulates in the ecosystem, increasing in concentration for species that prey upon other species. We have PCBs in our bodies, absorbed from water and food products such as fish and meat. PCBs are associated with a number of health problems for humans and wildlife. They have been associated with reproductive and developmental abnormalities in birds and amphibians, cause contact rashes, and are a suspected carcinogen. This compound has been banned from production and use in Canada. Figure 2-7 shows the steady decline in PCB concentrations over the period from 1979 to 1992. Remember, however, that this is an accumulative pollutant, and while the flow has gone to zero (aside from accidental spills of shipments of “old” PCBs for special waste incineration), PCBs still reside within us and in the ecosystem.

7. The excessive growth of algae in surface water is called eutrophication. Excessive algae will use up the water’s oxygen supplies, making it difficult for animals to survive.

Did you know? Toxic compounds can come from all sorts of sources. For example, PCBs were used in the production of carbonless copy paper—the ink on the back of the first sheet was encapsulated in a layer of PCB oil. When the paper was used, the PCBs were released and have contaminated rivers in the United States.

Figure 2-7: Concentration of PCBs in Canadian Surface Waters, 1979 to 1992
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Note the steady decline in this toxic compound, which is now banned from production and use in Canada.

Source: Environment Canada (2000) Human Activity and the Environment, Table 6.3.2.

 However, 

Other water quality indicators provided by Environment Canada are shown in Figures 2-8 and 2-9. Figure 2-8 shows the ratings of water quality at 153 sites across Canada.  Water quality at the sites monitored was on average “fair” (43%) and only “excellent” at 7% of the sites.  Figure 2-9 shows the number of water quality monitoring sites with increasing, decreasing and unchanged phosphorus and nitrogen levels in Canada between 1990 and 2006.
Human activities are typically the cause of marginal and poor water quality.  Effluent from agriculture, industry, storm sewers, and insufficient sewage treatment are the usual causes.  Phosphorus had a major impact in many samplings.  Environment Canada reports that at least half of the phosphorus measurements exceeded the water quality guideline at 32% of the sites. Phosphorus and nitrates come from many non-point sources including fertilizers used in agriculture and by households, animal wastes, household use of detergents, and from industrial and municipal wastewater sources. As we will see in Chapter 16, many parts of Canada do not have adequate sewage treatment. Phosphorus, nitrates, and toxic compounds continue to flow into surface water and groundwater in areas where there is no municipal wastewater treatment or only the lowest level of treatment. As Figure 2-9 illustrates, risk to water quality from nitrates and phosphates continues to be an issue for a number of the sites monitored. High levels of these compounds harm ecosystems and adversely affect human health. A number of Canadian communities have had contaminated water supplies in recent years. Bacteria, viruses, parasites, and toxic compounds have sickened people and have led to deaths.8
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Figure 2-8: Status of freshwater quality for protection of aquatic life at monitoring sites in Canada, 2005 to 2007
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Water quality was assessed using the Canadian Council of Ministers of the Environment’s Water Quality Index. This chart is based on data from 153 river monitoring sites selected to be representative of Canada’s 16 river basin regions where human activities are most intense. 
Source: Data assembled by Environment Canada from federal, provincial, territorial and joint water quality monitoring programs, accessed at http://www.ec.gc.ca/indicateurs-indicators/default.asp?lang=En&n=68DE8F72-1 on September 27, 2010.
Figure 2-9: Number of water quality monitoring sites with increasing, decreasing and unchanged phosphorus and nitrogen levels in Canada between 1990 and 2006
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Sampling of of 76 sites for phosphorus and 83 for nitrogen shows that the levels of these compounds has fallen in only 29%(22 sites) for phosphorus and 12% (10 sites) for nitrates. High levels of these compounds adversely affect ecosystems and human health.
Source: Data assembled from federal and joint federal–provincial water quality monitoring programs and analyzed by Environment Canada, accessed at http://www.ec.gc.ca/indicateurs-indicators/default.asp?lang=En&n=68DE8F72-1 on September 27, 2010.
Summary

The purpose of this chapter was to explore some basic linkages between the economy and the environment. We explained the role of the natural environment’s natural capital that provides inputs that sustain life on the planet and economic production of goods and services and provided a circular flow framework to help illustrate the focus of environmental economics versus natural resource economics. Production and consumption activities produce residuals or wastes that if not recycled or treated to make them more benign will degrade or destroy the stocks of natural capital. The environment and economy will not be sustainable unless efforts are made to increase recycling, reduce the usage of natural capital inputs by making production and consumption more efficient (use less material throughput), or by reducing output. We provided a brief catalogue of the different types of emissions and pollutants, as well as non-pollution types of environmental impacts such as aesthetic effects.

Finally, we had a brief look at a few indicators of environmental quality in Canada to illustrate the types of pollutants we encounter in this country. We see that while some air and water pollutants have declined over time, there are many areas for concern that we explore more fully in Section 5.
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Discussion Questions

1.
How does population growth affect the balance of flows shown in Figure 2-1?

2.
If all goods could be changed overnight so that they lasted twice as long as before, how would this change the flows shown in Figure 2-1 in the short and long runs?

3.
A given quantity of a residual discharged at one time and place can be a pollutant; if it is discharged at another time or place it may not constitute a pollutant. Why is this true?

4.
Why are long-lived, cumulative pollutants so much harder to manage than short-lived, non-accumulative pollutants?

5.
Suppose we observe that emissions of a pollutant have decreased, but that environmental quality has not increased. What might be the explanation?

6.
Consider all the items you discard each week in your household garbage. How many that are currently being thrown out could be recycled or reused? How many are toxic compounds that might have more environmentally benign substitutes? What would it take to make you change your consumption habits to reduce the disposal of these products?

7.
Why do you think aggregate Canadian carbon dioxide emissions have been rising, while emissions per unit GDP have been falling since the 1970s? (See Figure 2-5.) Is the same likely to be true for the other air pollutants shown in Figure 2-4?

8.
Canada “imports” some of its air pollution from the United States. For example, sulphur dioxide emissions from coal-burning electricity generating plants in the eastern U.S. flow into eastern Canada. What has been happening to U.S. emissions of SO2 over time? You can find out by using the Web site of the U.S. Environmental Protection Agency: www.epa.gov.

9.
Consult the Web pages of the ministry responsible for the environment in your province. See what sort of environmental indicators they report and see how environmental quality has been changing over time.
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Ground-Level Ozone, Canadian Average, April to September, 1990-2006
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GL Ozone in Candian cities

		Year		Parts per billion (population-weighted)

		1990		35.3118

		1991		36.95443

		1992		33.75535

		1993		32.62977

		1994		35.98451

		1995		35.44302

		1996		34.1986

		1997		35.58069

		1998		39.00479

		1999		39.1673

		2000		34.35764

		2001		40.14445

		2002		40.11904

		2003		39.60843

		2004		35.52028

		2005		38.57001

		2006		36.89331
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