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Technical Information

Symbols and Abbreviations

Prefixes of the International System of Units

prefix Multiplication Factor
peta 10 1 000 000 000 000 000
The following standard symbols are used in Statistics tera 102 1 000 000 000 000
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Butans megalitres 28.62 MCm million cubic metres
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Crude oil megalitres 38.51 mg milligram
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Motor gasoline megalitres 34.66 Mt megatonne
Kerosene megalitres 37.68 ng nanogram
Diesel megalitres 38.68 nec not elsewhere classified
Light fuel oil megalitres 38.68 ppb parts per billion
Heavy fuel oil megalitres 41.73 ppm parts per million
Petroleum coke megalitres 42.38 SIC Standard Industrial Classification
Aviation gasoline megalitres 33.52 t metric tonne
Aviation turbo fuel rqegglitres 35.93 ug microgram
Natural gas gigalitres 37.97
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Introduction

Introduction

Understanding changes in environmental quality in
Canada demands a wide variety of information to por-
tray environmental change, its causes and its impacts.
Physical and biological data, compiled by scientific, en-
vironmental and natural resource agencies, contribute
to the evaluation of water, air, land and biotic resourc-
es. Social and economic data on population, agricul-
ture, manufacturing, transportation and energy are
essential in describing the role human activities play in
the process of environmental change.

Environmental Perspectives: Studies and Statistics
is a new publication for disseminating the results of sur-
veys and data development projects related to the envi-
ronment. It brings together data from a variety of
sources including surveys undertaken by Statistics
Canada, the agency's Environmental Information Sys-
tem, and other government and non-government data-
bases. The publication will appear between issues of
the quinquennial Human Activity and the Environment
which was last published in 1991

Whereas Human Activity and the Environment is a
comprehensive compendium of environmental data,
this publication should be seen more as a selection of
data and analysis that reflect the progress of Statistics
Canada in developing a more complete set of environ-
mental accounts and underlying data bases. The topics
covered in this volume have not been chosen to pro-
vide a balanced view of environmental conditions and
related activities, but rather to fill perceived gaps in the
environmental information system.

This edition of the publication covers five general
themes. Chapters 1 through 4 relate to the impact of in-
dustrial activity on the environment. The first two chap-
ters present newly developed data on energy use and
greenhouse gas emissions. The third brings together
economic and environmental data in a cross-sectional
analysis of the pulp and paper industry. In Chapter 4,
the movement of dangerous goods by truck and rail is
examined. Information on interprovincial movements by
class of material is presented along with statistics on
accidents.

Chapters 5 and 6 analyze land use and soil con-
servation. Chapter 5 presents a case study on the

1. The next issue of Human Activity and the Environment will appear in
1994 in order to provide more timely data from the quinquennial Census-
es of Population and Agriculture.

changing use of land surrounding Riding Mountain Na-
tional Park in Manitoba. More intensive land use
around the park brings increased stress on park wildlife
that use the surrounding area as part of their range.
Chapter 6 contains results on soil conservation practic-
es from the 1991 Census of Agriculture. Data on the
prevention of soil erosion are presented on a provincial
basis.

Chapter 7 combines data from the new Household
Environment Survey with family expenditure informa-
tion to provide an insight into environmental behaviour
of households. Data pertaining to mode of travel to
work, use of energy saving devices and many other
practices having an environmental impact are exam-
ined in the context of various characteristics such as
family income and dwelling type.

Chapters 8 through 12 deal with four new surveys
related to recycling and pollution abatement. Chapter 8
presents pollution abatement and control expenditures
by industry for 1989 as well as a six-year perspective
on pollution abatement expenditures relative to total
capital spending. Chapter 9 examines the 1990 sur-
vey of industrial packaging undertaken to provide
benchmark data for the National Packaging Protocol
which seeks to reduce packaging sent to disposal to
50% of the 1988 level by the year 2000. Waste man-
agement is examined from the perspective of private
contractors and local governments in Chapters 10 and
11 respectively. The results of the initial survey of pri-
vate waste management reported in Chapter 10 depict
a $1 billion industry in 1989. Tables show financial data
by province and firm size. Chapter 11 provides a pre-
liminary look at the characteristics of waste manage-
ment by local governments and the division of
responsibilities for collection, disposal and recycling for
those municipalities with a population greater than
50 000. Information is presented on recycling and haz-
ardous waste programs as well as other aspects of
waste management. Chapter 12 examines the prices of
selected scrap and virgin materials in order to describe
their respective behaviour in changing markets.

Finally, Chapter 13 reports on developmental work
on resource accounting for oil and gas. Different valua-
tion methods are compared and a series of estimates
are provided for oil and gas reserves according to sev-
eral assumptions about future prices and costs.

Environmental Perspectives 1993
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Energy Consumption

1 Energy Consumption

by Kirk Hamilton

Energy in general, and fossil fuel in particular, plays an
important role in the interaction between human activities
and the environment. Each stage in the production, trans-
port, refining, transformation and consumption of energy
commodities has actual or potential consequences for the
state and quality of the environment.

The production of energy commeodities often requires
gross physical changes in the environment, in the form of
open-pit mines for coal or oil sands, or flooding of large ar-
eas to provide reservoirs for hydro-electricity. The transport
systems for these commodities may entail physical chang-
es such as above-ground pipelines, or may produce unde-
sirable side-effects such as spills. Refining of energy
commodities carries with it the risk of emissions of noxious
or poisonous substances to the environment. And their
transformation (for example, burning fossil fuels or the fis-
sion of nuclear materials to produce electricity) and con-
sumption produces a full range of possible environmental
consequences: release of noxious substances, emissions
of oxides of carbon, sulphur and nitrogen, and accumula-
tions of solid wastes requiring disposal.

As a result of energy conservation policies and rapid
price increases until 1986, the efficiency with which energy
is used has changed considerably in recent years. An ag-
gregate indicator of this change is the primary energy/GDP
ratio, which declined from 17.3 megajoules (MJ) per con-
stant 1986 dollar in 1981 to 15.5 MJ per dollar in 1986, a
fall of over 10% (Statistics Canada, 1991). This study aims
to characterize energy use in Canada and to examine the
macro-level changes that determine the overall efficiency
of energy use.

To explore key aspects of the relationship between en-
ergy use and economic activity, detailed energy disposition
accounts have been developed as part of the new National
Accounts Environmental Component at Statistics Canada.
These energy accounts measure the use of 9 major types
of energy (coal, crude oil, natural gas, fuel oil, aviation
gasoline, motor gasoline, liquefied petroleum gases, elec-
tricity and coke) for each of the 216 producing industries
and 136 categories of final demand employed in the na-
tional input-output accounts (Statistics Canada, 1992a). A
summary of the distribution of energy consumption by
broad categories, based on these accounts, is shown in
Table 1.

Table 1: Distribution of Energy Consumption

Sector 1971 1986
petajoules percent petajoules percent

Business (excl. 2737 52.4 3199 53.3

transport)

Transport 931 17.8 1139 19.0

Household 1551 29.7 1654 27.6

Total 5219 100.0 5992 100.0

Source:

Statistics Canada, Industry Division.

The organization of energy data in Table 1 requires
some explanation. Household energy includes that con-
sumed in rented dwellings. Transport energy use includes
for-hire transportation industries and energy for the opera-
tion of private vehicles, but excludes energy used for own-
account transport (e.g. delivery vans) in the business sec-
tor. Business energy use spans all energy used in agricul-
ture, mining, manufacturing and services, but excludes
energy converted from one form to another (e.g. coal to
electricity) and energy products used as feedstocks. In this
accounting scheme, use of own product by energy produc-
ers is included in energy use. Table 1 sums to total private
energy consumption.

Table 1 shows that household energy use as a propor-
tion of the total declined by 2% between 1971 and 1986,
because of stronger growth in the energy used in the busi-
ness sector and transport. Energy use in the business sec-
tor is highly concentrated, as seen in Table 2. In 1986 the
five largest energy using industries accounted for 31% of
total business sector energy use.

Table 2: Large Industrial Energy Consumers,

1986
Industry petajoules
Pulp and paper 344
Iron and steel 216
Non-ferrous metals 175
Industrial chemicals 148
Petroleum refineries 114
Total 097

Source:
Statistics Canada, Industry Division.

PRICES

Price is an obvious determinant of the demand for en-
ergy. It is worth examining two levels of prices. One is the
international and domestic price for crude oil, the former re-
flecting worldwide demand and scarcity (or cartel pricing in
the case of crude oil) and the latter reflecting this as well as
domestic energy policy. The second is the price paid by
Canadian residential consumers for delivered energy com-
modities, which reflects local market conditions as well as
taxes. In Figures 1 and 2 these prices are expressed in dol-

Environmental Perspectives 1993
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lars per gigajoules so that they can be compared on a com-
mon basis of the energy content of the commodity.

As can be seen in Figure 1, crude oil prices have var-
ied widely since the first OPEC oil shock in 1973. This fig-
ure compares imported crude oil, domestic crude oil and
domestic natural gas prices. The striking feature of Canadi-
an energy policy prior to 1984 was the establishment of a
crude oil price substantially lower than the world price.
These prices converged in 1984, but are not exactly equal
because Figure 1 compares a domestic price that is
weighted towards the well-head price in Alberta with the
delivered price (including freight) of imported crude in Mon-
treal. Natural gas prices at the field gate generally tracked
the trends in crude oil prices but at a significantly lower lev-
el per unit of energy.

Figure 1: Crude Oil and Natural Gas Prices,
1971-1991

(=2

dollars per gigajoule

0
1971 1976 1981 1986 1991

imported  domestic  natural
crude ol crude oil gas

Source:
Canadian Petroleum Association, 1980

Figure 2 compares the per-gigajoule prices (including
taxes) of electricity, fuel oil and natural gas sold to house-
holds over the period 1980-1991. Electricity showed a
steady increase in price over this period, whereas natural
gas displayed both the lowest level and a virtually constant
price. Fuel oil prices were much more erratic, falling sharp-
ly in 1986 (in step with crude oil prices), levelling off, then
increasing in 1990 and 1991. Itis noteworthy that electricity
prices reached a level roughly 5 times those of natural gas
by 1991.

While Figures 1 and 2 display current or nominal pric-
es, the movement of energy prices relative to other prices
is also of interest. Table 3 shows the nominal prices of im-
ported crude oil and residential electricity and fuel oil, for
1981 as well as 1991. In addition, this table shows the
movement in each of these prices relative to other prices
since 1981. Over this decade, the price of imported crude

oil declined substantially relative to other prices, while that
of electricity showed a significant relative increase.

Figure 2: Residential Energy Prices, 1980-1991
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Source:

Statistics Canada, 1992b.

Table 3: Energy Prices and Indices

Commodity 1981 1991 1991

dollars per gigajoule index
Imported crude oil 6.93 4.18 0.41
Residential electricity 10.14 20.11 1.23

Residential fuel oil 6.36 11.45 1.12

Note:

The index is relative to changes in the general price level since 1981. In the case of
crude oil the GDP implicit price index is used to measure the price level, while for the
residential energy prices the consumer price index, excluding energy and food, is used.
For example, an index of 1.0 for imported crude oil would indicate that imported crude
prices moved at the same rate as the general price level from 1981 to 1991,

Source:

Statistics Canada, Industry Division.

ENERGY INTENSITY OF BASIC
MATERIALS

The energy intensiveness of a good or service is the
total energy required in production directly (in the produc-
ing sector) and indirectly (by the producers of the inputs to
the producing sector) per unit of output. For example, the
energy intensity of an automobile consists of the energy
consumed on the production line plus the energy required
to make the steel, rubber, plastic and other component ma-
terials making up a car, divided by the dollar value of the
car - this gives a measure in joules of energy per dollar of
product. The data in the energy flow accounts and the in-
put-output accounts to which they are linked permit
straightforward energy intensity calculations (see, for in-
stance, Hamilton, 1988).

4 Statistics Canada - Cat. No. 11-528E
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By combining energy intensity in joules per dollar with
producer prices it is possible to estimate direct and indirect
energy requirements per physical unit of product. Thisis a
particularly useful way to examine the changing energy in-
tensiveness of basic materials over time. Because so much
of buildings, other infrastructure and manufactured prod-
ucts are made up of lumber, steel, non-ferrous metals, pa-
per products and cement, the energy intensiveness of
these basic materials has a profound influence on the re-
quirements for energy in the economy as a whole. Table 4
presents the estimated energy intensity of these products
in 1971, 1981 and 1986.

Table 4: Energy Intensity of Basic Materials

Decrease

Material 1971 1981 1986 1971-86
megajoules per tonne percent

Lumber 1554 1669 1454 6.4
Pulp and paper 24215 20 921 17 329 28.4
Iron and steel 23 430 22035 18 711 20.1
Non-ferrous . 26 757 20 424 237

metal
Cement 6567 5045 4373 33.4
Source:

Statistics Canada, National Accounts and Environment Division.

The figures in Table 4 and subsequent tables measure
total use of energy commodities, exclusive of the amounts
used as feedstocks or converted into other forms of energy
(e.g. when burning coal to produce thermal electricity). Im-
ported products used as inputs into the production of these
materials are assumed to have the same energy intensity
as if they were produced in Canada. The figures therefore
represent a pure measure of the energy required along the
chain of production from extraction or harvest to final prod-
uct.

When the materials are heterogeneous, changes in
the product mix of the producing sector may influence the
estimation of energy intensity’. Classification changes did
not permit estimation of the energy intensity of non-ferrous
metals in 1971, and so the percentage decrease shown in
Table 4 for this material is from 1981 to 1986.

What emerges from this table is a striking drop in ener-
gy intensity for basic materials. Lumber shows an anoma-
lous rise in 1981. However, lumber is generally low in
energy intensity, and few opportunities exist for energy
conservation in its production because it is a relatively un-
processed raw material. Pulp and paper and cement show
substantial declines in energy intensity, while metals de-
clined more moderately (although this is a fall over 5 years
rather than 15 in the case of non-ferrous metals).

1. For example, carbon steel sheets increased from 21% to 31% of the con-
stant dollar value of output of iron and steel from 1971 to 1986. Copper
dropped from 25% to 14% of the constant dollar value of output of non-
ferrous metals from 1981 to 1986.

ENERGY INTENSITY OF FINAL
EXPENDITURE

Another useful way to summarize energy intensive-
ness and its change over time is to examine the energy in-
tensiveness of the different categories of final expenditure.
This is shown in Table 5.

Table 5: Energy Intensity of Final Expenditure,
1981-1986

Category 1981 1982 1983 1984 1985 1986

megajoules per constant 1981 dollar

Consumer 10.1 98 10.0 9.3 10.0 9.8
expenditure

Investment in 127 1.5 1.7 10.9 15 10.9
fixed capital

Government 39 3.8 39 3.7 4.0 39
current
expenditure

Exports 215 19.4 20.0 18.1 183 17.7

Imports 17.9 16.8 187 16.0 16.9 16.2

Source:

Statistics Canada, National Accounts and Environment Division.

It must be emphasized that this table presents not the
energy consumed directly by (for instance) households, but
rather the energy required to produce one dollar's worth of
the whole spectrum of goods and services consumed by
households. The energy consumed directly by households
was shown in Table 1.

These figures reveal a consistent ranking of energy in-
tensiveness by category of expenditure, with exports lead-
ing, followed closely by imports, then investment in fixed
capital, consumer expenditure, and far behind, government
current expenditure (which is largely wages and salaries
and so does not entail significant energy use).

Notable declines in energy intensity from 1981 to 1986
include one of 14% for investment in fixed capital, 18% for
exports and 10% for imports. The energy intensity of ex-
ports decreased by about 3.5% per year over this period,
echoing the declines in energy intensiveness of basic ma-
terials measured earlier.

Some explanation is required for the row labelled “im-
ports” in Table 5. The values reported in this row do not
represent the actual energy intensities of our imports but
rather, the energy intensities of these goods as if they were
produced in Canada. The assumption implicit in these esti-
mates is that foreign industries are exactly as energy inten-
sive in the production of a particular commodity as are
Canadian industries.

The results in Table 5 indicate that Canadian exports
were approximately 20% more energy intensive than im-
ports in 1981. By 1986 this gap had shrunk to 9%. Dollar

Environmental Perspectives 1993
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Table 6: Direct Energy Intensity by Industry, 1981-1986

Annual
Industry 1981 1982 1983 1984 1985 19886 1986 change
megajoules per constant 1981 dollar of output rank percent
1 Agriculture 8.1 7.4 105 7.3 75 7.2 14 -4.6
2 Fishing and trapping 19.6 19.6 b g 20.3 16.6 15.9 6 3.5
3 Logging and forestry 6.6 54 53 4.4 5.5 6.7 15
4 Mining 16.4 14.4 15.9 14.2 14.3 14.1 8 35
5 Crude oil and natural gas 2.1 1.9 22 20 21 22 37
6 Quarries and sand pits 13.0 16.3 12.8 1.8 11.5 121 9 21
7 Service related to mineral extraction 105 105 9.4 9.6 9.8 9.7 11 -1.2
8 Food processing 3.1 32 3.0 29 35 38 28 3.9
9 Beverages 5.7 5.6 5.0 48 57 59 21
10 Tobacco products 1.0 1.1 1.1 1.1 15 15 44 8.7
11 Rubber products 5.2 37 4.9 4.5 5.0 53 24
12 Plastic products 32 3.4 31 3.0 33 3.4 30
13 Leather products 1.7 1.7 1.8 1.9 26 24 36 8.8
14 Textiles 6.6 65 5.8 6.0 6.1 6.0 19 -1.7
15 Clothing 0.9 0.9 1.0 1.0 1.3 1.3 45 8.3
16 Wood products 52 55 5.0 49 46 4.2 26 -39
17 Furniture 20 25 22 2.2 3.1 2.8 32 8.1
18 Paper products 238 18.1 222 22.0 21.3 206 4 2.7
19 Printing and publishing 1 1.2 1.2 11 15 1.6 42 8.0
20 Primary metals 25.4 26.1 24.9 217 233 227 3 26
21 Fabricated metals 28 3.0 3.1 33 3.7 3.8 29 6.6
22 Machinery 1.9 25 24 23 28 26 33 6.4
23 Transport equipment 1.8 1.9 114 15 1.9 2.0 38
24 Electrical products 1.8 21 16 15 1.8 1.7 41
25 Non-metallic mineral products 256 26.0 23.8 23.7 24.2 24.8 2
26 Refined petroleum products 75 8.2 7.9 7.9 8.1 6.6 17
27 Chemical products 16.0 16.9 17.4 15.3 14.9 14.2 7 3.0
28 Other manufacturing 19 1.9 1.8 1.8 23 26 34 6.3
29 Construction 2.1 20 1.8 1.9 1.9 1.8 40 2.1
30 Transport 19.2 18.0 185 17.4 17.7 17.4 5 2.1
31 Pipeline transport 42.4 37.7 27.4 34.4 418 36.0 1
32 Storage 6.0 6.3 5.4 7.8 83 7.6 12 8.1
33 Communication 2.1 2.2 1.9 1.9 21 1.8 39
34 Electric power and other utilities 1.4 12.8 12.4 1.7 123 12.0 10
35 Wholesale trade 5.4 5.3 4.7 4.9 4.7 4.1 27 -4.2
36 Retail trade 6.1 6.4 5.7 59 63 6.0 20
37 Finance and real estate 6.0 7.0 6.8 6.2 74 7.3 13 4.1
38 Insurance 1.3 1.1 0.9 07 0.7 0.7 46 -13.3
39 Government royalties on resources - - - - - - 47 .
40 Owner occupied dwellings - - - - - - 49 -
41 Business services 1.5 1.4 14 1.4 1.6 1.6 43
42 Educational services 59 6.1 5.5 5.9 7.4 6.6 16 4.2
43 Health services 27 28 2.4 2.7 26 26 as
44 Accommodation and food 6.0 6.3 6.0 6.5 71 6.6 18 3.0
45 Amusement and recreation 35 3.7 34 32 34 33 31 -1.0
46 Personal services 6.1 6.0 5.1 4.9 4.7 4.8 25 -4.9
47 Other services 45 4.6 45 5.0 53 5.3 23 4.0
48 Operating supplies - - - - - - 48 -
49 Travel, advertising and promotion 7.2 6.6 6.3 6.7 5.8 57 22 4.4
50 Transport margins - - - - - = 50 "
Note:
gg:rs;es 48, 49 and 50 are fictive industries used for estimating the use of groups of commodities whose precise content is unknown.

Statistics Canada, National Accounts and Environment Division.
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for dollar, therefore, Canada was a significant net exporter
of energy embodied in the goods and services it traded.

DIRECT ENERGY INTENSITY BY
INDUSTRY

Underlying the energy intensities presented in the pre-
ceding sections is the energy use per dollar of output of
each of the 216 industries comprising the business sector
of the input-output accounts. These direct energy intensi-
ties are presented for the years 1981 to 1986 at the level of
50 industries (see Table 6).

Table 7: Fuel and Electricity Shares by Industry, 1986

Although this table shows the rank of industries by en-
ergy intensiveness only for 1986, the ranking is remarkably
stable over the years shown. Pipeline transport, with its
high energy input and low value of output, ranks first, fol-
lowed by the non-metallic mineral products industry
(whose energy use is dominated by cement producers).
These are followed in the top 5 by primary metals, paper
products and the transport industry.

The annual changes in industry direct energy inten-
siveness were calculated over this period. Only those in-
dustries showing a significant trend appear in Table 6.
While there are many instances of positive change (j.e. in-
creasing energy intensiveness), these occur only for indus-
tries ranked very low in energy intensiveness. The majority

Natural

Industry Coal Gas Gasoline Fuel oil LPG Electricity Coke Total
percent terajoules

1 Agriculture 1.7 10.3 29.2 375 34 18.2 - 179 243
2 Fishing and trapping - 27 46.8 49.9 - 086 = 16 704
3 Logging and forestry - 11 17.6 79.3 0.7 13 37 688
4 Mining 4.6 25.1 0.9 292 2.0 36.1 2.0 152 067
5 Crude oil and natural gas - 19.4 20.2 75 5.9 47.0 47 015
6 Quarries and sand pits - 10.9 7.0 67.2 - 14.7 10621
7 Service related to mineral extraction 13.4 246 46.9 - 15.1 - 30362
8 Food processing 70.6 4.1 9.9 1.2 14.0 - 114 441
9 Beverages 79.2 3.9 x x 103 23526
10 Tobacco products - X X X X 254 1770
11 Rubber products X 67.7 x X 0.6 210 - 12816
12 Plastic products X 54.1 2.2 3.8 X 38.7 12 562
13 Leather products x X X x X 216 2825
14 Textiles X X 0.6 X 06 17.6 - 32082
15 Clothing - 59.5 X 7.0 % 27.8 7190
16 Wood products - 421 4.0 16.9 23 346 44 321
17 Furniture x 685 a7 5.1 X 213 - 8962
18 Paper products X 26.4 0.1 208 0.2 50.6 X 358 294
19 Printing and publishing - 60.4 5.0 28 2.0 30.0 - 12 680
20 Primary metals 25 265 x x 0.2 381 286 420 190
21 Fabricated metal - 766 2.7 32 1.7 15.8 48 451
22 Machinery x 723 3.7 35 x 19.2 x 17 565
23 Transport equipment x X % x % 20.4 X 68 253
24 Electrical products % % X x X 26.7 X 25 379
25 Non-metallic minerals 18.6 x 0.6 76 07 1.1 1.7 129 473
26 Refined petroleum X 411 x x 0.4 123 x 113 529
27 Chemical products X 68.7 x 3.8 05 25.9 X 242 535
28 Other manufacturing - 69.7 X X X 209 12 309
29 Construction x x 60.0 29.8 2.4 3.9 - 105 298
30 Transport industry 0.1 5.2 10.7 79.1 21 28 - 497 737
31 Pipeline transport x 929 - 1.1 X 6.0 84 349
32 Storage - 17.9 6.9 56.7 28 15.8 6713
33 Communication - 18.7 288 26.9 4.3 213 24 879
34 Electric power and other utilities - 7.3 6.9 0.7 0.2 84.9 - 164 023
35 Wholesale trade x 13.9 54.9 14.8 4.2 1.9 X 118 028
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Table 7: Fuel and Electricity Shares by Industry, 1986

Natural

Industry Coal Gas Gasoline Fuel il LPG Electricity Coke Total
percent terajoules
36 Retail trade 37.8 24.4 10.1 0.4 273 201 296
37 Finance and real estate - 50.3 4.7 20.8 0.6 236 294 158
38 Insurance - 244 19.8 20.9 22 326 4370
39 Government royalties - = - - - - - o

40 Owner occupied dwellings = -
41 Business services - 228 42.4 20.0 1.8 13.0 28 918
42 Educational services X 85,1 x 148 29.1 7 395
43 Health services x 19.2 30.1 355 X 12,9 22 068
44 Accommodation and food 47.6 1.3 239 0.7 265 95 703
45 Amusement and recreation - 26.0 4.9 236 0.8 447 15 399
46 Personal services - 10.8 12.2 52.2 g 221 19 837
47 Other services - 16.1 52.7 19.2 15 106 30173
48 Operating supplies - - - i
889 11 69 151

49 Travel, advertising and promotion * =
50 Transport margins

Note:

Industries 48, 49 and 50 are fictive industries used for estimating the use of groups of commodities where the precise commodity content is unknown.

of the most energy intensive industries showed declines
between 2.1% and 3.5% per year.

FUEL AND ELECTRICITY SHARES BY
INDUSTRY

The analysis to this point has concentrated on total
use of energy and not on the fuels that constitute this total.
Table 7 shows the percentage share of each type of energy
in total use, by industry, in 1986. In total, the dominant en-
ergy type is natural gas with a share of nearly 33%, fol-
lowed by electricity at roughly 25% and fuel oil at 24%.

Coal shows up as only 2.5% of energy use in the pri-
mary metals industry because most of it is converted to
coke before use - coke in turn constitutes 28.6% of the en-
ergy used in this sector. Natural gas is the major energy in-
put to pipeline transport, but is also important in beverages
and fabricated metals. Gasoline is the dominant energy
source in wholesale trade, to power fleets of delivery vehi-
cles. Fuel oil, which includes diesel and aviation gasoline,
is the chief energy source for the transport industry and
logging and forestry. Finally, electricity is the major energy
input to the paper products industry.

SUMMARY

The distribution of energy consumption across broad
sectors has changed little since 1971, and the use of ener-
gy in the business sector remains highly concentrated in a
few large industries. Crude oil and natural gas prices have
been extremely volatile since 1973, while residential ener-
gy prices, particularly for electricity, have risen faster than

the general price level since 1981. There is an overall trend
towards increasing energy efficiency evident in the de-
creasing energy intensiveness of basic materials and in the
direct use of energy per dollar of output in the major energy
consuming industries. Among categories of final expendi-
ture, exports, investment in fixed capital and imports, all
showed marked declines in energy intensiveness from
1981 to 1986.
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2 Canadian Greenhouse
Gas Emissions: An Input-
Output Study

by Robert Smith’

INTRODUCTION

Statistics Canada has recently initiated development
of a set of accounts that will form an environmental compo-
nent for the Canadian System of National Accounts. Four
accounts will comprise this component: a natural resource
stock account, a natural resource use account, a waste
and pollutant output account and an environmental ex-
penditure account.

The work presented below has been undertaken as a
pilot study for the waste and poliutant output account. This
account will integrate information on the types, quantities
and destinations of waste material generated by economic
activity into a framework based on the Canadian input-out-
put tables published annually by Statistics Canada. In the
present study information on the types and quantities of
greenhouse gases released from Canadian production and
consumption activity have been analyzed using an aug-
mented version of the 1985 input-output tables (Statistics
Canada, 1989). The general method for augmenting the in-
put-output tables used here is based on the work of Victor
(1972).2

Greenhouse gas emissions have been chosen for this
pilot account for two reasons. First, greenhouse gas emis-
sions are currently under scrutiny in Canada and else-
where because of the likelihood that increased
atmospheric concentrations of these gases will create an
enhanced greenhouse effect (see below). The federal gov-
ernment, for its part, has committed Canada to the stabili-
zation of greenhouse gas emissions at 1990 levels by
2 000 (Government of Canada, 1990). It is hoped that the
work presented here will aid in the effort to meet this goal.
Second, in contrast to many categories of waste emis-
sions, a good deal of data are available for estimating
greenhouse gas emissions. Thus, it is possible to present a
very complete pilot account of these emissions.

1. The author would like to thank Patrick Adams for his work in developing
the energy disposition tables that were used in this study.

2. Those readers interested in more details of input-output modelling and its
use for environmental analysis are referred to the appendix at the end of
this chapter. Details of the input-output model used in this study are avail-
able on request from the author.

THE GREENHOUSE EFFECT

The atmosphere surrounding the earth consists almost
entirely of nitrogen and oxygen, with the remaining portion
comprised of a variety of gases found in very low concen-
trations. A certain group of these trace gases are responsi-
ble for what has come to be known as the “greenhouse
effect”, which can be briefly explained as follows.

Short wave solar radiation passes relatively unhin-
dered through the earth’s atmosphere to the surface of the
planet. Objects on the surface absorb this incoming radia-
tion and are warmed. The warmed objects, in turn, re-emit
longer wavelength (infrared) radiation back into the atmos-
phere. The atmosphere is less transparent to infrared radi-
ation than it is to short wave radiation however. Trace
quantities of water vapour, carbon dioxide (CO5,), methane
(CH,), nitrous oxide (N,O) and a few other gases absorb
some of the out-going infrared radiation, re-radiating it back
to the earth's surface. In this way they act like the glass
covering on a greenhouse. By preventing a portion of the
infrared radiation from escaping to space, these “green-
house gases” keep global temperatures much warmer than
would be the case in their absence.

It is worth noting that the greenhouse effect is a natu-
rally occurring phenomenon; it has not been created by hu-
man activity. However, there is concern that human-
induced changes in the atmospheric concentrations of the
greenhouse gases may significantly enhance the naturally
occurring greenhouse effect. Although some evidence of
the expected increase in global mean temperature has al-
ready been noted, an unequivocal demonstration of the en-
hanced greenhouse effect is not expected for at least
another decade (Intergovernmental Panel on Climate
Change, 1992). Studies have demonstrated conclusively,
however, that the atmospheric concentrations of CO,, CHy
and N,O have significantly increased from their pre-indus-
trial values as a result of anthropogenic emissions (ibid.).3
Humankind has also introduced a new and extremely pow-
erful set of greenhouse gases into the atmosphere. Known
collectively as the chlorofiuorocarbons (CFCs), each of
these has thousands of times the ability of CO, to absorb
infrared radiation.

ESTIMATED 1985 GREENHOUSE GAS
EMISSIONS BY ECONOMIC SECTOR

Table 1 lists the greenhouse gases that are included in
this study. Emissions of these gases result from the activi-
ties of businesses, households* and governments. All
three sectors purchase and consume commodities that ei-
ther contain greenhouse gases that are released upon use

3. Although water vapour is the most important greenhouse gas in Iermsrot
overall warming power, its atmospheric concentration is not affected sig-
nificantly by human activities.

4. Households in this context include non-profit organisations.
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(paints and solvents, for example) or that are converted to
greenhouse gases as a result of use (fossil fuels are the
most important example of the latter type of commodity).
Using the emissions data discussed at the end of this
chapter in combination with data from the 1985 input-out-
put tables, it has been possible to estimate the 1985 green-
house gas emissions from 49 industries and 4 categories
of household and government expenditure. These esti-
mates are shown in Table 2.

Table 1: Greenhouse Gases Included in this Study

Name Formula / Acronym
Carbon dioxide Cco,
Methane CHy4
Nitrous oxide NoO
Volatile organic carbon compounds VOCs
Nitric oxide and nitrogen dioxide NOy
Carbon monoxide co

The data presented in Table 2 show that the electric
power and other utilities industry (34) was the largest in-
dustrial emitter of CO, in 1985. This industry also rates as
the largest industrial emitter when ranked in terms of CO,
equivalent emissions.” The transportation industry (30),
primary metals industry (20), agriculture industry (1), and
chemical products industry (27) make up the remainder of
the top five industrial emitters in terms of CO, equivalents.

Table 2: Greenhouse Gas Emissions by Sector, 1985

The concentration of industrial greenhouse gas emissions
is highlighted by the fact that these five industries alone ac-
counted for almost 58% of total CO, equivalent emissions
from industries in 1985. The top ten emitters accounted for
76% of total industrial CO, equivalent emissions.

A direct cause and effect relationship exists between
fossil fuel consumption and greenhouse gas emissions. It
is not surprising, then, that four of the top five CO, equiva-
lent emitting industries also rank among the five largest in-
dustrial consumers of fossil fuels. The agriculture industry
stands out as something of an anomaly in this regard. It
ranks fourth in terms of CO, equivalent emissions, but
eighth in terms of fossil fuel consumption. The reason for
the relatively high ranking of the agriculture industry in

1. CO, equivalent emissions are calculated using the concept of global

warming potential (Intergovernmental Panel on Climate Change, 1992),
Global warming potential (GWP) is the potential contribution to global
warming over a specified time period (usually 20 or 100 years) of a given
greenhouse gas relative to that of COp, which is assigned a GWP of 1.
When 100 years is the considered time period, methane is calculated to
have a GWP of 11, and nitrous oxide to have a GWP of 270. This means,
for example, that the emission of one tonne of CHy, considered over a
period of 100 years from the date of emission, is equivalent to the emis-
sion of 11 tonnes of CO; in terms of its potential contribution to global
warming.
No GWP values exist for VOCs, NO, and CO. Thus, it is not possible to
include these gases in CO, equivalent emission estimates. The reader is
cautioned to keep this exclusion in mind when interpreting the CO; equiv-
alent emission data presented here.

COp  COyequiv. CHy NzO voC NO, co CO, CO; equiv.”
Sactor kilotonnes rank
Business sector
1 Agriculture 9525 24 663 973 18 64 127 610 8 4
2 Fishing and trapping 1134 1187 - 10 14 96 29 29
3 Logging and forestry 2076 2151 10 30 88 21 21
4 Mining 6563 8220 140 - 7 48 81 14 12
5 Crude oil and natural gas 7845 16 459 779 - 33 184 143 1 6
6 Quarries and sand pits 474 488 - 1 7 10 35 35
7 Services related to mineral extraction 2303 2381 14 29 136 20 20
8 Food processing 4773 4816 - 10 9 33 15 16
9 Beverages 1054 1064 - 2 3 8 30 30
10 Tobacco products 63 63 46 46
11 Rubber products 511 514 - 5 2 1 34 34
12 Plastic products 350 353 1 2 40 40
13 Leather products 126 127 - - - 45 45
14 Textiles 1263 1269 - 2 2 6 27 28
15 Clothing 231 233 2 43 43
16 Wood products 1796 1815 48 10 860 23 23
17 Furniture as 318 - - 4 - 2 42 42
18 Paper products 9985 10 046 19 38 96 7 9
19 Printing and publishing 423 427 - 1 1 4 38 3g
20 Primary metals 24 492 25 060 2 15 35 449 3 3
21 Fabricated metals 2002 2017 - - 12 2 8 22 22
22 Machinery 760 766 3 1 4 33 33
23 Transport equipment 2772 2791 28 4 1 19 19
10 Statistics Canada - Cat. No. 11-528E Environmental Perspectives 1993
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Table 2: Greenhouse Gas Emissions by Sector, 1985

CO, COpequiv.! CHa4 NoO vOC NO, co CO, COs equiv.’

Sector kilotonnes rank
24 Electrical products 989 995 - - 4 1 7 31 31
25 Non-metallic minerals 12678 12721 5 27 62 4 7
26 Refined petroleum 8201 8302 - - 51 39 240 10 11
27 Chemical products 12612 16 903 16 233 29 a 5 5
28 Other manufacturing 450 454 - 3 1 3 36 36
29 Construction 7511 7 848 1 1 132 93 841 12 13
30 Transport industry 33713 34 874 14 4 98 259 614 2 2
31 Pipeline transport 4519 4 881 32 - & 16 15
32 Storage 418 423 - 3 39 39
33 Communication 1417 1453 - - 8 7 63 25 26
34 Electric power & other utilities B4 540 85 300 16 2 15 272 142 1 1
35 Wholesale trade 7239 7537 1 1 60 48 418 13 14
36 Retail trade 8760 8983 1 1 44 34 305 9 10
37 Finance and real estate 11 444 11 540 - - 9 10 66 6 8
38 Insurance 161 165 1 1 5 44 44
39 Government royalties on resources
40 Owner occupied dwellings s o - - - @
41 Business services 1412 1456 9 7 66 26 25
42 Education services 330 332 " 1 41 41
43 Health services 1258 1290 - 6 4 41 28 27
44 Accommodation and food 4331 4361 - 1 2 10 17 18
45 Amusement and recreation 440 445 - = 1 1 4 a7 37
46 Personal services 946 961 - 21 2 14 32 32
47 Other services 1673 1736 - - 13 9 90 24 24
48 Operating supplies - - 47 - 47 47
49 Travel, advertising & promotion 4300 4 536 1 1 55 39 386 18 17
50 Transportation Margins - -

Sub-total, business sector Z60 181 R23 506 1962 % 1106 1432 6 060

Household sector
Motor fuels & lubricants 40 694 44 709 b8 14 374 251 2514
Home heating fuels 48 719 48 986 2 1 11 41 641
All other goods 3007 3061 0 0 101 7 55

Government - current expenditures 17859 16225 1 59 52 289

Sub-total, household and government sectors 119278 114080 18 17 645 351 34e9

Total, whole economy 400 459 438 576 1977 65 1750 1783 9559

Notes:

Readers familiar with input-output accounting will note that the format of this table does not correspend exactly to that of the national input-output tables. Specifically, the following categories of
final demand have been excluded: fixed capital formation, inventory change, imports and exports. These have been exciuded because they do not result in direct greenhouse gas emissions

and because their exclusion simplifies the presentation.

Industries 48, 49 and 50 are fictive industries used for estimating the use of groups of commodities whose precise content is unknown.
1 CO, equivalent emissions include CO;, emissions plus NpQ and CH, emissions expressed as equivalent CO, emissions.

terms of CO, equivalents is found in its very large emis-
sions of CH, and N,O. Farm animals, cattle in particular,
release a great deal of CH, during their digestion process-
es. This accounts for almost all of the CH, emissions from
the agriculture industry. Nitrification processes in soils to
which nitrogenous fertilizers have been applied account for
the very large emissions of N,O. The agriculture industry is
estimated to have accounted for 50% of total industrial CH,
emiss1ions and 33% of total industrial N;O emissions in
1985.

Table 2 shows an estimated 114 980 kt of CO; equiva-
lent emissions from households and governments in 1985,
which represents more than 26% of the economy-wide
emissions. The majority (93%) of household and govern-

1. Had it been possible to include landfill CH4 emissions in this study, other
industries would have shown higher CH, emissions in Table 2 to the ex-
tent that they contribute to bio-degradable material in landfill sites. Since
landfill CH,4 emissions represent 38% of total CH, emissions as estimat-
ed by Environment Canada (Jaques, 1992, p. xviil), this exclusion puts
the agriculture industry in an unfairly peor light in comparison to other in-
dustries.
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ment CO, equivalent emissions come from the consump-
tion of motor and heating fuels.

The conventional wisdom that industry, especially
heavy manufacturing, is the major polluter in the economy
is borne out by the results presented in Table 2, at least in
terms of greenhouse gas emissions. It should not be left
unsaid, however, that households account for more CO,
equivalent emissions than any single industry.

GREENHOUSE GAS INTENSITY OF
PRODUCTION

It is possible, using an input-output model, to estimate
the greenhouse gas emissions associated with the delivery
of $1 000 of a given commaodity (that is, a good or a serv-
ice) to final consumption.’ The nature of input-output mod-
els is such that both the direct and indirect emissions
associated with commodity production can be included in
these estimates. Direct emissions are defined as the emis-
sions from the commodity producing industry. Emissions

1. Final consumption includes household consumption expenditure, invest-
ment in fixed capital, inventory change, government current expenditure
and net exports.

from those industries that supply the producing industry
with the inputs used in the commodity’s production are de-
fined as indirect emissions. Table 3 shows the direct and
indirect greenhouse gas emissions associated with the de-
livery to final consumers of $1 000 worth of each of 92
unique commodities.

The first value in Table 3 indicates that in 1985 each
$1 000 worth of grain purchased by final consumers result-
ed in the emission of an estimated 0.8963 t of CO, from
Canadian industries. The other values shown in Table 3
can be similarly interpreted.

It is interesting to compare the greenhouse gas inten-
sity of various commodities but, before doing so, a note of
caution is in order. In many cases, more than one commod-
ity is produced by a given industry. For example, both
grains and live animals are produced by the agriculture in-
dustry. In these cases, the greenhouse gas intensity of the
co-produced commodities will be identical, and will reflect
the average intensity of one unit of “production” from the in-
dustry regardless of what commodities comprise this pro-
duction. The reader is warned, then, not to take the
rankings of co-produced commodities as absolute, but in-

Table 3: Greenhouse Gas Intensity of Commodities, 1985

Commodity COo, €O, equiv.! CH, N,O  VOC NO, co COp,  CO;equiv.
tonnes per thousand dollars rank

1 Grains 0.8963 1.7768 0.0555 0.0010 0.0054 0.0087 0.0386 28 12
2 Live animals 0.8963 1.7768 0.0555 0.0010 0.0054 0.0087 0.0386 27 1
3 Other agricultural products 0.8968 1.7707 0.0549 0.0010 0.0053 0.0087 0.0384 26 13
4 Forestry products 0.7561 0.8194 0.0033 0.0001 0.0037 0.0080 0.0255 34 43
5 Fish landings 1.1486 1.2268 0.0022 0.0002 0.0091 0.0134 0.0859 19 25
6 Hunting & trapping products 1.1486 1.2268 0.0022 0.0002 0.0091 0.0134 0.0859 20 26
7 lron ores & concentrates 1.0858 1.2866 0.0158 0.0001 0.0018 0.0068 0.0136 23 24
8 Other metal ores & concentrates 1.2093 1.3826 0.0133 0.0001 0.0020 0.0063 0.0165 17 20
9 Coal 1.0859 1.2867 0.0158 0.0001 0.0019 0.0068 0.0136 22 23
10 Crude mineral oils 0.4835 0.7761 0.0266 0.0000 0.0017 0.0071 0.0082 66 46
11 Natural gas 0.4871 0.7775 0.0264 0.0000 0.0018 0.0071 0.0083 65 45
12 Non-metallic minerals 0.8894 1.0660 0.0136 0.0001 0.0026 0.0079 0.0134 29 28
13 Services incidental to mining 0.8305 0.8795 0.0020 0.0001 0.0042 00075  0.0329 30 41
14 Meat products 0.7083 1.0286 0.0193 0.0004 0.0033 0.0046 0.0198 40 30
15 Dairy products 0.7091 1.0272 0.0191 0.0004 0.0032 0.0046 0.0197 39 34
16  Fish products 0.7115 1.0285 0.0190 0.0004 0.0032 0.0047 0.0201 36 31
17 Fruit & vegetable preparations 0.7051 1.0188 0.0187 0.0004 0.0032 0.0046 0.0196 42 36
18 Feeds 0.7050 1.0165 0.0185 0.0004 0.0032 0.0046 0.0196 43 37
19 Flour, wheat, meal & other cereals 0.7093 1.0274 0.0191 0.0004 0.0032 0.0048 0.0197 38 32
20 Breakfast cereal & bakery products 0.6905 0.9618 0.0173 00003  0.0032 0.0044  0.0189 45 40
21 Sugar 0.7093 1.0274 0.0191 0.0004 0.0032 0.0046 0.0197 ar 33
22 Miscellaneous food products 0.7061 1.0209 0.0188 0.0004 0.0033 0.0046 0.0197 41 35
23  Soft drinks 0.6271 0.6816 0.0025 0.0001 0.0019 0.0025 0.0092 49 52
24 Alcoholic beverages 0.6270 0.6815 0.0025 0.0001 0.0019 0.0025 0.0092 50 53
25 Tobacco, processed unmanufactured 0.4016 0.5012 0.0066 0.0001 0.0017 0.0023 0.0100 78 69
26 Cigarettes & tobacco, manufactured 0.4016 0.5012 0.0066 0.0001 0.0017 0.0023 0.0100 79 70
27 Tires & tubes 0.5814 0.6486 0.0012 0.0002 0.0045 0.0022 0.0053 55 54
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Table 3: Greenhouse Gas Intensity of Commodities, 1985

Commodity co, CO, equiv.’! CHy NzO voc NO, co CO, COjyequiv.’
tonnes per thousand dollars rank
28 Other rubber products 0.5595 0.6300 0.0015 0.0002 0.0041 0.0021 0.0054 57 58
29 Plastic fabricated products 0.6252 0.6957 0.0015 0.0002 0.0045 0.0022  0.0067 51 51
30 Leather & leather products 0.3737 0.4205 0.0018 0.0001 0.0017 0.0015  0.0050 81 77
31 Yarns & man made fibres 0.6046 0.8437 0.0011 0.0001 0.0025 0.0018  0.0052 52 55
32 Fabrics 0.5893 0.6273 0.0010 0.0001 0.0023 0.0017  0.0051 54 59
33 QOther textile products 0.5831 0.6311 0.0010 0.0001 0.0024 0.0018  0.0052 53 56
34 Hosiery & knitted wear 0.2678 0.2788 0.0010 0.0000 0.0010 0.0010 0.0038 86 86
35 Clothing & accessories 0.2773 0.2883 0.0010 0.0000 0.0010 0.0010  0.0039 85 85
36 Lumber & timber 0.6619 0.7076 0.0017 0.0001 0.0067 0.0046  0.0937 46 48
37 Veneer & plywood 0.6588 0.7045 0.0017 0.0001 0.0067 0.0046  0.0951 a7 49
38 Other wood fabricated materials 0.6567 0.7024 0.0017 0.0001 0.0085 0.0045 0.0888 48 50
39 Furniture & fixtures 0.4607 0.4976 0.0009 0.0001 0.0028 0.0017 00140 69 7
40 Pulp 1.2551 1.3041 0.0020 0.0001 0.0034 0.0056  0.0192 13 21
41 Newsprint & other paper stock 1.2516 1.3006 0.0020 0.0001 0.0034 0.0056 0.0193 15 22
42 Paper products 1.1080 1.1659 0.0019 0.0001 0.0034 0.0048 0.0167 21 27
43 Printing & publishing — 0.4115 0.4203 0.0008 0.0000 0.0014 0.0018  0.0068 75 78
44 Advertising & print media 0.4024 04112 00008 00000 00014 00017  0.0067 77 80
45 [ron & steel products 1.7957 1.8849 0.0032 0.0002 0.0020 0.0042 00296 9 9
46 Aluminum products 1.8807 1.9710 0.0033 0.0002 0.0020 0.0044  0.0311 7 7
47 Copper & copper alloy products 1.8711 1.9614 0.0033 0.0002 0.0020 0.0044  0.0309 8 8
48 Nickel products 1.8991 1.9905 0.0034 0.0002 0.0020 0.0045 0.0314 5 8
49 Other non ferrous metal products 1.7604 1.8496 0.0032 0.0002 0.0023 0.0042 0.0287 10 10
50 Boilers, tanks & plates 0.6995 0.7452 0.0017 0.0001 0.0020 0.0020 0.0086 44 47
51 Fabricated structural metal products 0.9377 0.9856 0.0019 0.0001 0.0021 0.0026 0.0139 25 kL]
52 Other metal fabricated products 0.7413 0.7870 0.0017 0.0001 0.0021 0.0021 0.0105 35 44
53 Agricultural machinery 0.4295 0.4383 0.0008 0.0000 0.0012 0.0013  0.0064 72 74
54 Qther industrial machinery 0.5271 0.5684 0.0013 0.0001 0.0016 0.0017  0.0080 63 64
55 Motor vehicles 0.3313 0.3379 0.0006 0.0000 0.0015 0.0010  0.0046 84 84
56 Motor vehicle parts 0.3430 0.3496 0.0006 0.0000 0.0015 0.0011 0.0047 82 82
57 QOther transport equipment 0.4242 0.4330 0.0008 0.0000 0.0017 0.0018  0.0084 73 75
58 Household appliances & receivers 0.4106 0.4194 0.0008 0.0000 0.0014 0.0013  0.0063 76 79
59 Other electrical products 0.3807 0.3884 0.0007 0.0000 0.0013 00012  0.0059 80 81
80 Cement & concrete products 27703 2.8237 0.0024 0.0001 0.0023 0.0072  0.0168 3 3
61 Other non-metallic mineral products 25183 25708 0.0023 0.0001 0.0024 0.0066 0.0158 4 4
62 Gasoline & fuel oil 0.7634 0.9730 0.0166 0.0001 0.0037 00063  0.0163 33 3¢
63 Other petroleum & coal products 0.8114 1.0458 0.0164 0.0002 0.0052 0.0061 0.0136 32 29
64 Industrial chemicals 1.2530 1.5681 0.0041 0.0010 0.0151 0.0044 0.0097 14 14
65 Fertilizers 1.0299 1.5340 0.0311 0.0006 0.0057 0.0073 0.0237 24 16
66 Pharmaceuticals 1.2420 1.5582 0.0042 0.0010 0.0158 0.0043  0.0091 16 15
67 Other chemical products 1.2023 1.5218 0.0045 0.0010 0.0148 0.0043 0.0095 18 17
68 Scientific equipment 0.4344 0.4735 0.0011 0.0001 0.0021 0.0016  0.0089 70 73
69 Other manufactured products 0.5485 0.5853 0.0018 0.0001 0.0023 0.0019  0.0083 59 60
70 Residential construction 0.5311 0.5724 0.0013 0.0001 0.0035 0.0033 0.0231 61 62
71 Non-residential construction 05311 0.5724 0.0013 0.0001 0.0035 0.0033 0.0231 60 61
72 Repair construction 0.5311 0.5724 0.0013 0.0001 0.0035 0.0033 0.0231 62 83
73 Pipeline transportation 1.8972 2.0501 0.0139 0.0000 0.0004 0.0018  0.0024 6 5
74 Transportation & storage 1.3950 1.4776 0.0026 0.0002 0.0044 0.0101 0.0258 1 18
75 Radio & television broadcasting 0.2085 0.2129 0.0004 0.0000 0.0010 0.0010 0.0064 91 91
76 Telephone & telegraph 0.2085 0.2129 0.0004 0.0000 0.0010 0.0010  0.0084 90 90
77 Postal services 0.2085 0.2129 0.0004 0.0000 0.0010 0.0010  0.0084 89 89
78 Electric power 4.7870 4.8338 0.0018 0.0001 0.0012 0.0157 0.0098 1 1
79 Other utilities 4.7827 4.8295 0.0018 0.0001 0.0012 0.0156  0.0098 2 2
80 Wholesale margins 0.4793 0.5250 0.0017 0.0001 0.0030 0.0027 00167 68 66
81 Retail margins 0.4904 0.5025 0.0011 0.0000 0.0018 0.0021 0.0117 64 68
82 Imputed rent, owner occupied dwellings 0.0337 0.0348 0.0001 0.0000 0.0002 0.0002 0.0013 92 92
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Table 3: Greenhouse Gas Intensity of Commodities, 1985

Commodity CO, CO, equiv.! CH,4 NoO voC NO, co CO;  CO, equiv.!
tonnes per thousand dollars rank
83 Other finance, insurance & real estate 0.4206 0.4305 0.0009 0.0000 0.0008 0.0012 0.0049 74 76
84 Business services 0.2149 0.2204 0.0005 0.0000 0.0012 0.0011 0.0068 88 88
85 Education services 0.6570 0.5658 0.0008 0.0000 0.0010 0.0016  0.0050 58 65
86 Health services 0.2173 0.2217 0.0004 0.0000 0.0010 0.0009  0.0056 87 87
87 Amusement & recreation services 0.3333 0.3399 0.0006 0.0000 0.0010 0.0012 0.0055 83 83
88  Accommodation & food services 0.5609 0.6308 0.0039 0.0001 0.0011 00019  0.0068 56 57
89 Other personal & miscellaneous services 0.4794 05163 0.0009 0.0001 0.0028 0.0021 0.0119 67 67
90 Transportation margins 1.3543 1.4099 0.0026 0.0001 0.0042 0.0098 0.0250 12 19
91 Operating, office, lab. & food supplies 0.4329 0.4863 0.0024 0.0001 0.0046 00020  0.0084 7 72
92 Travel, advertising & promotion 0.8121 0.8622 0.0021 0.0001 0.0054 0.0056 0.0350 31 42
Note:

3 CO, equivalent emissions include CO;, emissions plus NO and CH4 emissions expressed as equivalent CO, emissions,

stead as general indicators of their greenhouse gas intensi-
ty relative to other commodities.

When either CO, or CO, equivalent emission intensity
is considered, electric power (78) was the most polluting
commodity produced in the Canadian economy in 1985.
“Other utilities” (79) (mainly natural gas and water supply)
ranked second. Note that commodity 79 is co-produced
with electricity by the electric power and other utilities in-
dustry (industry 34 in Table 2). Cement (60) and other non-
metallic mineral products (61) were ranked next. Pipeline
transportation (73) and the primary metals - iron and steel
(45), aluminum (46), copper (47), nickel (48) and other
non-ferrous metals (49) - round out the list of the ten most
highly CO, intensive commaodities produced in 1985.

The agricultural and food commodities (1-3 and 14-22)
show significant increases in intensity when ranked in or-
der of CO, equivalents. This change is expected given the
large emissions of CH4 and N,O from the agriculture indus-
try shown in Table 2 above.

INDUSTRIAL EMISSIONS BY FINAL
DEMAND CATEGORY

Production activity takes place to meet the demand for
commodities from final consumers. It is reasonable, then,
to ask what portion of total industrial greenhouse gas emis-
sions are attributable to the production required to meet the
demand from different final consumption categories. Table
4 shows such a breakdown of industrial greenhouse gas
emissions." As one might expect, production to meet the
demand for commodities from households is responsible

1. It must be emphasized that the figures shown in Table 4 are the emis-
sions associated with the production activity required to meet the demand
for commodities from final consumption categories. They do not repre-
sent the emissions associated with the consumption of these commodi-
ties once they have been purchased. The latter were shown in Table 2.

for the greatest portion of industrial greenhouse gas emis-
sions.

Some explanation is required for the row labelled “im-
ports” in Table 4. The emissions reported in this row are not
the actual emissions that occurred in other countries during
the manufacturing of Canada’s imported commodities.
Rather, they represent the emissions that would have ob-
tained had we produced domestically, instead of importing,
this group of commaodities. The assumption implicit in these
estimates is that foreign industries emit the same quantities
of greenhouse gases in producing one unit of a particular
commodity as do Canadian industries.

The results reported in Table 4 indicate that Canada
exported a more greenhouse gas intensive set of goods
and services than it imported in 1985. Put another way,
Canada was a net exporter of greenhouse gas emissions
as a result of its international trade.

CO, EMISSIONS PER UNIT OF ENERGY
CONSUMPTION, 1970-1990

It was noted above that greenhouse gas emissions are
causally related to fossil fuel consumption. In particular, an-
thropogenic CO, emissions result mainly from the combus-
tion of fossil fuels.

The magnitude of fuel combustion-related CO, emis-
sions is a function of two variables. Most obviously, the
quantity of fossil fuels burned has a direct impact on the
magnitude of CO, emissions. Less obvious is the effect of
the variability of CO, emissions per unit of energy across
fossil fuel types. Since each fuel type results in different
CO, emissions per unit of energy, the composition of over-
all energy consumption will affect aggregate CO, emis-
sions. A shift in consumption from coal to natural gas, for
example, would result in lower CO, emissions, other things
equal, since natural gas combustion results in only 55% as
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Table 4: Industrial Greenhouse Gas Emissions by Demand Category, 1985

Final Demand Category COp CO, equiv.! CHy NzO VOC NO, co
kilotonnes

Household expenditure 127 299 142 198 839 21 402 586 2060

Investment in fixed capital 39423 41829 96 5 238 226 1502

Exports 98 433 113 259 906 18 358 502 2044

Imports 69 088 78 850 492 15 298 288 1105

Government current expenditure 21685 23 320 75 3 94 103 383

Note:

1. CO, equivalent emissions include CO, emissions plus NoO and CH, emissions expressed as equivalent CO, emissions.

much CO, per unit of energy as does the combustion of
coal (Jaques, 1992, p. xx).

Figure 1 shows the effect on total fossil fuel combus-
tion-related CO, emissions of the changing composition of
Canadian energy consumption during the period 1970-
1990. It is clear from this figure that the trend in Canada
since 1970 has been toward a less CO, intensive energy
mix. CO, emissions per unit of total energy consumption
declined at an annual rate of 0.29 t/TJ over this period.

Figure 1: Direct CO, Emissions per Unit of
Energy Consumption, 1970-1990

tonnes per terajoule

5p L | ! ! I
1870 1975

The reasons for the decline in the CO; intensity of en-
ergy consumption can be seen in Figure 2, which shows
the composition of total energy consumption during the pe-
riod 1970-1990. During the past two decades, the share in
Canadian energy consumption of both natural gas and pri-
mary electricity (hydro and nuclear) has increased, entirely
at the expense of petroleum-based fossil fuels.! Since nat-

ural gas is the least CO,, intensive fossil fuel (ibid.}, and pri-
mary electricity does not result in any direct CO,
emissions, this change in energy mix results in the de-
creasing trend shown in Figure 1. The percentage of con-
sumption met by coal aiso increased during this period, but
not enough to offset the reduction in CO, intensity resulting
from the increased share of natural gas and primary elec-
tricity.

Figure 2: Composition of Total Energy
Consumption, 1970-1990
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1. Petroleum-based fossil fuels include diesel fuel, light and heavy fuel oils,
kerosene, motor and aviation fuels.
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CONCLUSION

Several useful pieces of information have emerged
from the results presented above. Perhaps most important
is the highly concentrated nature of industrial greenhouse
gas emissions. When considered in terms of CO, equiva-
lent emissions, the five largest industrial sources account-
ed for almost 58% of 1985 industrial emissions. Particularly
noteworthy is the fact that the electric power and other utili-
ties industry alone was responsible for 26% of all industrial
emissions. The very large emissions from this industry
meant that electricity was the most greenhouse gas inten-
sive commodity in the Canadian economy in 1985. Each
$1 000 worth of electricity delivered to final consumers re-
sulted in the emission of nearly 5 tonnes of CO, equiva-
lents.

The importance of transportation activity in total green-
house gas emissions is also clear from the above analysis.
The transportation industry (which includes for-hire land,
air and marine transportation services) is the second larg-
est source of CO, equivalent gas emissions among all in-
dustries. This is so even though the emissions from
transportation activity undertaken by firms, households or
governments on own-account are not included in the esti-
mated emissions from the transportation industry. All told,
transportation is a significant source of greenhouse gas
emissions.

Households also appear as very important sources of
greenhouse gas emissions. The consumption of commodi-
ties by households contributed almost 22% of economy-
wide 1985 CO, equivalent emissions. On top of this are the
142 Mt of CO, equivalent emissions, or 44% of total indus-
trial emissions (see Table 4), that are associated with the
production of commodities ultimately purchased by house-
holds. This is not meant to imply that households are solely
responsible for the greenhouse gases emitted during the
production of the commodities they purchase; the respon-
sibility for these emissions must be shared between the
consumers who demand the commodities and the indus-
tries that meet this demand. Nonetheless, it serves to high-
light the importance of household consumption in overall
greenhouse gas emissions.

To conclude, it can be said that the input-output ac-
counting and modelling frameworks have proven to be use-
ful tools for the analysis of greenhouse gas emissions. The
majority of anthropogenic greenhouse gas emissions have
been included in the input-output model used here and
some interesting results have followed. However, where
the nature of emissions is such that there exists no linear
and constant relationship to annual economic activity, spe-
cifically in the cases of CFCs and landfill methane emis-
sions, the input-output framework alone is inappropriate.
Future work will require the development of extensions to
the framework that will allow the incorporation of emissions
that are sporadic, stock driven or otherwise related in an
non-linear way to human activity.

DATA SOURCES AND EMISSION
ESTIMATION METHOD

The gases considered in this study include carbon di-
oxide, methane, nitrous oxide, volatile organic compounds
(VOC), nitric oxide and nitrogen dioxide (collectively, NO,)
and carbon monoxide (CO).

Chlorofluorocarbons are notable for their absence in
this list. The reason for this absence is explained briefly a
few paragraphs below. Also missing from the list is tropo-
spheric ozone (0,)', another powerful greenhouse gas.
Tropospheric ozone has been excluded because it is not
emitted to an appreciable extent as a by-product of eco-
nomic activity. Instead, it is formed in the troposphere
through chemical reactions involving the precursor gases
VOC, NO, and CO, all of which are emitted in large quanti-
ties as by-products of economic activities.

The method and coefficients used in the estimation of
the 1985 emissions of carbon dioxide, methane and nitrous
oxide have been adopted from an Environment Canada re-
port titlted Canada’s Greenhouse Gas Emissions Estimates
for 1990 (Jaques, 1992). The CO,, CH, and N,O emission
estimates reported here are, with some important differenc-
es, directly comparable with those published for 1990 by
Environment Canada.

The first, and most obvious, difference between the
estimates reported here and those reported by Environ-
ment Canada is that the former are for the year 1985, while
the latter are for the year 1990. It was not possible to use
1990 as the base year for this study as no input-output ta-
bles for that year are yet available. 1985 was chosen in-
stead, because of the availability of a good inventory of
VOC, NOx and CO emissions.

More significant than the choice of a different base
year is the exclusion of CFC emissions in the present
study. This exclusion is due in part to a lack of data to es-
tablish the link between CFC emissions and economic ac-
tivity at the detailed level represented in the input-output
tables. It is also a function of the somewhat inflexible na-
ture of the input-output structure which only allows the
modelling of greenhouse gas emissions with constant and
linear relationships to annual economic activity. Many types
of CFC emissions do not meet this criterion. In any given
year CFC emissions are, to a large extent, determined by
the stock of the chemicals that has accumulated in prior
years and, therefore, bear little relationship to economic
activity in that year.2

A third departure is the exclusion here of several emis-
sion sources included in the Environment Canada report.
These have been excluded mainly because of the afore-

1. The troposphere is the lowest level of the earth’s atmosphere.

2. Environment Canada estimates that 1990 CFC emissions amounted to
11 kt (Jaques, 1992, p. xviii).
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mentioned lack of data and/or inflexibility of the input-out-
put framework. With respect to CO,, emissions from non-
energy uses of petroleum products other than ammonia
production (1990 estimate: approximately 10 000 kt) have
been excluded, as well as all biomass related CO, emis-
sions.! The following sources of CH, emissions have also
been excluded: waste incineration (< 2 kt), landfill sites (1
405 kt) and slash burning (38 kt). As already noted, landfill
sites account for 38% of the total 1990 CH, emissions esti-
mated by Environment Canada (Jaques, 1992; p. xviii).
Thus, the estimated total 1985 CH, emissions reported
here are significantly lower than Environment Canada'’s
1990 estimate. Finally, the emissions of N,O from nitric
acid production, anaesthetics, propellants and high-voltage
transmission lines have all been excluded here. These
sources account for less than one percent of total 1990
N,O emissions estimated by Environment Canada.

The last departure from Environment Canada’s 1990
greenhouse gas inventory is the inclusion of VOC, NO,
and CO. Only CO,, CH,4, N,O and CFC emissions are esti-
mated in the former. The inclusion VOC, NO, and CO
yields more complete information and is not without prece-
dent. A major international body engaged in research on
global warming, the Intergovernmental Panel on Climate
Change, includes these gases in its list of greenhouse gas-
es (Intergovernmental Panel on Climate Change, 1992), as
does the International Energy Agency of the Organisation
for Economic Cooperation and Development (International
Energy Agency, 1991). For the sake of completeness and
because of the international precedents, it was decided
that VOC, NO, and CO should be included in this study.

. The estimated total VOC, NO, and CO emissions re-
ported in this study match those reported in the Canadian
Emissions Inventory of Common Air Contaminants (1 985)
(Kosteltz and Deslauriers, 1990 and Deslauriers, Personal
communication) with, again, some important differences.
The most significant of these is the exclusion of the follow-
ing emission sources in the present study: forest fires (201
kt VOC, 37 kt NO,, 1 141 kt CO); slash burning (96 kt VOC,
20 kt NO,, 1 134 kt CO); structural fires (6 kt VOC, 12 kt
COY}; and municipal and industrial incineration (6 kt VOC, 2
kt NO,, 9 kt CO). These sources have been excluded be-
cause they are not related in a linear and constant way to
identifiable economic activity.

Another difference with the Environment Canada
study, of less importance, is the modified procedure for es-

1. Biomass emission sources include the combustion of wood and spent
pulping liquor wastes at pulp and lumber mills; slash burning; forest fires;
fuelwood combustion; municipal and industrial waste incineration; and
landfill sites. Environment Canada excludes these emissions from the es-
timated total CO, emissions reported in Canada’s Greenhouse Gas
Emissions Estimates for 1990 because of uncertainty in estimating the
magnitude of the corresponding natural sink for COp (such as growing
forests). Because it did not have a reliable estimate of both the biomass
sink and source terms, Environment Canada felt it misleadingto include
only biomass CO, sources in its estimated total emissions. The estimat-
ed magnitude of biomass CO, emissions in 1990 is 109 Mt

(Jagues, 1992, p. xviil).

timating VOC, NOyx and CO emissions from heavy duty
road vehicles (trucks and buses) used in this study. In spite
of this, the estimated emissions from these vehicles are in
good agreement in the two studies. Furthermore, since
heavy duty road vehicles contribute a relatively small pro-
portion of the total emissions of these three gases, the dif-
ferences in these estimates have little effect on the
estimated total emissions. The estimated emissions of
VOC, NO, and CO from government activities are higher
than those reported in the other study, also because of a
different estimation method. Again, the effect of this differ-
ence on total emissions is very small.

It should be emphasized that, the exclusion of the ma-
jor emission sources mentioned above notwithstanding,
the estimated total 1985 VOC, NO, and CO emissions re-
ported here agree closely with those published in the Ca-
nadian Emissions Inventory of Common Air Contaminants
(1985).

APPENDIX

The input-output accounts published by Statistics Can-
ada contain detailed information on annual production and
consumption activities in the Canadian economy. The ac-
counts consist of three tables. A “make” table lists the dol-
lar values of all commodities produced by each Canadian
industry. A “use” table details the purchases of these same
commodities by industries for use as inputs in the produc-
tion of other commodities. These purchases are referred to
as intermediate commodity use. A “final demand” table lists
the dollar values of commaodities purchased by households
and governments, investment in fixed capital, inventory
change and net exports (exports less imports). The struc-
ture of the input-output accounts is such that there exists
an identity between total commodity production (from the
make table) and intermediate plus final consumption (from
the use and final demand tables).

Using the three tables of the input-output accounts,
and given two assumptions regarding the structure of pro-
duction activity, it is possible to derive linear models (called
input-output models) of the relationship between final com-
modity use and the levels of production activity required to
meet this use.

A useful quality of input-output models is their ability to
capture both the direct and indirect impacts of final demand
on production activity. The impact of the demand for auto-
mobiles on the output of the automobile industry is a good
example. As the demand for automobiles changes, the out-
put of the automobile industry will adjust to reflect this
change. This is an example of a direct impact of demand
on production activity. There are, however, further impacts
that will result from a change in the demand for cars. The
steel industry, for instance, will also see the demand for its
product affected by such a change. The change in demand
for steel is an example of an indirect impact of demand on
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production activity. Such indirect demands can propagate
through many industries of as a result of a change in the
demand for just one commodity. Input-output models cap-
ture all these changes automatically, estimating the effect
of a change in the demand for one or more commodities
across the entire spectrum of economic activity.

There are some limitations on input-output modelling
that should be noted. Most significant are the “snapshot”
representation of the economy in the input-output ac-
counts, and the assumption of fixed proportionality be-
tween the inputs employed in production processes and
the outputs of these processes. To the extent that techno-
logical change is present in the economy, the first assump-
tion limits the capacity of input-output models for accurately
predicting future economic activity. Thus, the technique is
most useful for studying the impact of demand changes in
a given year or, at most, a few years into the future. The
second assumption limits the accuracy of input-output
models for impact analysis in any time period, as the ca-
pacity for input substitution that exists in the actual econo-
my is not captured in the constant-proportion input-output
framework.

Beyond purely economic analysis, input-output model-
ling can also be used to study the relationship between
economic activity and the use of raw materials and genera-
tion of wastes. To do so requires two modifications to the
standard conception of the input-output accounts. First, it is
necessary to introduce physical quantities into the input-
output framework. Second, the framework must be ex-
panded beyond its normal market-activity boundary to in-
clude the non-marketed inputs and outputs of economic
activity. Once these changes to the accounting framework
are made, the incorporation of environmental inputs and
outputs into the framework is conceptually no different than
the incorporation of any marketed input or output. Just as
industries produce commodities for the marketplace, they
also produce waste materials that can be released into the
environment. Similarly, just as industries purchase com-
modities for use in their production processes, they also
make use of non-marketed inputs from the environment, air
and water for example. It is possible to incorporate tables
showing the inputs and outputs of these environmental
commodities, in physical quantities, into the standard input-
output framework. Assuming that these environmental
commodities are produced and consumed in fixed propor-
tion to the production and consumption of marketed com-
modities, a set of input-output accounts so modified can be
used to study the relationship between production, con-
sumption and the use of the environment as a source of
raw materials and a sink for wastes.
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3 Pulp and Paper Industry
Compliance Costs

by Craig Gaston

INTRODUCTION

The pulp and paper industry is currently under consid-
erable scrutiny by environmentalists, regulators and the
general public. This resource based industry is the main
livelihood for over 76,000 Canadians and has a long histo-
ry as one of Canada's most important economic activities.
The industry has made significant progress over the last 20
years in reducing pollution but as the volume of production
has increased and our ability to study the composition and
the effects of the pollutants has improved, regulations have
become more stringent. The increased concern over pollu-
tion comes at a time when U.S. customers are demanding
a higher recycled fibre content in newsprint and European
buyers are beginning to give preference to paper that has
not been bleached with chlorine. These pressures trans-
late necessarily into expensive capital expenditures and
coincide with a period of weak demand and increasingly
strong competition.

BACKGROUND

Canadian mills are often criticized for being old and in-
efficient. Fifty-eight percent of Canadian newsprint ma-
chines commenced operation prior to 1950 compared to
28% in the U.S. and 7% in Scandinavia. Also, 15% of an-
nual production capacity is greater than 400 tonnes a year
in Canada compared to 30% in the U.S., 80% in Sweden,
40% in Finland and 20% in Norway (Sinclair, 1990). Indus-
try analysts claim that Canadian companies must modern-
ize, shift to higher value products such as fine papers, and
invest in pulp and paper mills outside of Canada (Headlam
and Stevenson, 1990, p. 43).

This study examines the estimated cost of compliance
to the 1992 federal regulations on traditional pollutants.
How do compliance costs vary according to the type of
treatment facility in place? What effect does the age of a
mill have on estimated expenditures? How do these costs
vary according to region, type of product, capacity, profita-
bility, recent investment or foreign control? The aim of this
chapter is to shed light on the nature of the pulp and paper
pollution problem in Canada and on how the industry will
be affected by certain federal regulations which take effect
this year.

Economic Importance of Pulp and Paper

The pulp and paper industry comprised 82 firms which
operated 147 mills in 1989. Although concentrated in Que-
bec, Ontario and British Columbia, plants are located in
every province with the exception of Prince Edward Island.
In terms of value added, the industry ranks first among all
manufacturing industries in Canada, followed by the auto-
mobile industry. The industry has declined in relative im-
portance since the fifties, when it accounted for 5.3% of
GDP, to 1.4% of GDP in 1989. Canada ranks second in the
world in terms of wood pulp production, and first in terms of
exports of this commaodity. Pulp and paper products ac-
counted for 15% of total exports and 0.6% of employment
in 1990.

The industry is currently under considerable financial
pressure due to a combination of economic and environ-
mental factors. The recent recession has resulted in many
temporary mill shutdowns and several permanent closings.
Environmentally, U.S. customers' increasing insistence
upon recycled paper content and stricter pollution regula-
tions portend large capital expenditures for de-inking mills
and pollution abatement equipment.

Environmental Concerns

The pulp and paper industry is the focus of considera-
ble attention due to its environmental impact. In 1987,
waste discharges from the pulp and paper industry were
the major industry-related environmental concern in British
Columbia and New Brunswick according to provincial envi-
ronmental authorities (Sinclair, 1990, p. 177). In Ontario
and Quebec, the industry ranked third amongst polluting in-
dustries and only the chemical industry (a major supplier to
the pulp and paper industry) and the mining industry were
rated as high as the pulp and paper industry Canada-wide
(Sinclair, 1990, p. 177). The industry has, however, made
substantial environmental improvements over the last 20
years.

Water pollution has received most of the attention ac-
corded to pulp and paper mills. The industry is not “... a sig-
nificant contributor to global air pollution problems, such as
acid rain or warming. lts [air pollution] problems are very lo-
calized and most likely nuisance odour-type problems”
(Paul Shepson in Jamieson, 1991, p. 12). Pollution dis-
charged to water consists mainly of wood particles too
small to be filtered, organic material (mainly lignin) from the
wood and waste chemicals used in the pulping and bleach-
ing process. The wood particles, measured as total sus-
pended solids (TSS), upset the aquatic habitat and ruin fish
spawning beds. The dissolved organic material decompos-
es and in the process uses oxygen thereby reducing the
ability of the water to support life. This potential is generally
measured as biochemical oxygen demand (BOD) ex-
pressed in kilograms per tonne of product. Other organic
materials such as resins, fatty acids and sulphur com-

Environmental Perspectives 1993

Statistics Canada - Cat. No. 11-528E 19



Pulp and Paper Industry Compliance Costs

pounds are acutely toxic to fish. Mills that use elemental
chlorine for bleaching have also been identified as a signif-
icant source of dioxins and furans, which are discharged in
the wastewater (Environment Canada, 1991, p. 14-19). En-
vironment Canada considers these substances to be highly
toxic.

Regulation

The pulp and paper industry is currently faced with
new federal regulations governing the release of various
pollutants. From 1971 until 1991 only new mills or mills that
underwent significant expansion were subject to restric-
tions under the Fisheries Act. The new constraints, intro-
duced in 1992 and effective in December 1992, apply to all
mills (although the criteria are somewhat different for mills
discharging their effluent to off-site treatment facilities). The
1992 federal regulations, under the authority of the Fisher-
ies Act, apply to the discharge of BOD, TSS, and effluents
acutely lethal to fish. New regulations were also estab-
lished under the authority of the Canadian Environmental
Protection Act (CEPA) requiring the elimination of dioxins
and furans from the effluent of pulp and paper mills per-
forming chlorine bleaching. Regulations controlling de-
foamers and wood chip insecticides were also
implemented under CEPA. Some provinces have also
passed regulations limiting or banning organochlorines, a
whole class of compounds which result from chlorine
bleaching and which include dioxins and furans. This study
examines the costs related to the abatement of TSS, BOD,
and toxicity. Only mills that discharge effluent directly to re-
ceiving waters are examined here.

Treatment Facilities for Traditional Pollutants

Primary treatment facilities remove from 80 to 90% of
the settleable portion of the suspended solids, usually by
means of gravity clarifiers or settling basins. Secondary
treatment is designed to remove BOD associated with the
dissolved organic materials in the effluent, and normally
uses a biological process. In Canada, aerated lagoons are
most often used for secondary treatment. The objectives of
this process are to reduce the BOD by 70% to 95% and to

Table 2: Attributes of Mills by Region

render the effluent non-toxic to fish. Although these facili-
ties do reduce toxicity they are not effective in eliminating
dioxins and furans.

The estimated capital cost to pulp and paper mills to
be in compliance with the 1992 regulations is $2.2 billion
(1990 dollars) or about $23 million per mill. This cost can
vary from over $100 thousand to $100 million depending
upon the circumstances of an individual establishment (De-
partment of Fisheries and Oceans, 1991). By way of com-
parison, the average annual investment from 1978 to 1989
by mills in this study was $16.8 million per mill in 1989 dol-
lars.

Table 1 shows that most pulp and paper mills in this
study had primary treatment facilities in 1989 (84%). In
1989, only 30% of the mills in the sample had secondary
treatment facilities. On average, mills without secondary
treatment produced over 34 kg of BOD per tonne whereas
those with these facilities generated effluent containing 8.8
kg per tonne, just over the 1992 federal limit of 5 kg per
tonne. On average, the mills considered here generate 11.4
kg of TSS per tonne while the new limit is 7.5 kg per tonne.

Table 1: Treatment Facilities, 1989

Treatment facilities Mills TSS BOD Capacity
tonnes
number kg per tonne per day
None 20 193 17.2 379
Primary only 67 89 342 600
Primary and secondary 37 9.9 88 784
All direct discharge mills 124 1.4 239 619
Source:

Environment Canada, Regulatory Affairs and Program Integration Branch.

The variation in BOD factors by region reflects, to a
large degree, the use of secondary treatment. Table 2
shows that only 13% of Quebec mills had secondary treat-
ment facilities in 1989 and the BOD factors were highest in
this province. Similarly, Prairie province mills had the lowest
average BOD factor and the highest incidence of second-
ary treatment.

Mills with treatment facilities Effluent
Region Mills Primary Secondary TSS BOD TSS BOD
number percentage kg per tonne per mill thousand tonnes per day (all mills)
Atlantic Provinces 19 81 25 13.6 245 118 215
Quebec 49 a2 13 1.9 285 220 888
Ontario 27 96 27 46 19.1 75 304
Prairie Provinces 6 100 85 27.9 12.2 88 39
British Columbia i 23 81 52 12.6 219 234 383
Canada 124 84 30 11.4 239 735 1829
Source:

Environment Canada, Regulatory Affairs and Program Integration Branch,
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The inverse relationship between BOD factors and the
incidence of secondary treatment is not perfect, however,
as shown by British Columbia where the BOD factor is al-
most the same as the Canadian average and more than
half the mills have secondary treatment facilities. Process
type is another important variable in explaining BOD fac-
tors.

COST OF COMPLIANCE TO RECENT
FEDERAL REGULATIONS !

It is possible to assess the financial impact of the 1992
federal pollution regulations on pulp and paper mills by ex-
amining the estimated compliance costs? in the light of his-
torical investment and earnings.

Traditionally, measures related to the pulp and paper
industry are expressed in terms of a tonne of final product.
This measure is widely understood by industry experts but
it does not provide an intuitive appreciation for the actual
impact of the required expenditures in relation to a mill's
earnings. In this study we will examine the compliance
costs relative to average annual investment in new plant
and equipment and to average annual surplus®. In both
cases we have calculated averages over time to avoid the
cyclical variation which is inherent in data pertaining to this
industry. The averages are based upon 12 years of data in
the case of investment and 9 years for surplus. The data
have been recalculated in 1989 dollars.

We will examine two ratios. The first is the capital cost
of compliance per dollar of average investment by each
mill. This ratio can be thought of as the number of years of
average equivalent investment (AEI). The second ratio is
the annualized capital cost plus operating cost per dollar of
average surplus?, hereafter referred to as the annualized
cost ratio (ACR). The AEl is interesting in that it shows the
impact of the estimated pollution abatement costs in terms
of recent historical investment but it is incomplete since the
investment in a mill does not reflect a mill's profitability. Ta-
ble 3 shows that the ratio of average investment to average
surplus increases with decreasing surplus suggesting that
there is a minimum amount of investment required for a mill
to remain competitive and that more profitable mills can
distribute a larger proportion of profits as dividends. Of the

1. Except where explicitly noted, all references to data in this section refer to
Table 3.

2. Estimates of capital and operating costs for specific mills were prepared
by N. McCubbin Consultants Inc. These data were used by Environment
Canada to evaluate the anticipated impact of the Pulp and Paper Effluent
Regulations published in the Canada Gazette on December 14, 1991.

3. Surplus is defined here as the value of shipments less the cost of energy,
materials and labour. Since the study is conducted at the level of the indi-
vidual mill, it is not possible in most cases to determine actual profits.
Surplus, as defined here, includes head office overhead, certain pur-
chased services, depreciation and profits.

4. The capital cost is expressed as annual paymenis over 20 years amor-
tized at 8.19% (See McCubbin, 1990, p 63.)

two ratios, the ACR is perhaps the best measure of the im-
pact of the regulations on a mill.

The AEI seems to be independent of the level of the
ACR. However, it is clear that the overall compliance costs
per dollar of surplus are inversely proportional to the ACR.

The average capital cost of compliance per mill is esti-
mated at $25.7 million in 1989 dollars compared to $17.0
million of average investment. This is equal to 1.5 years of
average equivalent investment (AEI). Average estimated
annualized cost per mill is $4.4 million or 7.9% of the aver-
age annual surplus of $55.3 million.

Presence of Treatment Facilities

One of the most important factors determining compli-
ance costs is whether a mill has already invested in treat-
ment facilities. Twenty one mills already equipped with
primary and secondary facilities must invest, on average,
almost $13 million. This amount represents about half of a
year's average equivalent investment. In comparison, 13
mills with no treatment facilities must invest almost $27 mil-
lion or 2.2 years of AEI. This difference results from the
combination of higher capital costs and lower average in-
vestment for mills without facilities. In terms of the ACR,
mills with both types of facility must spend 3% of surplus
annually compared to 14% for mills with no facilities. The
majority of the mills considered here have primary treat-
ment facilities only.

Capacity

Mill capacity does not seem to be a factor in terms of
the years of AEI needed to comply with the regulations ex-
cept for the smallest mills for which the AEl is 4.69 years.
However, there is a clear correlation between mill size and
the ACR which ranges from 6% for mills producing more
than 1000 tonnes per day to 19.5% for the smallest mills
producing less than 200 tonnes per day.

Although there are important economies of scale in
this industry, they do not seem to be related to mill capaci-
ty. It is the size of the pulp and paper machines that mat-
ters: the total output can be produced by one large
machine or two or more small ones. From Table 3 it can be
seen that mills producing fewer than 300 tonnes per day
were substantially less profitable than average yet so were
the mills producing between 620 and 800 tonnes per day.
The best performing mills had a daily capacity of between
300 and 620 tonnes per day. These mills had an average
surplus of $247 per tonne compared to only $232 per tonne
for mills producing over 1000 tonnes per day. Mills produc-
ing in the range of 620 to 800 tonnes per day are particular-
ly notable, given their size, their relatively high compliance
costs and low profitability representing an ACR of 13%.
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Table 3: Cost of Compliance and Other Measures

Compliance costs

Annualized
Mills with Investment  Surplus
secondary Average Average over over Over
Mills Capacity BOD utilities investment surplus surplus production Capital Operating production AElL ACR.
tonnes kg per dollars per  dollars per dollars per percent
number perday  tonne percent millions of dollars dollar tonne  millions of dollars tonne years of surplus
All milis 86 721 30.2 24.4 17.0 55.3 0.31 227 257 23 18.0 1.51 7.9
Treatment
None 13 504 215 123 355 0.35 223 27.2 28 31.4 222 14,1
Primary only 52 693 40.6 15.9 53.5 0.30 226 305 26 21.7 1.92 9.6
Primary & sec. 21 925 9.8 100.0 225 721 0.31 230 12.8 1 6.8 057 29
Capacity (tonnes per day)
Over 1000 17 1428 240 41.2 27.9 111.1 0.25 232 383 35 13.8 1.37 59
800 to 1000 14 885 33.9 28.6 23.4 66.2 0.35 210 287 2.3 14.7 1.23 7.0
620 to 800 9 706 434 44.4 242 46.9 0.52 198 39.0 3.1 26.8 1.61 135
300 to 620 34 478 323 14.7 1.4 40,0 0.29 247 21.0 1.9 221 1.84 9.0
200 to 300 8 273 211 12.5 57 16.7 0.34 207 7.9 14 256 1.39 12.3
Under 200 4 136 13.8 0.0 1.3 6.6 0.20 228 6.2 0.8 44.4 4.69 195
Year buiit
Before 1900 8 365 14.0 0.0 86 30.3 0.28 256 138 1.1 19.3 1.61 75
1900 to 1971 64 769 35.6 18.8 18.8 59.6 0.32 226 29.4 27 19.2 1.56 85
After 1971 7 619 9.0 100.0 15.2 49.2 0.31 232 5.1 0.4 39 0.34 %7
Product
Integrated kraft 15 127 16.2 467 212 89.5 0.24 241 29.9 27 13.7 1.41 i
Market kraft 19 746 18.1 47.4 17.6 58,9 0.30 222 203 1.6 12.1 1.15 55
Mechanical 5 457 1.9 20.0 171 279 0.61 176 125 2.0 18.8 0.73 10.7
Newsprint 29 757 36.2 6.9 17.8 62.2 0.29 237 30.4 26 196 1.70 82
Other paper and 9 250 10.7 1.1 3.2 16.3 0.19 227 45 05 1.8 1.43 5.2
board
Sulphite, semi- 9 497 89.2 114 19.4 229 0.85 159 43.2 4.0 52,5 223 33.1
chemical and
dissolving
Region
Atlantic 1 713 31.8 27.3 17.7 47.3 0.37 190 25.2 2.0 16.4 142 86
Provinces
Quebec 36 615 35.1 8.3 15.7 49.3 0.32 242 27.3 24 214 1.74 8.9
Ontario 17 635 272 11.8 1.6 52.5 0.22 250 19.7 2.2 18.2 1.70 73
Prairie Provinces 4 633 145 75.0 265 53,5 0.49 21 10.2 1.2 8.1 0.39 38
B.C. coastal 9 1214 408 33.3 29.2 99.8 0.29 229 55.0 5.1 221 1.89 9.7
B.C. interior 9 865 105 77.8 14.9 50.6 0.29 193 86 1.0 65 058 a3
Investment
Capital > average 31 1052 32.8 323 320 84.3 0.38 230 385 35 18.2 1.20 7.9
Capital < average 55 535 28.7 200 85 39.0 0.22 224 185 1.6 17.7 217 7.9
Control
Canadian 54 661 343 16.7 15.0 48.0 0.31 221 265 22 20.4 1.77 9.2
Foreign 32 823 232 a7s 202 67.7 0.30 234 24.2 23 149 1.20 6.4
Surplus (dollars per tonne)
Over 250 22 709 28.1 36.4 17.1 75.7 0.23 209 26.1 23 17.4 1.52 58
200 to 250 21 953 23.0 19.0 19.0 78.1 0.24 237 286 27 15.3 1.50 65
160 to 200 22 696 35.8 18.2 17.9 46.8 0.38 196 26.9 23 188 1.51 9.6
Under 160 21 528 336 238 13.8 201 0.69 132 21.0 1.9 235 1.53 17.8

Sources:
Statistics Canada, National Accounts and Environment Division.
Environment Canada, Regulatory Affairs and Program Integration Branch,
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Age and Modernization

The year that a mill was built does not necessarily dic-
tate its efficiency or its pollution abatement except for mills
which were built since 1971 when the first federal regula-
fions came Into effect. This fact is illustrated by the very low
ACR {2%) for mills built since 1971 compared to 8.5% for
milis built between 1900 and 1971. Those built prior to
1900 must spend, on average, 7% of annual surplus to be
in compliance. It is interesting to note that the surplus per
tonne of capacity was almost the same for recent mills and
older mills, confirming that the actual age of the mill is not
an important variable in profitability.

On the other hand, if modernization can be equated to
a high level of investment averaged over the last 12 years
then mills with above average investment might be expect-
ed to perform better and generate less poliution. This ten-
dency exists to some extent as the surplus per tonne of
capacity was $230 for high investors compared to $224 for
low investors. The latter group of mills have a much smaller
capacity {535 tonnes compared to 1052 tonnes per day).
Although the mills with above average investment have a
higher percentage of secondary treatment facilities (32%
compared to 20%) their BOD factors are slightly higher.
This reflects the fact that the smaller mills are less likely to
produce their own pulp. Both groups of mills must spend
8% of their surplus annually to comply with the regulations,
indicating that higher investment did not generally put mills
in & better position with respect to compliance costs.

Product

The indicators by product category are very uneven,
reflecting the underlying production processes and the
presence of secondary treatment facilities. This latter varia-
bie, however, seems to be linked to the type of process.
For instance, half of the producers of market kraft pulp in
this sample have secondary treatment facilities yet their
capital costs per tonne of product are higher than those of
other paper and board mills, 11% of which have secondary
facilities. Since the latter generaily do not produce their
own pulp, their BOD factors are low.

Although the AEI is much below average for mechani-
cal puip milis, these milis have one of the highest ACRs
due to relatively high operating costs and a lower than av-
erage surplus per tonne of product, By far the highest com-
pliance costs per dollar of surplus have been estimated for
mills producing sulphite, semi-chemical or dissolving pulps.
These mills generate a very high level of BOD and have a
lower than average percentage of secondary faciiities.
Their required capital costs per tonne of product are three
times the average and their surplus per tonne is 30% less
than the average. These factors result in an ACR of 33%
for the 9 mills in this category. These mills have an impor-
tant impact on other characteristics in Table 3.

Region

Regionally, Quebec producers face the highest abso-
Jute compliance costs but they also produce more pulp and
paper than those in other regions. Quebec mills account for
44% of the total capital costs of compliance but in terms of
costs per doliar of surplus, mills on the Pacific coast' are
the most affected. Average capital costs per milt in Quebec
are estimated at $27 million, or about 1.7 years of AEi
compared to 1.9 years for British Columbia coastal mills
and only 0.4 years for mills in the Prairie provinces.

For the ACR, the pattem is similar although the differ-
ences between the regions are less marked. Mills in the
Prairie provinces and the interior of British Columbia must
spend 3% of surplus annually while mills on the Pacific
coast must devote 10%. According fo this measure there is
little difference between mills in Eastern Canada despite
the fact that Quebec has the lowest percentage of milis al-
ready equipped with secondary treatment facilities. The rel-
atively low average surplus per tonne of product during the
eighties in the Atlantic provinces and in the British Colum-
bia interior mills increases this measure compared to other
regions. in contrast, the above average surplus in Ontario
reduces the relative impact of compliance costs in this
province,

Control

The average capital and operating compliance costs
are much the same for Canadian and foreign controfkad
milis yet the former were somewhat less profitable and
thus had higher compliance costs relative to surplus. The
54 Canadian controlled milis had an AEl of 1.8 compared
1o 1.2 for the 32 foreign controlied miils,

The ratio of average investment to average surplus is
very simitar for both groups despite the higher surplus per
tonne of product for the foreign controlled mills. (As shown
in Table 3 for all mills considered here, there is generally an
inverse relationship between level of surplus and this ratio}.
Average investment is indeed larger for foreign controlled
milis but they are also larger and the investment per tonne
of capacity is similar. There is no indication, therefore, that
foreign controlied mills are less inclined to reinvest their
earnings. On the other hand, the higher percentage of sec-
ondary treatment in foreign controlled establishments does
not necessarily reflect a higher expenditure on pollution
abatement. it would be necessary to examine the historical
ownership records to determine this.

1. it is important to distinguish between B.C. coastal and interior mills be-
cause of the marked difference in their circumstances. Most interior milis
had already acquired secondary treatment faciites whereas the coastal
milis were relatively unequipped. Furthermore, due to the iimited area
surrounding coastai mills, it is necessary for many of them to use the as-
tivated siudge treatment process which is more costly.
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Mills in CompHance

The mills that are deemed to have no costs resulting
from the 1892 federal regulations on traditional poliutants
are smaller, less profitable and had a higher investment per
tonne of production than those for which such expenditures
were assessed {Table 4). The low surplus per tonne of
these mills seems to be mainly related to their product.
These mills do not, by and large, produce newsprint or kraft
pulp, products that generated a relatively high surplus per
tonne during the sighties.

Table 4: Characteristics of Mills With and
Without Compliance Costs

With Without

compliance  compliance

cosis costs
Number of milis 86 25
Average capacity (tonnes per day) 721 408
Average surplus (doilars per tonne} 210 169
Average investment (doliars per tonna) 84 104
Number with secondary facilities (percent) 24 48

Sources:
Statistics Canada, National Accounts and Environment Division,
Envirsnment Canada, Regulatory Affairs and Program intagration Branch.

CONCILUSIONS

On average, mills not in compliance with the new fed-
eral regulations must spend an estimated 8% of operating
surpius annually to purchase and operate the required
treatment facilities. This percentage is inversely correlated
with the production capacity of the mifl and is strongly relat-
ed to the type of product and the amount and type of pollu-
tion abatement equipment already in place. Although
Eastern Canadian mills are often singled out as being old
and less efficient, of the mills considered it is the British Co-
lumbia coastal mills that must devote the largest percent-
age of their surplus to this type of expenditure. For mills
built before 1971, neither the age of the mill nor the level of
investment over the last 12 years explains much of the var-
ilation in this percentage. Foreign controlied mills tended to
perform better than Canadian controlled mills and had a
higher percentage of secondary facilities already opera-
tional in 1989. These factors resulted in the former mills
having a lower compliance cost per dollar of surplus.,

Using average surplus as a denominator in the above
measure gives an interesting perspective on the relative
burden of compliance costs. Clearly, however, the perform-
ance of mills during the eighties is not necessarily a good
predictor of their performance during the nineties, when the
expenditures will have to be made. The high price of mar-
ket pulp contributed substantially to surplus in the latter
part of the decade. According to McCubbin (1990, p. 69),
“the highest concentration of vuinerable mills is in the prov-
ince of Quebec. All such mills are typified by high produc-

tion costs, dated equipment vintage and high compliance
cosis.” We have shown, however, that Quebec mills per-
formed better than average during the eighties and invest-
ed a proportion of surplus equivalent to the average of all
mills considered. The ACR in Quebec was only one per-
centage peint higher than the general average. This poten-
tial contradiction ilfustrates one of the hazards of
comparing estimated future costs to actual historical finan-
cial data. In the final analysis, however, there is no signifi-
cant difference in the average surplus per tonne of product
for mills that have both primary and secondary facilities,
those that have anly primary facilities or those that have
none, a fact that suggests that pollution abatement costs
have not detracted from the performance of pulp and paper
mills in the past.

DATA SOURCES AND MEASUREMENT
PROBLEMS

The following data files were used for this study:

Pollution Data

Information on BOD factors and treatment facilities
came from the Pulp and Paper Mill Profile System de-
scribed in Statistics Canada (1992, p. 96). The data pertain
to 1989. This database contains information on 124 direct
discharge mills.

Estimated Compliance Costs

As noted in the text, these data come from a report
prepared for Enviranment Canada by N. McCubbin Con-
suftants Inc. The report states that:

“The approach of calcutating estimates for each mill was
selected as the best way of estimating the tota! costs for
gach industry sector and geographic region. Clearly,
such estimates can never be as reliable as those based
on detailed engineering analysis, flowsheets, site layout,
soils studies and contractors bid prices. Severat capital
cost estimates were checked against independent esti-
mates based on detailed studies, and were found to be
within 20% of the latter costs. Some extreme mills are
bound to exist where the individual costs estimated for
this report are either excessive or inadequate. However,
it is considered that the aggregate of any reasonably
sized sub-set of mills (such as Quebec newsprint mills)
is accurate within 20%” (McCubbin, 1990, p. 56).

Manufacturing Data

Records from the manufacturing survey for individual
miils classified to SIC 271 were processed to obtain 1989
praduction figures by type of product. Surpius was calculat-
ed for the period 1981-1989 by subtracting the cost of ma-
terials, fuel and labour from the value of shipments, As
noted in the text, this value is equivalent to operating profit
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before depreciation and depletion allowances except that it
includes head office expenses, Since the study considers
individual mills, it was not possible to derive a net profit es-
timate at this level. A weighted average of the annual sur-
plus was calculated using the GDP implicit price deflator,

Investment Data

it was possible to obtain investment data dating back
to 1979 from the Capital and Repair Expenditure Survey
conducted by Statistics Canada. Although data exist prior
to this year, it would have been difficult to match individual
mills. Averages were computed using the price indexes for
capital expenditure on plant and equipment for paper and
allied industries.

Record Matching

The matching of company names by location was rela-
tively straightforward, especially with the help of the Pulp &
Paper Canada Annual for 1989. In some cases one source
reported data on a combined basis wheteas other sources
reported on the individual establishments. Mills for which
all data were not available were omitted from parts of the
analysis. This problem explains the variance in the number
of mills reported. For instance, in Table 4 only 111 of the
124 direct discharge milis could be matched to combine in-
formation on surplus and investment. in Table 3 only 86 of
the 94 mills reported as having compliance costs could be
matched to show all the variables.

Variance

The variance about the mean is quite high in many
celis of the tables presented in this study. Although exclud-
irg the outliers would have an effect on the mean in some
cases, the difference is not large enough to change the
conclusions. It should be noted, however, that the meas-
ures for a mill in any given category may be quite different
from the average.
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4 Transportation of
" Dangerous Goods

by Marcia Santiago

INTRODUCTION

Cargo transportation is an essential element of eco-
nomic activity. The transportation system itself -~ roads,
railways, pipeiines and seaways —is a tangible link be-
tween industrial production and the consumer population.

Many aspects of transportation are associated with
some level of environmental impact, including fossil fuel
consumption, land use change and poilution from both the
vehicles and people that use the transportation network,
These may be measured in terms of either energy and ma-
terial consumed or substances released into the environ-
ment. Other aspects of transportation, such as
environmental risk, are not so easily quantified. This is be-
cause risk to the environment is quite different in nature
from impact. The potential for impact is substantially more
difficult to describe than an actual or realized effect. it is,
nonetheless, a dynamic element of the relationship be-
tween the human and physical environments.

This chapter examines the regulation concerning the
transport of dangerous goods in Canada. This is followed
by the presentation and discussion of a variety of data on
the tonnage of dangerous goods moved by various modes
of transport, and on accidents involving dangerous goods.
These two sets of data are used to estimate some simple
indicators of the risk of accidentai release of material asso-
ciated with transportation of dangerous goods.

TRANSPORT REGULATIONS

in a practical sense, risk in transportation is usually
understood in terms of human safety. Transportation is reg-
ulated on two levels: in the economic or competitive con-
text, as well as in terms of safety. Safety is one of the main
objectives of the National Transportation Policy {National
Transportation Act 1987).

Dangerous goods are encountered in many economic
activities, notably in many basic resource industries. In var-
ious forms, they are involved in virtually all types of manu-
facturing. Many are not intrinsically dangerous o the
physical environment. In fact, most are regulated on the
basis of their potential danger fo transportation safety and
human health. The term “dangerous goods” may, as such,

be misteading in an environmental context but it is used in
this chapter because it is the regulatory term of reference.

In Canada, the movement of dangerous goods is
largely contrelled through the federal Transport of Danger-
ous Goods Act {1985) and its associated Reguiations
(1985, 1989). This legislation applies to all domestic and
international movements of dangerous goods by Canadian
carriers.

Within this context, dangerous goods are those com-
maodities recognized by the Act as “any product, substance,
or organism included by its nature or by the regulations in
any of the classes listed in the Schedule” to the Act. This
schedule contains over 3 000 commaodities, which are clas-
sified by United Nations Product Identification Numbers
(PIN). These dangerous goods are aggregated into nine
classes which form the basis of specific regulatory meas-
ures. Dangerous goods are controlled at all stages of
transport: tabelling of shipments, identification of hazard-
ous substances on bills of lading and cargo manifests, and
marking of vehicles. These regulations also stipulate train-
ing of anyone handling, offering to transport, or transport-
ing dangerous goods.

THE ECONOMIC CONTEXT

Table 1: Dangerous Goods Transported, by Mode
of Transport, 1986

Class Rail Road  Marine

thousand wnnes

1. Explosives (potentially explosive 54 115 14
material)
2, Comprassed of liquefied gases 5847 1168 248
3. Flammable and combustible liquids 3748 1B186 10283
4. Flammabte and combustible solids "7 3588 283
5, Oxidizers and organic peroxides 645 1562 155
6. Poisonous and irfectious substances 98 246 i
7. Radicactive materials - 34 17
8. Corrosive materals 3435 1872 g2t
9. Miscellaneous dangerous 2047 401 §9
substances or articles
Tatat 15700 23443 12129
Sources:

“YFransport Canada and Statisties Canada (OECD, 1988}

Table 1 shows that, overall, road transport accounts
for 46% of the dangerous cargo tonnage shipped®. Ship-
ments by rail and by marine carriers account for 31% and

1. The refative importance of various modes in dangerous goods movement
varies with the method of estimating levels of activity. For example, the
comparison between trucking and marine shipments may produce differ-
ent results depending on whether or not the distance travelied is associ-
ated with the quantity of freight (i.e., tonne-kilometres vs. tonnes). Rail
and road data ase qualified in the following sections. For marine ship-
ments, the figure shown is for international movements only, the tonnage
of dangerous goods for domestic shipping is not available.
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24%, respectively. Flammable and combustible liquids
(Class 3 substances} are the dangerous goods most com-
monly transported, representing 63% of the total weight of
dangerous goods shipments. In terms of the mode of trans-
port, flammabie and combustible liquids represent 85% of
international marine, 78% of for-hire trucking and 24% of
rail shipments of dangerous goods.

Rail Movements

Dangerous goods represented 9%, by weight, of all
commodities transported by rail within Canada and across
the Canada-U.S. border in 1989. Domestic shipments of
dangerous gocds amounted to 11 miflion tonnes {or 68% of
the total weight of dangerous goods shipments) and 181
thousand carloads (or 72% of fotal carloads shipped).
Trans-border shipments contributed the remainder, at 5
million tonnes and 69 thousand carloads. These move-
ments are summarized, by origin and destination, in
Table 2.

Differences in unit weight (that is, the average weight
per carload) across rail corridors may be atiributed to a
number of factors. High unit weights (e.g., 74 tonnes per
car for domestic movements originating in Alberta) may in-
dicate that the dangerous goods carried mainly consist of
heavy, bulk materials. These would include crude petrole-
um oil ar semi-refined petroleum products. Lower unit
weights might suggest that the commodities being trans-
ported are more refined and less dense products. Low unit
weights may aiso indicate that dangerous goods are being

carried in mixed carloads with other, non-regulated prod-
ucts.

One fifth of rail movements in dangerous goods {rep-
resenting 4 million tonnes and 49 thousand carloads) took
place within provincial boundaries. Interprovincial ship-
ments totalled 7 million tonnes (42%) and 195 thousand
carloads. Alberta, Ontario and Quebec accounted for most
of the activity.

Six products account for 44% of the dangerous goods
tonnage transported by rail from the U.S. Ranked highest,
in terms of tonnage, is sodium hydroxide (81 thousand ton-
nes, Class 8). In this group, there are also two Class 3
commodities: cyclohexane (74 thousand tonnes) and ben-
zene {27 thousand tonnes). Isobutylene (71 thousand ton-
nes} and propylene (65 thousand tonnes) are both Class 2
substances. One commodity, ethylenediamine tetra-acetic
acid (EDTA), is classified by Transport Canada as an envi-
ronmentally hazardous substance (Class 9.2, 44 thousand
tonnes).

Similarly, among rail shipments of dangerous goods
from Canada to the LS., five products account for half of
the tonnage. Three of these are compressed or liquefied
gases (Class 2): ammonia (902 thousand tonnes), isobu-
tane (396 thousand tonnes), and propane (313 thousand
tonnes). Asbestos (473 thousand tonnes, Ciass 9) and sul-
phuric acid (468 thousand tonnes, Class 8) are also sub-
stantial components of the activity.

Table 2: Rail Movement of Dangerous Goods, by Origin and Destination, 1989

Destination
British
MNova Scotia Manitoba Columbia
i and New and and the United
Origin Brunswick Quebec Ontario Baskatchewan Alberta Territories States Total
thousands of tonnes transported
earloads
Nova Scotia and New Brunswick 28 2 55 3 2 ! 12 ars
4136 1035 2119 110 122 55 214 7781
289 577 227 57 65 51 737 Z003
Quebec
5885 8033 5361 1660 2086 7407 10137 31879
; 227 942 1323 209 318 254 18601 4878
Ontario
7 268 14 223 17 689 7313 10 396 7785 21683 86 328
. 16 5 181 257 8 36 172 676
Manitoba and Saskatchewan
215 151 2858 3907 233 588 2457 10 407
83 25 721 )
Alberta 5 530 292 232 2490 6668
a3 3172 8404 2117 9775 28 928 32084 86 111
British Columbia and - 5 12 7 32 577 47 679
the Territories 2 200 4833 147 522 7 794 872 2886
) 2 183 342 29 121 6! 1
Uniteg States B2 g 82
94 4967 36 821 507 1763 1026 785 14 008
Total 865 1990 2 670 853 1268 3331 5119 16097
o
18 421 31 781 39821 17 761 24 927 47 581 88 822 249 114
Source:

Statistics Canada. Raif in Ganada 1589, Catalogue 52-218.
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Road Movements

As in other industrial economies, road transport ac-
counts for mast of the dangerous cargo shipments within
Canada (OECD, 1888). This reflects, to a great extent, the
prominence of for-hire trucking in local freight distribution.

Table 3 is a summary of interprovincial dangerous
goods movement by for-hire trucking in 1989, Shipments
between and within urban areas account for 40% (1.9 mil-
lion) of the shipments and 23% (7.7 million tonnes) of the
weight transported. About 244 thousand shipments are
made within Toronto's Census Metropolitan Area (CMA),
the greatest number of dangerous goods movements with-
in an urban centre. The greatest concentration of tonnage
is transported within the Vancouver CMA, which accounts
for 1.7 million tonnes of dangerous goods. Transborder ac-
tivity accounted for 2% of shipments and 5% of dangerous
goods tonnage. Compared to transborder rail movements,
this is a considerably lower proportion of activity.

ACCIDENTS

Over time, the overall frequency of transportation acci-
dents has tended simply 1o reflect the level of shipping ac-
tivity. In 1991, the Transportation Safety Board repotted a
decrease in air and marine aceidents compared to the pre-
vious year (TSB, 1992). In the same time period, there was

an increase in the number of rail accidents but the accidert
rate actually declined somewhat (TSB, June 1992).

The pattern of transportation accidents that involve
dangerous goods is also tied to the level of activity. Over-
jand shipments account for most of the dangerous tonnage
transported and it foliows that the road and rail modes also
account for most of the accidents involving dangerous
goods (Table 4).

The likelihcod of an accident may also be expressed,
for either overiand mode of transport, in terms of the total
shipments. Among rail movements, it is estimated that one
accident occurs for every 545 carloads, or 36 thousand
tonnes, of dangerous gooeds transported. In for-hire truck-
ing, the probability of accident is estimated at one in 21
thousand truckdoads, or 70 thousand tonnes, of dangerous
goods transported.

Between classes of dangerous goods, the occurrence
of accidents is only weakly correlated with the quantities
transported. In rail shipments, Class 3 substances account
for 24% of the tonnage and 29% of the accidents (one acck-
dent for every 29 thousand tonnes transported). [n road
movements, these commodities account for 78% of the
tonnage and 43% of the accidents (one accident for every
90 thousand tonnes transported).

An important dimension of any accident involving dan-
gerous goods is whether or not material release occurs as

Table 3: Dangerous Goods Handled in For-hire Trucking, by Origin and Destination, 1989

Destination
Nova British
Newfoundlang  Scotia and ) Coiumbia
Origi and Prince New Manitoba and and the United
ngin Crueb Ontario skatchewan Iberta Total
Edward Island  Brunswick 50 Sa o Al Tetritories States
thousangs of tonnes
thousands of tuckicads
Newfoundiand and 183 25 33 - - 223
Prince Edward island 18 3 - 1 - 22
Nova Scotia and 50 2 400 39 14 -~ - - 220 2725
New Brunswick 7 198 5 - ! ! & 233
] 107 3 308 684 12 23 7 148 4299
Quebec
4 52 495 335 11 14 11 11 913
) 9 90 %) [ 71 58 20 546 8113
Ontario
i1 55 316 1735 38 a4 27 41 2a89
. 4 5 178 2683 214 47 253 3121
Manitoba and Saskatchewan
1 4 29 245 29 7 1 325
- 1 40 549 6810 924 264 8888
Ajberta
- 1 3 g &2 402 68 13 557
British Columbia and 7 4 16 26 793 3382 124 4 362
the Territories - 1 3 8 & 5 257 2 367
2 19 139 492 53 73 &0 B 845
Linited States
fted 1 4 21 75 g 1 9 2 131
Totat 234 2 582 4195 8054 %084 8003 4450 1604 33 287
o
52 291 845 z196 a7z 372 419 96 4808
Source:

Statistics Ganada, For-hire Trucking {(Commuodity Origin-Destination; Survey.
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Table 4: Transportation Accidents Involving Dangerous Goods, 1990

Total accidents Acciderts with material release

Class Aoad Rail Marina Air Total Road Rail Maring Air Total

1. Explosives (potentially g 4 13 2 1 - - 3
explosive material)

2. Compressed or liguefied 63 193 256 44 105 - - 149
gases

3. Flammabie and combustible 203 31 3 8 345 194 &7 3 7 7
tiquids

4. Flammable and combustible 15 19 1 26 14 1 - 4 6
solids

5. Oxidizers and organic 1 15 26 a 4 12
peroxides

8. Poisonous and infectious 44 14 1 3 62 42 g 1 2 54
substances

7. Radinactive materials 4 - 1 1 [ 1 1

8. Corrosive materials 99 74 2 1 176 4 39 2 1 138

9. Miscellanaous dangerous 13 4 - t 18 12 3 1 16
substances or articles

nes 16 7 1 24 15 5 1 21

Total 477 452 8 18 952 426 234 7 12 879

Source:

Transport Canada. Dangerous Goods Directorate.

a result of the accident, With the data provided in Table 4, it
is difficuit to ascertain whether material release in acci-
dents is related to mode of transport. Overall, 71% of ali
accidents that involve dangerous goods do result in materi-
al release. By relating the frequency of material release to
the number of accidents, there would appear to be many
more accidents with material release by road transport
(B9%) than by rail (52%). However, in terms of the tonnage
of cargo transported, rail and road shipments have about
the same probability of material release: there is about one
accident in which material is released for every 70 thou-
sand tonnes of material transported.

Simple frequencies cannot truly depict the magnitude
of the impact that results from the accidental release of
dangerous cargo. For example, in the summer of 1991 an
accident provoked the derailment of twenty-five cars in St.
Lazare, Manitoba (TSB 1992). Ten were carrying danger-
ous cargo and four of those ruptured. A toxic cloud was re-
leased, which contained methanol and acetic anhydride,
and village residents were temporarily removed from the
area.

HAZARDOUS WASTE

Class 9 substances, which are described as miscella-
neous dangerous substances or articles, constitute a very
small proportion of the total shipments and accidents in-
volving dangerous goods. This category also includes haz-
ardous waste such as PCBs (Table 5). Despite their
minimal contribution to the total shipments of regulated

substances, these commodities receive a great deal of
public attention. Such a high profile is likely related to per-
ceptions of the probability of accidents and spills, as well
as the risks to health, safety and the environment that are
believed to be associated with hazardous waste.

Table 5: Rail and Road Movements of Class 9
Substances, 1992

Movernents

Average
Class Aail Road distance
thousand thousand
tormas cars tonnes fips km
9.1 Miscellansous 1053 17824 48 87076 414
dangerous goods
8.2 Environmentally 496 7819 44 8573 820
hazardous
substances
9.3 Dangerous wastes 2 42
9.¢ Other 977 38149
Total 2528 43834 830 736840 800
Source:

Transport Canada, Dangerous Goxls Directorate

Rail shipments of hazardous waste in 19982 were esti-
mated at about two thousand tonnes or 42 cars, represent-
ing fess than one tenth of one percent of Class 8 freight in
this mode. Furthermore, Class 9 materials were involved in
a very small proportion of the accidents involving danger-
ous goods. Among accidents involving dangerous goods
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where material was released, only 2% involved Class 9
cargo.

There is a great deal of discussion regarding the risks
associated with storing, handling, and transporting hazard-
ous waste. Some perceive that the transport of hazardous
waste poses a greater health and safety risk than that of
other classes of dangerous goods. Others believe that ac-
cidents involving hazardous waste are more likely to occur
in transportation than in storage and handling or after
equipment failure. There is one study, for the province of
Manitoba, where it has been shown that the risk of accident
in fransportation is no greater than in any other activity in-
volving hazardous waste {(Manitoba Environment, 1991}, It
is difficult, however, to compile complete, reliable data and,
therefore, to arrive at firm conclusions.

The risks associated with hazardous waste transport
are difficult to ascertain. Among rail movements, the likeli-
hood of an acecident involving a Class 9 substance is esti-
mated at one in 16 thousand carloads, or one in 632
thousand tonnes. Compared {o the accident rate among
dangerous goods, in general, this probability is considera-
bly lower. Among road movements, it is estimated that one
accident occurs for every 6 thousand shipments, or 41
thousand tonnes, of Class 9 substances. Based on these
data, there is one accident for every 33 thousand tonne-kil-
ometres of dangerous goods transported by road. It should
be noted, however, that the estimates of shipment frequen-
cy and tonnage for road movement are based only on for-
hire trucking whereas statistics on accidents cover all
trucking. Thus, the probability of accidents may be over-
stated.

DATA SOURCES

By law, dangerous goods movements are monitored
through a system of permits but, despite this requirement,
there is no central source of data.

Data for rail shipments are collected by the Dangerous
Goods Directorate of Transport Canada from the Canadian
National and Canadian Pacific Railways. Data for the peri-
od 1987-1989 were supplied by Transport Canada to Sta-
tistics Canada for special studies on dangerous goods
movement, which appeared in Rail in Canada 1988
and 1989 (Catalogue 52-216).

The Transportation Division of Statistics Canada main-
tains databases on for-hire trucking. With the assistance of
Transport Canada, commodities designated as being "dan-
gerous” under the Act are identified on this database. A
similar exercise is being undertaken with international ship-
ping data. In all cases, estimates of dangerous goods ship-
ments are based on bills of lading, cargo manifests or their
equivalent; none are based on dangerous goods permits.
At present, no data are available for the following types of
shipments: own-account trucking, rail movements other

than CN and CP, domestic shipping and permits for excep-
tion in all modes,

The data derived from bills of lading are coded by ei-
ther the Standard Trade Commodity Classification or the
Harmonized Commaodity Description and Coding System.
Neither corresponds precisely to the PIN classification and
the estimates of movements of dangercus goods require
adjustments. For example, in rail movements, Class 8.9
was created for mixed cargoes of regulated and non-regu-
lated commodities.
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Land Use Change Around Riding Mountain National Park

5 Land Use Change Aro*and
| Rldmg Mountam NatwnaB
Park

by Douglas Trant

INTRODUCTION

Riding Mountain National Park has been described as:

“An island of natural environment surrounded
by a sea of man-aitered environment. The tran-
sition zone from farmiands is illustrated dramat-
ically by the wheat fields and pastures abutting
the natural environment.”

(Parks Canada, 1987).

The park is a unigue area of Canadian wilderness
where habitats characteristic of eastern, western and
northern Canada converge in a series of forests, grass-
lands, hilis and valleys. Riding Mountain National Park's
3 000 square kilometre area is home to 5 000 elk, 4 000
moose, and over 1 000 black bears. Many other species
such as wolf, beaver, cougar and osprey also inhabit this
nature reserve. In summer months more than 30 000 peo-
ple visit the park each weekend.

Riding Mountain National Park is located on the Mani-
toba Escarpment, and can be described as an elevated bo-
real island surrounded by prairie. Because of its unusual
combination of attributes it was designated as an Interna-
tional Biosphere Reserve, as part of the United Nations Ed-
ucational, Scientific and Cultural Organization's (UNESCO)
Man-Biosphere Program. UNESCO established the Man-
Biosphere Program in 1971 to ensure the preservation of
unigue natural environments in each of the world's biogeo-
graphic regions. A Man-Biosphere reserve typically con-
sists of a protected core of natural environment together
with adjacent areas which collectively form a zone of co-
operation. The Man-Biosphere Program recognizes that
socio-economic activities and natural ecosystems must co-
exist in an effort to guarantee the survival of both. Some
266 Man Biosphere Zones have been selected globaily to
date.

In recent years the transition zone from park to agricul-
ture has become narrower, making the likelihood of conflict
between activities more probable. Close co-existence of
agricufiure and wilderness can induce conflict, as one inter-
feres with the other. The survival of the nature reserve de-
pends on careful organization, planning and management.
The role of information to support decision-making in this

process is imponant. The findings of this analysis and the
information that supports it will be added to a larger inven-
tory of data supporting the Biosphere Reserve Program at
Parks Canada.

This study will examine the changing mosaic of socio-
economic activity that surrounds Riding Mountain National
Park. The inter-relation between park, biosphere reserve
and beyond is explored from both spatial and temporal per-
spectives. Many Statistics Canada micro-databases have
been tapped to generate a detailed profile of the area as it
has evolved over the last twenty years. Most of these infor-
mation bases are accessed through the National Accounts
and Environment Division's Environmental Information
System (EIS) which uses geo-referenced data within a ge-
ographic information system (GIS) framework.

This analysis is divided into three Sections. The first
section provides background on the history of the park and
focuses on issues that have emerged as human settle-
ments and activities move closer to the park, placing more
and more pressure on the nature reserve. This section will
also describe the physical setting of Riding Mountain, by
briefly iooking at physiography, hydrology and important bi-
otic communities.

The second section will look at changing population
and land use trends around the park over the last twenty
years. A detailed statistical profile consisting of a series of
concentric zones around the park, will be used to indicate
composite activity changes in relation to proximity to the
park.

The third section examines changes in agricultural
practices around the park. Trends in farm input levels and
cropping practice changes will be examined over time to
suggest potential effects on the park.

PHYSIOGRAPHY AND HISTORICAL
BACKGROUND OF RIDING MOUNTAIN
NATIONAL PARK

History

In the early 1800's the land that comprises Riding
Mountain National Park was exploited largely as a timber
resource for the construction of railways and farm buitd-
ings. In 1885, in response to continued pressure from
growing settlements, the Dominion Government chose to
set aside today's park area as a forest reserve. The pur-
pose of this reserve was to continue to provide lumber 10
developing communities at controlled rates in an effort to
maintain a continual long term supply of wood (Tabulenas,
1883, p. 175). As a new forest reserve, Riding Mountain
came under the jurisdiction of the Forestry Branch of the
former Department of the Interior. Husbandry of the re-
serve became the responsibility of foresters who controlled
farest harvest rates. By the early 1900's increased de-
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mands for lumber and uncontrolled hunting access had di-
minished wildlife populations to dangerously low levels. in
response to public concern, the Manitoba Government en-
acted legisiation to make Riding Mountain into a game re-
serve (Tabulenas, 1983, p. 191},

Despiie the economic depression of the 1920's and
sarly 30's, agriculture continued to expand and ultimately
advanced 1o the very edge of the Riding Mountain Re-
serve. In response to this pressure, and a new public de-
mand for leisure and recreationat space, the Riding
Mountain Preserve became a National Park in 1830. Since
then two very different landscapes have evoived, and Rid-
ing mouniain has become an island of wilderness within a
sea of agriculiural development {Tabulenas, 1983, p. 200).

Physiography

Riding Mountain National Park straddles an upland
plateau formed by the geologic faulting of the Manitoba es-
carpment and the subsequent deposition of glacial moraine
landforms from the last glacial period some 12 000 years
ago. The bedrock geclogy underneath the park and sur-

Map 1: Soil Types in Southern Manitoba

rounding area is largely sedimentary, consisting of highly
grodible shale types. The soils on Riding Mountain Plateau
have developed from shale parent materiais and are large-
ly Grey Luvisols. These soils form in cool climates under
woodland vegetation. (See map 1} The solls surrounding
the Riding Mountain Plateau are largely Chernozems
which form in cool climates under grassland vegetation.
The Chernozems are quite fertile because of their high or-
ganic matter content and provide the soll bass for a pro-
ductive agricultural industry.

Hydrology

The Riding Mountain Plateau is the origin for many
streams and rivers including the Wilson River, the Yermil-
lion River, the Ochre River and the Turtle River. Flooding
problems in these walersheds are not uncommon and are
exacerbated by the build-up of shales in the stream net-
work {Krawchuk, 1990, p. 113).The shale build-ups are pri-
marily from erosion of alluvial fan material which has been
disturbed by the recent clearing of land for agricultural use.

Notes:

Soil Developmeant

Water, Rack,
of los

Black
Charnozemic

Dark Gray
Charpozemic

Gray
Luvisolic

pAersisol
Pegisclic!
£uimic Brunisofic
Gilaysolic

Riding Mount
National Park

Map 1is from Agricuture Canada’s 1:1 000 000 Soit Landscape Sertes. Riding Mountain National Park is outlinad in black and is surrounded by a series of radial buffers which wilf form the

basis for a socic-aconomic data analysis in the saction Population and Land Use Characteristics.

Sources;
Agriculiure Canada, Cenye for Land and Blologicat Resources.
Statistics Canada, National Accounts and Environmant Division.
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Natural Vegetation and Ecological Communities

There are three distinct ecological communities within
the Riding Mountain Blosphere Reserve. These are:
Mixedwood Forest, Aspen-Oak Woodland and Grassland.
The rough fescue prairie grasstand within the park is of in-
ternationai significance as there are few undisturbed exam-
ples left in the world, (Most former fescue grasslands are
now producing grain erops.) The hardwooed forest commu-
nity on the southern slopes of the park is also unique. This
forest is growing 1 000 kilometres north of its traditional
northern limit, and has survived because of the warm mi-
cro-climate crealed along the south facing escarpment
{Krawchuk, 1980, p. 124).

POPULATION AND LAND USE
CHARACTERISTICS

The land use and population study area is oval in
shape and extends 250 kilometres in an east-west direc-
tion and 160 kilometres in a north-south direction. The
study area represents more than 3.3 million hectares of
park and surrounding farmiand. A series of 10 km wide ra-
dial buffer zones have been developed to which micro-geo-
graphic data have been linked and aggregated’. Each
radial zone around the central core represents an increas-
ing area as the zones radiate away from the park. The 0-10
km zone is just under 320 thousand hectares while the 60-
70 km zone is just under 656 thousand hectares. {See
zone areas in Table 2 and Map 1.}

Rural populations have been declining in Manitoba
and Saskatchewan for some years now. Manitoba's rural
population declined by 1.9% between 1971 and 1886,
while Saskatchewan's declined by 10.6%. The Riding

1. See [ata Limitations secton.

Table {: Change in Population, 1971 and 1986

Mourtain area has experienced even sharper declines in
poputation. (See Table 1 and Map 2.}

Table 1 indicates that rural population has declined by
more than 21.6%, between 1871 and 1986. All zones
showed a decline in rural population, zone 0-10 showed
the smallest decline at 6.7%, and zong 20-30 showed the
largest decline at 31.8%. These patterns indicate a declin-
ing farm population and an increasing trend towards living
in urban centres.

Urban populations in the study area are quite smali
and exist primarily in zone 10-20 where the towns of
Minnedosa and Dauphin are located. Zone 10-20 showed
an urban increase of slightly more than 10.3%. Urban pop-
ulation for the study period grew by 16.4%. (See Table 1}

Changing demographic patterns around Riding Moun-
tain reflect changing farm economics. Farm populations
have been declining on the prairies for some time now.
World grain prices have in part contributed to this decline.
For exampie, in 1814, a tonne of wheat was worth $468
{1991 dollars} on the world market; in 1990, a tonne of
wheat soid for an average of $113%. As the nature of farm-
ing changes in an intensely competitive international mar-
ket, more and mote rurat dwellers move to urban areas.
This trend is evident around Riding Mountain, as it is else-
where in Canada.

Agriculture is the dominant land use activity around
Riding Mountain National Park. Throughout the study peri-
od {1971-1986), agriculture has consistently occupied 80%
of land around the park and directly provides almost a
quarter of all employment in the study area. Table 2 de-
scribes farmiand areas and changes in these areas as pro-

2. Statistios Canada, Canaga Leval Price Serigs, Agriculiure Division, Farm
income and Prices Section, 1982,

Rural population

Urban popuiation Total popuiation

Change in Change in Change in

population population population

Radial zone 1971 1986 1971-1988 1971 1986 1971-1888 1671 1888 1971-1986
numpear percent number percant nriber percent

0-10 km zone 8080 5 685 -8.7 0 o 0.0 6030 5 685 6.7
10-20 km zone 11820 8650 274 10 415 11 485 108 22335 20135 9.8
20-30 km zone 8120 5 540 -31.8 a 1030 . g120 6570 1.1
30-40 km zone © 000 7 485 BiA 4375 4435 1.4 13370 11 800 -11.0
40-50 km zone 8820 8830 -19.6 4 450 4 280 -3.8 13073 11215 -14.2
50-60 km zone 10 030 8 755 -12.7 o ] 0.0 10030 8755 127
&0-70 km zone 12 530 8955 -2B.5 ¢ 1160 12530 10110 -19.3
Total 66 310 51 480 -21.8 19 249 22 580 16.4 85 556 74 365 -13.1

Hoteg;

10 kilometre radial bufters were used to classify data concentrically around Riding Mountain National Park.

Figures may not agd 1o totals due to rounding,
Sources:
Statistics Canada, National Accounts and Envirenment Division and Censue of Poputation
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Table 2: Change in Farmland Area, 1971 - 1986

Farmland area Proportion of zone area in farmiand Ayerage tarm size
Change in
Zone farmiand area Change
Radial zone area 1971 1686 1971 1986 1971-1986 1871 1986 1971-1986
thousand hectares parcant hactares percent
0-10 km zone 320 248 297 8.8 92.7 207 191 263 38.0
10-20 km zone 354 318 273 B9.4 771 -13.8 218 273 287
20-30 km zone 411 388 383 944 232 -1.3 7 324 281
30-40 km zane 471 343 340 72.7 724 6.9 238 314 32
40-50 krn zone 535 443 420 82.8 a7 5.0 292 380 235
B0-50 km zone 595 411 455 9.0 785 10.8 264 354 24.4
50-70 km: zone 658 AB7 457 74.3 71z 4.2 288 374 29.8
Total 334 2633 2834 78.8 78.8 0.3 249 423 29.8
Hote:
10 kilometre radial butlers were used 16 classify data concentrically around Riding Mountain National Park.
Sources:

Staystics Canada, National Accounts and Environmeryt Division and Agriculture Division,

Map 2: Population Density, 1971 and 1986

1871 1986

Population = 85,550 Population = 74,365

Parsons per sq.km,

Riding Mountain
Nationat Park

Riding Mountzin

National Park

Note:

:!;micipaliﬁas making up the Riding Mourtain Biosphere Feserve are sutlined around the park,
urea:

Statistics Canada, Nationat Accounts and Environment Division.
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portions of total area for the 7 radial zones between the
1971 and 1986 census years. {See Map 3.)

tn brief, farmiand area for the entire study area has
essentially remained constant over the 15 year study peri-
od, showing an increase of less than 1%. However, signifi-
cant changes have occurred when individual radial zones
are examined. The 0-10 kllomeire zone nearest the park
shows the highest change where agricultural areas contin-
ue to expand. Farmland has increased by 20% in this zone,
going from 77% of zone area to over 92%, making it sec-
ond only to Zone 20-30 at 93% agriculture. This trend indi-
cates that the boundaries separating iand use activities are
becoming narrower and the likelihood of conflict between
uses is therefore increased.

Idie land that used to form a cushion between activi-
ties is no fonger there and the probability of having bears in
farmers fields has increased as has the potential for animal
poisoning by farm pesticides.’

Table 3 looks at the improved farmiand? trends at vary-
ing distance from the park. Cropland trends are on the rise

Map 3: Change in Farmland Area, 1971-1986

in all of the radial zones. The entire study area shows a
27.8% increase in cropland area. Since farmland areas in
Table 2 have remained stable, and cropland areas in Table
3 are on the rise, it is apparent that a larger proportion of
farmiand is being placed in production and that land use in-
tensity is increasing. Map 4 shows the radial distribution of
cropland area changes around the park. The 0-10 zone
shows the largest change with a 41.7% increase. Summer-
fallow areas are declining in all of the radial zones. The
study area shows a decline of 43.8%. This is positive from
a soll salinization perspective since the rate at which salini-
zation oceurs is dependent on soil moisture levels as they
are affected by summerfaliowing (Dumanski, 1986, p. 206).
Summertfaifowing contributes to salinization by raising soil
moisture levels, and causing migration of stored salts.

1. Riding Mountain National Park warden Mac Estabrooks indicated, in a
telephone conversation, that bear and elk were entering surrounding
fields with increasing regularity.

2. Farmland that is considered improved can be cropiand, improved pas-
ture, summerfallow, or other improved land.

fRiding Mountain
Nationat Park

Notes:

Percent change

-13.79

10.8

20.69

Farmland change refers to change in proportion of zone farmiand. Municipalities making up the Riding Mountain Biosphere Reserve are outiined around the park.

Sources:

Statistics Canada, National Accounts and Envirenment Division and the Gensus of Agriculture.
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Table 3: Change in Improved Farmland Area, 1971-1986

Improved farmland
Cropland Improved pasture Summerfallow Other improved iand
Change Change Change Changa
Readial zone 1971 1988 1971-1986 1971 1986  1971-1986 1975 1986 1971-1986 1971 1988 1971-1986
thousand thousand thousand thousand
hectares hectares percent hectares parcant hactares percent
0-10 &m zone 107 151 415 ] 15 58.3 46 34 -25.9 4 4 1.2
10-20 km zone 145 154 8.3 1 ] -15.9 58 30 -49.3 5 3 -36.8
26-30 km zone 150 192 275 15 18 17.0 67 34 -48.3 [ 4 -32.0
30-40 km zone 141 184 30.2 8 9 8.2 70 35 -49.4 5 4 -17.8
40-50 km zone 159 208 277 22 27 220 70 41 -41.6 8 [ 163
B0-80 km rong 157 21t als 17 14 -15.7 73 40 -44.8 8§ 5 -16.4
60-70 km zone 177 224 267 18 17 65 80 42 -47.8 6 5 2.4
Total 1035 1318 27.3 97 107 10.4 463 256 4.7 a7 30 -18.9
Mote:
10 Kiometre radial buffers were used to classify data concentrically around Fiding Mountain National Park.
Sources:
Statistics Canada, National Accounts and Environment Division and Agriculture Division.
Map 4: Change in Cropland Area, 1971-1986
Percent change
>8<7
»25 <30
=38 <40
>4

Riding Mountain
National Park

Notes:

Cropland changs refers 1o changa in propartion of zone in crapland. Municipalities making up the Riding Mountain Biosphere Reserve are outlined around the park.
Sources:

Statistics Canada, National Accounts and Environment Division and the Census of Agriculture.
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Land Use Change Around Riding Mountain National Park

Table 4 depicts trends in unimproved farmiand. These
areas, with the exception of unimproved pasture, are show-
ing significant declines. Woodland which is important to
wildlife as cover, and as a food source, shows sharp de-
clines in all of the radial zones. The zone closest to the
park contains the highest proportion of farm woodland, of
its 320 000 hectares 8 B87 remained in farm woodland in
1986. (Some woodland still exists outside farmland areas
but this amount must be tess than 7.3% of the zone area,
92.7% of zone 0-10 is farmland.) Map 5 portrays the extent
to which farm woodland areas have been declining around
the park.

As human activities intensify and move closer to the
park the likelihood of conflict increases. Agriculture-wildiife
conflict can manifest itself in many different ways. For ex-
ample, species such as the burrowing owl and prairie
chicken can lose habitat to agriculture and be reduced in
numbers or even disappear. Other birds such as the brown
headed cowbird, thrive in a cleared cropland environment.
These birds displace other species, such as the yellow
warbler by reproducing in a parasitic manner, reducing the
breeding success of other species (Environment Canada,
1991, p. 6-6}.

Expanding agricuitural land use further limits not only
the diversity and numbers of wild animals, but that of plant
life as well. Native plant comrmunities are displaced and re-
piaced by crop monocultures. (See below.) Even when land
is later withdrawn from agriculture, the original grasses and
wild flowers tend to be supptanted by hardier opportunistic
weed species {Environment Canada, 1991, p. 6-6).

FARM INCOME, INPUTS AND
AGRICULTURAL PRACTICES

The distribution of farm income per hectare of farm-
land around Riding Mountain appears to show a concen-
tration of high income earners in the south on the black
chernozemic soils, with lower incomes in the norih on the
luvisolic soils. (See Map 6 and Map 1.) Farmers in areas
close to the park tend to have lower incomes, with the ex-
ception of some polygons’ along the northem park bound-
ary which are on dark grey chernozemic soils.

Agricultural practices have changed significantly on
the Prairies over the last twenty years. As previous tables
have indicated, fewer farmers are operating more farm
area. In an effort to increase production and stay competi-
tive, more farm inputs such as fertilizers, chemicals and fu-
els are being consumed than ever before. Bigger, more
costly equipment is being purchased to operate larger and
larger farms, Farmers have expanded their operations and
have begun to rely on labour saving, capital intensive tech-
nology to operate these bigger farms. The environmental
cost of these new technologies is substantial {Dumanski,
1986, p. 205).

Agricultural production in Canada has quadrupled in
the last 60 years (Statistics Canada, 1991, p. 186). Farm-
ing methods and cropping practices have changed. Farms
have become highly productive and are specializing in a
narrower range of activities than ever before. Farms are

1. The spatial units (polygons) in Map 5 are generated from enumeration
area centroid points. Thiessen polygons are created around each cen-
troid using a “nearest neighbor function”. Lines between points are bi-
sected at the mid-point to form continuous boundaries around each
paoint.

Table 4: Change in Unimproved Farmland Area, 1971-1986

Unimproved farmland
Unimproved pasture Woodland Other improved fand
_ Change Change Change
Radial zone 1971 1986  1971-1986 1871 1986 1971-1986 1971 1986 1971-1986
thousand hectares percent thousand hectares percent thousand hedtares pefcent
0-10 ki zone 42 59 385 16 ] -45.2 63 25 807
10-20 km zone 48 50 3.8 15 [ -60.8 83 21 742
20-30 km zone a3 104 12.0 18 3 -54.6 132 26 E:A
30-40 km zone 59 74 25.2 12 5 +59.0 108 2% 731
40-50 km zone o8 410 1.6 26 8 oz 160 28 -82.7
50-80 km zone 74 133 AR 27 8 723 132 44 665
60-70 km zone 128 136 5.2 24 7 -68.7 186 36 -80.7
Total 544 667 25.5 138 48 -£3.1 863 207 4.2
Note:
10 kilometre radial buffers wera used to classify data concentricaily around Riding Mountain National Park.
Sources:
Satistics Canada, Nationa! Accounts and Environment Division and Agricutire Division.
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Map 5: Change in Woodland Area, 1971-1986

Riding Mountain
National Park

Notes:

Percent changs
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Woadland change refars to change in proportion of zone farmland. Municipalities making up the Riding Mountain Biosphers Reserve are outlined around tha park.

Sources:

Statistios Canada, National Accounts and Environment Division and the Census of Agriculture.

taking advantage of the economies of scale that result spe-
cialized functions. Increased production often implies mog-
ifying the natural environment, so that growth can take
place unimpeded by environmental factors which might
otherwise slow it. An exirame example of this is the use of
a green house where natural conditions are so controlled
that almost any crop can be grown at any latitude. A less
extreme example is the growth of a typical field crop. Envi-
ronmental factors such as moisture level, flora diversity,
fauna variety, soil tilth, wind strength and nutrient availabili-
ty are all controlled by man. Implementing these types of
controls on a large scale (millions of hectares) has inevita-
ble consequences for the natural environment. For exam-
ple, agricultural production can change the water table
level and may reduce the number of animal species
present by limiting vegetational diversity which are food
supplies to particutar wildlife species,

The agricultural activity surrounding Riding Mountain
is not the intense, high yielding type found in the mid-west-

ern United States. The range of crops that can be
grown economically at such northerly latitudes is
small, and consists mainly of grains and cereals, or
close-row type crops. Table 5 summarizes how the
maijority of cultivated land is being utilized.

Close-row crops dominate the study area. In to-
tal they made up more than 85% of cultivated land in
1986, a decrease from more than 90% in 1971, The
remainder of cropland in the study area is planted in
forage type crops such as tame hay. Crop cover
around the park is important because it influences
food supply for wild animals, determines soil erosion
rates, affects soil quality, affects water guality and in-
fluences ecological stability by limiting species diversi-
ty. The downward trend suggested by the data, away
from completely close-row monoculture is positive be-
cause it indicates that crop rotation may be increasing
and that the cropping base is becoming more diverse
from an ecological perspective. Two crop types of
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Map 6: Farm Revenue per Hectare of Farmland, 1986

Dollars per hectare

HNo farm revenues
data suppressad

Riding Mourtain
National Park

= 100

100 < 200

200 < 250
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Notes:

Famn revenues refer to fam sales in 1986, Municipalities making up the Riding Meuntain Biosphere Reserve are ouflined around the park.
Sources:

Statistics Canada, National Accounts ang Environment Division and the Gensus of Agrieulture.

Table 5: Change in Close-Row Monoculture Cropped Area, 1971 - 1986

Close-row monocutture proportion of total

Cugtivated land area Close-row monoculiure area cuitivated iand
Change Change Change
' 1871 1986 1971-1886 1671 1986 1971-1986 1971 1086 1871-1586
Radial zone
thousand hectares percent thousand hectares percent
0-10 km zone 153 185 213 131 143 9.1 85.9 773 -10.8
10-20 km zone 203 183 87 180 152 -16.8 888 g2.8 -5.8
20-30 km zone 217 226 4,2 192 185 3.7 88,4 817 1.8
30-40 km zone had} 219 a8 185 198 1.7 026 807 -2t
40-50 ke zone 228 244 B4 202 203 0.8 88.3 8.4 5.5
50-60 km zone 228 51 8.5 210 217 35 91.4 B854 55
E0-70 km zone 257 266 36 231 233 0.8 901 87.5 28
Total 1499 1 574 &1 1342 1331 0.8 895 BAS -8.8
Nate:
Cuitvated land refers to land under crops and land in summerfatiow.
Sources:

Statistics Canada, Natonal Accounts and Environment Division and Agriculture Division.
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note are cilseeds and specialty crops, which have both in-
creased significantly over the study period.

The volume of agricultural fertilizers applied within 70
kilometres of Riding Mountain National Park has more than
quintupled during the study period, from roughly 20 000
tonnes in 1870, to almost 150,000 tonnes in 1985, The ap-

plication rate also increased from 65 kilograms per hectare
to 145 kilograms per hectare. (See Table 6 and Map 7.)

These rates have increased sharply, but are still well
below those found in eastern Canada which can exceed
2 000 kilograms per hectare. Fertilized area around the
park has gone up by 235% over the study period.

Table 6: Change in Commercial Agricultural Fertilizer Application, 1970 - 1985

Commerciai fertilizer tonnage Area fertilized Appilication rate
Change Change Change
Radizal zore 1970 1985 1970-1985 1870 19685 1970-1985 197G 1885 1970-1985
tonnes parcent thousand hestares percent kg per hectare parcent
0-10 ¥km zone 1843 14 382 £80.3 28 106 278.1 8613 136.12 105.9
10-20 km zone 2950 18 533 480.4 43 19 175.3 8952 139.47 1035
20-30 km zone 2944 23258 8889 47 147 2150 62.98 157.95 150.8
30-40 km zone 2578 22059 756.3 Es 154 257.3 59,68 143.00 139.6
40-50 km zone 2388 22022 £35.8 46 157 2378 84.28 144.33 118.3
50-60 km zone 3008 25 502 780.8 43 171 256.9 62.50 151.40 1419
63-70 km zone 36385 25 078 589.8 53 179 2368 68.47 140.33 1045
Total 19 947 149 233 643.2 309 1932 2347 64.86 14455 238

Note:

10 Wilometre radial zones were used to classify data concentricaily around Riding Mountain National Park.

Bourcas:
Statistics Canada, National Accounts and Environrment Division and Agricuifure Division.

Map 7: Commercial Agriculturai Fertilizer Application Rates, 1970 and 1985

1970
Total tonnes = 31,080

1985
Total tonnes = 227,063

Kilograms per cropland hectare

Mo agnoutivral foritzer
applied of dats supprassed
Q31

231 < 110

119 = 180

Fliting Mountain

HNotes:

> 150

Flicing Mountain
National Park

Fertilizar data for 1970 were estimated from expense data. Thase maps represent areas within 80 km radius of the park Municipaiities making up the Riding Mountain Binaphere Reserve are

outlined arcund the park,
Source:
Statistics Canada, National Accounts and Envirenment Division,

42 Statistics Canada - Cat. No. 11-5288

Environmental Perspectives 1993



Land Use Change Around Riding Mourdain National Park

Fertilizer tonnages for 1971 were estimated from ferti-
lizer expense data. Changing commercial fertilizer fonnag-
es do not fully account for increases in commercial

Agricuitural pesticide applications have also increased
substantiaily in the study period. Pesticide expenditures in-
dicate that there has been a 744% increase in pesticides

nutrients applied. Fertilizer nutrient contents have been in-
creasing steadily over time. The average nuirient content
of fertilizers in 1971 was 48%. By 1986 this value had in-
creased 1o 58% (Agriculture Canada, 1987).

applied. These increases are large but actual application
rates are one third of those in eastern regions of Canada.
The use of pesticide expense data does not directly indi-
cate changing pesticide volumes or toxicity levels. (See Ta-
bles 7 and 8, Map 8.)

Table 7: Change in Agricultural Pesticide Expenditures and Application Rates, 1970 - 1985

Value of pesticide per hectare of
cultivated iand

Agricultural pesticide expenditures Cultivated land area

Change Change Change
Radial zone 1870 1985 1870-1985 1970 1985 1970-1985 1970 1985 1970-1988
constant 1965 doflars porcent thousand hecares peIGant doitars per hectare percent
0-10 km zone 315053 2 866 482 8416 53 185 213 21 160 B76.4
10-20 kin zone 480 581 3 350 308 587.1 203 1683 -87 2.4 183 6717
20-30 km zone 422 734 4 Q08 348 8484 217 ae 4.2 1.8 177 810.0
30-40 km zone 488 141 4 208 813 158.6 2t 21¢ 3.8 2.3 9.2 7278
40-50 km zone 522 824 3 668 686 601.7 229 244 8.4 2.3 8.1 558.5
50-60 km zone 457 376 4 407 643 Ba37 228 251 8.5 20 175 780.4
60-70 km zone 516811 4 444 818 759.8 257 268 3.6 20 167 73062
Total 3 208 230 27 057 210 TA4.2 1489 1674 8.1 21 1.2 793.6
Note:
;(; ;i‘!gamgre radial zones were used to classify data concentrically around Riding Mountain Nationat Park,

Statistice Canada, National Accounts and Environment Division and Agriculture Division.

Map 8: Agricultural Pesticide Application Rates, 1970 and 1985
1970 1985

Total chemical vatue =
$4.88 miltion doliars

Total chemical value =
$41.3 millicr dollars

1966 dolars per oreptand hectare

[:::j No agricuitural chemicals

apptad or data suppressed

PRt

16 < 20

20 £ FO

= 30

d
Hidirg Mourraln

Riding Mourizin

Mationat Park Nations! Park

Note:

These map represents areas within a 80 km radius of the park. Municipalities making up the Riding Mountain Blosphere Reserve are outlined around the park.
Source:

Statistics Canada, Nationai Accounts and Environment Division.
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Table 8: Change in Areas Sprayed With Insecticides and Herbicides, 1970 - 1985

Area sprayed for insects

Area sprayed for weeds

hectares percent hectares parcent
0-10 km zone 3318 §124 847 41538 111 147 1676
10-20 km zone 5234 5043 36 63 378 118 758 87.4
20-30 km zone £ 831 9308 38.3 84 387 145 373 125.9
30-40 km zone 3541 10591 188.1 62 060 152 467 1457
40-50 km zone 4595 15 761 243.0 68747 150 081 118.3
50-80 km zone 3250 5 370 373.0 59 804 164 822 36.8
60-70 km zone 4428 16 330 269.0 72581 175 276 1415
Total 31191 78 528 1518 442 276 1 o17 921 130.2
Hote:

10 kilometre radiai zones were used to classify data concenttrically around Fiding Mountain National Park.

Sources:
Statistics Canada, National Accounts and Environment Division and Agriculture Division.

The increase in agricultural inputs around the park
does not imply that the park itself is receiving increased in-
puts. The transportation mechanisms bringing residual ag-
ticultural inputs into the park protect the park to some
degree. Streamflow is downslope away from the park,
keeping water soluble pesticides and fertilizer nutrients
from entering the park in surface water. Ground water is a
possible route of entry, but the extent too which this source
corntributes to loadings on the park is very difficult to quan-
tify without detailed subsurface hydrology data. More prob-
able entry routes are via the wind, and in birds and
animais as they forage in fields around the park.

CONCLUSIONS

Riding Mountain National Park has long been threat-
ened by agricultural encroachment. The natural geograph-
ic barrier posed by the escarpment has always protected
the park, and despite the changes that have occurred
around the park, wildiife continues to thrive.

However, agricuftural activities around Riding Moun-
tain National Park are stilf intensHying.

a Tilled land areas close to the park have increased by
more than 20%.

m Woodland areas close to the park have declined by
maore than 45%.

# Pesticide use has increased markedly.
Fertilizer appfication rates have more than doubled.
m Fertilized areas have more than tripled.

The land base used by agriculture is axpanding to
take up mare and more fand. At the same time, cultivation

activities are also increasing with higher proportions of
farmland going into production. Farm pesticide and fertiliz-
er application rates are also increasing, placing additional
stress on natural systemns. Reductions in bicdiversity
around the park brought on by large scale agricultural de-
velopment and mono-cropping are potentially dangerous to
established ecological balances within the park. Wildlife
food supplies and subsequent population stabilities are as
a result at higher risk.

These facts lead to important questions that will have
to be answered if the relationship between the park and its
surroundings is to remain stable in the long term. For ex-
ample, what are the effects of current agricultural practices
and what will further agricultural development do? Indeed,
is the current relationship sustainable? What formula can
be used to weigh environmental costs against the benefits
of agricultural development? What measures can be taken
to ensure a long term, viable co-existence? These and oth-
er related questions will have to be carefully considered by
society in the years ahead,

DATA LIMITATIONS

This type of analysis has limitations that should be de-
scribed. Micro-data for the Census Enumeration Areas
used in this study, are stored on a single geographic co-or-
dinate, otherwise known as a point. This information has to
be “rolled up” or aggregated to larger areas representing
large land surfaces. The accuracy of this point-polygon
match is determined by the density of points per polygon
and the spatial distribution of the data represented by the
points. In brief, whers point densities are too low results
have to be suppressed or ground truthed using paper
maps. (Hamifton, and Trant, 1989, p. 340) The Riding
Mountain study has used large surface areas with high
point densities 1o ensure statistical reliability. The area is
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also more than 80% farmland, making the data distribution
associated with the points quite homogeneous.

Other problems can arise when ricro-data are aggre-
gated to larger zones. Averaging of values can lead to un-
der or over emphasis of certain characteristics for
component smaller areas. The advantage of using com-
posite concentric zones is that aggregate trends become
discernible in contrast to the “noise” that is generated by in-
dividuai data points.
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The 1891 Census of Agriculture: Land Management for Soil Erosion Controt

~ Agriculture; Land
. Management for Soil
' FErosion Control

by Douglas Trant!

INTRODUCTION

Soil erosion and tand degradation in general are prob-
lems of increasing economic and environmental concern.
The main economic concern relating to land degradation is
the loss of soil productivity, while the air and water pollution
resulting from wind and water erosion are the primary envi-
ronmental quality issues. Until recently, soil productivity de-
clines have been masked by technological advances in the
agriculturat chemical industry, by the development of high-
er yielding cultivars, and by a seemingly endless supply of
land and water resources. Investigation indicates that the
economic costs of these degradation problems exceed one
hillion dotlars annually, in terms of lost production (Fox and
Coote, 1986). The environmental costs of water and air
pollution resulting from continued wind and water erosion
may be even higher. Although no estimates are available
for Canada, estimates based on an American cropland
area four times that of Canada's indicate that the combined
annual environmental and economic costs of the U.S. soil
erosion problem range from 4 to 44 billion dollars (Steiner,
1990). The magnitude of this range demonstrates just how
difficult it is to estimate the cost of soil erosion.

A new land management module was added to the
1891 Census of Agricuiture to provide a first comprehen-
sive look at soil conservation practices on farms in Cana-
da. Farm operators were asked to respond to a series of
questions, mostly with simple yes or no answers. Because
the survey is new, some of the results must be interpreted
cautiously. Nonetheless, these data provide an indication
of how well soil erosion and land degradation are being ad-
dressed across Canada. This chapter summarizes soil ero-
sion control practices on a provincial basis.

1. The author would fike to thank Marcia Santiago for her confribution to the
research which suppons this chapter. Thanks should alsc go 1o scientists
at Agriculture Canada’s Certtre for Land and Biologicai Resources Re-
search who provided vatuable comments.

SOIL EROSION CONTROL PRACTICES

Soil erosion control practices on farms in Canada are
shown in Table 1. More than a third of farms in Canada
(36.9%)} used a forage based crop rotation system on
some of their cropland. This type of crop rotation helps pro-
mote soil aggregate stability and improves soil structure
while recharging soil nitrogen when legumes such as alfal-
fa or clover are used. The historical decline in forage based
crop rotations has contributed to soll quality deterioration in
Canada (Dumanski et al.,1986).Crop rotations with forage
are more prevalent in Eastern Canada. Differences in farm
types account for much of the regional variation.

Table 1: Farms Reporting Erosion Control, 1991

Number of Percent of
Erosion control farms farms
Crop rotation using forage 103 355 469
Winter cover ¢rop 24 289 8.7
Girassed waterway ’ 31474 112
Strip croppirg 22 006 7.9
Contour Cultivation 25 630 9.2
Cther practices 61818 224

Note:

A farm may use more than one srosion control practica, or none at ail

Sources:

Statistics Canaga, Nationa! Accounts and Environment Division and Agticuiture Division.

Figure 1: Potential Cropland Area in Forage
Rotations and Strip Cropping, 1991
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Note:
Not alf cropland area on reporting farms is protected by 2 particular erosion control
practice,
Sources:

Statistics Canada, National Accounts and Envirenment Division and Agricufture Division.
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Strip cropping is an erosion control method where
crops are planted in strips, and are often laid out paraliel to
the slope contour. For example, a grain crop can be plant-
ed along the contour, with aiternating strips of hay and
grain. The hay crop checks water run-off from the grain
crop. Wind erosion can also be prevented using strip crop-
ping. One crop can protect the other from high wind during
a particularly vulnerable growth or harvest stage. Table 1
and Figure 1 show that strip cropping is used on 7.9% of
farms managing 14.8% of cropland in Canada. It is most
prevalent in Western Canada.

Winter cover crops are used on 8.7% of farms manag-
ing 10.5% of cropiand. This practice serves mainly as pro-
tection against wind erosion in winter months. However,
winter cover crops can also provide protection in spring
when intense rainfall might erode unprotected soit surfaces
{Figure 2).

Figure 2: Number of Farms Using Winter Cover
Crops and Grassed Waterways, 1991

Fail i€

o

% of farms using cover crops
=
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0
Man. Sask. Atta. BC. Canada
§ Cover crops D Grassed waterways

MNote:

Thers ars indications that the area of winter gover crops has been over raparted by
farmers responding t¢ the Cansuys.

Sources:

Statistics Canada, National Accounts and Environment Division and Agriculture Division.

Grassed waterways are an erosion control measure
used to check overland flow and prevent gully erosion. Ex-
posed soil surfaces on slopes can form gullies that may
eventually grow in size to form ditches or ravines. Grassed
waterways direct overland flow and protect soif surfaces.

Nationally, 11% of farms reportad using grassed wa-
terways. Alberta farms reported using this practice more
than in any other province,

Another method of erosion control is to cultivate the
soil parallel to the contour of the slope. This method traps
soil particles between plough furrows rather than allowing
water and soii particles to gain velocity and move down

slope. Across the country 9% of farms use this method and
as much as 14% of cropland is protected by these meas-
ures. Figure 3 shows the proportions of cropland potentially
protected by contour cultivation. Saskatchewan and Prince
Edward Island top the list with over 18% of their cropland
potentially protected by contour cultivation,

Figure 3: Cropland Potentially Protected by
Contour Cultivation, 1991

28

% cropland contour plowed
= in
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Nid. PE{ NS NB. CQue Onl Man. Sask Ala. BC. Canada

Note:

The percentages above represent a maximum and tend to overasimate area undsr
contour culivation.

Sources:

Statistics Canada, National Accounts and Enviranment Division and Agricuiture Dhasion.

Table 2 looks at farms by erosion control category, by
province. Ontario farmers are more likely to use multiple
soil erosion control practices. Seven percent of Ontario
farmers used 4 or more erosion control practices.

Newfoundiand has the smallest proportion of farmers
using erosion control (Figure 4). This is due primarily to the
types of agricufture found in Newfoundiand. In 1991, New-
foundland had only slightly more than 2 000 hectares that
were prepared for seeding. In contrast, Saskatchewan has
single farms with seeded areas larger than 2 000 hectares.
British Columbia and Nova Scotia have the second and
third lowest percentages of participants in erosion control
respectively. Both provinces have large tree fruit areas
which contribute to their total cropland areas, and as such
do not normally require tillage or substantial erosion con-
trol. The province with the highest percentage is Saskat-
chewan where almost 72% of all farmers use some form of
erosion control. Sixty three percent of farms in Canada re-
port employing one or more erosion control practices {Fig-
ure 4},

48 Statistics Canada - Cal. No. 11-528F
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Table 2: Number of Farms Employing Erosion Control, 1991

Number of erosion

control practices Nfid. PEIL N.5. N.B. Cale, OCnt, Main. Sask. Alta, B.C. <Canada
No erosion control 485 710 2401 1801 18 169 21943 8742 17 300 18095 12 410 102 556
1 grosion control 160 1063 1069 578 15 959 25237 B 847 24 180 22226 4 848 404 635
2 erosion controls LR 260 317 267 1961 10474 4 064 G745 B 932 1287 37 351
3 erosion controls 29 209 126 110 892 6255 2610 6134 5343 492 22 200
4 erosion controls 6 88 44 83 268 3065 [2}] 2396 1868 147 8847
5 erosion controls 1 34 24 25 126 1266 305 823 616 57 3267
& erosion controls a 14 4 7 96 345 92 225 136 33 952
7 eresion controls Q 3 5 1 5 88 24 57 ag 3 w2y
Adl farms 725 2361 3980 a252 38076 €8 633 25 706 60 840 57 245 19 228 280 043
Sources:

Statistics Canada, National Accounts and Environment Division and Agricutture Division.

Table 3: Erosion Control Practice by Farm Type, 1991

Crop Cover Grassed Strip Comtour Other

Farm type rotation crops waterways CICppINng cultivation practices
percentage of farms

Livestock operations 434 10.0 12.7 7.2 8.9 21.3
Wide-row cropping 85.5 201 128 7.8 87 27.3
Close-row crepping 2 416 11.8 11.4 3.9 12.8 28.6
Forage cropping 57.6 8.0 1.8 a4 6.4 18.7
Speciaity farming and other 27.3 8.7 8.0 88 83 206

Notes:

Generalized farm types are derived by aggregating farm types from the Census of Agriculture. ideally a land-based farm typing should be used here where farme are grouped according to iand
use rather than on sales. Agriculture Canada is proposing 1o analyse erosion control using land based farm types in the near future.

1 Corn, soybeans, vegetabies and other crops typically grown in wide rows more than 10 em.

2 Wheat, oats, barley and other crops typically grown in narrow rows less than § om apart.

Sources: Statistics Canada, National Accounts and Environment Division and Agriculture Division,

F‘igure 4: Farms Using One or More Erosion Table 3 shows the association between farm type and

Control, 1991 erosion control practice. Wide-row crops are potentially the
most erosive crop type (Wischmeier, 1978). The data indi-
cate that wide-row croppers do in fact respond to higher
erosion risk and are the most frequent users of erosion
control in 4 out of 6 erosion control techniques. Close-row
cropping, potentially the second most erosive farm type,
employs more contour cultivation and “other” erosion con-
trol practices most frequently.

2

SEED BED PREPARATION AND SOIL
EROSION CONTROL

The 1991 Census of Agriculture asked farmers ques-
tions about their seed bed preparation techniques. Three
broad practices were identified: conventional tillage, con-
servation tillage and no tillage. Conventional tillage actually
turns soil over and buries crop residues, making the risk of
soil erosion greater than with conservation tillage or no till-
age. Conventional tillage methods are quite different from
region to region. For example, equipment types vary, rea-
sons for tillage vary, and the timing between tillages is of-
ten different. In conservation tillage, as the name implies,

percentage of total farms
b1 8

Nid. PEL NS NB Que. Ont. Man Sask Aka. B.C. Canada

Sources:
Statistics Canada, Natienal Accounts and Environment Division and Agrculture Division.

Environmental Perspectives 1833 Statistics Canada - Cat. No. 11-528E 49



The 199t Census of Agriculture: Land Managernent for Soll Erosion Control

fields are cultivated fewer times with implements that do
not turn the soil over. This conserves beneficial crop resi-
dues on the surface. Finally, seed bed preparation may be
done without any tillage. This is considerad the most envi-
ronmentally benign tillage method from a physical degra-
dation standpoint’ (Wischmeier, 1978).

Most soil types suffer some degradation when tilled
continually. Soil organic matter levels have a tendency to
decline due 1o the increased oxidation caused by the turn-
ing and mixing action of cultivation. When organic matter
levels decline most soils begin to deteriorate structurally. if
a soil undergoes structural degradation and loses porosity
and permeability, rain water does not infiltrate as quickly
and water begins 1o run off. If this situation occurs on vul-
nerable soils, erosion becomes a definite risk. Another
preblem more commonly associated with conventional till-
age is soil compaction. Compaction can iead to crop root-
ing problems by limiting the rooting zone and can also lead
10 water puddiing in fields, which prevents cultivation until
much later in the spring. One way of combating structural
decline is to use a forage or lagume in the crop rotation.

Seed bed preparation methods by province are shown
in Figure 5. Conventional tillage is most prevalent in Prince
Edward Isiand with more than 90% of seeded area cuitivat-
ed with this method. Conservation tillage is most common
in Manitoba at close to 30% of area prepared for seeding.
MNo-tiliage is also highest in the Prairies with a value ap-
proaching 10% in Saskatchewan.

Table 4 describes the association between soil erosion
controf and seed bed preparation. This table provides an
indication of the degree to which agricuitural soiis are being
protected across Canada. Mationally, more than 29 miliion
hectares were prepared for seeding in 1891 with conven-
tional, conservation tillage or no tiliage. Four and one half
million hectares cut of 28 million (15.3%) had no erosion
control applied and were not tifled using a conservation
technique. Although not all require erosion gontrof, these
soils are potentially under the greatest stress, and could
benefit the most from improved tillage practice or through
the use of some erosion controls. Conversely, this implies
that 24.5 million hectares (84.7%) of the area prepared for
seeding had at least one erosion control applied, or was
cuftivated using methods that do not promote soil erosion.
This is a positive sign and indicates that Canadian farmers
are indeed combating the erosion problem.

1. Tne 1891 Census responses o the “no-tillage” question are scrmewhat
overestimated because in some instances hay <rops were raported as
ne il when only crops requiring seed bed preparation should have
hean reported.

Figure 5: Seed Bed Preparation Methods, 1991

100 35

- e
o ]

fom)
% area seeded conservation or no tied

% area sesded conventionally titted

w

Mid PEL NS, NB Que Ot Men Sask A B.C Cenada
# conventonal tilage

Conservationtilage | | Notilage

Mote:

No il areas indicaed are higher than actual due 1o respondant error.

Sources:

Statistics Canada, National Accounts and Envirenmen? Division and Agriculture Divigion.

Table 4: Seed Bed Preparation Methods and
Erosion Control Practices, 1991

Total
MNumber of grosion Convertional  Conssrvation soated
controf practices llage tllage Notilage area

thousand of hectares

No erosion contral 4447 1110 388 5913
1 erosion controd 8014 2592 773 11379
2 erosion controls 3708 1582 407 5594
3 grosion COMmrois 2302 1028 234 3562
4 erosion conirols 1038 519 116 1873
5 arosion controls 364 196 48 603
& erosion controls 95 45 12 158
7 erosion conyois 21 17 3 a4
Total sesded area 19 985 7 081 14552 20029

Sources:
Statistos Canada, Nationat Accounts and Environment Division and Agriculture Division.

CONCLUSIONS

The 1891 Census of Agriculture provides important
baseline information on agricultural soil conservation prac-
tices in Canada. Data for a single year provide only a snap-
shot of soil conservation practices and obviously give no
indication of whether the situation is gelting better or
worse. Nationaily, the indications are generally encourag-
ing, insofar as farm operaiors with 84.7% of seeded area
use some form of soil erosion control or conservation prac-
tice, and that farms with the most potentially erosive crops
are the most frequent users of 4 out of 6 erosion control
measurss,

50 Statistics Canada - Cat. No, 11-528E

Environmenial Perspectives 1993



The 1991 Census of Agriculture: Land Management for Soil Erosion Control

The real question is: are farmers winning the fight? To
answer this guestion more information is needed. For ex-
ample, where is the 4.4 million hectares of conventionally
tilled land to which no erosion control is applied? Is it locai-
ed on vulnerable soiis? Is the area steeply sloped? Do the
farms generate significant net revenues or are they among
the less productive? Future research should provide insight
into these questions as Agriculture Canada’s soil land-
scape maps are more directly linked to the Census data
base. This will allow detailled analysis of erosion risk as it
relates to farm land use, farm economics and agricultural
conservation practices.
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7 Household Activity,
- Household Expenditures
. and the Environment .

by Marcia Santiago

INTRODUCTION

Many areas of daily household activity affect the natu-
ral environment. Some, such as the consumption of fossil
fuels for residential heating or automobile operation, have
direct impact in terms of using natural resources and in re-
ieasing pollutants. There are also other activities that are
relevant to environmental guality but whose impact is indi-
rect. One exampile is the use of recycling facilities, as an al-
ternative to the immediate disposal of solid waste.

Using data from two Statistics Canada surveys, one
onh household behaviour (Household Environment Survey,
1991} and another on household expenditures (Family Ex-
penditure Survey, 1990, abbreviated as FAMEX), this
chapiter describes patterns of household activity and
household expenditure that are relevant to environmental
concerns. The reader should bear in mind that the data
presented in this chapter describe the reported activity of
households, which may be different from their actual activi-
ty. in the case of environmentally relevant behaviour, this
effect has been labelled a "green bias”. It has been shown
that a heightened media or social profile may influence re-
spondents to give what they expect to be 'appropriate’ an-
swers (Rathje 1990). The reader must also recognize that
expenditure and activity decisions are conditioned as much
by social and economic considerations as they are by con-
scious response to an environmental imperative. Neverthe-
less, expenditures and activity do provide some important
insight into the relationship of households and the environ-
ment.

Three general areas are discussed: access to and
use of recycling facilities, energy and water consumption,
and commuting patterns. Patterns of activity and expendi-
ture are summarized, along with their relationship o a
number of geographic and economic factors.

ACCESS TO AND USE OF RECYCLING
SERVICES

Aithough the public has long been concerned about
the disposal of solid waste, this issue has become much
more prominent in recent years, Perhaps in response to

this issue, there has been widespread implementation of
recycling facilities and programs. In 1991, access to vari-
ous recycling facilities was reperted by almost half of the
househalds questioned in the Household Environment Sur-
vey. Access 0 paper recycling facilities was reported by
53% of households, with 49%, 50% and 42% of house-
holds reporting access to metal can, glass and plastic recy-
cling facilities respectively. Among households that
reported access to these facilities, about 86% reported that
they used them.

Table 1 shows the rates of access to and use of paper
recyciling facilities in fifteen Census Metropolitan Areas.
There is guite a range in the reported access to this serv-
ice. The highest rates of access are reported in Kitchene-
Watertoo {94%) and Victoria (92%), while Québec (24%)
and Montréal (37%) report the lowest proportions of house-
holds with access. Reported use of the facilities also varies
considerably, with the lowest rate reported in Winnipeg
{55%) and the highest rate in Toronto (98%)

Table 1: Access to and Use of Facilities for Paper
Recycling by Census Metropolitan Area,

1991
With access Reporting use
percent of nouseholds

Halifax 47 E a4 E
Guehec 24 F 79 F
Montréal 37 E " E
Oilawa 70 D 91 D
Toronto 74 C 98 C
Hamiton Bt D 94 D
51, Catharines-Niagara 8 C & D
Kitchener-Waterloo 94 E 94 O
lL.ondon 86 E 94 E
Windsor 77D 95 D
Winnipeg 8 E 5 E
Edmontan B8 D 8¢ D
Gaigary 47 B ™ OE
Vancouver 720 8 0
Victoria 92 D 82 D
Canads 53 B 86 B

Note:

See the standard eror syrmbols at the end of this chapter.
Source:

Statistics Canada, Housshold Environmant Survey.

The type of service to which a household has access
is related to the size of the municipality and to the type of
dwelling (Table 2}. This is in part because larger municipal-
Hies were the first to implement curbside collection pro-
grams and these generally served only single detached
dwellings. Thus, it follows that the highest access rate
(76%) is reported by households in single detached dwell-
ings in major metropolitan areas. The same group also re-
ports the highest rate of use (81%). In contrast, access
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rates for apartment dwellers are quite low (23% to 36%]).
Access might well be more difficult for apantment dwellers,
which would partially explain their lower usage rate.

Table 2: Access to and Use of Facilities for Paper
Recycling by Area and Dwelling Type,
1991

With access Reporiing use

percant of houssholds

Major metropolitan areas {pupulation of 160 000 and over}

Single, detached 78 Ll
Single, attached 88 90
Apariment or flat 35 B3
Other 56 92
Mid-size metropalitan areas (population between 30 000 and 69 986)
Singie, detached 84 87
Single, attached 55 82
Apariment or flat 38 69
Cihar 52 a1
Other urban areas (population less than 30 000}
Single, detached 52 B
Single, attachad 48 79
Apartment or Hat 35 71
Other 43 63
Rural areas
Single, detached 34 76
Single, attached 30 80
Apartment or flat 23 T2
Other 26 &5
Canada 53 a8
Source:

Statstics Canada, Household Environment Survey.

ENERGY AND WATER CONSUMPTION

It is reasonable o say that many households have
considerable scope to reduce their consumption of water
and energy. While concern for the envirenment may be a
factor in the decision to do so, the polential to reduce utility
hills is likely to be an important motivator as well.

In 1980, urban households spent, on average, $1 170
on the consumption of water, fuel and electricity, which rep-
resents 14% of their spending on shelter, or 2.4% of their
total spending. The average cost of water supply to primary
residences was $118, or 10% of household spending on
fuel and energy.

At least parily in response to these cosis, many
households have adopted energy-saving habits. Seventy-
one percent of households with a thermostat report either
that it is pregrammable or that it is regularly lowered during
the heating season (Table 3).

Table 3: Energy and Water Consumption
Practices and Expenditures

Percentage of households in 1991

With a thermostat 88
With a prograsmable thermostat 13
With a regularly lowered thermostat 58
With compact fluorescent buibs 1
With low-flow shower heads 28
With low-flow toilet tanks 9
Average household expenditure in 1990 {dollars per year)
Electricity 644
Heating fuel 408
Watar supply 118
Sources:

Statistics Canada, Household Environment Survey and Family Expenditure Survey.

Water-conserving practices are not as widely adopted
as those for energy. Comparatively few households have
either low-flow shower heads (28%) or low-flow toilet tanks
(9%). This may be because, in many cases, the cost of wa-
ter supply is not directly related to the quantity used.

The tenure of a dwelling influences the degree to
which the household feels responsible for the dwelling’s
condition and, therefore, its energy and water consump-
tion. Households owning their place of residence have con-
trol over changing fixtures (like the thermostats), whereas
tenants usually depend on their landlords to make these
types of changes. This factor may contribute to the differ-
ences in energy- and water-use habits between house-
holds owning their dwellings and those renting. (Table 4). A
higher propertion of homeowners report implementing con-
servation measures.

Table 4: Energy and Water Consumption
Practices by Tenure of Dwelling, 1991

Owned Rented
dweliings dweliings

percent of househoids

With compact fluorescent bulbs 14 5
With thermostats 87 75
With programmable thermostats 18 7
With reguiarty iowered thermnostat settings 58 42
With low-flow shower heads 34 19
With low-flow toilet fanks 12 5
All households 54 30
Source:

Statistics Canada, Househeld Environment Survay.

TRANSPORTATION

Commuting to the place of work is a common feature
of most households’ transportation activity, although the
needs of households vary considerably, The potential envi-
ronmental impact from this activity also varies depending
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on the modes of transport that are chosen: walking or cy-
cling instead of using a motor vehicle, taking public trans-
portation rather than driving a private vehicle.

The cost of transportation accounted for 17%, or
$5 603, of total household expenditure (FAMEX, 1920).
Most of this amount (88%]) is for private vehicles, the rest
being for public transport. Fuel alone accounts for 23% of
expenditures on private vehicles.

Households show a clear preference for private auto-
mobiie travel when commuting to and from work. Overall,
76% of households reported at least one member who
drives to work (Table 5). This rate does vary among metro-
politan areas, although it is generaily qguite high (Table 6).
The rate of private vehicle use ranged from 83% in Wind-
sor and Kitchener-Waterloo, to 65% in Halifax.

Table 5: Commuting Patterns by Area and

Dwelling Type, 1991
Households where at least one member
Has
empioyment Drives
outside the private Uses public
home vehicle  transportation
thousarnd percent
Major metropolitan areas (population of 100 000 and over)
Single, detached 2 985 77 17
Single, atached 639 74 24
Apartment or flat 1391 57 a4
Other 42
Other areas
Single, detached 1 859 82 2
Single, attached 208 77
Apartment or flat 254 a7 9
Orher 115
Canada 6 758 76 15
Source:

Statistics Canada, Household Environment Survey.

in contrast, only 18% of Canadian households report
that at least one member uses public transportation for
travelling to and from their workplace. This rate also varies
through metropolitan areas. it is generally higher in the
larger and more densely populated metropolitan areas
such as Toronto (33%) and Montréal (30%).

INCOME AND HOUSEHOLD ACTIVITY

Environmentally relevant expenditures and activities
may also be associated with household income. This varia-
ble is correlated with some of the geographic factors, such
as urban structure, already discussed in this chapter. In-
come is related to the level of education attained, which
might In turn influence the overall environmental aware-
ness and activities chosen in a household,

Table 6: Commuting Patterns by Census
Metropolitan Area, 1991

MHouseholds where at least one member

Has Commutes by

empioyment private  Commutes by
outside the vehicle as public
home the driver  ransportation
thousands percent
Halifax BS 65 D 6 F
Québec 174 76 D 17 F
Montréal B4G 68 D 30
COttawa 193 67 D 27
Toronto 952 6¢ D 33 E
Hamitier: 161 8 D 1 G
5t. Catharines-Niagara at 84 D 6 G
Kitchener-Waterioo 87 83 D . H
L.ondon o1 80 E 18 F
Windsor 64 83 D 5 G
Wirnipeg 183 4 D 21 E
Calgary a7 7D 17 F
Edmenton 208 B D 16 F
Vancouver 456 8 D 18 E
Victoria 68 59 E 13 G
Canada 6759 7% B8 5 D
Note:
See the standard arror symbols at the end of this chapter.
Source:

Statistics Canada, Household Environment Survey.

in fact, higher household incomes are associated with
higher rates of adoption of certain environmentally useful
practices (Table 7). With respect fo energy conservation
practices, households in the highest income group report
the highest use of compact fluorescent bulbs (16%}),; the
proportion of households with programmable or regularly
lowered thermostats is also highest in this group (79%).
For access to facilities for paper recycling, the rates range
from 40% in the lowest income group to 73% in the highest
income group. The reported rate of use varies in much the
same way, ranging from 77% to 93%. In both cases, the
differences are also related to factors discussed in previ-
ous sections: tenure and type of dwelling. Higher income
households are more likely to be owners and reside in sin-
gle detached dwellings than households in lower income
groups,

in contrast to the positive correlation between income
and the adeption of environmentally useful practices, Ta-
bles 8 and 9 show that the use of public transport declines
in favour of automobile use as income increases.

Vehicle operation expenditures illustrate the differenc-
es in consumption between higher and lower income
households (Table 8). Among households in the highest in-
come decile, 94% are automobiie or fruck owners, com-
pared to 90% in the fifth and 68% in the third deciles of
income. The pattern of expenditure on automotive fuel is
similar, The average expenditure increases with household
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income, ranging from $659 in the first income decile to
$ 2 048 in the tenth. In addition, among the higher income
groups, more households report expenditures on this com-
modity. It contrast, the proportion of households that report
expenditure on public transit is higher in the lowest two
deciles of income than in the highest two. However, the op-
posite is true for their average expenditure on this service
{Table 8). The highest proportion of households with at
least one member commuting to work by public transporta-
tion is in the first income group (37%) but the lowest rate is
in a middle income group, the seventh, at 21% (Table 9}1.

Table 7: Selected Practices and Characteristics
by Household income Group, 1991

Access
to paper
recycling

Living in  facilities

Cwning  Thermostats  Compact singie and

Income thetr programmable fuorescent detached reporting
groups dweliing of lowered bulbs  dweiling use

parcant of households
First (lowest) 21 81 7 16 77
Second 23 84 8 18 28
Third 27 83 7 22 81
Fourth 37 70 [ 28 88
Fifth 42 70 8 30 87
Sixth 48 72 12 35 88
Seventh 53 73 11 38 8§
Eighth 85 70 12 50 89
Nirtth 73 ) 13 62 90
Tenth a7 79 18 74 <]
{highest)
Canada 55 72 1 %4 85
Sources:

Statistics Canada, Household Environment Survey and Survey of Consumer Finance.

CONCIL.USIONS

Response to recycling programs appears to be very
positive. In areas where the facilities are available, most
households report that they are used. Some households,
those residing in less densely populated areas or those
living in apartments, for instance, have lower overali rates
of access,

The data suggest that households are both conscious
of their consumption of water and energy, and willing to
take steps towards conservation. The extent to which ener-
gy and water-efficient fixtures are used is related to income
level (at least, in the case of energy) and the tenure of the
dwelling.

1. Note that in contrast to Table 8 which is in income deciles, Tables 7 and 9
show income groups. Consequerdly, there ks not an even number of
households in each group, a fact that, while unimportant for this analysis,
does make it impossible to compare the three tables in detail.

Table 8: Selected Transportation Expenditures,
by Household Income Decile, 1991

Househoids Average household expenditure
that own

Income deciles vehicles  Automotive fuel Public transit
percent parcent
parcant dollars  reporting dollars  reporting
First (lowest) 21 6859 22 243 84
Second 52 764 53 347 81
Third &8 952 73 283 77
Fourth a 1058 83 350 76
Fifth o0 1248 92 an 70
Sixth 90 1415 a1 338 74
Seventh 94 1436 24 336 76
Eighth 9% 1852 97 as3 72
Ninth a7 1778 96 436 74
Tenth {highest) o 7048 %8 459 77
FAMEX cltles 78 1430 80 363 7%

Note:

“Average household expenditura” is the mean expenditure among ali families reporting a
non-zero expenditure in a given category.

Source:

Statistics Canada, Family Expenditure Survey.

Table 9: Commuting Patterns by Household
Income Group, 1991

Househoids whaere at least one member

HMas Commuies

employment by private Commustes by

ouiside the vehicie as public

income groups home the driver  transportation

thousands parcent

First lowest) 150 48 37
Second 205 50 23
Third 277 50 a3
Fourth an 56 28
Fith 435 58 28
Shah 504 &7 24
Beventh 1018 71 21
Eighth 1007 7 25
Ninth 1131 an 24
Tenth {highest) 1622 8t 23
Canada & 759 73 25

Source:
Statistics Ganada, Housshold Envirenmeant Survey.

However, Canadian households generally remain
committed to the use of private vehicies. For travelling to
work, commuters far prefer to drive their cars instead of us-
ing public transportation. This preference is probably relat-
ed 1o the level of service in the transit system and the
particular circumstances of individuals. The above results
show, nevertheless, that those considerations are more inm-
poriant to the households than the possible environmental
effects.
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DATA SOURCES

Hefer to the publication Households and the Environ-
ment for details on the methodology of the 1991 Household
Environment Survey. For comparisons between income
categories, a subset of the Household Environment Survey
was selected corresponding to the urban areas that were
sampled in the 1990 Family Expenditure Survey. "FAMEX
cities” include St. John's, Charlottetown, Summerside, Hal-
ifaix, Saint John, Québec, Montréal, Ottawa, Toronto, Thun-
der Bay, Winnipeg, Regina, Saskatoon, Calgary,
Edmonton, Vancouver and Victoria.

Expenditure data are taken from the Family Expendi-
ture Survey. These are based on a survey of households in
Census Metropolitan Areas.
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8. Pﬂﬂuﬁwn Aﬁétemem and
- Control Expenditures

by Craig Gaston

Poilution abatement and control expenditures (PAC)
are of interest as a measure of the impact of environmental
regulations on affected industries and, more broadly, as
part of overall environmental expenditures in national in-
come. Since both the desirable and undesirable outputs
derive from the same process, the generation of poilution
can be viewed as a joint product problem. in many cases,
expenditures to reduce pollution are often not distinguisha-
ble from those outlays made to improve overall perform-
ance. There are, however, some expenditures which are
solely for the purpose of pollution abatement and control.
These are often described as “end-of-pipe” solutions. Us-
ing this restrictive but unambiguous definition, PAC capital
expenditures amounted to over $1 billion in 1889, or about
1% of total capital expenditures in Canada. Table 1 shows
that the distribution of PAC expenditure is very uneven
across industrial sectors.

Table 1: Relative Importance of PAC
Expenditures, Selected Industries, 1989

PAC/
PAC PAC Total totat
Industriat sector oparating capitat® capital capital
million dollars pareant
Manufacturirg 469 918 18 942 4.3
Paper & allied 78 368 5501 6.7
Primary metals 256 286 2341 123
Petroleumn & 36 71 861 7.4
coal
Chemicals 44 71 1827 4.4
Riining i 80 7373 1.1
Utilities x 106 19 486 1.1
Total economy” 728 1188 Ba 722 3

Notes:

T gee SBtatistics Canada (1982) for more detall on this survey, especially Appendix F for
an explanation of the differance hetwaen the above data and those contained in Table 2
of Staristics Canada {1892).

2 The total excludes capital items charged to operating expenditures and capital
expenditures made by residential construction, agricultwre, fishing and construction
industries.

Source:

Statistics Canada, nvestment and Capital Stock Division.

The Pollution Abatement and Conirol survey, conduct-
ed for the first ime in 1989 by Statistics Canada, intention-
ally avoided the ambiguity inherent in the use of a broader
definition such as “environmental expenditures”. Interna-

tionally, there is no consistent approach. A similar survey
conducted in the United States asks specifically for
change-in-process expenditures as welf as end-of-pipe ex-
penditures as do France, Sweden and the Netherlands.
Norway has abandoned PAC surveys altogether, rather
than present partial resulis.

There is no doubt that the Statistics Canada PAC sur-
vey represents a lower bound on environmental expendi-
tures. A survey of environmentally related expenditures
prepared for Environment Canada by Dun and Bradstreet
{1891}, reported $20.9 billion in capital plus operating costs
in 1989, over 12 times greater than the combined capital
and operating expenditures figure resulting from the Statis-
tics Canada survey. This wide difference is not surprising
since it is possible to argue that major improvements cost-
ing many millions of dollars are at least partially environ-
mentally motivated, even though the decision to invest is
dependent on a number of factors aside from environmen-
tal protection.

HISTORICAL PAC EXPENDITURES

Statistics Canada has asked respondents to its regular
annual Capital Repair and Expenditure Survey (CRES) to
report capital expendiiures by purpose, one of which is pol-
{ution abatement and control. The respondents are asked
to assign their capital expenditures to the most relevant
category in recognition of the fact that many expenditures
could be assigned to more than one category. Even
though the total for 1989 is similar to that reported in the
PAC survey of the same year, an examination of the results
by establishment shows important inconsistencies, a fact
which demonstrates the need for strict definitions. Never-
theless, CRES provides us with a unique source of infor-
rmation covering the period 1985-1980.

Table 2: Capital Expenditure by Purpose,
1985-1990

investment categories 1085 1986 1987 1988 1989 1990

percent of total investment
Expansion/ 974  BTT @77 BIE 8T 96.8
modernizaton/other

Poliution abatement 7 k4 5 LR 1.7 LA
and control
Improvement to working 8 1.0 11 8 8 7
environimerit
Reduction of energy costs 9 7 5 4 4 4
Seurce:;

Statistics Canada, thvestment and Capital Stock Division,

Table 2 shows a marked increase in the percentage of
investment in poliution abatement equipment from 1988 to
1990 largely owing to the paper and allied industries and
primary metal industries.
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PAC EXPENDITURES BY PROVINCE

Table 3 shows that the large relative increase in PAC
expenditures between 1988 and 1990 is accounted for
mainly by Ontaric and British Columbia. Investment in gen-
eral, and investment in PAC in particular, tends to be vola-
tile, and one would expect considerable variation of these
ratios as the aggregates observed become smaller.

Although the 1988 PAC survey is felt to be more
meaningful than CRES due to the stricter definitions, it is
interesting 1o observe the movement of the latter over time
{since the PAC survey itself has been conducted for only
one year, 1991}, Table 3 shows that no one province de-
votes a consistently higher proportion of investment to pol-
lution abatement than the others.

PHYSICAL MEASURES OF POLLUTION
ABATEMENT

An important measure of effectiveness of PAC expen-
ditures is the reduction in pollutants. The 1989 PAC survey
attempted to obtain information on the physical quantity of
pollutants abated but experience has shown that this is dif-
ficult to achieve with a single questionnaire designed to
cover all industrial sectors. Since a number of the most pol-
tuting industries are covered by environmental requlations,
administrative data collected for this purpose are probably
a better source of information on volumes of pollutants.

Table 3: Provincial PAC Expenditures

Figuore 1: Discharges from Canadian Pulp and
Paper Mils, 1970-1987

=3

Production {thousand tonnes/day)

BOD and TSS (thousand tonnes/day)
&

1970 1§78 982 1985 1687

BOD TSS Praduction
R 0 m—

Source;
Environment Canada, 1991, p. 14-19,

As an example, the above chart shows the decline of
pollutants from the pulp and paper industry compared with
increasing production, Of course, the total volume of pollut-

1989 PAC Survey

Capital and Repair Expenditure Survey
PAC#otal capital expenditure

Capital
Province PAC expendi:u?es’ PAC / capital 1988 1989 1990
million doliars parcent parcent
Newfoundiang 13 1355 A 7 & 1.8
Prince Edward Isiand X 37 x [¢] o] a7
MNova Scotia 16,1 2 469 7 .8 7 4
New Brunswick 67.3 2010 33 28 1.0 8
Guebec 255.4 19512 1.3 15 2.5 1.4
Cmaric 434.7 35 755 1.2 8 15 20
Manitoba 12.9 2548 5 3 24 R
Saskatchewan x 2820 x 5 5 20
Alberta 1822 11702 1.6 7 13 7
British Columbia 200.2 10310 1.9 2.0 17 5.4
Yizkon - 145 ¢} 1.1 4.4
N.W.T, X 860 X X x x
Total 1188.0 89y 13 11 1.7 21
Nate:

¥ The total excludes capital tems charged to operating expenditures and capital expenditures made by residertial construction, agricuiture, fishing and construction industries.

Source:
Satistics Canada, Investrment and Capital Stock Division.
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ants abated is, in itse¥, an inadequate measure of environ-
mental impact since the toxicity of the pollutant is also
important. Recent regulations governing the production of
dioxins and furans, for example, require that the levels of
these chemicals be kept below the measurable concentra-
tion which, in this case, is 50 parts per quadrillion (1 0.

CANADIAN VERSUS UNITED STATES
PAC EXPENDITURES

Unlike the Canadian survey, the U 8. industrial PAC
survey asks respondents to report the portion of change-in-
process investment which is related to poliution abatement.
This is a subjective judgement by respondents that limits
comparability both within and between seciors. The U.S.
expenditures are higher than those for Canada at least
partly for this reason.

Table 4: PAC Capital Expenditures as a
Percentage of Total Capital
Expenditures, Canada and U.S,, 1989

Solid
Tesal Air Water waste
percent
Canada 1.3 B 5 2
Unifed States 34 1.3 18
Souree:
OECD, 1892,
CONCLUSION

End-of-pipe poliution abatement and control expendi-
tures have been increasing in absolute terms and as a per-
centage of total investment. These costs represent a lower
bound on total PAC expenditures, many of which are im-
possible to isolate due fo the complexity of the investment
decision making process. There are no international stand-
ards in the definition or measurement of these costs and as
a result, comparisons with other surveys should be made
with caution.

There is an inherent ambiguity in interpreting PAC ex-
penditures since end-of-pipe outlays are not necessarily
the most efficient way to prevent pollution. In many instanc-
es, a change in production process leads to a more effi-
cient use of energy and raw materials and reduces the
need to install expensive and “non-productive” capital for
the purpose of poliution abatement, Since the joint product
nature of the problem precludes knowledge of the total
costs associated with poliution control, it is useful to know
the actual reductions in specific pollutants as well as ex-
penditures on pollution abatement and control.
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Packaging Use and Disposition

9 Packagmg Use and
Dlsposmm i

by Marcia Santiago

INTRODUCTION

Packaging material is used to protect, to contain, or to
fransport commodities. it is also used {o market products
and to communicate information about products. Most im-
portantly, packaging may protect commodities fram dam-
age or spoilage. However, packaging is also assoclated
with a number of environmenta! concerns, the most promi-
nent of which is the disposal of solid waste.

In 1988, Canadian environment ministers gave formal
recognition to the need for packaging policy in managing
solid waste. The National Packaging Protocol, which re-
sulted from this recognition, recommended six manage-
ment policies:

Figure 1: Packaging Flows

@ packaging shall have minimal effects on the environ-
ment;

@ priority will be given to the management of packaging
through source reduction, reuse and recyeling;

E a continuing campaign of information and education will
be undertaken to make all Canadians aware of the
function and environmental impacts of packaging;

g these policies will apply to ali packaging used in Cana-
da, including imports;

g regulations will be implemented as necessary to
achieve compiiance with these policies; and

g all government policies and practices affecting packag-
ing will be consistent with these national policies.

Ultimately, the protocol seeks to reduce the guantity of
packaging material that is sent to landfills. Over the next
few years, diversion targets should be met and, by the year
2000, it is expected that packaging sent for disposal shall
not exceed 50% of the 1988 level of 5.3 million tonnes
{National Task Force on Packaging, 1992a).

Using results from the 1990 National Packaging Sur-
vey (ibid.), this chapter presents a profile of industrial pack-
aging disposition and use. It describes the materials and
the users of industrial packaging, with particular attention
paid to the use, reuse, recycling and disposal of packaging.

Empty In Use
Exports Exports
0.68 0.89
Production Use

imports

0.66 1.16

Reuse

imports

Consumption

Disposal

Recycling 1.7

Mitlions of tonnes
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PACKAGING FLOWS

Businesses typically handie packaging in conjunction
with products they ship and with products they receive.
Firms are described here as "using” packaging when it is
filled with the product to be shipped whereas both busi-
nesses and households are said to have "consumed” pack-
aging when it is removed from the product purchased. The
use of packaging is equal fo its consumption, except for the
guantities attached to imported or exported goods. Since
the survey included the waste management industry, esti-
mates are avallable for the amount of household packaging
waste that was recycled in 1990. It is therefore possible to
calcuiate the total disposal for Canada as the difference
between consumption and the sum of reused and recycled
packaging {see Figure 1}.

PACKAGING MATERIALS

The consumption of packaging materials amounted to
13.5 mitlion tonnes during 1990 (see Table 1). Wood was
the leading material employed, accounting for 39% of the
total quantily consumed. Most wood packaging was in pal-
lets, accounting for 4.9 million of the 5.3 million tonnes of
wood packaging consumed. Consumption of paper pack-
aging, including cardboard {paperboard) amounted to over
3 million tonnes (23% of the total), with the largest portion
consisting of corrugated cartons, boxes and cases. Most
goods sold, from food products to slectronic equipment,
have at least some amount of cardboard or paper packag-
ing altached. Glass and plastic materials made up 16%
and 10% of the tolal packaging consumed in 1990,

Eighty-five percent’ of wood packaging was estimated
1o be reused or recycled. Pallets, the largest component of

1. The percertages in this paragraph reflect the proportions shown in
Figure 2.

wood packaging, can be used over and over with only oc-
casional minor repairs, so the low disposal of wood is not
surprising. Glass also has a high rate of reuse and recy-
cling (69%). For paper and plastic which represent the sec-
ond and fourth largest volumes of packaging material, the
rate of reuse and recycling is lower. Seventy-nine percent
of plastic was disposed while 48% of paper was sent to
fandfills or incinerated. Paper was the largest material by
weight to be disposed of. As a percentage of total packag-
ing consumed in 1990, 33% (4.5 millions tonnes) was dis-
carded.

Figure 2: Disposition of Packaging, 1990

g

g

g

thousand tonnes

<

Mt Textfies/Other

Wood Paper  Glass  Plastic  Metal

Material
B Reuses B Recyied [ Disposed

Sources:
Statistics Canada, National Packaging Survey and National Task Force on Packaging.

Table 1: Consumption and Disposition by Packaging Type, 1990

Material Types Total consutned Total reused Total recycled Total disposed
thousang thousand thousand thousand
tonnes percent tonnes percent tonnes parcent tonnes percant
Wood paflets, boxes, craies 58p7 39.4 4187 87.1 338 201 805 178
Paper corrugatad cartons, boxes, 3148 233 899 123 723 43.4 1527 337
labeis
Glass carboys, bottles, containers 2185 162 1373 187 136 8.1 876 14.9
Plastic containers, foam eqq irays, 1358 10.0 190 26 g5 57 1073 237
wrap, kners
Metal a%uminun_n cans, caps, stesl 888 6.6 362 4.9 162 9.7 364 BO
strapping
Multi-material mitk and juice cartons 193 1.4 7 - 36 2.2 15¢ 3.3
Textiles and , . 428 ad 318 4.4 180 10.8 -
other materials jute sacks, bags, wrapping
Totas 13 526 100.0 7 336 100.0 1667 100.0 4 885 100.0
S$ources:

Statistics Canada, National Packaging Survey and National Tesk Force on Packaging.
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PACKAGING USE BY INDUSTRY

The manufacturing sector was the largest user of
packaging, accounting for well over 10 milfion tonnes of the
total 13.3 million tonnes used (see Table 2). Manufacturing
industries, exciuding food, beverage, and tobacco, were
least heavily involved in reuse of packaging. Use of pack-
aging material was relatively evenly spaced across the oth-
er industry groups, except agriculture, for which use was
estimated at 376 thousand tonnes. The estimated packag-
ing use by the wholesale and retail trade industries is not
surprising, given their activity of packaging goods and sell-
ing them to consumers. Of the important industries in terms
of packaging use, the largest percentage of packaging re-
use was in the beverage manufacturing industry. This is
consistent with the large proportion of glass packaging,
which is most commonly used in distributing beverages to
consumers.

It is important to note that wooden pallets account for
over one-third of all packaging used, by weight, and that
there is an economie incentive to reuse these rather than to
recycle or discard them. The high reuse of packaging as a
percent of use is partly due to this fact. (See Table 2}

Table 2: Industrial Use and Reuse of Packaging,

1996
Uised
Industry {includes reused) Reused
thousand thousand  percent of
wnnes percent tonnes yused
Agriculture 376 2.8 200 53
Manufacturing {excl. 4287 323 1630 38
food and beverages)
Food manufacturing 3556 26.8 1444 41
Beverage manufaciuring 2423 183 2076 86
Wholesale and retail 2477 18.7 1853 5
trade
Other industries 148 1.0 129 a3
Totai 13257 100.0 7332 55
Sources:

Statistics Ganada, National Packaging Survey and National Task Force on Packaging.

PROVINCIAL CONSUMPTION AND
REUSE

The provincial pattern of recycling rates {as a percent-
age of consumption) is similar to that observed in the Local
Government Waste Management Practices Survey (see
Chapter 11, Table 3). In both cases, Ontario had the high-
est rate of recycling followed by British Columbia,

Table 3: Proviacial Consumption and Recycling

of Packaging, 1990
Province Total consumed Recycled
thousand thousand percent of
fonnes percent tonmes consumed
Newfoundiand 168 1.2 .
Prince Edward Island 47 0.3 4 -}
MNova Scotia 338 2.5 24 7
New Brunswick 295 2.2 13 4
Quebec 3516 260 328 g
Cntario 5820 43.0 1065 18
Manitoba 514 38 3% 8
Saskatchewan 328 2.4 17 5
Alberta 1130 8.4 41 4
British Columbia 1356 10.0 144 11
Yukon 5 0o [
Nortit West Territories 11 0.1 o}
Canada 13 527 100.0 1664 12

Sources:
Stagistics Canada, National Packaging Sutvey and National Task Force on Packaging.

DATA SOURCES AND METHOBOLOGY

In 1991, Statistics Canada conducted the National
Packaging Survey. A large representative sample of estab-
lishments in all major industry groups was selected. Thirty-
two packaging categories were defined in the survey,
spanning seven broad groups of materials: plastic, wood,
textiles, glass, metal and multi-material packaging. Re-
spondents were asked to report quantities {in tonnes} of
packaging that was used during the 1990 calendar year.
They were also asked to report the proportions of new and
reused content in the materials. Finally, survey respond-
ents were asked to report the quantities of packaging that
were reused, recycied and sent for disposal.

Estimates of use, reuse, and recycling of packaging
materials presented in this chapter were based upon the
responses to the National Packaging Survey described in
National Task Force on Packaging (1992b). Certain data
collected by the survey were not deemed reliable. For in-
stance, businesses were not generally capable of provid-
ing a good estimate of the amount of packaging discarded.
Disposal was, therefore, calculated residually. Packaging
attached to imports and exports of goods was based on
data from the International Trade Division. The exports and
imports of in-use packaging were pro-rated in proportion 1o
the packaging used. Imports and exports of new packaging
(not attached to goods) came from the International Trade
Division of Statistics Canada. These data were available
by commodity group and were allocated to industries and
provinces on a proportional basis.

Provincial consumption of packaging was not meas-
ured directly since inter-pravincial trade of in-use packag-
ing was not known. Packaging was assigned to two
categories, industrial and consumer. Total Industrial pack-
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aging was allocated to provinces according to provincial
sales for each industry group, whereas consumer packag-
ing was distributed according to provincial population. Pro-
vincial recycling rates for each packaging type and
industrial sector were based upon survey data.

For further analysis of these data and for comparisons
with the 1988 benchmark levels, see National Task Force
on Packaging (1992b). For information on the establish-
ment of the 1888 benchmark see National Task Force on
Packaging (1992a).
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m Waste Management
_Endusﬁry Survey

by Craig Gaston

The waste management industry, which is not officially
defined in the 1980 Standard Industrial Classification,
includes all establishments that are primarily engaged in
the collecting, hauling, recycling or disposing of waste
material'. This industry is comprised of private companies
as well as local government departments. Until recently,
the waste management industry has not been surveyed by
Statistics Canada. Therefore, two recent surveys covering
the private and public components provide imporiant, new
information on the industry’s structure in Canada. Chapter
11 provides prefiminary information from the 1980 Local
Government Waste Management Practices Survey and
this chapter presents the 1888 Waste Management
Industry Survey results.

The 1989 survey gathered information on 643
companies representing some 759 establishments. These
establishments accounted for over $1.1 billion in revenues
and employed almost 10 000 people. Table 1 shows that
almost 72% of industty revenues were earned from

1. These establishments are, for the most part, included in the Cther Utili-
ties Industry (SIC 4998).

Table 1: Revenues by Type of Service and Province, 1989

coliection and haulage of waste, while about 21% came
from disposal. In principal, disposal revenues are eamed by
operators of waste disposal faclliies such as landfils,
incinerators, etc. There is evidence, however, that some
respondents indicated disposal revenues even though they
provided only collection and transportation services.

Relatively high disposal revenue shares can be
expected in provinces which are characterized by densely
populated urban areas where space suitable for new
landfilis is scarce. This pattern is detectable in Table 1
notwithstanding the exception of Newfoundiand. Local
government involvement in waste disposal also effects
disposal revenues. A relatively high proportion of
contractors are responsible for waste disposal in both
Quebec and British Columbia according to the Local
Government Waste Management Practices Survey®.
Recycling services and sales of recycled goods accounted
for less than 2% of industry income nationally. Even in
Ontario, where recycling pregrams are best established®,
the share of total revenues from this activity was only 2.6%.

in Table 2 the category "Other expenses” contains such
costs as depreciation, taxes and professional and
contracted services.

Firm size appears to be a significant factor in the
pattern of relative costs (see Table 3). Salary and wage
costs as a percentage of total revenue increase with
declining revenue size whereas tipping expenses show the
opposite tendency. Fuel costs show a similar pattern to

2. See Chapter 11, Table 2.
3. See Chapter 11, Table 3.

Sales of

Total Cotlection recycled Sales of Other

Province Estabiishments revenue and haulage Disposal Raecycling goods energy sdales
millions of
number dofiars percent of provincial revenue
Newfoundland 28 8 458 46.8 1.4 3 5.8
Prince Edward Isiand 5 X X x x x % x
Nova Scotia 45 13.2 815 133 1.7 3 4 2.8
New Brunswick 24 43 80.7 178 3 A 1.1
Quebec 207 339.6 70.0 226 3 R 7.0
Ontario 222 517.7 0.8 213 2.6 B 1 47
Manitoba 19 14.4 84.7 13.5 B A & 3
Saskatchewan 23 46 805 127 1.9 1 4.8
Albarta 63 1.0 774 17.8 2.2 A 2 28
British Columbia 12 1278 76.1 19.6 1.0 A 1 3.0
Yukon and N.W.T, il X % X X % X X
Canada 758 1 1191 1.9 20,8 16 4 1 5.0
Sources:

Statistics Canada, industry Division and Nationai Accounts and Enavironment Division.
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Table 2: Distribution of Expenses by Province, 1989

Total Tipping Fuel and Other Salaries Other

Province Establishments axpenses fees efectricity materials and wages expenses
mitions of
number doliars percent of total expenses

Newfoundland 28 0.8 2.2 12.8 10.9 46.5 275
Prince Edward Island 5 X b X x x x
Nova Scotia 45 1.5 18.0 65 16.1 27.8 35
New Brunswick 24 4.3 82 7.2 37.8 308 18.2
Quebec 207 284.2 19.5 53 22.8 29.3 23.4
Ontario 222 4438 30.1 4.2 14.6 24.5 26.5
Manitoba 19 121 25.3 5.5 6.9 221 39.2
Saskatchewan 23 4.1 145 98 10.8 363 29.6
Atberia 63 734 17.3 5.0 a8 287 40.1
British Columbia 112 107.8 6.1 4.4 14.0 25.4 30.2
Yukon and NW.T. " x X X * % %
Canada 759 852.0 24.9 47 16.5 26.6 273

Sources:
Statistics Canada, industry Division and National Accounts and Environment Division,

Table 3: Distribution of Expenses by Company Size, 1989

Total Tipping Fuel and Other Balaries Gther
Revenue class Companies expenses fees electricity materials and wages expenseas
millions of
number doliars percent of total expenses
Greater than $5 million 27 865.2 285 35 17.2 24.0 28.9
$1 - $4.9 miltion 100 1851 26.4 8.2 16.4 30.2 20.7
£.5 - $.9 milion 100 58.2 15.0 9.4 1.5 345 205
Less than $.5 million 418 426 85 10.8 122 40.1 285
All companies £43 952.0 24.9 4.7 16,5 26.6 273

Sources:
Statistics Canada, Industry Division and National Accounts and Envirenment Division,

salaries and wages. The fact that larger firms are more likely
to operate in densely populated urban areas could partly
explain the correlation of tipping expense ratios to size.

Table 4: Employment and Salaries by Company

Size, 1989
Salaries  Salaries
Salaries and wages and
Revenue class of and wades per wages/
company Empicyees 9 employee  revenue
roiflions thousands
aumber of daliars of doliars percent
Greater than $5 mitlion & 084 159.6 26.2 201
51 - $4.9 million 1 868 55.9 29.9 287
$.5 - £.9 million 857 20.4 228 305
Less than $.5 million 947 17.1 18.0 846
All companies 9796 253.1 25.8 %26

Sources;
Statistics Canada, Industry Division and National Accounts and Environment Division,

Table 4 shows that about 60% of industry employment
is in companies with revenues greater than $6 million. These
companies account for over 70% of the total industry
revenues. Atthough a larger proportion of revenues is paid
1o employees as the firm size diminishes, employees in the
smaller firms earn a lower average salary.

This brief profile of the private sector waste
management industry is limited by a lack of time series
information. The growth of the industry over time and the
changing composition of revenues and expenses is a
subject of increasing interest as waste management
continues to be a focus of public aftention. For more
information on the 1989 Waste Management Industry
Survey see Siatistics Canada (1992).
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11 Local Government -
~ Waste Management
- Practices Survey

by Craig Gaston and Alan Goodall’

INTRODUCTION

This chapter provides a preliminary report of some re-
sults from the national Local Government Waste Manage-
ment Practices Survey. This survey sampled municipalities
of all types and some special purpose boards known to be
heavily involved in waste management. While question-
naires were mailed to a total of 1000 local government enti-
ties, data presented here reflect only 83 lower-tier
municipalities® that had a population of greater than 50 000
in 1991. These 83 entities accounted for about half of the
Canadian population,

The survey, the first of its kind for Statistics Canada,
contained a number of questions designed to profile the
practices of local governments with respect to the collec-
tion, transportation and disposal of garbage, as well as re-
cycling and the handling of hazardous waste, As a pilot
study, it was intended to obtain an overview of the structure
and function of Canadian local government activities per-
taining to waste management. Toward this end, the sur-
veyed sample included every type of local government
beiieved to have some responsibility for waste manage-
ment. Questions were asked to determine whether the var-
jous functions were performed by the municipality surveyed,
by contractors, or by another leve! of government. Informa-
tion was also sought on a number of other items, including
costs associated with waste management. A comprehen-
sive examination of financial and other data is to be re-
leased in the final full survey report.

RESULTS

Based upon the total annual quantities reported, the
83 municipalities collected, on average, slightly over
0.9 tonnes of residential garbage® per dwelling served or
about 2.5 kilograms per day (see Figure 1). Seventy-three
of these municipalities reported having a recycling pro-
gram, through which approximately 9% (by weight) of the

1. The authors would like 1o thank Don Kerr for his painstaking work in as-
suring the quality of the data.

2. See the section titled: “Local Government: Upper and Lower Tiers”.

3. On the questionnaire, garbage is defined as non-hazardous waste ex-
cluding materiats diverted to a recycling program.

total waste? stream was recycled. (This excludes private
contracts by apartment building operators.)

Fifty-six of the municipalities had some form of resi-
dential hazardous waste program while only 10 had a pro-
gram for non-residential hazardous wastes.

Thirty-six of the municipalities reported having ar-
ranged for waste composition studies, an imporiant sitep to-
wards effective waste management. in addition, 53 of the
municipalities had some form of waste reduction program
(public education, for example, but not recycling).

Figure 1: Garbage Collected per Dwelling, 1990

Municipalities with Population of 50 606 or Greater
35

kg/day/dwelling

Canada Atlantic Quabec Ontario Praifies B.C.

Sourees:
Statistics Canada, Public Institutions Division snd National Accounts and Environment
Divigion.

Collection

Waste collection is primarily a function of lower-tier
governments, frequently involving both contractors and mu-
nicipal employees, Eighteen municipalites (22%) reported
using only their own employees for this purpose and 40
(48%) reported hiring only contractors (see Tabie 1), On a
regional basis, only 5% of Quebec respondents had their
own employees performing this function while 84% of them
used only contractors. Municipalities within census metro-
politan areas (CMAs) or census agglomerations (CAs) with
populations of less than 500 000 tended to use their own
employees while those in CMAs or CAs greater than
500 000 relied more on contractors.

4, Waste is defined as any substance discarded for final disposal or recy-
cling for which the owner or generator has no further use.
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Table 1: Garbage Collection by Agent Responsible, Municipality Size and Region, 1990

Population of CA/CMA to which

municipality belongs Region
50000- 500000- 1000000 Atkantic Prairie
499 999 999 999 andover Canada Provinces Quebec  Ontaric  Provinces B.C.
MNumber of municipaiities reporting a 14 3z a3 5 19 ar 7 15
Agent responsible for sollection percent of municipalities reporting
Municipal employees only 3z 14 13 22 a0 5 27 15 27
Contractors only 30 64 &3 a8 40 84 41 14 40
Municipal employees and other 5 a 3 4 e o G 28 7
Municipal employees, other levels of 3 9 ¢ 1 @ ¢ 3 o o
government and other
Municipal employess and contractors 2 2 22 23 20 n ar 2 20
Municipal employees, contractors and other & o o 2 ¢ 0 3 o 7
Total 100 100 100 100 100 100 100 100 100
Sources:
Statistics Canada, Public Insttutions Division and National Accounts and Ervironment Division,
Table 2: Garbage Disposal by Agent Responsible, Municipality Size and Region, 1990
Poputation of CA/CMA, to which
municipality belongs Region
50000- 500000- 1000000 Atiantic Prairie
4G9 989 99% 939 and over Canada  Provinces Quebec  Ontario  Provinces 8.C.
Number of municipalities reporting 3r 14 32 83 5 ] a7 7 15
Agent responsible for disposal percent of municipalities reporting
Municipal employees anly 3 at 6 2 60 1 18 71 13
Gontractors only 24 o 44 28 0 58 14 29 a3
Other levels of government only 30 84 44 a1 40 a2 57 0 a3
Gontractors and other levels of government 2 7 3 4 @ 9 8 o 7
Municipal employees and other 3 o a 1 o o 3 o o
Municipal employses and other levels of 3 7 o 2 ¢ o 3 o 7
govemmernt
Municipal employess and contractors 3 0 3 2 o ¢ 3 o 7
Total 100 100 100 100 160 100 190 100 100
Sources:

Statistics Canada, Public Institutions Division and Netional Accourts angd Envirenment Divisian.

Disposal

Upper-tier governments play a much more important
role in waste disposal than they do in collection. Thirty-three
of the municipalities (41%) indicated that this function was
handied solely by other leveis of government (see Table 2).
Contractors were exclusively involved in waste disposal for
23 (28%) of the municipalities while 18 (22%) used only
their own employees. Again, population size is a factor as
the municipalities within a CMA or CA having a population
of under 500 000 tended to rely more on their own employ-
ees, whereas those within CMAs or CAs with a population
greater than 500 000 contracted the function or relied more
heavily on the upper tier. Regionally, Quebec municipalities

tended to rely more on contractors for disposal while dis-
posal programs were run most frequently by upper-tier local
governments in Ontario.

Recycling Programs

Seventy-three municipalities (88%) reported having an
organized recycling program (of which 54 provided details)
{see Tabie 3). in all size groups and regions, the percent-
age of respondents with recyciing programs was quite high,
ranging from a low of 74% in Quebec to 100% in the Praj-
ries. Both collection and preparation for sale of recyclable’
materials are most often handied by coniractors (see Tables
4 and 5). Municipal employees play a much smailer role in

r{¢] Statistics Canada - Cat. No. 11-528&
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Table 3: Recycling Programs and Percent of Waste Recycled by Municipality Size and Region, 1990

Population of CAICMA to which

municipality belongs Region
50 000- 5OOOD0D- 100G 00G Atlantic Prairie
499 999 999 999 and over Canada Provinces <Quebec Ontario  Provinces B.C.
Number of municipalities reporting 37 14 3z 83 5 18 37 7 15
percent
Municipalities with recycling program ] a3 88 B8 ] 74 97 100 80
Waste recycled as a proportion of total waste collested 9 7 10 8 4 & 13 8 10
Sources:
Statistics Canada, Fublic ingtitutions Division and National Accounts and Environment Division.
Table 4: Collection of Recyclable Materials by Agent Responsible, Municipality Size and Region, 1990
Population of CA/CMA to which
municipality belongs Region
BO QOG- 500000- 1000000 Atlantic Prairie
499988 959 999 and over Canada Provinces Quebec Ontario  Provinces B.C.
Nurber of municipalities reporting 37 14 32 83 5 18 37 7 16
Agent responsibie for coflecting recyclable . )
materials percent of municipalities reporting
Municipatities' employees only 1t 14 22 16 20 5 22 14 13
Contractors only 46 36 56 48 40 58 57 i4 33
Other levels of government onky 8 2 6 10 ¢ 5 4 8 13
Other only 14 7 o 7 20 5 0 2% 18
Gortractors and cther e o 0 4 0 e 3 14 7
Municipat employees and contractors o 7 & 2 ¢ o 3 4 o
Muriicipa employees, contractors and other 0 7 o 1 ¢ 0 © 4 0
Municipal employees, contractors and other levels of 3 6 ¢ 1 ¢ 0 8 o 0
government
No program 11 7 13 11 20 28 o 0 20
Total 100 100 100 100 100 00 100 100 100
Saurces:

Statistics Canada, Public tnstitutions Division and National Accounts and Envirenment Division.

these functions compared to general waste management.
Other organizations (primarily volunteer organizations and
private enterprises) also play an important part in recycling
operations. Upper-tier local governments tend to be more
involved in the handiing and preparation for sale of recycled
materials than in their collection.

Tabie 6 shows the percentage of municipalities offering
a recycling program for each of the nine materials listed by
type of collection service offered. Percentages are based
upon information from the 54 respondents reporting the de-
tail of their programs. All of the municipalities reported
newsprint recycling for low density dwellings. As one might
expect, the frequency of such programs decreases as the
density of dwelling increases since the logistics of coordi-

1. Material which, technically, can be reused as a raw material in the manu-
facture of 2 new product,

nating recycling programs for multiple unit dwellings may
be more compiex. The fourth column in Table & shows the
percentage of local governments offering a depot recycling
program. It should be noted that the existence of a program
for compostable materials does not mean all possible ma-
terials in this category are collected. In some cases munic-
ipalities have reported collecting only Christmas trees.

Hazardous Waste Programs

Fifty-six (67%) of the municipalities reported they had
a residential hazardous waste program. Onfario had the
highest regional representation, with 95% of municipalities
reporting some type of program (see Table 7). Note that for
this survey, once-per-year household hazardous waste
drop-off programs qualified as valid responses.
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Table 5: Sorting and Preparing of Recyclable Materials for Sale by Agent Responsible, Municipality Size

and Region, 1990

Population of CA/CMA to which
muricipality belongs Region
50000 - BGOO0CG- 1060000 Atiantic Prairie B.C
499988 998998 andover Canada Provinces Quebec  Ontario Provinces e
Number of municipalities reported 37 14 az B3 5 19 a7 7 15
Agent responsible for sorting/preparing recyclable
materials percent of municipaliies reporting
wMunicipal employess only 3 7 o 4 20 4 3 14 a
Contractors only 41 50 47 45 40 ] 43 43 33
Other tevels of government only ? 21 22 20 J it 35 o 13
Other only 16 14 3 1 20 5 a 43 20
Contractors and other 5 o o 2 G 2 3 4 7
Contractors and other lavels of government 3 a 0 1 0 ¢ 2 g 0
Gther levels of government and other 0 o 3 1 o o 3 a o
Municipal employees and other levels of government @ ¢ 3 1 o o 3 a o
No program 1 7 22 4 20 28 5 0 27
Total 100 100 100 100 100 00 100 100 100
Sources:
Statistics Canada, Public Insitutions Division and National Accounts and Environment Division.
Backyard Composting Disposal Facilities

Thirty-two municipalities (39%) indicated that a back-
yard composting program existed within their boundaries.
Of these, 28 provided data on the number of composters
distributed. As reported, over 83 000 composters had been
distributed. Thirty percent were supplied by the municipali-
ty, 17% by contractors, 42% by other levels of government,
with the remainder supplied by other organizations,

Table 6: Recycling Collection Programs and
Depots, 1990

Regycling collection program

Low  Medium High
density density density
Recyclable Material dweliings dweilings dwellings Depots
parcent
Newspaper 100 61 37 54
Cardboard 50 30 20 35
Fine paper 20 7 4 28
Glass 96 59 35 41
Ferrous metal 85 50 30 39
Non-ferrous meta 76 48 33 a7
Plastic 67 37 30 a7
Compostable materials 33 17 8 13
Used motor oil 18 7 2 13
MNaote:
Based on detailed information provided by 54 municipaliies that provided details of their
recycling programs.
Sources:

Statistics Canada, Public Institutions Division and National Accournts and Environment
Division.

Information was provided for 165 of the disposal facili-
ties used by respondents (see Table B). Banitary landfills
are the most commaonly reported means of waste disposal
for municipalities with a population of 50 000 and over, How-
ever, not all the sites {as described by respondents) appear
to meet the criteria set for sanitary landfills. At a minimum,
in addition to frequent and regular coverage of waste, a san-
itary landfill must have either a natural or an artificial liner to
prevent leachate from contaminating groundwater,

Of the 100 landfills reported, some detailed character-
istics were provided for 60 sanitary landfills within Jocal mu-
nicipal boundaries {see Tabie 8). As reported, in addition to
frequent coverage of waste, these sites had the attributes
shown in Table 9.

DATA QUALITY

Compileted questionnaires were received for all of the
83 lower-tier governments reported here. Most of these
were contacted by telephone in order to clarify responses,
correct inconsistencies and obtain missing information. As a
resuit of this follow-up, data on the availability of programs
and the agent responsible for their delivery is considered to
be wvery accurate. The more detaied information on
characteristics of disposal sites is of lower quality because
not all municipalities were able to provide these data.
Population counts were verified using information from the
1991 Census of Population.
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Table 7: Hazardous Waste Program by Type of Program, Municipality Size and Region, 1990

Population of CA/CMA to which

Municipality Belongs Region
50 000 - 500 000 - 1000 000 Atiantic Praisies
499 998 999 999 and over Canada Provinces Quebec Ontario Provinces B.C.
Number of municipalities reporting 57 14 3z 83 5 19 37 7 18
percent of municipalities reporting
Residential 0 84 66 &7 20 42 95 3 40
Nor-residential @ 2¢ 0 12 20 ¢ & 43 20

Sources:

Statistics Canada, Public Institutions Division and National Accounts and Environment Division.

Table 8: Garbage Handling and Disposal

Facilities, 1990

Type of facitity as reported by respondent Number Percent
Sanitary landfilis 100 61
Other landfills & 3
Volume reduction faciities 7 ¢
(e.g. incinerators)

Material recovery facilities 7 4
Transfer stations 46 28
Cuarmy durnps

Total 165 106

Sources:

Statistics Canada, Public Instifutions Division and National Accounts and Environment

Division.

Table 9: Sanitary Landfills by Characteristics

Reported, 1990

Number reported

No
Characteristic Yes No  answer Total
Presence of weigh scaies 48 1 1 60
Natural attenuation 27 2 24 60
Artificial liner 17 35 8 60
Leachate collection system 29 27 4 80
" 41 8 60

Methane gas haressing system

Sources:

Statistics Canada, Public Instifutions Division and National Accsunts and Environment

Diviston.

Data were requested for the fiscal year ending nearest
December 31, 1990 but many respondents reported
programs implemented subsequent to that date. As it was
not possible to correct for this tendency, some percentages
are higher than would be expected for the reporting period
requested. An analysis of responses to the recycling
question indicates that the impact is greatest on local
governments with the smallest population. There does not
appear to be a regional bias to this tendency.

LOCAL GOVERNMENTS: UPPER AND

LOWER TIERS

Local government in Canada includes all government
entities below the provincialfterritorial level which, by the
terms of their establishment, do not form part of the provin-
cialfterritorial level. Within this broad category, structures
and responsibilities of local governments are further divided
between municipalities, special purpose boards and local
school districts. Municipalities are subdivided into unitary,
regional and quasi-municipalities. To prevent double-count-
ing, these municipalities were further classified into upper
and lower-tier. For the purposes of this survey, upper-tier
municipalities are those encompassing one or more local
government entities. Lower-tier municipalities are those

within the jurisdiction of another municipality type.

Upper-tier municipalities typically include metropolitan
corporations, regional districts, regional municipalities, and
counties (in Ontario and Quebec). L.ower-tier municipalities
include cities, towns, villages, townships, rural municipali-
ties, districts and counties (in Nova Scotia and Alberta), and
some quasi-municipalities (e.g., local government districts,

local improvement districts).
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12____'__Méierial$'Ré;’mv;ery S
- and Recycling by the
' Industrial Sector

by Marcia Santiago

INTRODUCTION

Recycling is not new and neither is it limited to house-
holds. Industry has been active in recycling for some time.
The materials coilected for industrial reuse are broadly sim-
ilar to those collected from households: metals, paper,
glass and plastics.

From an environmental standpoint, there are some
beneficial aspects to the manufacturing of metal products
from recycled material rather than from ores or concen-
rates. First, producing components from scrap material,
rather than from primary metal results in savings of 75-85%
of energy costs (Chandler, 1980). In addition, considerably
less poliution is released.

There are three essential components in a cost-effec-
tive recovery and recycling system: supply, technology and
markets. The source of recovered material must be readily
accessible and reliable. An efficient collection network is
especially important in this regard. There must also be in
place sufficient technological capability to reprocess recov-
ered matertials. Most importantly, the demand for the re-
processed materials must be well developed.

This chapter attempts to compare virgin and scrap ma-
teriai prices, in order to describe their relative behaviour in
changing markets. in general, differences in movements of
virgin and scrap prices are expected to reflect the overall
pattern of manufacturing activity. In cases where there are
no regulatory pressures, market forces dictate the extent to
which scrap is used. For metals, the difference between
scrap and ore price movements would reflect the relative
energy demand of primary and secondary manufacturing
depending on the quality of ore that is available.

PULPWOOD AND NEWSPRINT

Although environmental regulations and recently in-
creased customer demand have focused attention on the
recycled fibre content in paper, material recovery is actually
a long-standing practice in the pulp and paper industries.

Pulpwood chips, a by-product generated by sawmills in the
processing of timber to lumber, are an alternative to logs
and bolts in the production of pulp. Similarly, newsprint and
fine paper may be used as recycled fibre content, in the
preduction of either other printing and writing paper or pa-
perboard and boxboard.

Chipping is a natural extension of the sawmill busi-
ness, as itis an efficient way of handling the large volumes
of pulp wood debris that accumulate. One consideration in
handling such waste, which usuaily consists of shori log
ends and chunks, is the distance that the chips must be
hauled from the sawmill to the pulp mill. A chipping opera-
tion may, by some estimates, reduce wood debris by al-
most half {Phillips, 1992). These chips are eventually used

in the production of pulp, newsprint and other paper prod-
ucts (Table 1).

Table 1: Selected Material Inputs to Pulp and
Paper Preducts, 1987

Commodities produced

Paper
Commodity inputs Paperboard  boxes, bags
and building and
Pulp  Maewsprint board corainers
millions of dollars
Pulpwood 504 676 54
Pulpwood chips and 784 313 82
other wood waste
Putp BS 261 237 8
Miscellaneous paper 22 70 538 2208
Total 1385 1320 oz 2218
Source:

Statistics Canada, input-Cutput Division

Markets for paper containing recycled fibre continue to
grow. This is especially frue in newsprint, despite recurring
technical problems like “stickies” — a buildup of residual ink
on the paper machine that requires a great deal of cost and
effort to control. The development of markets for fine paper
is also weli under way. A Mississauga, Ontaric firm was the
first to supply customers with paper that contained fibre
from its own wastepaper supply (Hedlund, 1992}

Unit prices? for some of these materials are shown in
Figure 1. While the price of old newsprint has been well be-
low that of unprinted scrap newsprint since mid-1988, the
price for old newsprint began to fall about one and & half
years ahead of the price for unprinted scrap newsprint. in
contrast, prices for pulpwood chips and scrap wood actual-
ly increased until January 1990, when they reached their
peak value of $116 per tonne. More recently, the United
States has heen tightening up its regulatory framework, re-

1. Unless otherwise specified, unit prices quoted in the text are based on
Cctober 1891,
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quiring a higher recycled material content in newsprint and
this may lead to higher prices in the longer term.

Figure 1: Scrap Wood and Paper Products,
Monthly Unit Prices, 1984-1992

dollars per tonne
T

]
1984 1985 1986  1GBY 1988 1989 1980 1991 1882
Blank Cld White enveiope Pulpwood chips

newsprit  newsprint outlings

and wood sorap

Sources:
Statistics Canada, International Trade Division.
Racoup Publishing Limited,

ALUMINUM

Between 1988 and 1990, production of secondary alu-
minum in market economies set record volumes of about
5.1 milkon tonnes. These high volumes are attributed to
continuing improvements in the scrap collection system
and increased recyciing promotion by governments and
environmental groups (EMR, 1891). This is especially true
of used beverage cans.

Table 2: Aluminum Preduction and Trade, 1989

Quantity Value
thousang lonnes million doliars
Total Canadian production 1555

Imports

Aluminum ofe and cencenirate 254 m

Aluminum oxide 2031 620

Alurainum waste and scrap 58 93
Exports

Alurminum, fot atloyed 814 1450

Aluminum alloys 544 1356

Aluminum waste and scrap 164 328

Source:

Energy Mines and Rescurces Canada, 1991,

in 1988, aluminum scrap represented a total of $328
million or 164 thousand tonnes in exports (Table 2}. This
mainly consisted of material recovered from industrial proc-
esses. Ancther source of aluminum scrap is consumer du-
rable goods, which include pots, pans, flatware,
appliances, as weil as transportation equipment compo-
nenis. Packaging is also a large component of aluminum
scrap; used beverage cans are the most common exam-

ple.

Aluminumn can scrap is used by both primary and sec-
ondary aluminum producers (Selke, 1990). The first step in
recycling of aluminum cans is usually a preliminary screen
with a magnet to remove any steel cans inadvertently
mixed in. The cans are next shredded o one-inch pieces,
Fines and dust are collected and removed by high efficien-
cy cyclones to eliminate any explosion hazard. Magnets
are again used to remove any steel scraps. Most other
contaminants, such as paper, are removed in pneumatic
processing. Finally, the aluminum scrap is charged in the
furnace, where alloy composition is adjusted as required.

Compared to other nonferrous metal scrap, the unit
prices for various grades of recovered aluminum are quite
high (Figure 2). They range from $738 per tonne for used
beverage cans to $947 per tonne for aluminum extrusions.
This is also considerably higher than the unit value of alu-
minum ore and concentrate ($37 per tonne).

Figure 2: Aluminum Ore, Scrap and Extrusions,
Monthly Unit Prices, 1984-1991

2500

dollars per tonne
dollars per tonne

] ! ] ) i 1 1 L j
1984 1985 1986 1887 198 1989 1990 1891 1992

500

Used beverage cans  Extrusions e and concentrate

{left scaie) {ieft scala) (right scale)
Note:
“Extrusions” refers to industial scrap aluminum.
Sources:

Statistics Canada, Intermnational Trade Diviston.
Recoup Publishing Limited.
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Part of the price difference between aluminum ore/
concentrate and recovered aluminum is reiated to a basic
cost issue: compared to one produced from ore or concen-
trate, a product manufactured from a recovered source of
aluminum requires less energy. Because of the high ener-
gy requirements for refining aluminum ores, energy ac-
counts for about one fifth of the cost of producing aluminum
from ore {Chandier, 1990). Use of recycled aluminum rep-
resents an overal cost savings of about 40%.

However, the market for recycled packaging is subject
to a number of stresses. First, aluminum is a somewhat
more expensive packaging material than steel for produc-
ing beverage cans. In Ontario, some of the major soft drink
manufacturers have begun to use cheaper bimetal cans.
Although these alternatives may be used in steel recycling,
they could pose problems for programs that depend on the
more lucrative aluminum cans to fund other aspects of the
recycling facility. Another factor is an environmental levy
imposed on beer cans, to which some manufacturers of
aluminum cans have attributed a recent drop in sales.

IRON AND STEEL

Ferrous scrap is used in steel produced in electric fur-
nace mills and integrated mills. Foundries are also a large
market for iron and steel scrap. In turn, automotive manu-
facturers are these industries’ primary markets. As such,
Canadian scrap prices often fluctuate with the pattern of
growth in these industries. For example, activity in these in-
dustries has been slack recently and that pattern is reflect-
ed in the prices of steel scrap.

In Canada, new scrap averaged 17% of fotal finished
steel and represented 60% of total purchased scrap (Stol-
lery, 1983). High grade ferrous scrap competes directly
with pig iron in steel furnaces because it can be used with-
out intermediate smelting or refining, Thus, the price of fer-
rous scrap may be expected to vary positively with steel
cutput. Stollery shows that changes in the price of ferrous
scrap affect the demand for iron ore, which is also influ-
enced by increases in the output of steel in the U.S.

Several grades of ferrous scrap are traded in second-
ary markets and two examples are shown in Figure 3.
Heavy melting steel, valued at $96 per tonne, consists of
wrought iron and steel segments that are at least four inch-
es thick. Black and galvanized steel scrap, clippings, old
auto bodies and fenders are all compressed to bundles of
fixed sizes. Depending on the impurities, bundled scrap, as
it is called, also has several grades. In late 1891, flattened
car bodies were priced at $61 per tonne.

Prices for both iron ore and ferrous scrap (heavy melt-
ing steel and flattened car bodies) have been stable since
the middle of 1988. Price changes for these commodities

are shown in Figure 3. Scrap prices increased steadily
from the beginning of 1984, when prices ranged from $47
per tonne to $89 per tonne, to the laiter part of 1988, when
they reached $74 per tonne t¢ $113 per tonne. These pric-
es, however, have felt the effect of recession. By the latter
part of 1991, they had fallen weil below the 1988 level.

Figure 3: Iron Ore and Scrap Steel, Monthly Unit
Prices, 1984-1991

JR e ee e e e

dollarg per tonne

]
1984 1985 1986  19B7 1988 1589 1990 1gG1  18e2

ronoreand  Heawy  Flattened
concentrate  melting steel  car bockies

Sources:
Statistics Canada, intemational Trade Division.
Fecoup Publishing Limited.

COPPER

A comparison of monthly copper are and scrap unit
prices is shown in Figure 4. Since 1984, the price move-
ment has been similar to that of other primary and second-
ary metals. However, the unit price of copper ore and
concentrate is about the same as that of Number 1 copper
scrap, which is at least 96% pure copper and valued at
$2.22 per kg. This is quite different from the pattern shown
by iron and aluminum. it reflects differences in the quality
of ores and concentrates that are traded. There is also a
range of lower grade, refinery brass and smelter copper,
whase prices range from $0.88 per kg to $1.83 per kg.

Historically, Stollery (1983) has shown that the prices
of scrap copper have followed the pattern of activity in U.S.
and European durable goods manufacturing. Although
there are considerable differences in the energy require-
ments of primary and secondary copper production, the
availability of fairly high-grade virgin material has main-
tained the relative market positions of ore and scrap.
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Figure 4: Copper Ore and Scrap, Monthly Unit
Prices, 1984-1991
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and concentrate  copper
Sources:

Statistics Canada, International Trade Division.
Recoup Publishing Limited,

DATA SOURCES

Price data for pulpwood chips, as well as metal ore
concentrates, are based on guantity-weighted averages of
import/export values. At the time of writing, time series
based on the Harmonized Commaodity Description and
Coding System were availabie for the period September
1968 to April 1992. These are values declared at Customs,
rather than announced or actuai producer or purchaser
prices. This is the most easily accessible source of non-
confidential unit prices.

Price data for recovered materials were taken from a
series of publications (Recoup). From this series, the most
recent available issue was for October 1991 prices. In all
cases, these are anneunced broker prices. Prices shown
are specific to certain regions: Northeastern 1.5, and
Southern Ontario (used beverage cans), Ontario (ferrous
scrap) or Toronto {other nonferrous scrap, paperstack).
There may be quite a large difference betwsen the an-
nounced prices and the discounted ones.
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13 Prellmmary Estlmates Gf
_the Value of Crude Oil

- and Natural Gas Reserves
5 f’--;_:m Alberta B

by Alice Born

INTRODUCTION

Economically recoverable sub-soil mineral deposits
are wealth assets and not merely “free gifts of nature” as
they are presently treated by conventional methods of na-
tional accounting. Thus, there is no national accounting for
the total value of Canada’s renewable or non-renewable
natural resources and their physical depletion. Currently,
the value of Canada’s natural resources is excluded from
Canada’s National Balance Sheet Accounts, thus underes-
timating Canada’s wealth.

This article presents preliminary results from a pilot
study of the value of Alberta's crude cil and natural gas re-
serves. Statistics Canada proposes to include the value of
Canada’s natural resources in the National Balance Sheet.
The development of physical accounts will provide a con-
sistent national set of estimates of Canada's natural re-
source base, while the development of monefary accounts
will provide a conceptual framework for monetary valuation
of Canada’s natural resources and their economic deple-
tion,

Why should we measure the monetary value of Cana-
da’s natural resource endowment? Firstly, the use of natu-
ral resource assets generates substantial amounts of
revenue and makes an important contribution to Canada’s
economic activity. The monetary accounts will provide an
indication of the size of this income-generating potential.
Secondly, monetary valuation of our natural resources pro-
vides a tool that allows us to compare Canada's net worth
(assets - liabilities) to other industrialized countries without
such natural resource endowments, The national balance
sheet provides a total picture of a country’s tangible and fi-
nancial wealth thus aiding intertemporal and international
economic structural comparisons. Thirdly, evaluation of a
nation’s future potential for sustained income generation
can be enhanced by detailed analysis of national and pro-
vincial assets and liabilities. Revenues from non-renewabile
resources (e.q. royaliies and land costs) may be converted
into other assets capable of providing an ongoing return
through savings and investment. An accounting represen-
tation should recognize that one kind of asset can be ex-
changed for another, the sale of a natural resource is

exchanged for the acquisition of a new income-producing
asset and the loss of the natural resource exiracted, There
is also public concern about the availability of mineral re-
sources needed to sustain economic growth, Will resource
availability seriously constrain the high standards of living
in developed countries and the economic growth of the de-
veloping countries? it is hoped that natural resource ac-
counting will address some of these issues.

Natural resource accounts can be used to measure
the interrelationship between the economy and the envi-
ronment. The focus of traditional systems of national ac-
counts on market transactions in the economy has
excluded accounting for changes in the quality of the envi-
renment and the stock and depletion of natural resources.
Initiatives have been taken by the United Nations and sev-
eral countries on satellite accounting for the environment in
the System of National Accounts (SNA) in order to account
for environmental and rnatural resources such as air, water,
land, forests and sub-soil mineral deposits. The current re-
vision to the SNA by the United Nations presents an oppor-
tunity to examine how natural resource accounting can be
linked to or incorporated in the SNA (Bartelmus, 1891). In
measuring sustainable development, there is a need to fui-
ly account for the use of both man-made and natural capi-
tal in order to recognize the possibility of non-sustainable
growth and development {Barteimus et &/, 1991). The pro-
posed SNA framework extends the concept of capital as-
sets to cover both,

Only those reserves capable of producing economic
benefits to their owners with current technology, scientific
knowledge and relative prices and costs at the date to
which the Balance Sheet relates will be included in the
physical and monetary accounts. These natural resources
have a high probability of being used in production of
goods and services. Known reserves of oil and natural gas
reserves that are not commercially exploltabie in the fore-
seeable future are excluded from that Balance Sheet Ac-
counts. These reserves may possibly become economical
as the result of new technologies or major changes in rela-
tive prices similar to those of the oil shocks in the 1970s
and 1980s. Accordingly, the physical and monetary ac-
counts record, for any given year, the value of resources
known to exist in that year, and to be economically viable
given the technologies available in that year, all evaluated
at the prices and costs prevailing in that year.

In December 1990 the Federal Government released
Canada's Green Plan. Some of the initiatives from the
Green Plan include: updating estimates of all natural re-
source stocks; increasing monitoring programs on the uses
of renewable and non-renewable resources; and identify-
ing the value of Canada’s natural resources, Statistics
Canada’s role is to provide statistical information that inte-
grates economic and environmental elements so that, for
example, the value of natural resources is reflected in the
Canadian System of Nationai Accounts. Two pilot projects
in natural resource accounting have been initiated by the
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National Accounts and Environment Division at Statistics
Canada. One considers a non-renewable resource, crude
oil and natural gas reserves, and the other involves a re-
newable resource, timber.

This work on the development of natural resocurce ac-
counts is part of the continuing work to complete the Cana-
dian System of National Accounts {CSNA). The CSNA is
one of the most complete national accounting systems in
the world. The National Balance Sheet is only one compo-
nent of this system and it provides estimates of Canada’s
wealth, When partial estimates of non-financial assets
were first published as part of the Nationat Balance Sheet
in 1985, it was intended that further work be undertaken to
complete the balance sheet by including other non-finan-
cial assets such as renewable and non-renewable re-
SOUFCE assets.

This chapter presents both physical and monetary ac-
counts for the crude oil and natural gas reserves of the
Province of Alberta from 1861 1o 1990. it is a shorter ver-
sion of an earlier discussion paper (Born, 1992). Fora
more theoretical and expanded discussion, readers are re-
ferred 1o this previous paper.

THE OIL AND NATURAL GAS SECTOR
IN ALBERTA

Alberta is the largest producer and owner of economi-
caily recoverable reserves of crude oil and natural gas in
Canada. At the end of 1990, there were 530 million cubic
metres of conventional crude oil reserves in Alberta, repre-
senting B0% of Canada's remaining established reserves
of conventional crude oil, 1.7 billion cubic metres of mar-
ketable natural gas (62% of the Canadian total) and 524
million cubic metres of developed crude bitumen (100% of
the Canadian total) (Canadian Petroleum Association,
1990; and Alberta Energy Resources Conservation Board,
1990).

The value of Alberta’s production of conventional
crude oil, natural gas and their associated by-products was
$15.5 billion in 1990 or 83% of the value of Canada’s total
petroleumn production {Statistics Canada, 1990). The value
of Alberta’s production from non-conventional sources (2.9.
tar sands) was $2.8 billion, representing all of Canada's
synthetic crude oil and bitumen production in 1980,

The upstream oil and natural gas sector is a capital in-
tensive activity. Annual capital {(namely exploration and de-
velopment) expenditures in Alberia increased from $272
million in 1961 to $4.0 billion in 1990. Net fixed capital
stock estimates for the sector have increased from $1.6 bil-
lion to $33.6 billion in that same period.

FRoyalties, and land acquisition costs and rental fees
totalled $154 million in 1961 and $3.7 billion in 1990 for the
province. Operating costs for extraction of oil and natural

gas totalled $124.0 million in 1961 and increased 1o $4.8
billion in 1990,

Since most of Canada’s petroleurn production and re-
maining reserves are located in Alberta, this province has
heen examined first. Valuation models developed for Alher-
ta's conventional reserves of crude oil and natural gas re-
serves are extended to other areas of Canada with oil and
natural gas reserves and Alberta’s non-conventionatl re-
serves of crude bitumen and will be published at a later
date.

DEFINITION OF MINERAL RESERVES
AND RESOURCES

Estimates of the size of reserves of non-renewable
{(exhaustible} resources are continually being revised. In
the development of physical accounts, the McKelvey Box is
used to distinguish mineral resources from mineral re-
serves and to show what factors affect the size of the re-
serves (Figure 1). The vertical axis in Figure 1 represents
the degree of economic recoverability and the horizontal
axis measures the degree of geological certainty. Econom-
ically recoverable resources are located in the top left-hand
corner of the diagram (e.g. ideniffied proven, probable {es-
tablished) and possible reserves). The feasibility of re-
source extraction decreases through to the lower right-
hand section {(e.g. sub-economic and undiscovered re-
sources). The boundary between economic and sub-eco-
nomic resources is affected by the relationship between
prices and extraction costs, and technological improve-
ments. The boundary between discovered and undiscov-
ered resources fluctuates as the result of a petroleum
company’s investment in exploration and development,
and differing geological conditions,

Oil and natural gas reserve estimates of Canada pro-
vided by the Canadian Petroleum Association (CPA), Al-
berta Energy Resources Conservation Board (AERCB),
National Energy Board and other government agencies are
reported as established reserves. Established reserves are
“those reserves recoverable under current technological
and present and anticipated economic conditions, specifi-
cally proved by drilling, testing or production, plus that
judgement portion of contiguous recoverable reserves that
are interpreted to exist from geological, geophysical or sim-
ilar information, with reasonable certainty” (Tanner, 1986;
p. 22).

The AERCB estimates two types of established re-
serves: remaining established reserves and yet-to-be es-
tablished reserves, the sum of which is remaining ultimate
potential established reserves’.Yet-to-be established re-
serves are based on estimates of future reserve growth
from new discoveries and reserve additions to be recov-

1. The term “remaining” refers to initiai established reserves less cumulative
production.
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Figure 1: The McKelvey Box Used to Distinguish Reserves from Resources
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o improvements easibility

and technological
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¢ Price and extraction costs,

Resources

i

increasing degree of geological assurance
{chemicai composition, concentration, orientation and extent of deposits)

Source:
Modified afier McKelvey, 1972,

ered from future enhanced recovery. The ultimate potential
is defined as an estimate of established reserves that will
have been developed in an area by the time all exploratory
and development activity has ceased (AERCB, 1991). Esti-
mates of the ultimate potential are used to forecast Alber-
ta's oil supply. Table 1 shows the remaining and yet-to-be
established reserves for crude oil and natural gas at the
end of 1980,

Table 1: Established Reserves of Crude Qil and
Natural Gas in Alberta, 1990

Remaining
Hemaining Yet-to-be ultimate Reserve
egtablished established potential life
mifiions of cubic metres years
Crude Cit 510 B49 1158 21
Natural Gas 1 649 000 1420 000 3 114 000 35

Source:
Albarta Energy Rescurces Conservation Board, 1981,

This study is concerned with identified economic re-
sources which are defined as those deposits whose loca-
tion, quality and quantity are known and that can be
esconomically extracted at the time of determination. The
physical accounts consist of opening and closing stocks of
remaining established reserves, extraction {depletion) of
reserves and their appreciation as the result of discoveries,
development, revisions and enhanced oil recovery (sec-
ondary and tertiary recovery) since these reserves have a
high probability of being exiracted for economic purposes.

In natural resource accounting, both physical and mon-
etary units are needed to provide a complete picture of the
use and the stock of natural assets. Physical resource ac-
counts show the total stock of reserves and changes in the
stocks, thus providing the stock and flow data required for
the mohetary balance sheet accounts.

Estimates of remaining established reserves of crude
oil and natural gas for the Province of Alberta are provided
in Table 5 in the Physical Accounts for the period from 1961
to 1990. Figures 2 and 3 compare the remaining reserves
and cumulative production for crude oif and natural gas. For
crude oil reserves, the rate of depletion of reserves has re-
mained stable since 1981, averaging 55.2 million cubic me-
tres per year. However, the remaining reserve stock has
declined by 27% during that same period. For natural gas
reserves, the average depletion rate was 68.3 billion cubic
metres from 1978 to 1987 but has increased to an average
of 88.2 billion cubic metres for 1988 to 1990. The stock of
remaining reserves of natural gas peaked at 1 853 billion
cubic metres in 1982 but declined to 1 647 billion cubic me-
tres in 1990. General current trends of reserve stocks indi-
cate that reserve additions are not replacing reserve
depietion. This is more prevalent for crude off than for natu-
ral gas.
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Figure 2: Summary of Remaining Established
Reserves and Cumulative Production
of Conventional Crude Ofl in Alberta,
1961 - 1990
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Figure 3: Summary of Remaining Established
Reserves and Cumulative Production of
Marketable Natural Gas in Alberta,
1961 - 1990
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THE CONCEPT OF ECONOMIC RENT

The concapt of economic rent is central to the mone-
tary valuation of natural resources {Repetto et a/, 1989).
Economnic rent constitutes the difference between the inter-
national commodity price and all factor costs of extraction,
inctuding a normal return to capital but excluding taxes,
royalties and other costs that are not part of the cost of
physical extraction. The value of the resource in the ground
is equal to the future stream of income or economic rent
derived from the extraction of the natural resource.

Economic rents obtained from the extraction of petro-
leum are defined as the returns in excess of those required
to sustain production, reserve development and explora-
tion {Kemp, 1992). As owners of the natural resources,
governments may collect rents through auctioning of explo-
ration rights, taxation or royaities. With competitive bidding
for mineral rights, the host government collects anticipated
or ex ante economic rents in a lump sum payment. A royal-
ty system is used to ensure that the government receives
an acceptablie share of the realized or ex post economic
rents.

Economic rents from natural resources are complex,
consisting of Hotelling {scarcity) rents and Ricardian (differ-
ential} rents as well as locational rents (arising from dgiffer-
ences in transportation costs). Since oil and natural gas
reserves are non-renewable and their supply is finite, at
ieast part of the net flow of income can be attributed to the
scarcity of the resource. While much of the literature has
focused on aggregate economic rent or Hotelling rents,
there is fittle discussion on how 1o treat these different rents
in the context of the development of natural resource ac-
counts. There are conceptual difficulties in separating
these rescurce rents as discussed in Born (1992},

In 1931, Hotelling provided a theoretical model of the
behaviour of markets for exhaustible resources. The Hotel-
iing “hypothesis” states that under certainty, in the absence
of extraction costs and under competitive market condi-
tions, the price of a natural resource rises at the market
rate of interest. The ability of the theory to describe and
predict actual behaviour of natural resource markets re-
mains an area of considerable debate with little empirical
evidence to support it. However, several recent studies in
natural resource accounting of oil and natural gas reserves
(L.andefeld and Hines, 1985, Repetto ot a/, 1889, and
Smith, 1991) use the Hotelling model as the basis for a
method of monetary valuation. This is the "net price” ap-
proach presented below.

Others {Devarajan and Fisher, 1982, and Lasserre,
1985) have suggesied the use of discovery costs plus the
rent on exploration prospects (e.g. land acquisition costs)
as an approximation for resource rents. The argument is
that exhaustible-resource rents can be measured by what
firms are ready to spend in exploration and development in
order to make the resource available. This is the basis of
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the “replacement cost” method of monetary valuation dis-
cussed below,

MONETARY VALUATION OF OIL AND
NATURAL GAS RESERVES

Mineral deposits should be viewed as capital assets
that represent forms of national wealth, Ideally, reserves of
mineral resources should be vaiued at the market prices at
which the natural resource asset would be sold. However,
most mineral stocks are not traded frequently on the mar-
ket and their market values must be imputed. Three meth-
ods of monetary valuation are proposed in this study;

(i} Present Value
(i) Net Price
(ifi} Replacement Cost

Results from the different methods of valuation are
presented for conventional crude oil and natural gas re-
maining established reserves in Alberta. These results are
prefiminary and may be further refined before the values
are included formally in the Canadian Naticnal Balance
Sheet Accounts. The three methods produce a wide range
of monetary values and the difficulty is to determine what
assumptions should be used and which set of estimates is
most reliable.

Present Value

As a capital asset, a mineral deposit is valuad on the
basis of its net flow of income or “rent” that is anticipated
over the lifetime of the deposit. If the capital market is com-
petitive and the merit of any investment is assessed in
terms of alternative investmerts, the expected income flow
from the deposit is then discounted io establish the “net
prasent value”.

The present value approach or discounted value of fu-
ture net returns has heen proposed by the LN SNA Hand-
book on integrated Environment ang Economic Accounting
{United Nations, 1890} as the most appropriate method of
monetary valuation of opening and closing stocks and
changes to stocks due to volumes and price changes. Dis-
counted cash flow analysis is the standard approach used
by companies to vaiue properties and is used in annual
corporate reports and U.8. Annual reports include the
present value of future net cash flows from the estimated
production of proven reserves based on the Reserves Rec-
ognition Accounting (RRA} method. The RRA method is
based on a discounted cash flow or present value which
assumes the continuation of current oil and naturai gas
margins discountad at an arbitrary 10% real rate. A com-
parison of the results from this study with those from vari-
ous companies showed similar results (Born, 1992).

The choice of an appropriate discount rate for calculat.
ing the present valus of reserves is problematic in terms of

choosing a “private” or “social® discount rate. There are
considerations of intergenerational equily, the opportunity
cost of capital and social time preference. Discounting ap-
pears to be inconsistent with the concept of sustainable de-
velopment since the higher the discount rate, the lower the
importance attached to the future use of the natural stock
{Pearce and Turner, 1990). Adeiman {19886} suggests that
a nation with a highly diversified portfolio of assets shouid
use a discount rate near the commercial rate employsd by
industry to discount the flow of net revenues. Long-term
corporate bond rates have been used extensively in other
studies and are used in this study as the discount rate.

Some of the resuits from the present value calcula-
tions for oil and natural gas are presented in Table 2. Val-
ues presented in this report show that in 1980, the value of
oil reserves in the ground ranges from $11.9 billion to $14.4
biliion and the value of natural gas reserves ranges from
$4.1 billion to $7.7 billion, discounted at long-term corpo-
rate bond rates. Present value estimates vary considerably
depending on the assumptions made and this is their major
weakness. Several assumptions relating to the apptopriate
discount rate, return to man-made capital and depreciation
charges need to be chosen in order to produce results.

Net Price

The net price method, as developed by Landefeld and
Hines (1985} applies the current average net price per unit
(i.e. current revenues less current production costs per
unit} to the physical guantities of established reserves. It
can be interpreted as an application of the “Hotelling” mod-
el where the net price of the resource is expected o rise at
exactly at the same rate of return on alternative invest-
ments {(e.g. the rate of interest). The net price method is a
special case of the present value method in which on aver-
age, long-run equilibrium is assumed to ocour {i.e. the net
price will rise at the rate of alternative investments) and the
increase in the net price will exactly offset the discount
rate.

The net price is calculated from revenues less operat-
ing costs less opportunity cost of man-made capital {i.e.
the return to capital and depreciation charge) divided by
the quantity extracted in a given periad. This net price per
unit extracted is muftiplied by the remaining reserves to ob-
tain the total value of the opening and closing stocks. A
variant on this approach, cutlined by Landefeid and Hines
(1985), subtracts the current replacement cost of man-
made capital rather than its opportunity cost.

Table 3 presents preliminary results for the value of re-
serve of oil and natural gas reserves in Alberta. Two values
are shown: the first method subtracts the oppaertunity cost
of man-made capital employed by the petroleum industry
plus depreciation and the second method uses the same
methodology as Landefeld and Hines (1985). Results from
this study indicate that in 1890 the value of crude oil re-
serves in Alberta ranges from $20.0 billion to $41.2 biliion
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and the value of natural gas reserves ranges from $10.4
billion to $65.1 billion using the net price approach.

The difference in the estimates from the two methodol-
ogies lies in the difference in the treatment of the man-
made capital employed in exploring, developing and ex-
tracting the natural resource. in the method outlined by
Landefeld and Hines (1 985), there is no “noremal return to
{(man-made) capital” excluded from the value added of the
natural resource.

Most monetary values for oil and natural gas reserves
reported in the current literature are based on the net price
approach which assumes the Hotelling model. In Alberta,
with the collapse of worid oil and natural gas prices since

1986 along with increasing extraction costs, the value of
resource rents has decreased significantly. Analysis of the
data in this study finds that the assumptions of the Hotel-
ling model are too restrictive. it appears that the current net
price is not appropriate for valuing future production of re-
serves. The net price method seems to have undervalued
future production during the 1960s and 1970s given the
rapid increase in net price from 1972 to 1985 for both oil
and natural gas. The net price method has overvalued fu-
ture production in the early 1980s in light of the wellhead
price collapse in 19886. However, the net price provides a
pasis for comparison with other studies (Repetto et al,
1989; and Smith, 1991) and the accounting procedures
used in the net price method are similar o those used in
the present value method. The net price has an advantage

Table 2: Estimate of the Monetary Value of Crude Oil and Natural Gas Reserves in Alberta Based on the

Present Value Method, 1961-1990

Crude oil reserves

Matural gas reserves

Total value of reserves

Year {1 2 1@ | iz} 13 gy 2] 3
miltions of doliars

1951 19272 14614 34174 -309.7 -544.6 4.431.8 181758 216.8 7 848.2
1962 1747.9 15648 2 B46.2 110.8 4192 5494.9 1858.6 11454 B341.1
19683 20495 17002 32182 930.6 -77A £ 4844 29802 18231 9680.6
1964 20817 19637 38268 118214 ars.v7 73330 32838 23423 11 159.8
1965 22979 73413 8343.5 13581 877.6 88507 3857.0 32188 171842
1956 20M.2 223574 9 460.0 12565 11485 103349 33278 34059 197948
1987 20268 21612 11 7477 1484.8 18571 99532 34812 34183 217009
1688 23431 20638 126434 13438 4 2685 160138 36866 33318 22 657.2
1969 24827 20825 134308 1 058.8 12300 104282 3539.3 33228 23 8601
1870 3630.0 z 47182 147774 344.8 11286 114228 41840 IBOT7 26 200.2
1971 50186 33889 168731 380.0 996.4 125684 53986 43853 29 4415
1972 8543.0 44059 199896 519.0 7443 15173.0 7062.0 51502 4% 162.6
1973 08012 62910 25 131.2 13319 747.9 19724.0 121332 70389 44 855.2
1974 15 8329 90125 308008 44825 16672 283212 20 329.4 10 6788 57 1220
1975 15 394.4 123139 304122 9 a2t 4 145.9 25 839.8 25 286.5 15 459.8 56 2521
1976 16 039.0 16 0325 332371 145376 81993 2B 558.5 a6 6266 24 231.8 617838
1977 21037.0 19639.8 352063 292063 14 148.9 29 984.0 42 242.3 337867 65 190.3
1978 248343 218086 3% 9655 209248 18 407 .1 295854 45 758.2 40 018.7 £5 560.9
1979 28 648.9 24 156.2 40 668.2 25 882.8 222563 348338 54 528.7 46 492 4 755201
1980 251609 24 995.7 37 957.9 28 689.0 239821 303759 538598 48 977.7 £8 3338
1681 220139 241787 336761 211552 22 3885 22826.3 43 1691 48 577.2 56 602.4
1882 28642.0 474814 348289 23 683.3 25 640.6 19 152.1 52 325.2 53 1220 53981.0
1983 47 0511 a5 846.1 36 8101 30 644.7 32 489.5 1848673 77 695.9 68 315.6 550774
1084 50 967.3 4D 552 4 27 955.6 a2 226.0 30 483.1 118184 &3 193.2 710354 387740
1985 50 620.5 48 074.0 228919 370825 36 008.1 D O6E4 87 702.9 85 082.0 32 858.3
1986 140838 AG B47 B 191731 1976885 36 012.0 9023.3 a3 8731 g2 859 28 198.4
1987 208382 379881 20 368.2 &788.5 27 817.3 12 7927 27 §26.7 85 805 4 331208
1988 5958.8 250028 211780 41608 191852 1337759 10 1183 44 198.0 34 5555
1989 92184 13358.7 219584 24919 9420.2 % 225.2 117103 22 7789 37 1838
1880 1814 120335 14 406.5 44422 45934 T708.2 16 073.6 16 627.0 2T
Nates:

11] Discounted using a long-term bond comporate bond rate; based on year-and prices and costs.

2} Same as 11} except based on @ 4-year maoving average.

[3] Based on “perfect knowledgs” of production, prices and costs; discounted using a long-term corporate bond raie.

The results in this table should be Freated as preliminary.
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over present vaiue calculations since there is no need to
forecast or to make assumptions about future prices, ex-
traction costs and rates, and interest rates.

Replacement Cost

Conceptually, resource rent is the most appropriate
measure of the value of the resource in the ground. How-
ever, there are some problems involved when resource
rents are used since rental values are not readily observed
and must be imputed. Several studies have used the cost
of discovering and developing reserves as a proxy for re-
source rent. The argument is that exploration and develop-
ment dollars will be spent as long as the expected gain
from finding the resource equals the marginal cost of ex-

of the resource stock should be equal to the present value
of its expected rents,

In this study the “full marginal discovery cost" ap-
proach developed by Eglington and Uffeimann {1983),
Lasserre (1985) and McLachlan {1990) has been adopted
to approximate resource rent, It is the sum of the marginal
cost of exploration and development plus land acquisition
costs divided by reserve additions in g given period (e.g.
reserves from discoveries, development and revisions, and
in the case of crude oil reserves, enhanced oil recovery) to
yield a replacement cost per unit of crude oil or natural gas
reserve added. A 5-year average is used to average the
costs and the booked reserve additions. The average unit
cost of booked reserves is multiplied by the remaining es-

ploration and deveiopment. The expected discovery valye

Table 3: Estimates of the Monetary Value of Crude Oil and Natural Gas Reserves in Alberta Based on the
Net Price Method, 1961.199¢

Crude oil reserves Natural gas reserves Total value of reserves

Year 1] (2} 1) [2] (] 2]
millions of doltars
1981 3189.1 52787 -1 278.8 18962 15083 71758
1562 28966 5121.3 335.7 27832 32323 790458
1863 3519.4 60478 258289 Sosee 81022 11 1008
1984 5384.0 10 188.4 32882 S 877.8 B642.2 16 068.2
1965 51066 104895 3759.8 € 660.2 8 BGG.4 17 148.7
1966 5 14581 11 833.1 37030 71320 88482 18 765.0
1967 43208 11 568.7 45087 85438 84294 20 133
1968 61649 13 2808 4 608.4 9560.2 107633 22 840.8
1869 64312 138722 33353 83221 9 766.5 218843
1870 B510.3 14 730.0 1700.8 7567.3 102408 22 2973
1971 10 081.3 15674.3 849.5 €5225 110134 22 196.8
1872 51 0840 154118 12180 6967.6 12312.0 2237194
1973 15 2681.8 i8327.5 3343.0 103833 18 604.6 287 10.6
18974 2T 18138 314085 121309 239537 40 2822 b5 362.2
1978 31 081.8 36534.0 282827 43 114 4 80 344 8 80 0484
1876 329595 351378 452487 830377 782052 102 175.2
1977 400725 45 G450 58 982 7 776383 88 p3Is 2 123 5832
1978 45 844.0 52 143.1 59 089.6 816729 105 033.6 183 818.0
1979 47 405.9 53165.4 75 827.3 104 952 4 12328332 188 117.8
1880 4B 8382 57 7477 1081219 1582741 157 O58.1 216 021.2
1981 535208 683415 823185 162 327.4 145 B40.1 230 6689
1882 67 4147 B4 603.8 115 804.8 211 601.2 183 219.8 296 4053.0
1883 96 200.4 1115903 111 886.2 187 5568 .8 2081866 289 147.0
1884 96 258.0 11189058 118 585.9 194 9023 214 B23.8 306 982.8
1985 85 353.3 113 337.7 30T 1793088 2083805 292 7366
1888 25 440 0 43 9659 54 618.4 116 866.3 80 058.4 160 834.2
1687 370045 SET280 180286 82871.6 56 034.1 139 5988.8
1988 9 B56.3 28558 4 G 766.6 58817.8 18 622.8 85 375.9
1889 15 438.4 356505 6041.1 571229 21 478.5 92 7734
1690 19 862.8 4% 244.9 10 368.5 850811 303383 105 326.0
Notes:

|1} Net price equals raverus lass operating costs, retum on capital and depreciation charge.
{2] Nat price is based on the methodology by Landefeld and Hines {1888),
The resulte in this 1able shoyld be treated as prefiminiary.
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tablished reserves of crude oil and natural gas to obtain the
value of the stock.

Table 4 presents a summary of the estimates of the re-
piacement cost value of crude oil and naturai gas reserves.
The replacement value for crude oil has declined from $60
pillion 1o $43 billion over the 1983 10 1990 period. While re-
placement costs for reserve additions per unit have in-
creased, the volume of remaining reserves has decreased
by 22% over the period, thus accounting for the trend in the
valua of remaining oil reserve stock. The replacement cost
value which represents the present value of obtaining re-
serve additions through exploration and development pro-
duces similar results to the present value method until
1987 (Figure 4)." This suggests that the expected discov-
ery vaiue of the resource stock is equal to the present val-
ue of its expected rents. The oil price collapse in 1986 and
increasing capital costs have caused a significant de-
crease in the present value of oil reserves since 1986. it
appears since 1986 that the assumption that the full mar-
ginal discovery ¢ost ¢an he used as a proxy for resource
rent no longer applies in the short term.

Figure 4: Estimates of the Monetary Value of
Crude Oil Reserves in Alberta, 1961-

1990
160
30 ....................................................................................
4
L
9
T
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8 o b s
%
9 l.,.,.:."."—'i-“-“-’wun.'a'\-’“" | | ' .
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Nel  Present Replacement
price va_iu:e ‘flaiue
Note:

The net price is from [} in Table 3 and the present value is from [2] in Table 2.

1. Both the repiacement cost vaiue and the present value are “discounted”
using a long-term corporate bond yield,

The replacement cost value for natural gas reserves
shows an increase from $53 billion in 1962 to $81 billion in
1090. While physical reserve stocks have decreased by
129 from 1982 to 1990, replacement costs per unit of re-
serve added have more than doubled, thus praducing in-
creasing values for the total stock of natural gas. Present
value and replacement cost value have similar trends uniil
1979 after which the replacement cost value increases and
the present value decreases {Figure 5).

Table 4;: Estimates of the Economic Value of
Crude Oil and Natural Gas Reserves in
Alberta Based on the Replacement Cost

Method
Crude oil reseqnves Matural gas reserves
Total
Uinit unit reserve
Year cost Value cost Vaiue value
dofars midlions doliars per
per m® ot dollars  thousandm® milions of dollars
1963 4.35 26325 186 1728.8 43611
1964 3.99 37004 2.04 20207 5721.0
1965 3.50 3384.6 228 24126 5797.2
1966 2.96 31703 237 25482 5 725.5
1967 2.41 27346 277 3101.8 5 836.2
1868 2.04 24837 3.02 3 690.8 £5160.6
1969 2.30 28105 337 42963 7 106.8
1970 2.58 31220 .98 5 066.6 8188.6
1971 3.02 35473 489 5 9B4.8 9532.1
1972 3.92 4 409.9 513 55077 109175
1973 5438 58559 5.63 7 880.1 135180
1974 7.20 72187 6.80 98087 17 085.4
1975 9.66 91831 7.30 10 593.9 19 777.0
1976 14.29 12 452.1 8.03 12 663.3 245185
1977 19.40 16 098.3 B85 13 5704 20 668.7
1978 25.35 201380 1023 17 038.9 a7 176.9
1979 37:99 288771 13.08 22 472.3 51 349.4
1980 56.73 408416 17.67 30 871.4 71 7184
1981 68.74 47 B4Z.B 22.88 410828 28 925.7
1982 83,59 54 285.4 #8.76 53 2865 107 580.9
1983 91.04 59 886.8 3192 58 202.1 1181789
1984 90.75 58 145.4 32,48 583781 1185235
1985 83,21 53 9601 3135 55428.3 109 388.4
1986 83.71 53 131.4 30.68 52 778.0 105 809.4
1987 78.89 48 424.2 35.11 57 988.6 106 412.8
1588 82.67 490134 41,60 87 718.3 187316
1989 80.71 45 235.6 46.10 76 050.7 121 286.4
1990 84,95 43 358.4 49,41 81 406.1 124 785.5

Notes:

The rasults in this table shouid be wraated as prefiminary.

includes all exploration and development expenditures and land bonuses, data are tima-
lagged and unit costs are derived from a 5-year average of hooked reserve additions’
Lnit costs are averaged over 5 years,
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It appears that the replacement cost method measures
resource scarcity. It is not, however, a proxy for the meas-
urement of the value of natural resource wealth which ac-
counts for capital gains and losses due to price changes
over time.

Comparison of Valuation Methods

Figures 4 and 5 provide a comparison of the estimates
from the three different valuation methods described
above. As previously discussed, present values and re-
placement cost values show similar trends until 1986, The
net price estimates initially overvalue the reserve stock in
the late 1980s given the price collapse of 1986 however
they show a similar trend to present value after 1986,

Figure 5: Estimates of the Monetary Value of
Natural Gas Reserves in Alberta,
1961-1990

140

billion dolars

H |

o L ; i : |
1960 1965 1970 1975 1980 1985 1990

Net  Preset Replacement
price  value value

Nate:
The net price is from [1} in Table 3 and the present vajue is from {2} in Table 2.

In comparison with the net price approach, the present
value approach provides a smoother imes series since the
method reduces price volatility by averaging or using actual
wellhead price in cases [2] and [3] in Table 2, using interest
rates related to the time period rather than assuming a con-
stant discount rate such as 10% for the entire 30-year time
span and averaging or using actual variabile {extraction)
costs in calculations [2] and {3] in Tabie 2.

The advantages and disadvantages of each method
have been discussed. However, with the net price method,
the assumption of long-run equilibrium in natural resource
markets has little empirical Support and produces volatile
values. The selection of the most appropriate valuation
method for the Canadian National Balance Sheet wili re-
flect the most reliable methad of market valuation. The
present value method conforms most closely to corporate
financial reporting of the market value of reserves and is
the preferred method of valuation by national accountants.
However assumptions about future prices, costs and dis-
counts have to be made when using this methed,

RECONCILIATION ACCOUNTS

Table 5 presents both physical and monetary Recon-
ciliation Accounts for oil and natural gas reserves from
1961 to 1980. Net price values from Table 3 [1] for oi and
natural gas are used to construct the monefary accounts in
Table 5,

Reconciliation tabies show the voiume and price
changes of the assets during the reporting period, in this
tase, one year. The basic formula for the reconciliation ac-
counts is:

closing stock = opening stock + net reserve additions
~ reserve depletion + revalyation

where revaluation reflects the change in net price during
periods in the monetary accounts only.

The monetary reconcitiation accounts reflect changes
in the net value of the resource due to changes in physical
reserves, wellhead prices and operating and capital costs,
These changes will be reflected in the value of non-pro-
duced fangible assets in the Balance Sheet Accounts and
ultimately in national wealth and net worth.

Envirenmental Perspectives 1993
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| Gas Reserves in Alberta

Table 5: Reconciliation Tables for Established Reserve

s of Crude Oil and Natural Gas in Alberta, 1961-1975

1981 1962 1983 1984 1965 1068 1967 1968 1969 1970 g7 1972 1973 1974 1975
CRUDE Oil. RESERVES
physical accounts {millions of cublic metres)
Opening stocks go50 5578 5756 6054 P26 ge57 10742 11329 12128 12228 12079 11726 11260 10520 1016
Gross additions 575 44.0 566 3483 #8.8 1408 952 1198 54.5 87 22.1 0.0 9.7 385 7.0
Discoveries 1.7 23 14.8 9.5 28.8 88.3 §7.2 62.0 40.5 8.4 140 108 5.1 4.3 1.6
Development and 915 218 12.6 88.2 426 138 157 14.8 445 7.8 87 58 6.0 33 2.1
reevaluation
£nhanced ol recovery 24.5 18.9 282 2508 2.4 38.3 22.2 42.9 585 36.1 .8 148 10.2 30.8 33
Capietion 25.% 262 26.8 2r9 29.2 32.2 36.8 39.8 44.4 517 56.4 67.4 833 79.0 87.5
Ngt change 324 17.8 pe.8 3208 396 1086 58.6 80.0 g1 -150 343 474 74 405 605
Closing stock 5576 5756 6054 9261 9687 1 o742 11329 12128 12828 12079 19738 1 {280 10520 10115 9508
Unit values (dollars per cubic meire)
Average wellhead price 14.82 14.28 15.81 18,08 16.14 1627 1608 1614 16.00 18.27 17.84 1782 4183 2833 4579
Production and cagital cosis 230 g24 1000 1028 1085 48 M 72 1108 1074 8.23 9.27 8.07 73R 948 1312
Net price 5.72 503 5.81 5.8 5.29 479 2.34 8.07 8.26 7.08 8.57 g.85 1451 2683 3287
Monetary accounts {miiiions of dollars)
Gpening stocks 2106 3189 z8¥ 3819 531 5107 5145 4¢p1 6155 6431 8510 10061 11004 15262 27078
Gross additions 37% 221 329 2025 354 674 414 608 287 259 189 187 133 1034 228
Discoveries 10 15 85 85 151 427 248 314 213 59 120 108 74 115 52
Development and 180 10 73 513 225 85 88 75 234 -54 75 -55 -B7 48 89
repvaiiation
Enhanced oil recovery 140 100 170 1458 -13 183 a6 218 308 255 7 148 148 447 108
Depietion 144 132 156 162 154 153 159 202 234 364 483 64 1208 1146 2205
Net change 185 G0 173 1863 20 521 255 408 53 -108 294 -457 1078 -z 1877
Revaluation 898 383 450 2 484 481 479 829 a04 2184 j845 1502 5241 1@esr 5 B37
Closing stock a189 2897 3519 8381 5107 B5uE 4 gr1 6185 5431 BS510 10061 11094 18 263 27161 31062
NATURAL GAS RESERVES
Physical accounts (pillions of cubic melres}
Opening stocks g7es 8788 9124 @282 9820 10576 1 o726 11131 12236 12734 12794 12763 1 269.1 13966 14865
Gross additions 13.3 497 35.8 85.9 89.7 40.6 73.8 1348 87.5 462 454 452 1833 470 20.8
Discoverias 8.8 8.9 a1 7.2 1.3 R 24.3 15.3 18.6 78 4.8 125 7.8 85 08
Development and a7 41.0 327 78.7 784 386 496 1193 68.9 387 40.5 328 1756 1384 20.0
regvaluation
Depletion 1.9 17.8 198 221 24.2 255 275 30.0 37.8 40.1 48.5 52.4 86.0 §7.0 56.6
Nat change 1.4 32.1 162 83.8 855 15.2 464 1048 49.7 82 3.1 74 1274 900 -358
Closing stock a7so @921 9Bz 9920 10576 10726 11194 1203.6 12734 12794 12763 12691 13966 14865 14508
Unit vaiues (dollars per thousand cubic metres)
Average composite wellhead 808 £.82 853 .14 as59 1084 1180 1234 1048 1975 g87 1101 1325 2348 3693
pnce
Production and capital costs 7.53 5.28 575 5.86 6,03 7.19 177 858 7.86 9.42 g1z 4005 1088 1483 1874
Net price 1.45 0.37 2.78 3.28 356 3.45 403 377 2.82 1.33 074 0.98 239 883 2018
Monetary accounts {mililons of rollars)
Opening stocks 2443 -1280 asg 2583 3258 3760 8703 4508 4 o8 333 170 gag 1218 3343 13126
Gross additons -19 18 100 282 319 140 298 507 228 §1 34 43 438 1299 420
Discoveries 14 3 g 24 40 7 98 58 43 10 4 12 19 78 16
Development and 5 18 k23 258 73 133 200 449 180 51 30 31 420 1222 406
reavaiuation
Depletion -7 7 &4 3 86 8% m 113 93 53 36 50 134 503 1142
Net change -2 12 45 210 233 52 187 394 130 8 -2 7 308 795 123
Revaluation 1167 1804 2202 486 268 09 618 294 1404 -1 643 749 275 1820 88w 16872
Closing stock -1280 936 2583 a258 3780 3703 4809 4808 3 335 170 gag 1218 3343 13131 20283
Note:

Discrepancies are dus to rounding and data sources.

Sources:

Alberta Energy Resources Consesvation Board.

Sratistics Canada, Mationat Accounts and Environment Division,

a8 Statistics Canada - Cat. No. 11-528E
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Table 5: Reconciliation Tables for Established Reserves of Crude Oil and Natural Gas in Alberta,

1976-1990

1876 1977 197 1978 1880 1981 1882 1983 1884  1gss 1986 1987 1988 1989 1990
CRUDE Ol RESERVES
Physical accounts {millions of cubic metres)
Opening stocks 8508 8713 8300 7R4E  TH0L 7109 B96.0 6484 8578 6407  @ass5 6347 6138  Bo29 5605
Gross additions -18.8 191 24.4 34.3 227 326 64 4.1 42,0 64.0 381 33.0 36.7 214 3.0
Discoveries 2.5 4.8 248 18.2 8.0 18.9 16.8 214 291 327 28.6 20.9 17.7 17.0 250
Development and 59 6.1 -1.9 10.3 5.1 104 165 248 20 67 o141 K] 25 34 .o58
reevaluation
Enhanced ol recovery -27.0 9.2 1.4 4.8 88 7.2 8.8 17.9 24.1 21.8 24.6 105 168.5 7.8 37
Depietion 61.0 80.4 80.0 68,5 832 56.5 53.6 55.0 59.2 58.2 53.2 539 87.2 53.8 53.1
Net change 786 413 956 342  .405  .oae -46.7 885 .72 7.8 -141 208 205 24 .80
Closing stock 8713 8300 7945 7802  719.9 6080 848.4 6578 €407 B4BS 6347  giag 5925 B80S 5105
Unit values {doliars per cuble mgtre}
Average welthead price 5373 8440 TETT  BROY TS 11638 15784 20129 21244 22607 11758 14535 104.82 127,74 150.69
Production and capital costs 1880 1811 1884 2081 2077 a4y 5383 5490 6220 V3L IS0 msce 88.30 10020 11188
Net price 37.83 4828 57.83 6236 67.08 7690 10281 14640 165024 147.04 4008 s0D0 168.62 2754 3em
Monetary accounts (millions of doklars)
Opening stacks 21082 32960 40073 45944 47406 4n9sg 53521 67415 06300 $6258 05383 95440 37004 9856 15438
Gross additions 704 822 1417 2138 1543 o807 716 9384 6310 ©410  1se7  198g 610 589 17
Discoveties g5 232 1440 1197 812 1154 1744 3133 4372 4 808 1146 1280 284 488 g78
Developrment and 223 246 -110 642 353 554 1713 3631 1803 1428 568 96 42 94 -1 001
reevaluation
Enhanced oil recovery -1 081 444 81 289 585 800 885 2821 362t 3178 985 633 274 215 145
Depletion 2308 2016 3470 4272 4206 445 5 564 8140 B84 B2« 2132 asso 851 1482 2077
Net change B0 1984 2089 2135 2763 1838 B48 1244 2584 %147 -565  -1260 -341 -892 -1 959
Revaluaticn 4808 BWY Y824 9601 4270 8420 1B 7AD 27656 2527 2052 -B2GE0 12824 26801 6474 6484
Closing stack 32960 40073 45944 47406 48036 53501 6716 96300 96258 95353 25440 37004 g 856 15438 18 @69
NATURAL GAS RESERVES
Physical accounts (biflions of cubic metres)
Opening stocks T450.8 15017 ¥5BBA 18652 17184 47470 17653 18531 18262 17084 17683 17201 16517 1epry 18497
Gross additions 105.6 1276 833 1233 $24 170 1187 33.0 405 42.8 1.8 0.6 648  1ov8 B7.8
Discoveries 6.9 66 24.4 16.4 300 28.9 106 16.3 96 115 92 [: ] 13.9 19.0 28.0
Development and 887 1209 1388 1068 62.5 881 1081 2a.7 30.8 3t 12.6 8.4 507 8B.8 60.0
reevaiation
Depletion 54.6 61.0 66.4 70.0 63.8 68.8 60.9 66.0 68.3 72.8 £9.9 68,4 88.8 85.8 90,1
Net change 51.0 865 96.9 53.2 287 8.4 5786 270  27B  .302 .48+ €84 240 22.0 -2.3
Closing stock 15017 15683 16652 17184 17470 17968 1 8531 18262 17984 17683 17201 16517 1 6277 16487 16474
Unit values {dollars per thousand cubie meires)
Average composite welihead 5488 6438 GBI G098 117.68 11757 146,88 13555 14462 18924 10713 9245 vaqp 7682 8159
price
Preduction and capital costs 2475 2678 3125 3685 B577 8614 paar 7428 769 Y532 7538 8063 e812 7346 V520
Net prica 3013 37.60 8548 4413 @188 Ht4p 6243 8127 6593 6362 3178 1152 6,00 366 6.29
Monetary accounts (millions of doliars)
Opening stocks 29283 45250 S8 963 U090 75827 10848 82319 15805 111886 118560 113028 54818 19030 867 6041
Gross additions 8182 4797 5785 5436 5718 s0w 7 418 2389 2670 2723 892 o 388 388 553
Discoveries 208 248 868 724 1887 1488 652 0999 B33 735 252 103 83 o 176
Development and 2974 4546 4028 4713 3868 4580 & 755 1391 2037  to8s 400 103 304 326 376
reevaluation
Depletion 1645 2204 2386 3089 3655 3527 3806 4044 4803 4653 2200 788 532 314 567
Net change 1837 2504 3439 2347 1784  p43s 381 2 1654 1833 .1830  .1527 788 144 B1 ~14
Revaluation 14433 11208 3312 14380 30525 -18288 10 873 2271 8513 3614 -5EEYD 34801 .9i10 2 806 4342
Closing stock 45250 SBOB3 52080 YSE27 108122 82415 115805 111886 118586 113028 54618 19030 @767 6041 10 368
Note:
Discrepancies are due to rounding and data sources.
Sources;
Alberta Energy Resources Conservation Boarg,
Statistics Canada, National Accounts and Environment Division.
Environmental Perspectives 1993 Statistics Canada - Cat. No. 11-5288 89
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Table 6: Value of Petroleum Royalties and Land
Costs Paid to the Alberta Government,

1961-1990
Year Royalties Land costs Total
millions of doliars
1961 55.0 85.4 140.4
1962 88.0 818 147.8
19683 73.0 B9.8 162.8
1004 800 1218 2118
1965 73.2 193.7 2728
1965 917 1712 262.9
1967 107 A 1812 2680
1968 125.8 1882 2817
1559 136.3 1814 317.3
1970 154.0 176 2716
1971 1904 126.2 366
1972 8.0 1258 351.8
1973 422 8 145.4 588.0
1974 11072 158.8 12658
1975 14777 9.9 1 B87.6
1978 2 0878 256.0 23438
1977 2 368.8 8821 3080.9
1978 2054.9 7493 38042
1979 36233 1153.0 4776.3
18980 38203 12298 54409
1981 4 4967 738.1 52328
1882 5 098.1 485,58 5563.7
1983 5457 2 565.1 60023
14984 59581 790.3 £748.3
1985 § 8433 19211 58644
1986 3 205.0 447.3 38523
1987 2 634.7 8411 3475.8
1988 2 458.9 676.5 2133.4
1988 2 558.0 8517 3110.7
1850 3 085.0 5142 3699.2

Source:
Statistcs Canada, The Crude Pefoleum and Natural Gas industny, Catalogue 26-213
{various years)

Table 6 provides the value of royaities and land costs
paid to the Alberta government from 1961 to 1990. The
data demonstrate that the extraction of oil and natural gas
generates significant amounis of revenue 1o the Alberta
government. As suggested eariier, land costs represent an
ex anfe rent and royalties are ex post. With the decline in
the value of rent from oif and gas reserves due to declining
reserve stocks and prices, and increasing operating and
capital costs, one can observe how potential income io
government could also decrease.

SUMMARY

Thie study has examined the treatment of & non-re-
newable resource, oil and natural gas resernves in Alberta,
in the national accounts. Natural resources have long been
regarded as free gifts of nature py sconomists. The as-
sumption that our natural resources are in infinite supply
with 2 zero supply price is being reconsidered in national

accounting. Since balance sheets measure national
wealth, Canada’s wealth is currently not being estimated
correctly by including only man-made assets and excluding
non-renewabie and renewable resource stocks,

Physical accounts are necessary in order to describe
the interrelationship between the environment and the
economy. These accounts not only show the short-term ex-
ploitation of natural resources but also show the remaining
stocks available for primary inputs 1o economic activity.
The physical quantities are required in order to determine
the monetary value of the remaining stock.

The focus of this study has been to determine an ap-
oropriate method of natural resource valuation. While the
development of the physical accounts is based on the defi-
nition of established reserves, the monetary accounis re-
quire further evaluation in order to incorporate monetary
values into the Canadian National Balance Sheet. The
present vaiue and the net price approaches seem 1o con-
form most closely to the development of wealth accounts.
These approaches aliow the value of man-made capital
employed by the industry 10 be separated from the value of
natural resource itself and identify capital gains and losses
due to price changes. This is not the case for the replace-
ment cost approach. While the present value approach is
favoured by national accountants, in general and is used in
corporate financial reporting, it is fimited by the assump-
tions required.

0l and natural gas reserves are assets and are conm-
ponents of the national wealth, By extending the definition
ot capital to cover both man-made and naturai capital, a
nalance sheet presentation shows 1o what extent natural
resource depletion is offsel by the addition of man-made
and natural capitai. If future income and consumption are
hased on the levsl of capital stocks, itis important {o in-
clude the value of the stock of natural resources as well as
the value of the man-made capital in the Canadian Nation-
al Balance Sheet Accounts in order to show whether or not
we have sustainable growth and development,

By including the value of natural resources as a non-
produced asset and the valie of man-made capital in the
Canadian Balance Sheet Accounts, one has a more gom-
plete picture of Canada's wealth. One can determine
whether or not we are creating wealth while depleting our
natural resource base or consuming the revenue generat-
ed from natural resource extraction. Incorporating the val-
e of oil and natural gas reserve stocks into the Balance
Sneet Accounts will be the next stage of this project.

a0 Siatistics Canada - Cat. No. 11-528E
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