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Introduction 
The five major land degradation processes taking place in Canada today include water and wind 
erosion, soil acidification, soil compaction and soil salinization. Land degradation processes have 
many impacts both economic and environmental. They have been estimated to cost Canadian 
farmers as much as 1 billion dollars annually (Fox and Coote, 1986, Dumanski eral., 1986). This 
on-farm cost includes: declines in crop quality, reductions in crop yield and increased expenditure 
for the inputs required to maintain reasonable yields. The environmental impacts of land degrada-
tion include: water quality deterioration, wildlife habitat destruction, increased water run off and 
air pollution resulting from wind erosion. The cost of these environmental impacts have yet to be 
calculated for Canada, but available evidence in North America suggests that the off-farm impacts 
are considerably greater than the on-farm impacts (Fox et al., 1991). 

Water erosion is Canada's most costly land degradation problem. In 1985 it was estimated that the 
economic impacts of water erosion were more than 500 million dollars (Fox and Coote, 1986). In 
the United States, the Environmental Protection Agency identified soil erosion as one of the five 
most important environmental problems. American estimates indicate that the combined environ-
mental and economic costs of their soil erosion problem range between 4.4 and 43.5 billion dollars 
and that erosion exceeds levels that will permit sustained high production levels on 40 percent of 
cropland (Steiner, 1990). 

The study reported here uses agricultural cropping information in conjunction with detailed soils 
data to estimate changing gross agricultural soil erosion by water for the Province of Manitoba. 
This study is primarily methodological, and does not attempt to address the policy implications of 
soil loss. Nor does it make predictions about the longevity or sustainability of the soil resource 
given the gross soil erosion rates that are calculated. It is an elaboration of a larger study which 
estimated gross agricultural soil erosion for all of Canada (Carpentier, 1992). 

In early 1992 the United Nations Environment Program (UNEP) prepared a first-ever study of 
world soil degradation (Oldeman et al., 1992). The UNEP study indicates a 'serious concern' for 
more than half of Manitoba's agricultural soils, claiming that they have been damaged by agricul-
tural activity (Crabb, 1993). The study reported here will examine cropping trends in these areas 
and estimated soil erosion trends over the last 20 years. Manitoba is also a good testing ground for 
the methodology used in this study, because it has a reasonable cross section of agricultural activ-
ity, both dryland and mixed agricultural systems. These new estimates are based on micro-level 
soil and crop information and represent the most detailed estimates calculated at this scale in Can-
ada. 
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In soil science there are several ways of estimating soil erosion loss on land. The scale of the 
project largely determines the method used. At the largest and most detailed scale measurements 
are made in the field using specialized equipment to determine soil removal rates from given par -
cels of land. Studies for larger areas require models that allow researchers to simulate events tak-
ing place in the field. Modelling methods lack the precision of actual field sampling methods, but 
results are generally consistent with larger scale sampling. Given the size of Canada, the only prac-
tical way to estimate gross soil erosion is through the application of a generalized model. The Uni-
versal Soil Loss Equation (USLE) is the most widely used generalized water erosion model in 
North America, and has been adapted for the study reported here. 

Methods 
The USLE was used to compute a relative index of soil loss in Manitoba. The USLE is made up of 
five basic physical parameters that, when assessed collectively, determine the water erosion poten-
tial on a parcel of land (Wischmeier and Smith, 1978). The equation and physical parameters are 
as follows: 

A=R*K*L5*C*P 	 (EQI) 

Where: 
A is computed soil loss per unit area per year measured in tonnes per hectare per year. 
R is a rainfall and run-off factor which includes a factor for run-off from snow melt. It is derived from rainfall 

intensity expressed as kinetic energy per hectare per hour of rainfall. 
K is a soil erodibility factor as determined by the particle size distribution and organic matter content of a 

specified soil. The relationship is based on experimental observations and regression analysis. 
LS is a topographic factor estimated from slope length and steepness. 
C is a crop cover and management factor, determined by the type of vegetation, and the cultivation 

method used. An index value of 1.0 represents the maximum erosion potential of a tilled fallow field. 
P is a conservation practice factor where 1.0 represents the use of no conservation practices while a value 

of 0.0 represents total protection from erosion. 

Three of these five factors, rainfall erosivity, soil erodibility and the topographic factor (R,K,LS) 
are relatively constant and are not normally affected by typical agricultural practices in the short 
term. In other words, farmers cannot readily adjust the amount of rainfall they receive, or the parti-
cle size distribution of their soil, or the steepness or length of the slopes on their fields. However, 
the crop cover and management factor (C) is largely determined by farmers as they decide what 
crops to plant and what tillage and management practices they will employ. The C-factor is subject 
to variation seasonally, and from year to year, across the landscape. The P-factor is also deter-
mined by farmers who can vary the type and intensity of conservation practices used on fanns 
(Trant, 1993). 

Calculations were done at Statistics Canada using physical data from Agriculture Canada's Centre 
for Land and Biological Resources Research (CLBRR), and time series cropping information for 
1971,1976, 1981, 1986, and 1991, obtained from Census of Agriculture. This data is stored in Sta-
tistics Canada's GIS (Geographical Information System) based Environmental Information Sys-
tem (EIS). Trends derived from quinquennial observations can misrepresent annual variations 
significantly. However, for Manitoba, fluctuations in the annual cropland areas planted in specific 
crops are low for this study period. Cropping data were overlaid at the Enumeration Area level and 
aggregated to Agriculture Canada's Agroecological Resource Areas(ARA) to provide detailed 
crop data. (Huffman ci al., 1993). There are just over 60 ARAs in Manitoba, some containing as 
many as 1,000 farms. 

A consistent set of crops was selected to estimate the change in expected gross soil erosion taking 
place on more than 98 percent of Manitoba's cultivated area. The remaining 2 percent of cultivated 
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area is a residual composed of many specialty type crops occupying small areas. Erosion is not 
'  estimated separately for these crops but is calculated as an aggregate. The crops in Table 1 are 

listed from least protection from water erosion (summerfallow) to most protection from water ero-
sion (improved pasture). Crops more likely to be associated with erosion have higher C values. 
Regional climatic effects are accounted for by varying the value of R and its resultant impact on 
calculated C values by rainfall erosivity region. Regions with higher rainfall and run-off erosivity 
have more intense rainfall or rainfall of longer duration. Five rainfall erosivity regions were identi-
fied for this study. Each is an aggregation of the 60 ARAs which in turn are an aggregate of the 
more than 200 Soil Landscape Units (SLUs). 

Physical data were taken from Agriculture Canada's Soil Landscapes of Canada (SLC) map series. 
The R,K and LS portion of the USLE was estimated by Eilers et al (1989) at the SLU level. 
Because of geographic resolution errors Census data could not be merged with SLU level physical 
data, requiring that both physical data and cropping information be aggregated for combination at 
the ARA level. The distribution of cultivated land in each SLU was estimated by Agriculture Can-
ada for the 1981 crop year. Using these distributions as areal weights it was possible to estimate R, 
K inl IS for each AR A 

ThbIe I 

Crop Cover and Management Factor by Rainfall Erosion Region - Manitoba 

Crop Type 

C-factor 

Region 1 Region 2 Region 3 Region 4 Region 5 
Summert allow 0.58 0.73 0.56 0.52 0.78 
Sugar beets 0.57 0.58 0.57 0.56 0.59 
Sliage corn 0.57 0.58 0.57 0.56 0.59 
Grain corn and sunflowers 0.53 0.54 0.53 0.52 0.55 
Peas and beans 0.55 0.60 0.55 0.54 0.57 
Potatoes 0.41 0.42 0.41 0.40 0.43 
Flax and canola 0.26 0.34 026 0.25 0.31 
Grain8  0.29 0.34 0.34 0.24 0.51 
Pasture 0.00 0.00 0.00 0.00 0.00 

Grains are usually grouped into separate spring and winter categories because winter grains have a much 
lower erosion potential. A single C - factor was used for grain in Manitoba because less than 2 percent of grain 
is winter grain. 
Source: Carpentier 1992. 

Table 2 
Estimated P-factors for Manitoba Conservation Practicesa 

Conservation Practice P-factor 
No-till cultivation 0.50 
Strip cropping 0.50 
Contour cultivation 0.65 
All Other types 0.65 
Conservation tillage 0.75 
Winter cover 0.85 

a. Estimated by Coote after Wischmeier and Smith, 1978. 

' 	 Table 2 indicates the P-factors used to correct erosion estimates for the 1991 crop year, the only 
year for which detailed conservation data is available. 
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Map 1 

Rainfall Erosion Regions - Manitoba 

R;tinIil I regions 

\Vater bodies 
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Sourcea: Statistics Canada. National Accounts and Environment Division. Agriculturc Canada, Centre for Land and Biological Resources Resu 

An adaptation of the USLE was used for calculating soil loss. Gross erosion by water (A) on agri-
cultural land was calculated as follows. 

A = 	{ ([0.675 X Domcr. 	>( C4  0 X P x Cenarea, a + ([0.325 X Sdom,, ] X Cc ,. X P x Cenarea ç ,. ) 
} (EQ 2) 

When Sdom =0, or when there are only dominant soil characteristics: 

A = 	([1.0 X  Domcr  ul X Ccr, x  Px Cenarea 	
EQ 3)

r. 

Where: 

A - soil lo ,,s per unit area per year 
a - ARA (Agroecological Region) 
C - Crop cover and management factor 
Cenarea - Estimated Census Crop Area 
cr - crop type 
s - soil landscape unit (SLU) 
Dom and Sdom - are the RKLS factors for dominant and subdominant soils 

The two constants 0.675 and 0.325 are the assumed proportions of dominant and subdominant soil 
in each SLU. The values for C by crop type were estimated by Carpentier (Carpentier, 1992). 
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Results and Discussion 
Nianitoba covers an area of roughly 450 000 km 2 . Of this area approximately 77 250 km 2 , or 17 
percent, is agricultural land. Of this agricultural land in 1991,47 610 km 2  or 62 percent was crop- 
land and summerfallow. Cropland provides the foundation for most of Manitoba's diverse agricul- 

	

J 	
tural industry. 

Agricultural soil erosion occurs primarily on cropland. Cropland that is tilled or cultivated is left 
unprotected from rainfall and runoff energy for substantial periods during crop growth and after 
harvest. Soil erosion rates vary in relation to cultivation technique and soil management. Informa- 

1 tion from the 1991 Census of Agriculture indicates that 66 percent of the area seeded in Manitoba 
is conventionally tilled (no measures to conserve surface residues), 29 percent of seeded area was 
conservation tilled (used measures to conserve surface residues), while 5 percent of seeded area 
used no-tillage for seed bed preparation (Trant, 1993). 

Two soil erosion estimates were calculated in this study. The first is an unadjusted soil erosion rate 
based on changing crop distributions only. The second takes conservation measures into account, 
and as a result provides a better indication of actual soil erosion in 1991 (Figure 1). Unfortunately, 
conservation practices data were gathered only in 1991 and interpolation is required to obtain ero-
sion values for conservation in 1986. Historical data on these practices are not available, making 
detailed calculations at the SLU level impossible. However, the use of conservation tillage and no-
till methods did not begin in any substantial way until 1981 in Manitoba (R.G.Eilers, personal 
communication). Future erosion estimates will be able to incorporate census conservation data at 
the SLU level. 

Figure 1 

Gross Soil Erosion by Water - Rates, 1971 - 1991 
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Figure 1 indicates trends in soil erosion rates since 1971. Average unadjusted erosion rates have 
declined from 4.5 to 3.75 tonnes per hectare on tilled land. Changing crop and summerfallow com-
binations have been the principal cause of this shift. Soil loss rates have generally declined as less 
and less land is summerfallowed and more land has been seeded with crops that protect soil sur- 
faces. The conservation adjusted rate moved from 4.5 to 3.0 tonnes per hectare assuming negligi-
ble use of conservation practices in 1981. 

Figure 2 shows the estimated decline in gross soil erosion resulting from both cropping pattern 
changes and the increasing use of conservation practices. 
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Figure 2 

Gross Soil Erosion by Water, 1971 - 1991 
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The area of land in summerfallow declined by 72.4 percent between 1971 and 1991 (Table 3). 
Summerfallow erosion rates are higher than those associated with crops. Average estimated ero-
sion rates for summerfallow consistently exceed 7 tonnes per hectare in Manitoba (Table 4). The 
unit area estimates represent average losses and as such do not reflect maximum or minimum ero-
sion loss rates on given parcels of land. The gross erosion estimates for land in summerfallow, 
unadjusted for conservation practices, parallel the decline in summerfallow area with a 72.3 per-
cent decrease, going from 8.2 million tonnes in 1971 down to 2.3 million tonnes by 1991 (Table 4). 

Table 3 
THied Land Areas, 1971 - 1991 

Crop Type 1971 1976 1 	1981 	1  1986 1991 change 71-91 
thousands of hectares percent 

Barley 830 667 942 634 544 .34.4 

Buckwheat 32 18 51 22 16 -51.6 

Mixed grains 115 70 48 32 28 -75.8 

Total oats 594 517 273 195 155 -73.8 

Total rye 52 38 75 31 33 -36.4 

Total wheat 1 020 1 544 1 593 1993 2 174 113.2 

Total Grain 2643 2853 2982 2907 2950 11.6 

Mustard seed 14 23 66 50 20 58.6 

Flaxseed and canota 464 305 530 810 758 63.4 

Soybeans 1 0 2 0 0 .967 

Sunflowers 63 20 110 23 74 17.8 

Oilseed Total 531 333 661 846 838 57.8 

Silage corn 4 13 20 13 12 196.9 

Grain corn 4 7 89 14 40 1 000.1 

Fleldpeas 21 15 41 58 52 151.4 

Fiaidbeans 1 3 1 10 16 1213.1 

Potatoes 13 14 17 19 20 51.4 

Sugarbeets 13 13 12 11 11 -17.2 

Vegetables 2 2 2 1 2 -20.2 

Wide-row Crops 58 68 182 126 152 164.1 

Summerfallow 1 075 934 598 509 297 -72.4 

Total Area Tilled 4072 4094 4 180 3994 3730 -8.4 
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Increases in the area of grain have led to increases in total gross erosion from grain crops. Average 
'  erosion rates for grain indicate a movement of 3 to 4 tonnes of soil per hectare (Table 4). Land area 

in grains increased from a 1971 value of 2.64 million to 2.95 million hectaresby 1991 (Table 3). 
Gross erosion estimates parallel this change indicating an 11.7 percent increase in soil erosion 
from grain crops (Table 4). 

An increase in the area planted in oilseeds between 1971 and 1991 led to higher gross soil erosion 
estimates. In 1986, oilseed production reached a maximum in Manitoba (Table 3). More than 1.5 
million tonnes, of a provincial total 17.2 million tonnes of soil erosion, occurred on land planted in 
oilseeds in 1981. Between 1971 and 1991 the area planted to oilseeds was estimated to have 
increased by 57.8 percent. At the same time erosion increased by 15.7 percent. However, estimated 
erosion associated with oilseeds peaked in 1981, apparently because areas planted to sunflowers, 
which have a high C-factor (Table 1) were at a maximum. 

Table 4 

Gross Soil Erosion Estimates by Major Crop Type, 1971 - 1991 
(Unadjusted for Conservation Practices) 

change 
Crop Type 	 1971 	1976 	1981 	1986 	1991 	1971 -91 

thousands of methc tonnes 	 percent 

Bailey 2 950 3286 3286 2 273 1 899 -35.6 

Buckwheat 72 34 113 50 35 -51.0 

Mixed grains 322 191 127 81 70 -78.2 

Total oats 1 886 1625 896 602 457 -75.7 

Total rye 174 140 250 86 100 -42.4 

Total wheat 3 540 5305 5 546 7006 7430 109.9 

Total Grain 8944 10580 10218 10098 9992 11.7 

Average tonnes per hectare 3.38 171 3.43 3.47 3.39 

Mustard seed 14 23 66 50 20 42.9 

Flaxseed and canola 631 597 891 1 231 709 12.4 
Soybeans 3 2 10 0 0 -88.6 

Sunflowers 293 116 589 116 359 22.5 

Total Oilseeds 941 737 1 556 1 398 1 089 15.7 

Averagetonnesperhectare 3.18 3,08 3.72 3.10 3.29 

Silage corn 23 72 102 59 54 140.4 
Grain corn 15 23 374 50 145 878.9 
Field peas 85 61 173 246 235 175.7 
Field beans 5 12 3 39 61 1208.2 
Potatoes 37 39 49 56 75 103.9 
Sugar beets 43 44 39 38 37 -13.9 
Vegetables 8 9 8 5 7 -15.2 

Wide-row Total 215 260 748 494 613 185.7 

Average tonnes per hectare 3.73 3.84 4.12 3.91 4.03 

Summerfallow 8229 7 252 4 714 3791 2 283 -72.3 
Average tonnes per hectare 7.66 7.76 7.88 7.44 7.69 

Total Erosion 18329 17920 17236 15780 13978 -23.7 
Average tonnes per hectare: 4.50 4.38 4.12 3.35 3.75 

The largest increases in estimated gross soil erosion come from the wide-row crop group. Areas 
planted in wide-row crops more than tripled between 1971 and 1981, while the erosion resulting 
from these increases went from 215 000 tonnes to more than 748 000 tonnes, an increase of 248 
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percent. Since 1981, the area of these crops has declined, with a similar decline in estimated ero-
sion. 

Map 2 Shows estimated erosion trends by Agroecological Region. The largest declines are found in 
the south where they exceed 50 percent. The largest increases are found east of the Red River (1), 
in the Souris and Assiniboine valleys (2,3), and in the Swan River Area (4), with values in some 
cases exceeding 100 percent. 
Map 3 shows Soil Landscape Unit polygons and calculated erosion rates (t ha 1yf'). The 1981 
census year is the only year information at this more detailed scale is available. The two laiest 
dark shaded areas with greater than 10 tonnes per hectare erosion on cultivated land are the highly 
sloped Riding Mountain and Duck Mountain areas. However, only very limited agricultural activ-
ity takes place in these areas. 

Map 4 indicates the general decline in unadjusted gross erosion between 1971 and 1991. Areas in 
the Turtle Mountain Region and Manitoba Escarpment show the greatest change, going from aver-
age values which in some cases exceeded 20 tonnes per cultivated hectare in 1971 to well under 10 
tonnes per cultivated hectare by 1991. 
These estimates indicate significant improvement in agricultural soil erosion rates in Manitoba 
over the last 20 years. When combined with the effects of increasing soil conservation measures 
(Figures 1 and 2) these estimates become even more encouraging. However, many important ques-
tions still remain unanswered. Are these calculated loss rates sustainable for 10 years, 50 years or 
100 years? How are the other provinces doing? Are there areas where erosion is still intensifying? 
How great an impact has soil erosion had on yield? How much land has actually been taken out of 
production due to soil erosion degradation? Is this land reclaimable in the future? What are the 
actual environmental costs of soil erosion? These and other related questions will need further 
investigation if agricultural sustainability is to be achieved in the years ahead. 

Conclusion 
Changing land management practices and crop distributions relative to slope and soil erodibility 
factors have considerable influence on estimated soil loss rates on farms in Manitoba. Conserva-
tion practices also have significant impacts on reducing expected soil erosion rates. Over the past 
20 years changing agricultural crop distributions have reduced expected soil erosion by water by 
24 percent or 4.4 million tonnes, while conservation practices may have further reduced soil ero-
sion by an additional 16 percent or 2.9 million tonnes, for a total reduction of 40 percent or 7.3 
million tonnes. These declines were achieved with a moderate 8 percent decrease in tilled area, 
from 4.07 million hectares in 1971 to 3.73 million hectares in 1991. While gross soil erosion by 
water and tilled land area declined, actual cropland area increased by 29 percent in Manitoba, 
going from 3.69 million hectares in 1971 to 4.76 million hectares by 1991. The difference in these 
values is largely the result of reduced summerfallow. 
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Map 2 
Change in Gross Agricultural Soil Erosion on Tilled Land, 1971- 1991 

% decline in soil erosion by water 

50 to less than 98 

30 to 49.9 

0 to 29.9 

% increase in soil erosion by water 

IIilMi1I 0 to 29.9 

_______ 30 to less than 113 

Other areas 

[_J Water bodies 

[] No agriculture 

Note: Not adjusted for conservation practices. 

Sourcaa: Statistics Canada, National Accounts and Environment Division. Agriculture Canada. Centre for Land and Biological Resources Research. 
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Map 3 
Gross Agricultural Soil Erosion by Water on Cultivated Land, 1981 

Note: Not adjU5ted for conservation practices. 

Sourcse: Statistics Canada, National Accounts and Environment Division, Agnculture Canada. Centre for Land and Biological Resources Research. 
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Map 4 
Gross Agricultural Soil Erosion by Water on Cultivated Land, 1971, 1981 and 1991 
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Technical Series 

The National Accounts and Environment Division (NAED) 

has a series of technical paper reprints, which national 
accounts users can obtain without charge. A list of the reprints 

currently available is presented below. For copies, contact the 
NAED client services representative at 613-951-3640 or write 
to Statistics Canada, 21st Floor, R.H. Coats Building, Tunneys 

Pasture, Ottawa, Ontario, K1A 0T6. 

"Laspeyres, Paasche and Chain Price Indexes in the Income and 
Expenditure Accounts", reprinted from National Income and 
Expenditure Accounts, fourth quarter 1988. 

"Technical Paper on the Treatment of Grain Production in the 

Quarterly Income and Expenditure Accounts", reprinted from National 
Income and Expenditure Accounts, first quarter 1989. 

Data Revisions for the Period 1985-1988 in the National Income 
and Expenditure Accounts', repflnted from National Income and 
Expenditure Accounts, first quarter 1989. 

"Incorporation In the Income and Expenditure Accounts of a 
Breakdown of Investment in Machinery and Equipmenr, repflnted from 
National Income and Expenditure Accounts, third quarter 1989. 

'New Provincial Estimates of Final Domestic Demand at Constant 
Pflces", reprinted from National Income and Expenditure Accounts, 
fourth quarter 1989. 

"Real Gross Domestic Product: Sensitivity to the Choice of Base 
Year", reprinted from Canadian Economic Observe, May 1990 

"Data RevisIons for the Peflod 1986-1989 in the National Income 
and Expenditure Accounts", reprinted from National Income and 
Expenditure Accounts, first quarter 1990- 

"Volume Indexes in the Income and Expenditure Accounts', 
repflnted from National Income and Expenditure Accounts, first 

quarter 1990. 

"A New Indicator of Trends In Wage Inflation", reprinted from 
Canadian Economic Observer, September 1989. 

"Recent Trends In Wages", reprinted from Perspectives on 
Labour and Income, winter 1990. 

"The Canadian System of National Accounts Vls-à-Vis The U.N. 
System of National Accounts", reprinted from National Income and 
Expenditure Accounts, third quarter 1990. 

"The Allocation of Indirect Taxes and Subsidies to Components of 
Final Expenditure", reprinted from National Income and Expenditure 
Accounts, third quarter 1990. 

"The Treatment of the GST In the Income and Expenditure 
Accounts", reprinted from National Income and Expenditure 
Accounts, first quarter 1991. 

"The Introduction of Chain Volume Indexes in the Income and 
Expenditure Accounts", reprinted from National Income and 
Expenditure Accounts, first quarter 1991. 

Série technique 

La Division des comptes nationaux et de lenvironnement (DCNE) a a 

sa disposition une séne de tires a part d'articles techniques, que les 

utilisateurs des comptes nationaux peuvent obtenir sans frais. Voice Ia 

liste des tires a part disponibles. Pour obtenir des copies, 

communiquez avec Ia responsable des service aux clients do Ia DCNE 

(613-951-3640) out écnre a Statistique Canada, 21e étage, edifice R.H. 

Coats, Tunneys Pasture, Ottawa, Ontario, K 1 A 0T6. 

"Les Indices de prix Laspeyres, Paasche at an chaine dans les comptes des 
revenus at depenses% tire a pall de Comptos nationaux des r.v.nus at 
dépensea. quatriéme trlmestre 1988. 

"Document technique sur le traitement de Ia production tie céréales dans 
les comptes tnmestnels des revenus at dOpenses", tire a part do Comptea 
netlonaux doe revenua at dOpenses, premier Irimestre 1989. 

"Revision ties données de Ia période 1985-1988 dana les comptes 
nationaux des revenus at depenses", tire a part de Comptea natlonaux des 
revinus at dopenses, premier tflmestre 1989. 

"IncorporatIon dans les comptes des revenus at dépenses dune 

decomposition de linvestissement an machines at materiel', tire A part do 
Comptea natlonaux des revenus at dépenses, trolstème trlmestre 1989. 

"Les nouvelles estimations provinciales de Ia demande Inteneure finale an 
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'Prodult Interleur brut an termes reals: sensibilité au choix de tannite de 
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natlonaux des revenus at dépenses', Will a part de Comptes nationaux des 
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"tin nouvel Indicateur ties tendances de rinflatlon par lea salaires". tire a 
part de l'Observateur économlque canadian, septembre 1989. 

"Tendances récentes des salaires', tire a part de l'EmpIoI etle revenu an 
perspective, hiver 1990. 

'to système do comptabillté nationale du Canada at le système de 
comptabilité natlonale des Nations Unies", tIre a part do Comptes natlonaux dee 
rev.nue at dpenses, troisième tnmestre 1990. 

"La repartItion des lmpôts indirects at des subventions aux composantes do 
Ia depense finale', tire a part de Comptes natlonaux des revenue at dopenaes, 
trolslème tflmestre 

'to traltement de Ia TPS dans los comptes des revenus at depenses', tire a 
part do Comptss natlonaux des revenue at dépei premier lit mestre 1991. 

"L'Introduction des indices do volume an chalne dans les comptes des 
revenus at dèpenses", tire a part de Comptea naflonaux des revenus at 
dépenses premier tnrnestre 1991 



Technical Series - concluded 

"Data Revisions for the Period 1987-1990 In the National Income 
and Expenditure Accounts", reprinted from National Income and 
Expenditure Accounts, second quarter 1991. 

Volume Estimates of International Trade in Business Services", 
reprinted from National Income and Expenditure Accounts, third 
quarter 1991. 

"The Challenge of Measurement in the National Accounts", 
reprinted from National Income and Expenditure Accounts, fourth 
quarter 1991. 

"A Study of the Flow of Consumption Services from the Stock of 
Consumer Goods", reprinted from National Income and Expenditure 
Accounts, fourth quarter 1991. 

"The Value of Household Work In Canada, 1986", reprinted from 
National Income and Expenditure Accounts, first quarter 1992. 

"Data Revisions for the Period 1988-1991 in the National Income 
and Expenditure Accounts", reprinted from National Income and 
Expenditure Accounts, Annual Estimates, 1980-1991. 

"Cross-border Shopping - Trends and Measurement Issues", 
reprinted from National Income and Expenditure Accounts, third 
quarter 1992. 

"Reading Government Statistics: A User's Guide", reprinted from 
Policy Options, Vol. 14, No. 3, April 1993. 

23 "The Timeliness of Quarterly Income and Expenditure Accounts: 
An International Comparison", reprinted from National Incoina and 
Expenditure Accounts, first quarter 1993. 

"National Income and Expenditure Accounts: Revised Estimates 
or the peflod from 1989 to 1992", reprinted from National Income and 
Expenditure Accounts. Annual EstImates, 1981-1992. 

"InternatIonal Price and Quantity Conansons: Purchasing Power 
Parities and Real Expenditures, Canada and the United States", 
reprinted from National Income and Expenditure Accounts, Annual 
Estimates, 1981-1992. 

"The Distribution of GDP at Factor Cost by Sector", reprinted from 
National Income and Expenditure Accounts, third quarter 1993. 

"The Value of Household Work In Canada, 1992", reprinted from 
National Income and Expenditure Accounts, fourth quarter 1993. 

Série technique - f in 

"RevIsions des données de Ia periods 1987-1990 dans les comptes 
nationaux des revenus et dépenses", tire a part de Comptes natlonaux des 
revenus at dOpenses, deuxième trlmestre 1991. 

"EstImations en volume du commerce International des services 
commerciaux, tire a part de Comptes natlonaux des revenua at depenesa, 
troisième tnmestre 1991. 

"La deli de Ia mesure dans las comples natronaux". tire a part tie Comptas 
nstionaux des revenus at ddpenses, quatfleme tnmestre 1991. 

"Etude sur le flux des services de consommatlon generes par le stock tie 
biens tie consommation", lire a part de Comptea natlonaux des revenus at 
ddpenses, quatneme trimestre 1991. 

"La valeur du travail menager au Canada, 1986", tIre a part de Comptes 
natlonaux des revonus at dépenses, premier trimestre 1992. 

"Revisions ties tionnées de la perlode 1988-1991 dans les comptes 
nationaux ties revenus at depenses, tire a part de Comptes natlonaux des 
revenua at depensea, estimations annuelles, 1980-1991. 

"Achats outre-frontlére - Tendances at mesure", tire a part de Co,'npt.s 
natlonaux des revenus at dépenses, troisième tnmestre 1992. 

"Comment "lire" les statistiques produltes par Ia gouvemement: Un guide 
pratique", tire a part tie Options Politiquas, Vol. 14, NO 3, Avrll 1993. 

"L'Actualité des coreptes des revenus at dOpenses trimestnels: une 
comparaison a l'échelle internationale", tire a part tie Comptes natlonaux des 
revenus at ddpenaes, premier tnmestre 1993. 

"Comptes nationaux des revenus at dépenses: Estimations révisées pour Ia 
pénode de 1989 a 1992", tire a part tie Coinptes natlonaux des revenus at 
ddpenses, estimations annuelles, 1981-1992. 

"Comparaisons internationales des quantités at ties prix: panes tie pouvoir 
d'achat et depenses réalles, Canada at Etats-Unis", tire a part de Comptes 
netlonaux des revenua at dopenses, estimations annuelles, 1981-1992. 

"La ventilation par secteur du P16 au coat des facteurs", tire a part do 
Comptes nationaux des revenus at dop.nses, trolsuème tflmestre 1993. 

ta valeur du travail menager au Canada. 1992", tIre a part de Comptu 
natlonaux des revenue at dCpens.s, quatneme trlmestra 1993. 
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