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PREFACE 

This study of Canadian agriculture was undertaken as part of the Economic 
Council's research in areas of productivity and economic growth. It was designed to 
identify sources of growth in agriculture, to compare the productivity performance 
of Canadian agriculture with that of U.S. agriculture, and to explore the potential 
for further productivity gains. 

Productivity analysis, and especially international productivity comparisons, 
bristle with conceptual problems and questions on comparability of data. 
Some of these problems were examined; others were not. This Study relates to 
agriculture at the national level. It ignores important regional aspects of agricultural 
production which will be examined later. Because of these limitations, the fmdings 
and conclusions of this Study should be interpreted with caution. 

Special thanks go to Dr. J. A. Dawson of the Economic Council for his many 
valuable comments given freely throughout the course of this Study. Several 
members of the Staff, and Dr. I. F. Furniss of the Department of Agriculture and 
Professor G. R. Winter of the University of British Columbia read an earlier draft. 
The fmal version benefited from their suggestions for improvement. Without the 
friendly co-operation of Mr. R. B. Proud of the Farm Finance Section and his 
colleagues at the Dominion Bureau of Statistics, the extensive data needs could not 
have been met. Personnel of the U.S. Department of Agriculture provided 
corresponding published information for U.S. agriculture. Their generous co 
operation is greatly appreciated. 

The views expressed in this Study, all errors and inadequacies are the 
responsibility of the author. 

v 



Chapter 1 

INTRODUCTION 

Major and rapid adjustments have been taking place in Canadian agriculture in 
recent decades. Some aspects of these adjustments have been discussed in previous 
Annual Reviews and Council Studies. I This Study deals with aspects of resource 
productivity in agriculture, and it provided the background material for Chapter 5 
of the Fifth Annual Review. 2 

Objectives of Study 

The objectives of this Study are to determine the productivity levels and 
trends of Canadian agriculture and examine how they compare with levels and 
trends of U.S. agriculture; how labour, capital and technology contribute to gains in 
productivity in both countries; and how further gains might be achieved. 

This Study examines changes in the volume of production and in the 
resources and technology used in agriculture, and assesses their impact on the 
productivity of the agricultural labour force. It attempts to show to what extent 
adjustments of the agricultural labour force, increased capital inputs, and 
technological changes have contributed to gains in agricultural labour productivity, 
and how further gains might be achieved. Some longer-term information on early 
settlement, export expansion, and subsequent labour and resource adjustments will 
be provided as background to an evaluation of the significance of more recent 
trends. Also, to provide a clearer perspective, some international comparisons - 
especially Canadian-U.S. comparisons - are used as a background to the discussion 
of various issues. 

Thus the Study concentrates on questions of productivity and productivity 
improvements in agriculture. It does not serve to examine issues relating to farm 
incomes, aspects of welfare, or price and cost developments. As in other sectors of 

1 Economic Council of Canada, First Annual Review, Ottawa, Queen's Printer, 1964, pp. 134 
ff.; Economic Council of Canada, Fourth Annual Review, Ottawa, Queen's Printer, 1967, pp. 
233 ff.; J. Dawson, Changes in Agriculture to 1970, Staff Study No. 11, Economic Council of 
Canada, Ottawa, Queen's Printer, 1964; and Helen Buckley and Eva Tihanyi, Canadian Policies 
for Rural Adjustment: A Study of the Economic Impact of ARDA, PFRA, and MMRA, 

2 Special Study No.7, Economic Council of Canada, Ottawa, Queen's Printer, 1967. 
Economic Council of Canada, Fifth Annual Review, Ottawa, Queen's Printer, 1968, Chapter 
S, pp. 77-101. 
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Canadian Agricultural Productivity 

the economy, high productivity gains in agriculture are essential in the longer run to 
the achievement of higher levels of income. They are a necessary, but not 
necessarily adequate, condition for improved farm incomes. It is a matter of great 
importance, therefore, to seek out and evaluate all possible avenues for potential 
further improvements in agricultural productivity, and especially those that 
contribute to gains in net farm income. 

Historical Background 

Only a hundred years ago Canada's society was predominantly agricultural. 
More than three-quarters of its working force was engaged in farming. Today, 
Canada is predominantly urban, and more than 90 per cent of total employment is 
in nonfarm activities. In this long-term transition from a rural to an urban society, 
and with development towards a modern, high-income, high-consumption 
economy, total domestic demand for food has grown only slightly more rapidly 
than Canada's population. By contrast, the growth of overseas demand for Canada's 
agricultural products has been stronger - although with erratic movements from 
time to time. Most of this export growth has come from expansion of wheat 
exports; much less has come from livestock exports (Chart 1-1). The gradual 
slowdown in the growth of domestic demand for food, instabilities in export 
markets' and - since over 95 per cent of Canada's wheat originates in the Prairie 
Provinces - the uneven regional distribution of the benefits from greater wheat 
exports have entailed extensive adjustments in the agricultural sector, especially 
during the postwar period. 

Historically, the development of Canada's agriculture has proceeded in three 
distinct periods: early development, rapid expansion and land settlement, and a 
prolonged and still continuing period of adjustment. During the early period.? 
essentially from the time of Confederation to 1900, settlement and cultivation of 
land proceeded at a moderate pace in spite of high rates of capital investment in the 
construction of railways. There were formidable obstacles, and many impinged 
upon the daily life of settlers; the lack of roads, the harsh winters, and the shortage 
of funds made settlement a struggle for bare existence. At a time when other 
countries offered free passage, a grant of land, agricultural implements, and loans 
for building homesteads, much of Canada's best farming land was held by 
speculators and the Canadian government offered only limited financial assistance 
to immigrants. As a result, many immigrants to Canada only settled temporarily 
and, over the whole period from 1861 to 1901, the number of emigrants leaving 
Canada exceeded the number of new arrivals. 

2 

1 Recent experience illustrates such instabilities - for example, the large expansion in wheat 
exports over the first half of the 1960's and the significant decline in such exports during the 
past years. 

2Norman MacDonald, Canada: Immigration and Colonization, 1841·1903, Toronto, Macmillan, 
1966. 
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Chart 1-1 

EXPORTS AND DOMESTIC CONSUMPTION OF BEEF AND WHEAT 
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Source: Based on data from Historical Statistics of Canada, M. C. Urquhart and K. A. H. 
Buckley, eds., Toronto, Macmillan, 1965; and Dominion Bureau of Statistics. 

After 1900, following four decades of net emigration, there was a sudden and 
prolonged surge of net immigration and land settlement. Many factors contributed 
to this change. By the end of the nineteenth century, much of the farmland in the 
United States had been occupied, but sweeping stretches of excellent prairie land 
were still unsettled in Canada. Other factors included policy favouring large-scale 
immigration, better prices for agricultural products, and a vast expansion in 
Canada's transporation system. Moreover, the desire of many Europeans to leave 
their war-torn countries helped carry the momentum of land settlement past the 
First World War through the 1920's. From 1901 to 1931, there was an expansion of 
100 million acres in farmland in Canada - from 63 to 163 million acres. During the 
Depression of the 1930's, however, the rate of land settlement slowed down and 
only 10 million acres of land were added. Since 1941 there has been little change. 
Some additional land has been brought into farm production in the West but, with 
the growth of the cities and the abandonment of some farmland in the East, the 
total area in farms today is no larger than it was prior to the Second World War 
(Chart 1-2). 

The Second World War had a decisive impact on the structure of the Canadian 
economy. Within five years, from 1939 to 1944, Canada's armed forces expanded 
from less than 10,000 to almost 780,000. Employment in manufacturing and 
transporation nearly doubled, and unemployment dropped from over half a million 
persons to less than 65,000. In contrast with the very large increase in employment 

3 
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Chart '-2 

INDEXES OF IMMIGRANT ARRIVALS, RAILROAD 
MILEAGE, AND FARMLAND 
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Source: As in Chart 1-1. 

in the rest of the economy, agricultural employment dropped from lA to less than 
1.2 million. This was the beginning of a prolonged period of labour and resource 
adjustment. By the end of the Second World War, every sixth person in agriculture 
had left for nonfarm occupations. After a short-lived rise in the immediate postwar 
period, this downward trend continued, and, in 1967, Canada's agricultural 
employment was 559,000 - only half as large as two decades earlier. Largely as a 
result of these adjustments, the size of farms has expanded significantly (Chart 1-3). 

Despite this massive reduction of agricultural employment, the volume of 
agricultural production has not declined. Indeed, over the past two decades, the 
volume of total agricultural production has increased by roughly 50 per cent. 
Generally speaking, this expansion of production has not been confined to any 
particular crop or livestock product but has been widespread and has affected most 
of the agricultural production. In part this is reflected in the long-run composition 
of farm cash income which - during the postwar period - has remained quite 
stable. Compared with earlier time periods, when the income share of wheat sales, 
for example, dropped from nearly 40 per cent in the late 1920's to about 20 per 
cent in the 1940's, the income shares from sales of crop and livestock products 

4 
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Chart 1-3 

FARM LABOUR AND FARM SIZE 
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18.71 81 21 31 51 4 

have, since the Second World War, varied within a fairly narrow range (Chart 1-4). 
Of course, there have been annual fluctuations. But if we compare five-year 
averages - say, the years 1946-50 and 1961-65 - the income share of wheat has 
been in the neighbourhood of 20 per cent, the share of crops near 40 per cent, and 
the share of livestock and livestock products close to 55 per cent. 

Nor has this expansion in agricultural production been restricted to particular 
regions. In the late 1920's about one-half of the national farm output (measured in 
terms of current farm cash income) was produced in the Prairie Region, 
one-quarter in Ontario, about one-tenth in Quebec, and the remainder in British 
Columbia and the Maritime Provinces. Essentially these proportions have remained 
unchanged; if anything, the regional distribution has become somewhat more 
balanced. The proportion of farm cash income originating in the Prairie Region has 
dropped by 5 per cent, while Quebec, Ontario, and British Columbia have gained 5 
per cent. Changes in the regional production of wheat have contributed little to this 
redistribution, since over 95 per cent of Canada's wheat sales still originates in the 
Prairie Provinces, In livestock sales Ontario's lead has been cut by 10 per cent, from 
47 to 37 per cent. The Prairie Provinces, notably Alberta, and also Quebec and 
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Chart 1-4 
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British Columbia, have gained what Ontario and the Maritimes have lost. I These 
regional shifts in livestock production have made for a more balanced pattern of 
production and income across the country. 

COMPOSITION OF FARM CASH INCOME 
CANADA, 1926-65 
(Five-vear avera lies) 

FOREST PRODUCTS 
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o 
1926-3031-35 36-40 41-4546-50 51-55 56-60 61 .. 65 

Source: Estimates by Economic Council of Canada based on Dominion Bureau of Statistics, 
Handbook of Agricultural Statistics, Part II, Farm Income 1926-65, Cat. No. 21-511, 
Ottawa, Queen's Printer, 1967. 

As indicated at the outset, this Study focuses on productivity improvements 
rather than farm income problems. It is part of a wider range of studies into aspects 
of productivity performance in various sectors of the economy. As in other 
industrial sectors, productivity improvements are a necessary, even if not sufficient, 
condition for the long-run future growth in real incomes and living standards of 
Canada's farm and nonfarm population. 

1 For a summary of regional distribution of farm cash income, see Appendix Table B-1. 
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Chapter 2 

CONCEPTUAL ANALYSIS OF 
LABOUR PRODUCTIVITY IN AGRICULTURE 

Assumptions 

Certain important assumptions underly this analysis of growth in agricultural 
productivity. I For example, it is assumed that farmers attempt to allocate their 
farm expenditures rationally by investing their money so that each extra dollar 
yields the highest return. This assumption - combined with data on farmers' 
operating expenditures, investment in real estate, machinery, and labour use - pro 
vides the basis for computing the contribution these resource inputs have made to 
overall growth in labour productivity. In essence, growth in output per worker is 
attributed to growth in expenditures on inputs per worker. For changes in labour 
inputs, however, a reduction makes a positive contribution to growth in output per 
worker. Although the analysis seeks to identify all sources of growth in labour 
productivity, it does not provide explicit estimates of the contribution to growth of 
such indirect inputs as increased education? and skills of the agricultural labour 
force or government-sponsored research. Instead, this contribution is estimated 
summarily in a residual of "all other changes", sometimes referred to as "factor 
productivity"." Also, as a basis for the analysis, adjustments have been made to 
remove annual variations in output attributable to weather conditions, and all 
productivity estimates are in 1949 constant dollar values. By removing these 
effects, the analysis is restricted to growth in labour productivity measured in terms 
of growth in volume of production per worker. 

Examples 

Although assumptions and procedures for estimating labour productivity 
deserve further explanation, it may suffice here to indicate by use of some 

I Technical details of underlying concepts, assumptions and limitations are described in 
Appendix A. Various estimates of output are examined in the next Chapter, and further details 

2 on data and estimation procedures are presented in Appendixes Band C. 
Educational attainments of the rural population have risen significantly over the past decades 
and rural-urban differentials are narrowing. On this point see Donald R. Whyte, Rural Canada in 

3 Transition, Chapter i , Agricultural Research Council of Canada, Ottawa, Mutual Press, 1966. 
For definitions of the terms "factor productivity" and "labour productivity", see pages 46 
and 48 of Appendix A. Corresponding empirical estimates are presented in Tables C·I to C·6 of 
Appendix C (see pages 74 to 84). 

7 
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Canadian Agricultural Productivity 

examples how, subsequently, changes in agricultural labour productivity are 
attributed to changes in resource use and productivity improvements. To simplify, 
we consider three situations: 

1. Labour inputs in agriculture remain constant while capital inputs 
and factor productivity change. 
2. Labour inputs in agriculture change while capital inputs and factor 
productivity remain constant. 
3. Labour inputs, capital inputs and factor productivity change 
concurrently. 

Labour inputs constant - Under the first set of conditions there is no change in 
labour inputs, and all gains or losses in labour productivity, i.e. annual output per 
worker, are attributed to changes in capital inputs and productivity levels. Say, for 
example, a farmer expands his present cropland acreage by purchasing and 
"breaking" additional land - land formerly used as wild pasture, and partly in 
brush and trees. He intends to plant this newly broken land in grains and, to cope 
with the larger acreage, replaces his small tractor-pulled combine harvester by a 
self-propelled combine with greater harvesting capacity. According to estimation 
procedures applied later, part of the gains in annual output per worker is imputed 
to greater capital inputs in land and machinery, and part of it is imputed to 
productivity improvements. Gains in labour productivity are imputed to capital 
inputs since purchases of new land and machinery enable the farmer to produce 
more output without change in his annual labour inputs.' Purchase of new 
equipment may also enable him to cut down harvesting losses by greater timeliness 
of operations. Such further productivity improvements are captured in residual 
factor productivity. 

Capital inputs constant - Under the second situation it is assumed that 
labour productivity varies with changes in labour inputs while levels of capital 
inputs and factor productivity remain unchanged. Consider, for example, the case 
of two neighbouring farmers. Assume the fust farmer "gives up" farming and sells 
his land, machinery and equipment to the second. As a result, labour inputs are cut 
in half, capital inputs remain unchanged, and labour productivity of the second 
farmer is doubled as he doubles his annual output. This implies that after farm 
consolidation - without change in machinery and equipment - one farmer alone 
cultivates as much land as two farmers. In this case our estimation procedures 
impute all of the gains in labour productivity to labour adjustments - possibly a 
somewhat unrealistic outcome, as it suggests that before consolidation both farmers 
were grossly underemployed. 

Labour, capital and technology variable - More realistically, changes in 
agricultural labour productivity are brought about by concurrent changes in labour 
inputs, capital inputs, and factor productivity. Consider as a third situation a 

! It is assumed that "breaking" of the newly acquired land was "contracted out" and did not 
require hiring additional labour on the farmer's part. 
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Conceptual Analysis 

retiring farmer who sells land, livestock, machinery and equipment. This may 
change resource use and cause changes in labour productivity in several ways. First, 
there is a positive effect if, after farm consolidation, total labour inputs are 
reduced. Second, there is a slightly negative effect if some of the farm buildings go 
unused and are abandoned. Third, there is a positive effect if some of the 
small-scale, depreciated machinery and equipment is replaced by more efficient and 
more costly equipment. Fourth, there are some additional gains in labour 
productivity if there are returns to scale from better use of farm machinery and 
equipment. And, fmally, there could be some further productivity improvements 
due to better farm management. 
Labour Productivity and Resource Use 

To impute gains in labour productivity to all the various sources, as illustrated 
by these examples, the relative importance of the various changes in resource use is 
estimated by weighting each of the changes by the cost share of that resource in 
total farm production. If, for example, the share of machinery operating costs is 10 
per cent of the current value of farm production, and if machinery operating costs 
(in constant dollars) change at an annual rate of, say, 6 per cent, the annual gain in 
labour productivity attributed to these changes in machinery use is estimated at .6 
per cent. Related to an annual rate of growth in labour productivity of 6 per cent, 
it implies that one-tenth of the total growth is imputed to greater machinery use. 1 
Essentially the same procedure applies to all other resources except in the case of 
labour where, of course, a reduction in labour inputs with less than proportionate 
reductions in farm output will raise the level of labour productivity in terms of 
output per worker. The lower the level and/or the greater the reductions in labour 
inputs, the greater will be the imputed gains in labour productivity. 

All such estimates relate to changes in resource use at the national level and 
thus reflect changes on individual farms only indirectly. Since changes in resource 
use from one farm to the next may cancel each other, estimation procedures here 
refer to "net" changes only. Conceivably, old equipment could be replaced by new 
machinery without a change in value of total capital stocks in agriculture. 
Productivity improvements derived from such replacements would not be lost but 
captured under residual factor productivity, a "catchall" for all kinds of labour 
productivity improvements that cannot be readily related to changes in use of 
labour and capital resources. Also, those derived from better farm management, use 
of better crop varieties and breeding stock would come under this heading. Thus 
the components of growth in agricultural labour productivity are imputed to a 
variety of factors within a consistent framework of analysis. Changes in the 
underlying assumptions and estimation procedure would change results. It is 
unlikely, however, that use of alternative assumptions or estimation procedures 
would alter the basic conclusions.? 

'rr, in addition, capital stocks in machinery and equipment have changed, additional 
contributions to labour productivity improvements are imputed to changes in depreciation 

2 and capital cost or interest charges. 
Technical details of the conceptual approach are discussed in Appendix A, p. 43. For 
empirical estimates, see Appendix C, p. 71. 
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Chapter 3 

COMPARISONS OF FARM INCOME AND 
FARM PRODUCTION PER WORKER, 
CANADA AND UNITED STATES 

Comparability of Canadian and U.S. Agriculture 

Comparisons of labour productivity in Canadian and U.S. agriculture raise 
questions on the comparability of production and incomes of the agricultural 
sectors of the two countries. In Canada, most of the food and feed grains are 
produced in the Prairie Provinces of the West, and most of the livestock production 
comes from Ontario, Quebec and the Atlantic Provinces of the East. In the United 
States, much of the farming land is located in the arid regions of the Northern 
Plains, where the growing season is short and moisture conditions uncertain. Most 
of the agricultural production, however, comes from the central Corn Belt Region 
where soils and climate are more favourable, and the southern regions where a milder 
climate makes it possible to produce cotton, rice and citrus fruits - crops not 
grown in Canada. 

Because there is less diversity in crops, and because weather and market 
conditions are more hazardous for agriculture in Canada, a Canadian-U .S. 
comparison of labour productivity in agriculture might not be considered 
appropriate. A regional comparison by type-of-farming areas would not only make 
for a closer comparison of labour performance in the production of similar crops 
but also allow for a more adequate adjustment in market prices and price trends. 
However, this Study is a global comparison of the agricultural sectors of the two 
countries. It is not intended to identify type-of-farming differences, as this 
inevitably would shift the emphasis from international to interregional corn 
pansons.' 

lit is planned to examine regional aspects of agricultural production and productivity in 
Canada later. An earlier study by D. G. Johnson indicates that there are significant 
differentials in regional Canadian-U.S. farm income comparisons. For the period 1953-57 ... 
"Johnson found that the average income per farm worker in the Prairie Provinces was 72.5 per 
cent of that for Montana and North Dakota; the average income per farm worker in Ontario 
was 91 per cent of that in Michigan and 90 per cent of that in Minnesota. On the other hand, 
in 1951-52 farm income in the Prairie Provinces was 103.6 per cent of that in Montana and 
North Dakota. However, farm income per worker in the Prairie Provinces amounted to 149.2 
of the corresponding figure in Ontario, indicating that the regional income differences within 
the country may be considerably larger than those between corresponding regions of Canada 
and the United States." For this reference, see R. E. Capel, 1. C. Gilson, and T. D. Harris, 
"Implications of an Unrestricted Pooling of North American Agricultural Resources", Chapter 
8 in A North American Common Market, Iowa State University Center for Agricultural and 
Economic Development, Ames, Iowa, Iowa State University Press, 1969, pp. 155, 156. 

Il 
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Since the largest part of farm income comes from marketings of farm 
products, farm income estimates can be used as a starting point for Canadian-U.S. 
comparisons of production in agriculture. However, some adjustments are required. 
Estimates of Gross Farm Income include cash receipts from farm marketings of 
crop and livestock production, the value of farm products consumed by the farm 
household, the rental value of farm dwellings and all government payments. 
Government support has not followed the same trends in both countries. Since 
1940, farmers in Canada have received various supplementary and deficiency 
payments for abnormal losses or low returns in production of wheat, potatoes, 
sugar beets, wool and dairy products.' Compared with U.S. farm programs, this 
government assistance has come later and has not been as large. U.S. farmers have 
received annual cash payments under the Soil Conservation Program since 1936. To 
this were added payments under the Soil Bank Program of the 1950's and direct 
government payments of the 1960's. In recent years direct government payments to 
U.S. agriculture have reached a level of 6 per cent of farm cash receipts. By 
comparison, direct government payments to Canadian farmers have remained, 
except for the late 1950's and early 1960's, in the neighbourhood of 2 per cent 
(Chart 3-1). Since direct government assistance to farmers is more in the nature of 
income supplements than in payment for production and marketings of farm 
products, and since government support differs between the two countries, such 
payments are excluded from productivity comparisons here. 

To let farm income estimates of Canadian and U.S. agriculture more nearly 
reflect the differences in farm production, some further adjustments are made.? 
Farm income estimates of both countries include not only cash incomes from farm 
marketings but also non-money incomes for the rental value of farm dwellings and 
for home consumption of farm products, e.g. beef, pork, dairy and poultry 
products. To arrive at estimates of farm production, the rental value of farm 
dwellings is excluded, home consumption is included, and annual inventory 
changes are added. In addition, Canadian estimates of farm production have been 
adjusted for annual weather effects, since Canadian agricultural production is far 
more affected by the vagaries of weather than U.S. production, and failure to do so 
would have distorted long-run estimates of productivity improvement in Canadian 
agriculture." 

'Dominion Bureau of Statistics, Handbook of Agricultural Statistics, Part II, Farm Income 
1926-65, Cat. No. 21-511, Ottawa, Queen's Printer, 1967. Canadian farmers also received 
provincial and federal aid under various rural adjustment programs, but direct assistance in the 
form of cash payments has been a small proportion of the total program. For a more detailed 
discussion of this form of assistance, see Buckley and Tihanyi, op. cit. 

2 For annual data and definitions, see Appendix Tables B-2 and B-3. 
3 For more details on adjustment procedures, see Appendix Table B-4. 



Farm Income and Production 

Chart 3-1 

DIRECT GOVERNMENT PAYMENTS TO 
CANADIAN AND U.S. FARMERS 

AS PERCENTAGE OF FARM CASH RECEIPTS, 1947-65 
(I n current dollars) 
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Source: Based on data from Dominion Bureau of Statistics and U.S. Department of Agriculture, 
and estimates by Economic Council of Canada. 

Since Canada's farm production is less than one-tenth that of U.S. farm 
production, estimates of both countries are converted to a per-worker basis. Such 
estimates do not only make for greater comparability between the two countries 
but introduce a criterion of performance that is of central importance to later 
productivity analysis. Results of such comparisons are summarized in Chart 3-2. 
Whether output per worker is measured in terms of farm income, farm marketings, 
or farm production, Canadian farmers produced only about 60-70 per cent as much 
as their U.S. counterparts over the postwar period. There is little to choose among 
the various measures of output except for the earlier years when farm production 
estimates exceed farm marketings and gross farm income estimates by a good 
margin, a deviation which comes from adjustment for abnormal weather conditions 
and variations in inventory levels in Canadian agriculture. 
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Canadian Agricultural Productivity 

Chart 3-2 

INCOME, MARKETINGS, AND PRODUCTION PER FARM WORKER 
CANADA AS PERCENTAGE OF UNITED STATES, 1947-65 

(I n current dollars) 

FARM INCOME 

FARM PRODUCTION 
WEATHER-ADJUSTED 

o 

Source: Based on data from Dominion Bureau of Statistics and U.S. Department of Agriculture, 
and estimates by Economic Council of Canada. 

Gross and Net Values of Farm Production 
Income, marketings, and production per worker in Chart 3-2 are "gross" 

measures of labour productivity. They measure productivity in terms of total 
income, or production per unit of labour input, and therefore measure not only the 
contributions of labour but also those of capital inputs. By subtracting capital costs 
per worker - that is, the costs of farm machinery, fertilizer, other operating 
expenses and costs of depreciation on farm buildings and machinery - a net value 
can be derived which, to a large extent, excludes the contributions of capital inputs 
purchased from the nonfarm sector. Applying this net-value concept to earlier 
estimates of farm production per worker, Canadian farmers produce on the average 
25 per cent less than U.S. farmers, whereas in terms of gross value of production 
the disparity is about 35 per cent. This narrowing of the disparity for the net value 
of production per worker is mainly the result of a much higher purchase of inputs 
in the United States from the nonfarm sector of the economy (Chart 3-3). 

14 
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Chart 3-3 

GROSS AND NET VALUE OF FARM PRODUCTION PER FARM WORKER 
CANADA AS PERCENTAGE OF UNITED STATES, 1947-65 

(In current dollars) 
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Source: Based on data from Dominion Bureau of Statistics and U.S. Department of Agriculture, 
and estimates by Economic Council of Canada. See Appendix Tables B-2 and B-3. 

Farm Prices and Constant Dollar Productivity Comparisons 

Inevitably, international comparisons of labour productivity depend upon the 
underlying price assumptions. Prices for agricultural products differ between 
Canada and the United States and, as a result, Canadian-U.S. comparisons of labour 
productivity in agriculture depend on the choice of prices. There have been 
considerable fluctuations in Canadian-U.S. farm price differentials. After 
discounting for annual fluctuations, it is apparent that Canadian prices for major 
crops were lower than U.S. prices during the mid-1950's but higher than U.S. prices 
during the mid-1960's. Livestock prices have fluctuated but, on the average, from 
1950 to 1965, Canadian livestock prices have been significantly higher than U.S. 
prices (Charts 3-4 and 3-5). 

Adjustments could be made for Canadian-U .S. price differences. Instead of 
pricing Canadian farm production in Canadian dollars and U.S. farm production in 
U.S. dollars, one might compare agricultural production of both countries either in 
terms of Canadian or in terms of U.S. farm prices. One could thus determine how 
labour productivity would have been affected had Canadian farmers received U.S. 
farm prices, or had U.S. farmers received Canadian farm prices. Data problems 
seriously hamper such twofold comparisons.' 

!For an exploratory examination of this point, see Appendix Chart B-l. 
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Chart 3-4 

Canadian Agricultural Productivity 

FARM PRICES OF SELECTED CROPS 
(WHEAT, BARLEY, SOYBEANS AND CORN) 

CANADA AS PERCENTAGE OF UNITED STATES, 1947-65 
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Source: Based on data from Dominion Bureau of Statistics and U.S. Department of 
Agricu Iture, and estimates by Economic Council of Canada. 

In this Study no allowances are made for Canadian-U.S. differences in 
agricultural prices, for diverging price trends, or for devaluation of the Canadian 
currency in 1961. Farm production of each country is valued in its own currency in 
constant dollars, a short-cut procedure which by-passes some of the data problems. 
It alleviates problems arising from diverging price trends and eliminates adjustments 
for currency devaluation. In 1949, the base-year for these constant dollar estimates, 
Canadian farm prices were probably closer to U.S. farm prices than in most other 
years but there remained some differences. In Canada, wheat, for example, was 
lower priced while barley and hogs were higher priced than in the United States. 
Had adjustments been made for these price differences, estimates of Canadian farm 
labour productivity would have been raised by 5 to 10 per cent over the postwar 
period.' Measured in constant dollars, and without a Canadian-U.S. price 
adjustment, labour productivity in Canadian agriculture was about one-third lower 
than labour productivity in U.S. agriculture and similar to corresponding estimates 
in current dollars. 

lWhether or not such price adjustments are warranted is open to question. Canadian farmers do 
not primarily produce for the u.s. market and efficient production of higher-priced livestock 
for Canadian markets might well be profitable and lead to real productivity gains. 
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Chart 3-5 

FARM PRICES OF SELECTED LIVESTOCK AND LIVESTOCK PRODUCTS 
CANADA AS PERCENTAGE OF UNITED STATES, 1947-65 
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Source: Based on data from Dominion Bureau of Statistics and U.S. Department of 
Agricu Iture, and estimates by Economic Council of Canada. 
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Chart 3-6 

Canadian Agricultural Productivity 

FARM PRODUCTION PER WORKER 
CANADA AS PERCENTAGE OF UNITED STATES, 1947-65 

(I n constant and current dollars) 
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Source: BASed on data from Dominion Bureau of Statistics and U.S. Department of 
Agriculture, and estimates by Economic Council of Canada. 

labour Inputs and labour Productivity 

In some of the earlier productivity comparisons, output was estimated in 
terms of farm income, marketing and production per worker employed in 
agriculture. The results depend, of course, as much on the comparability of the 
farm output measures as on the labour input measures. For both countries, the 
measures of employment include labour inputs of farm operators, paid and unpaid 
family labour as well as wages and salaries of employees. They are based on 
published labour force survey reports obtained from sample survey of households.' 

No allowance was made for differences between the two countries in 
definitions of farm workers. There is some evidence that estimates of Canadian 
farm employment cover a greater proportion of the smaller farms than the U.S. 
estimates. This has the effect of lowering Canadian farm output per worker. Any 
adjustment for this would probably raise Canadian labour productivity estimates 
marginally, by 1 or 2 per cent. 

Also no allowance was made for "unemployment" or "underemployment" of 
the agricultural labour force. Unemployment estimates of the total labour force are 
published in Canada and the United States but corresponding estimates for the 

18 
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agricultural sectors are not available. Since a large share of Canadian agricultural 
production comes from the Prairie regions where the growing season is shorter and 
winters are longer than, say, in the Corn Belt or the southern regions of the United 
States, a comparison of farm production per man-hour instead of farm production 
per worker might be more appropriate. If, indeed, Canadian farmers worked 
"shorter hours" than U.S. farmers, such adjustment would raise Canadian 
productivity estimates. A comparison of Canadian and U.S. statistics suggests that 
Canadian farmers do not work shorter hours but possibly longer hours than their 
U.S. counterparts (Chart 3-7). Should these estimates be realistic they tend to 
widen the productivity gap between Canada and the United States (in terms of farm 
production per man-hour) by more than 10 per cent and are less favourable for 
Canadian agriculture. Because of data uncertainties, however, estimates of output 
per worker in Chapter 4 relate to number of workers employed rather than 
man-hours. 

Chart 3-7 

AVERAGE ANNUAL HOURS WORKED PER FARM WORKER 
CANADA AND UNITED STATES, 1947-65 
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Source: Based on data from Dominion Bureau of Statistics and U.S. Department of Labor, 
Bureau of Labor Statistics; and estimates by Economic Council of Canada. 
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From the foregoing discussion it is apparent that results of Canadian-U.S. 
comparisons of agricultural productivity depend to a certain extent on the 
measures used for such comparisons. But evidently, if no allowance is made for 
Canadian-U.S. differences in farm prices and hours worked, agricultural labour 
productivity in Canada lags behind the United States by 25 to 35 per cent (Table 
3-1). 

Table 3-1 

SUMMARY OF COMPARISONS OF VARIOUS MEASURES 
OF FARM INCOME AND FARM PRODUCTION PER FARM WORKER 

CANADA AS PERCENTAGE OF UNITED STATES 
1947-65(1) 

Annual Average 

United 
Canada States 

% % 

62.7 100 
63.7 100 
63.4 100 
64.3 100 
64.5 100 
72.0 100 

In Constant 1949 Dollars 
Farm production (weather-adjusted output per worker) . 
Net value of farm production (weather-adjusted) . 

65.5 
74.5 

100 
100 

In Current Dollars 

Gross farm income . 
Farm income (excl. govt. payments) . 
Farm marketing .. . . . . . . . . . . . . . . . . . . . . . . . . . .. 
Farm production . 
Farm production (weather-adjusted) . 
Net value of farm production (weather-adjusted) . 

(l)No allowance for price differentials; see text for further details on this point. 
Source: Based on Appendix Tables B-2 and B-3. 
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Chapter 4 

COMPARISONS OF AGRICULTURAL lABOUR PRODUCTIVITY 
AND R ESOU RCE USE 

CANADA AND UNITED STATES 

Despite drastic reductions of employment in agriculture, agricultural produc 
tion in North America has not declined. From 1947 to 1965, the volume of 
agricultural production in both Canada and the United States jncreased by roughly 
50 per cent. This increase, combined with reduction in manpower of nearly equal 
proportions, has resulted in almost a tripling of farm output per worker in both 
countries (Chart 4-1). 

Chart 4-1 

GROSS VOLUME OF OUTPUT, EMPLOYMENT, ANO 
OUTPUT PER WORKER IN AGRICULTURE 

CANADA AND UNITED STATES 
(In 1949 dollars) 
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Source: Estimates by Economic Council of Canada based on Appendix Table B-6. The 
estimates for Canada are weather-adjusted. 
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In both countries, however, farm incomes have remained below nonfarm 
incomes. There are, essentially, two reasons for this persistent disparity. First, given 
the initial wide gap between the levels of average farm incomes and average 
nonfarm incomes in the early postwar period, a substantially faster rate of 
income-generating productivity growth is required in agriculture, merely to prevent 
a widening of this disparity. For example, on the assumption that the average level 
of productivity in agriculture is only half of that in the rest of the economy (an 
assumption which, on the basis of available information, is roughly in line with the 
actual situation)", it would require a rate of productivity growth of 4~ per cent 
per year in agriculture to prevent, over a 20-year period, a widening absolute 
disparity, with the rest of the economy growing at a rate of only 20. per cent 
per year. The second reason is the "price-cost squeeze" affecting farmers. With 
slow growth in demand for farm products, prices of farm products have increased 
much less than prices of other goods and services over the past two decades. This 
has meant that the prices of the goods sold by farmers have, on average, increased 
less rapidly than the prices of goods purchased by farmers. And this has meant, in 
turn, that part of the income-generating benefits arising from the rapid rate of 
growth of agricultural productivity have been shifted from the farm sector to other 
sectors of the economy. 

As stated at the outset, the focus of this Study is on agricultural productivity 
rather than on issues relating to farm incomes, price and cost developments. 
Analysis of farm income problems would require examination of income situations 
on marginal and commercial farms, on various types of farms, for different fanning 
regions. Also, it would require a more refined analysis of price and cost 
developments than provided by this national productivity analysis. Although 
further productivity improvements may be necessary to raise the levels of farm 
incomes, they do not automatically assure higher farm incomes. The benefits 
derived from productivity improvements may accrue to farmers, consumers, and/or 
other sectors of the economy. It is important, therefore, to examine how 
productivity improvements have been achieved in the past, what potential for 
future improvements might be, and what kinds of improvements in agricultural 
productivity could contribute most to raising the level of farm incomes. 

Sources of Growth in labour Productivity 

The magnitude of the overall growth rate in agriculture and the general 
pattern of contributing factors are very similar in Canada and the United States. In 
both countries the overall growth rates of output per worker in agriculture are 
close to 6 per cent per year. As illustrated in Chart 4-1, in a general way, these gains 

1 For income comparisons of farm labour and other sectors of the Canadian economy, see, for 
example, S. N. Kulshreshtha, "Measuring the Relative Income of Farm Labour", Canadian 
Journal of Agricultural Economics, vol, XV, no. l, 1967, pp. 28·39. For similar income 
comparisons of the U.S. economy, see Earl O. Heady, Agricultural Policy under Economic 
Development, Ames, Iowa, Iowa State University Press, 1962, p. 50; and for international 
comparisons, see Earl O. Heady, Agricultural Problems and Policies of Developed Countries, 
Oslo, Norway, Johansen and Nielson, 1966, p. 19. 
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in labour productivity have been achieved through reductions in farm labour, and 
expansion in volume of production. More precisely, the various sources of this 
growth in labour productivity are identified in Table 4-1. 

Table 4-1 

COMPONENTS OF GROWTH IN AGRICULTURAL LABOUR PRODUCTIVITY 
CANADA AND UNITED STATES, 1947-65 

Canada United States 

Average Average 
Annual Annual 
Per- Per- 

centage Per centage Per 
Change Cent Change Cent 

Growth in agricultural labour productivity · .. 5.5 100 6.0 

Components: 
Labour input (effect of out-migration) · . · .. 2.0 36 2.6 
Capital and material inputs. · . · . · .. · . 1.7(1) 31 l.8(1) 

Land and buildings · . · .. 0.1 0.2 
Machinery .. · . . . · .... 0.9 0.6 
Inputs affecting crop yields · . · . .. . 0.3 0.2 

Fertilizer and lime .. . . . . · .. · . 0.2 0.2 
Seed .. . . · . · . 0.1 

Inputs affecting livestock yields .. · . 0.1 0.6 
Livestockst) .. .. · . 0.1 0.2 
Purchased feed . . .. . . . .. · . · . 0.4 

All other changes · .. . . · .. l.8 33 l.6 

100 

27 

43 
30 

(l)Subtotals do not add up because this total includes some miscellaneous items not separately 
shown. 
(2hncludes livestock purchases and breeding stock. 
Note: Growth in labour productivity is measured here in terms of growth rates of the gross 

volume of production (adjusted for variations in weather) per person employed in 
agriculture. The underlying concepts, data, empirical analysis and limitations are 
discussed in Appendixes A, B, and C. More detailed estimates are presented in Appendix 
Tables C-l and C-6. 

Source: Based on data from Dominion Bureau of Statistics and U.S. Department of Agriculture, 
and estimates by Economic Council of Canada. 

Labour - The most significant contribution to growth in labour productivity 
has come through adjustments in agricultural employment. Today, compared with 
two decades ago, a substantially greater output is produced by substantially fewer 
farmers. As older farmers have retired and many of the younger farm people have 
found employment in the nonagricultural sector, some of the marginal farm land 
has been abandoned or has reverted to forest land and some of the better farm land 
has been absorbed into larger farm units. Through further mechanization, the 
enlarged farm units could often be operated without additional farm labour. 
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Consequently, there has been a gain in labour productivity which has come partly 
from out-migration and partly from increased mechanization. Rates of out 
migration from farming have been very similar in both Canada and the United 
States-a 47 per cent drop in the agricultural labour force of Canada and a 48 per 
cent drop in the United States from 1947 to 1965. Although the estimates 
indicate that in both countries the reduction of labour contributed more than other 
input factors to the overall growth of agricultural productivity, they also suggest 
that the relative contribution of out-migration to growth was somewhat larger in 
the United States than in Canada (Table 4-1). The greater gain in labour 
productivity from this source arises, not from a more rapid rate of out-migration, 
but because reduction in agricultural employment in the United States has started 
earlier and progressed further than in Canada (Chart 4-2). 

Chart 4-2 
LABOUR EMPLOYED IN AGRICULTURE 
AS PERCENTAGE OF LABOUR FORCE 
CANADA AND UNITED STATES, 1947-65 
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Source: Based on data from Dominion Bureau of Statistics and U.S. Department of Labor, 

Bureau of Labor Statistics; and estimates by Economic Council of Canada. 

Capital and materials= The contribution of total capital and material inputs in 
agriculture accounts for one-third of overall growth and-in aggregate-is practically 
identical in both countries. However, an examination of individual input categories 
shows some significant differences in the contributions made by particular 
categories. 
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Mechanization-Increased expenditures on capital and material inputs related 
to mechanization contributed more significantly to overall growth than increased 
inputs in land and buildings. They represent greater use of tractors, grain harvesters, 
trucks, pick-up balers, electric motors and all other equipment on farms, as well as 
greater expenditures on machinery repairs and maintenance, diesel fuel, gasoline 
and lubricants. Over the period under consideration these inputs contributed more 
to growth in Canada than in the United States. 

Crop yields-Inputs related to crop yields include purchases of fertilizer, lime 
and seed. They too have contributed more to growth in Canada than in the United 
States. This is largely because Canadian farmers now buy more seed for planting 
than in earlier years-a development which reflects a catching-up process, since U.S. 
farmers traditionally have spent more on seed purchases than Canadian farmers. 

Livestock-Inputs related to livestock yields measure purchases of livestock, 
breeding stock on farms, and feed. Evidently, U.S. farmers have increased inputs in 
this area much more rapidly than Canadian farmers and, to the extent that these 
purchases have improved the. quality of feeds and livestock, Canadian farmers have 
not kept pace with U.S. farmers. 

Other-Aside from these capital and material inputs, "all other changes" that 
cannot be readily quantified have also contributed significantly to growth in both 
countries. They show up in productivity gains that result from research conducted 
at universities, experimental stations, federal research institutes, and private firms. 
They also come from better farm organization, increasing farm size, regional and 
product specialization, scale of operation, increased knowledge, skills and education 
of farmers, and numerous other factors. In total, they are not directly related to 
expenditures on the farm and cannot be readily measured, but they contributed to 
growth as much as all capital and material inputs combined. 

levels of labour Productivity and Resource Inputs 

While growth rates in agricultural labour productivity have been similar in 
Canada and the United States, levels of labour productivity differ significantly. 
Over the past two decades, output per farm worker has been consistently lower in 
Canada than in the United States (Chart 4-3). In percentage terms, this relationship 
has changed little over the years. In terms of net value of production per worker, 
Canadian farmers produce on the average 25 per cent less than U.S. farmers. In 
terms of gross value of production, the disparity is about 35 per cent.' 

If future growth rates in labour productivity in agriculture were to remain the 
same in both countries as in the past two decades, it would be impossible for 

lThis wider disparity for gross value of production is mainly the result of the relatively much 
higher purchase of inputs in the United States from other sectors of the economy. Gross value 
of production is defined here as total cash receipts derived from marketings of crop and 
livestock production plus an allowance for farm products consumed directly in farm 
households. Net value of production is this gross value of production minus operating 
expenses and depreciation of buildings and machinery. It excludes all direct payments made 
under government assistance programs. No adjustments have been made in Canadian-U.S. 
comparisons for price differences between the two countries. See Chapter 3 of this Study for 
more detail. 
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Canada to catch up with U.S. levels of productivity. Indeed, the levels would 
continuously diverge. Actually, there has been a significant widening in the levels of 
productivity between the two countries over the postwar period. Two decades ago, 
the gap in output per worker was in the neighbourhood of $1,000; today it is over 
$3,000 (Chart 4-3). Thus, any significant narrowing in this gap would require a 
sharp acceleration in productivity growth in agriculture in Canada relative to the 
United States. For example, assuming that U.S. agricultural productivity growth 
over the next two decades were to approximate that achieved over the past two 
decades, Canadian farmers would need to step up their productivity growth by 
more than half-from 5~ per cent to over 8 per cent per year-to catch up to U.S. 
productivity levels by 1990.1 

50 55 60 65 

Chart 4-3 

GROSS VOLUME OF OUTPUT PER WORKER IN AGRICULTURE 
CANADA AND UNITED STATES 
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*The derivation of the trend is discussed in Appendix C: Labour Productivity and Resource 
Use. 
Source: Based on data from Dominion Bureau of Statistics and U.S. Department of 

Agriculture. 

1 Differences in gross real output cannot be used directly as a measure of differences in 
the efficiency of resource use in agriculture although it is of course a very significant indicator. 
This is because different climate conditions, farm programs and farm prices affect optimal use 
of farm land as well as use of other resource inputs, e.g., fertilizer, machinery and equipment. 
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Part of the productivity gap between Canada and the United States can be 
explained by the fact that U.S. agriculture is more highly mechanized than 
Canadian agriculture. In the United States machinery input per farm worker has 
been about 30 per cent higher than in Canada. 

Probably a much more important part of the productivity gap between the 
two countries arises, however, from differences in yield technology in both crop 
and livestock production-that is, from much higher expenditures per worker in the 
United States on various resources that contribute to higher yields in crop 
production per acre and in livestock production per animal. As shown in Table 4-2, 
such expenditures were more than twice as high as in Canada over the period 
1961-65. 

Table 4-2 

INPUTS PER WORKER IN AGRICULTURE 
CANADA AND UNITED STATES; 1961-65 

(In 1949 dollars) 

Annual Averages United States 

Canada 
as Percentage 

United States of Canada 

($ Can.) ($ U.S.) 

Total capital and material inputs · . . . " · . 3,011 5,308 176 

Selected inputs: 
Land and buildings . . . . .. · . . . . . · . 568 1,031 182 
Machinery ... . . . . . . . . · ....... 960 l,23O 128 
Inputs related to yields. . . . . · ..... · . 931 2,421 260 

Crops . . . . . . . . . . . . . · ..... · . 198 445 225 
Livestock . . . . . . . . . . . · ... . . · . 733 1,976 270 

Note: Subtotals do not add because of miscellaneous items not shown separately. For more 
detailed estimates, see Appendix Table B-ll. 

Source: Based on data from Dominion Bureau of Statistics and U.S. Department of Agriculture, 
and estimates by Economic Council of Canada. 

Correspondingly, the proportions of farm expenditures on mechanization and 
yield technology differ between the two countries; whereas U.S. farmers spent 
nearly twice as much on yield technology as on mechanization, Canadian farmers 
spent more on mechanization than on yield technology. This suggests that labour 
productivity in the United States has gained more and reached a higher level as a 
result of more intensive application of yield technology rather than more rapid 
advances in mechanization. 

Economic Incentives in Agricultural Production 

In assessing the potential for further improvements in the productivity of 
Canadian agriculture, it is useful to identify and attempt to measure the strength 
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weak 
in tennediate 

weak 

weak 
weak 
weak 

of economic forces that stimulated growth in the past. Although such an assessment 
raises difficult conceptual problems, it can provide some indication of promising 
directions for shifts in expenditures on agricultural inputs. 

In the primarily market-based system that exists in Canada, market prices and 
resource productivities should generally tend to serve as relevant indicators for 
efficient allocation of resources. We can, therefore, expect that expenditures in 
most productive areas should depend largely on the economic incentives provided 
by the returns from such expenditures (that is, how much would be yielded by each 
extra dollar spent on a particular input in agriculture-say, on fertilizer or 
machinery). A rough classification of the strength of these returns is shown for 
various categories of inputs in Table 4-3. "Weak" returns are classified as a yield of 
10 per cent or less, "intermediate" returns as 11-20 per cent, and "strong" returns 
as over 20 per cent. The analysis suggests, for example, that during the years 1947 
to 1951, the incentives for expenditures on agricultural inputs were strong for 
mechanization and crop-yield technology but weak for additional labour. Over the 
years, as annual investments and purchases of the more productive inputs increased, 
these incentives declined but are still strong in inputs related to crop-yield 
technology (Table 4-3). 

Table 4-3 

ECONOMIC INCENTIVES FOR RESOURCES IN AGRICULTURE 
CANADA, 1947-65 

Economic Incentive 
to Increase Input 

1947-51 1961-65 

Labour . 
Capital and material inputs 

Land and buildings . 
Machinery . 
Inputs affecting crop yields 

Fertilizer . 
Seed . 

Inputs affecting livestock yields 
Livestock on farms . . . . . . . . . . . . . . . . . . . . . . 
Livestock purchases . 
Feed purchases . . . . 

weak weak 

weak 
strong 

weak 
intermediate 

strong 
strong 

strong 
strong 

Note: For estimation procedures and comparable U.S. estimates, see Appendix Tables C-4 
and Cos. 

28 

A comparison of this ranking of economic incentives with the earlier 
estimates of the growth pattern of Canadian labour productivity in agriculture 
reveals a general similarity. Mechanization and crop-yield technology contributed 
more to the overall rate of growth than inputs related to livestock production, and 
land and buildings. An equivalent analysis of U.S. data does not show such close 
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parallels.' There, returns on additional investments ranked highest for inputs in farm 
mechanization but the contribution to growth was greater in yield technology. 
Evidently, dollar returns on investments are not the only economic incentive for 
greater productivity gains. Other important factors are involved. 

At this point we might surmise that government policies have had a decisive 
influence. Faced by excess production in the late 1950's, the U.S. government paid 
farmers to take land out of grain production. This in turn is likely to have induced 
farmers to increase crop yields on the remaining acreage and to feed more grain to 
livestock. In addition, there was provision to sell surplus grain directly to the 
government. The Canadian government, on the other hand, utilized a system of 
grain delivery quotas essentially based on grain acreage. This in turn may have 
induced farmers to enlarge their farm acreage and invest more heavily in 
mechanization. In contrast with the substantial decline in farm acreage in principal 
crops in the United States over the past two decades, there has been a small 
expansion in Canadian acreage in principal crops.' Shifts among crops apparently 
have contributed little to the overall gain in the volume of crop production in either 
country (Table 4-4). But changes in crop yields have contributed very significantly. 
In Canada, higher crop yields accounted for 70 per cent of the estimated expansion 
in crop production; in the United States, they accounted for over 170 per cent and 
more than compensated for the negative effects of acreage reduction and shifts 
among crops. 

Canada United States 

Table 4-4 
CONTRIBUTION OF CHANGES IN ACREAGE CROPS AND YIELDS 
TO CHANGES IN VOLUME OF PRODUCTION OF PRINCIPAL CROPS 

CANADA AND UNITED STATES 

(Millions of dollars) 

1965 Production 

($ Can.) 

2,274 
1,815 
459 (100%) 

($ U.S.) 

15,085 
11,854 
3,231 (100%) 

1947 Production . 
Change 1947-65 . 
Attributable to: 

Changes in acreage 
Shifts in crops 
Changes in yields 

134 (+29%) -2,070 (-64%) 
6 (+ 1%) - 223 (- 7%) 

319 (+70%) + 5,524 (+ 171%) 

Source: Based on data from Dominion Bureau of Statistics and U.S. Department of 
Agriculture, and estimates by Economic Council of Canada. Estimation procedures are 
described in Appendix C: Crop Yields and Production. 

1 For comparison of Canadian and U.S. estimates, see Appendix Tables C-4 and C-5. 

2For principal crops accounting for about four-fifths of all crop production in Canada and the 
United States, the acreage in the United States declined from 308 million to 266 million acres 
between 1947 and 1965; in contrast, in Canada, there was a slight increase in such acreage from 
60 to 62 million acres. 
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Chapter 5 

YIELD TECHNOLOGY 

Crops 

It would be unrealistic to attribute these different patterns of growth in the 
two countries to government policy alone. Differences in climatic conditions have 
played an important role. Canada's crop production is centred in the Prairie 
Provinces where the growing season is short, precipitation sparse, and farmers 
specialize in the production of hard red spring wheat and other small grains. In the 
United States, agricultural production is centred in the Corn Belt where climatic 
conditions are favourable for production of coarse feed grains, especially corn. In 
1965, for example, the yield of corn in the United States was 68 bushels per acre; 
this compares to a yield of 22 bushels per acre of wheat in Canada.' On the basis of 
postwar trends, corn yields in the United States have been increasing at an annual 
rate of about 2.0 bushels per acre, whereas wheat yields in Canada have been 
increasing at a rate of only 0.2 bushels per acre. Canada's corn yields compare 
favourably to the U.S. corn yields but climatic conditions in Canada do not favour 
substantial and widespread production of this crop. Corn acreage (mainly in 
Southern Ontario) accounts for less than 2 per cent of Canadian cropland, 
compared with more than 20 per cent in the United States. Very few Canadian 
farmers have been able to benefit from advances in corn-yield technology. 
Moreover, the United States has succeeded in the hybridization of sorghum grain. 
Since 1947, acreage of this feed grain has expanded from five to thirteen million 
acres, and yields have more than tripled. 

A comparison of Canadian and U.S. crop yields quickly reveals that Canada 
has made remarkable gains in corn and soybean yields but appears to have no 
substitute for sorghum grain. Canada continues to rely heavily on the lower-yielding 
small grains for feed production and appears to lag behind in yield improvements of 
wheat and barley, and potatoes. Although Canada compares very favourably in 
flaxseed and soybean yields, unlike Canadian farmers, U.S. farmers have been able 
to shift from flax to soybeans, an oilseed crop more widely adapted to U.S. climatic 
conditions with greater yield and yield-gains than flax. Consequently, in terms of 
overall improvement Canada has fallen behind the United States in crop production 
per acre (Chart 5-1). 

1 These yield figures have been adjusted for abnormal weather conditions on the basis of 
longer-term trend analysis. For estimation procedures, see Appendix Table C-7. 
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Chart 5-1 
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SOYBEANS 
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BUSHELS PER ACRE 

Note: Estimates for 1947 and 1965 derived from underlying trend yields. For estimation 
procedures and numerical estimates, see Appendix Table C-7. 

Source: Based on data from Dominion Bureau of Statistics and U.S. Department of 
Agriculture, and estimates by Economic Council of Canada. 

In Canada the most important crop is wheat, which has traditionally 
accounted for the largest portion of Canada's agricultural exports. In international 
comparisons of wheat yields per acre, not wheat quality, Canada ranks low and 
appears to be falling further behind. After the Second World War, Canada ranked 
about twentieth in wheat yields per acre among major producing countries; today 
Canada ranks about twenty-eighth. Wheat yields of most West European countries 
today are two to three times higher than Canadian yields (Chart 5-2). Prior to the 
Second World War, wheat yields of major exporting countries, with the exception 
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Yield Technology 

of France, tended to be lower than Canadian yields. Now, except for Australia, 
they have either caught up to, or surpassed, Canada. Compared with the major 
importing countries of Western Europe, the differences are even more striking. 
From 1947 to 1965, these countries have increased their wheat yields at a rate of 
0.5 to 1.4 bushels per year, which is from two to five times the Canadian rate of 
gain.' Indeed, in some of these countries the increase in wheat yields during the 
postwar period exceeds the average level of wheat yields in Canada during recent 
years. 

Chart 5-2 

WHEAT YIELDS, SELECTED CDUNTRI ES 
MAJOR EXPORTERS 

MAJOR IMPORTERS WESTERN EUROPEAN COUNTRIES 

NORWAY 

1947 
""/{{,dI965 ITALY 

INDIA - 11m 
PAKISTAN 

JAPAN 

a 20 40 60 80 

BUSHELS PER ACRE 

Note: Estimates for 1947 and 1965 derived from underlying trend yields. For estimation 
procedures and numerical estimates, see Appendix Tables C·B and C-9. 

Source: Based on data from Dominion Bureau of Statistics and U.S. Department of 
Agriculture, and estimates by Economic Council of Canada. ----- 

1 Although these estimates of yields and yield improvements refer to the postwar period, the 
relationships are not basically altered for comparisons covering the period 1939 to 1965. For 
both sets of. estimates, see Appendix Tables C-S and C-9. 
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Generally, the highest rates of gain have been in countries where climatic 
conditions favour high yields of cereal crops and where yields resulting from more 
intensive cultivation traditionally have been higher than in Canada. They could not 
have been attained, however, without drastic improvements in production 
techniques-that is, increased mechanization, greater fertilizer application, better 
disease and weed control, variety improvements, and greatly improved farming 
practices. Also, a good part of these gains has come from research, where costs are 
small compared with returns. It has been estimated, for example, that even in the 
United States, where climatic conditions for wheat production are not as favourable 
as in Europe, wheat variety improvements since 1939 account for one-quarter of all 
wheat-yield gains, and that this alone now adds annually well over $125 million to 
U.S. Gross National Product.' These gains are extremely large in the light of the 
fact that governments in the United States-federal and state-engaged the services 
of only a small number of research scientists to provide the basic research in wheat, 
the benefits of which accrue to farmers and consumers at very low costs. 

Canada's wheat acreage is about one-half the size of U.S. wheat acreage, but 
the size of the wheat research staff is only one-third as large; in rough terms the 
U.S. government allocates two research workers, while Canada allocates only one 
research worker, per million acres of wheat? Although it does not follow that 
allocation of more research funds leads to a proportionately greater rate of advance 
in yield technology, a closer examination of priorities in allocation of research 
funds in Canada appears to be warranted. For example, in 1966, the research 
resources in the field of cereal crops appear to have been unduly small in relation to 
those in horticultural crops-that is, fruits and vegetables. Federal and provincial 
governments and universities invested 219 professional man-years in horticultural 
crops, but only 113 professional man-years to all cereal crops combined (wheat, 
oats, barley, corn and rye)." Considering that over the past decade cash income 
derived from the production and sale of fruits and vegetables in Canada accounted 
for less than 10 per cent, while cash income derived from sale of cereal crops 
accounted for more than 25 per cent, of Canada's total farm cash income, there 
appears to be some potential for adjustment. In particular, we suggest that there is 
need to examine whether the amount of resources currently allocated to research in 
cereal crops is adequate. More generally, there is need to examine whether priorities 
currently being given, implicitly or explicitly, to various areas of research in 
agriculture are appropriate. 

Canadian Agricultural Productivity 

1 For a summary of the impact of crop yield technology on U.S. agricultural production, see 
Appendix Table B-12. 

2 A comparison of Canadian and U.S. research inputs in wheat and other cereal crops is 
presented in Appendix Table C-IO. 

3For a summary of Canadian research inputs in cereal crops and horticultural crops, see data in 
Appendix Table B-13. 
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Livestock 
Canadian farmers have expanded the scale of their livestock enterprises very 

rapidly and have achieved significant improvements in production techniques. For 
example, over the past 15 years the average size of cattle herds has more than 
doubled, the average size of hog herds has nearly tripled, and the average size of 
turkey flocks has increased almost tenfold. These trends towards scale and 
specialization have been accompanied by higher yields per animal. Annual egg 
production has risen from 150 eggs per hen in 1947 to 200 in 1965, milk 
production per cow from 4,700 pounds to 6,500 and cattle production from 64 to 
80 animals marketed for every 100 cows kept on farms. In terms of production per 
animal, these increases range from 30 to 40 per cent. 

In spite of these gains, yield levels in Canadian livestock production are still 
well below U.S. levels. In 1965, for example, hens on Canadian farms laid fewer 
eggs per laying hen than those on U.S. farms. Over the years the performance has 
improved in both countries and there is some indication that there is some 
narrowing of the gap. In earlier years, the percentage difference was as much as 20 
per cent; in 1965 it was close to 10 per cent (Chart 5-3). 

Chart 5-3 

EGG PRODUCTION PER HEN 
CANADA AND UNITED STATES 

RATIO SCALE 
250 

UNITED 200 

150 

1947 50 55 60 65 
Source: Based on data from Dominion Bureau of Statistics and U.S. Department of 

Agriculture. For data, see Appendix Table C-11. 

In the dairy field, the developments are less favourable for Canada. In the 
early postwar years, milk production per cow in Canada was about 15 per cent 
below the U.S. level, but in more recent years it has been closer to 25 per cent 
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Canadian Agricultural Productivity 

below the U.S. level. In 1965, for example, the figure in the United States was 
about 8,600 pounds of milk per cow; in Canada it was only 6,500 pounds (Chart 
5-4). One of the reasons for this gap is that Canadian dairy producers are often 
located in the more remote areas and therefore do not ship all of their milk but 
only the cream. This is not fully reflected in official marketing estimates and has 
the effect of marginally widening the above productivity disparity. While the 
proportion of cream shipments varies among provinces, in all provinces except 
British Columbia milk production per cow is lower than the national average of the 
United States. 

Chart 5-4 

MILK PRODUCTION PER DAIRY COW 
CANADA AND UNITED STATES 

RATIO SCALE 

(THOUSAND POUNDS) 
10 
9 

8 

7 

6 

5 

Source: Based on data from Dominion Bureau of Statistics and U.S. Department of 
Agriculture. For data, see Appendix Table Co11. 

Also, some of the shipments come from dual-purpose herds where production 
of milk is merely a by-product of beef production and often used in raising beef 
calves. While this lowers estimates of dairy production per cow, there is no evidence 
that beef cattle in Canada are more productive than in the United States. Using 
cattle marketings per 100 cows kept on farms as an indicator of beef production 
per animal, in 1965 the yield in beef production was about 20 per cent lower in 
Canada than in the United States. These Canada-U.S. yield ratios were nearly equal 
in the early postwar years. I 

1 For data, see Appendix Table Coll. 
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From these comparisons, it would appear that, as in crop production, yields 
in livestock production are below U.E. levels, and that in some areas-for example, 
dairy and cattle production-the gap JI widening. These diverging trends probably 
reflect many factors, including lags in the adoption of efficient farm practices, and 
gaps in research and development in the livestock sector. Animal research efforts in 
Canadian universities and in federal and provincial research institutions are 
proportionately smaller than in the United States. Also, a relatively much smaller 
volume of research in Canada is conducted by private industry than in the United 
States and it is not known to what extent this lack of private research puts 
Canadian yield technology at a disadvantage. If this gap in yield technology is to be 
reduced, its causes must be more carefully identified. 
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Chapter 6 

SUMMARY AND CONCLUSIONS 

Labour productivity in Canadian agriculture has advanced over the past two 
decades at nearly 6 per cent per year. The preceding analysis shows that over 
one-third of this gain has been associated with the movement of workers out of 
agriculture. Another third is attributable to increased capital and materials inputs, 
and the balance to other productivity improvements. 

Canada has achieved a rate of growth of labour productivity in agriculture 
well above that recorded in other sectors of the economy, and of roughly 
comparable dimensions to the rate of growth of agricultural labour productivity in 
the United States. However, the substantial disparity between the two countries in 
the absolute level of agricultural labour productivity has widened significantly. 
Mechanization and yield technology have contributed in nearly equal proportions 
to growth in the United States. In contrast, Canada has advanced in the area of 
mechanization but not kept pace in yield technology. 

We do not wish to give the impression that substantial improvements in yield 
technology will necessarily or automatically solve the problems of Canadian 
agriculture under any circumstances. Indeed, our analysis implies that unless 
developments in yield technology go hand in hand with other appropriate 
developments-such as increased mechanization, increased average farm size, 
expansion of markets for agricultural products, better market organization, and 
continued out-migration from agriculture-the severity of Canada's farm income 
problems might well be aggravated by major new breakthroughs in yield 
technology. 

As indicated at the outset of this Chapter, the expansion of Canada's 
domestic demand for agricultural products is essentially limited to population 
growth. Under these conditions of inelastic demand, reductions in food prices 
would not lead to significant increases in domestic food consumption, and would 
result in reductions in farm income. On the other hand, there may be a potential 
for expanding agricultural exports, and careful and continuing consideration should 
be given to all possible means for achieving significant increases in such exports. But 
even if the wheat export problem could be overcome tomorrow, the farm income 
problem would not be solved. As in other highly advanced economies, farm 
incomes in Canada have lagged behind nonfarm incomes for years, and judging by 
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past performance and international experience, improvements in yield technology 
alone will not assure a rate of growth sufficient to raise the level of farm income to 
the income level of the nonfarm sector. 

Adoption of machine technology has been very rapid during the postwar 
period and judging by the estimates of returns on such investments, as well as 
current rates of progress (Chart 6-1), there is still room for improvement. In future, 
this process will probably require fewer additions to machinery inputs but there 
will undoubtedly be a continuing, and perhaps accelerating, trend towards the use 
of machinery and equipment with greater performance and capacity. Already, in 
both Canada and the United States, the rate of increase in the number of farm 
trucks is diminishing and in the United States the number of tractors has actually 
declined over the past five years. This apparent trend is closely related to the 
continuing consolidation of smaller farm units, the reduction in the agricultural 
labour force, and the concomitant need for larger and more powerful units of 
machinery and equipment. 

Canadian Agricultural Productivity 

EARLY 
DEVELOPMENT 

NUMBER ON FARMS)(- 

6 

SETTLEMENT 
OF THE WEST 

AGRICULTURAL 
ADJUSTMENT 

Chart 6-1 
ADOPTION OF NEW MACHINE TECHNOLOGY IN AGRICULTURE 

1871-1966 

5 

4 

2 

3 

1871 81 91 1901 II 21 31 41 51 61 71 

*Horses in millions; tractors, trucks, and grain combines in hundreds of thousands. 
Source: Based on data from Dominion Bureau of Statistics. 
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Summary and Conclusions 

Such farm size adjustments are highly desirable for improving the perform 
ance of the economy as a whole and the agricultural sector in particular. But they 
involve social costs as well as social benefits and may impose heavy burdens on 
individuals. A range of government policies is required to ease the burdens of 
adjustment and to facilitate changes of a widely beneficial nature. Among policies 
to serve these purposes are: financial assistance to farmers for farm consolidation; 
retirement and labour mobility; investment in education research in crops and 
livestock, marketing and production. Government programs are not without price, 
and assessment of priorities requires analysis in terms of potential benefits and 
costs. 

All too frequently, policies are designed and instituted when problems 
become acute. To be effective in the long run, they should be directed at solution 
of the deep-seated, long-run problems in agriculture, and be in line with long-run 
policy objectives. As in the United States, income problems of Çanadian agriculture 
stem from three basic sources. First, there is a tendency to produce output in 
excess of demand. With advances in yield technology, individual farmers succeed in 
increasing their volume of output, but as long as national gains in output are not 
matched by corresponding gains in market demand, they fail to raise their levels of 
income. Second, mechanization leads to cost economies which can only be realized 
if farm units are enlarged. This requires heavy investments in land, machinery, 
equipment and other inputs-a process continually hampered by the cost-price 
squeeze, i.e. the high prices paid by farmers and low prices received for farm 
products. Third, expansion in farm size means larger farms and fewer farmers. 
Reduction in farm labour is a gradual process and not readily accomplished. At 
present, mobility rates are high among the younger age groups of the farm 
population but low or non-existent among those whose experience, investment and 
interests have become vested in agriculture. 

This Study identifies some principal sources of productivity growth in 
agriculture and isolates areas of weakness and strength. It is a global analysis of 
Canadian agriculture and therefore too general for an adequate assessment of policy 
priorities. Towards this end, more intensive economic studies are required, 
particularly studies which take into account the regional diversity of Canadian 
agriculture.' Regional economic analysis directed at national farm problems and 
long-run policy goals is now seriously hampered by gaps in regional information. It 
will be necessary to set priorities in data development so that, in future, economic 
analysis can become a more effective tool of the policy-maker. 

1 For a study of regional aspects of grain production, see W. J. Craddock, Interregional 
Competition in Canadian Cereal Production, Special Study No. 12, Economic Council of 
Canada, forthcoming. 
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APPENDIX A 

CONCEPTS, ASSUMPTIONS AND LIMITATIONS 

Production and Economic Growth 

Production function analysis has been used extensively for description and 
analysis of resource allocation in agriculture. I It is used here as a conceptual 
framework for analysis of labour productivity trends.' Some of the underlying 
assumptions, and related concepts, are described below: 

1. In a very general way, production function analysis assumes that there is a 
functional relation between real output or value of production of a particular 
industry and resource inputs. This notion is described in 

(1) 

where output Y is a function of resource inputsX1, X2, ... Xn at time t. 

2. Assuming that function (1) has finite and continuous derivatives of all 
orders, Taylor's expansion of (1) yields (2) and, after rearrangement of 
terms, (3). 

2 
(2) L'.Y 

n ay n n a Y 1 
~ L'.Xj (ax) + 2! 17 L'.XjL'.Xj (ax.ax)t + 3! ... +R, 
I j t I J 

2 
(3) L'.Y Cy 

n a Y 1 
L'.X1 (ax/t + 2! 7 L'.Xj (ax1 aX/t + 3! 

2 
( ar + n a Y 1 

L'.X n (ax n ) t 2! 7 L'.Xj {axnax/t + 3! ... +R, 

where L'.Y Yt+ 1 - Yt 

L'.Xi = X t+ l,j x.. 
8Xj = Xt+1 J s.; 

1 For numerous examples, see E. O. Heady and J. L. DiUon, Agricultural Production Functions, 
Ames, Iowa, Iowa State University Press, 1961. The approach taken here follows that of Fred 
H. Tyner and Luther G. Tweeten, uA Methodology for Estimating Production Parameters", 

2Joumal of Farm Economics, vol. 47, no. S, December 1965, p. 1462. 
Data for this analysis are summarized in Appendix B, p. 55; empirical estimates based on the 
conceptual framework described here are presented in Appendix C, p. 71. 
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According to (3) a change in output LlY is imputed to changes in each of n 
resource inputs Mi' marginal productivities 0 YjoXi, and various interaction 
terms. For example, the contribution of the n-th resource input is quantified in 
terms of its change Mn' its marginal productivity oYjoXn, a series of 
higher-order terms that essentially describe interaction effects with other 
resources, and a remainder term R. 1 

3. Although relation (3) holds true for a variety of production functions, in 
subsequent empirical analysis a Cobb-Douglas typé production function is 
chosen. Its general form is 

Canadian Agricultural Productivity 

(5) LlY 

n n 
~ ~ ... +R, 
j k 

(4) y = a(t)rrX~i where rrx~i til i I 

where y is level of output; Xi are levels of resource inputs; exponents bi are 
production elasticities; and coefficient' art) measures factor productivity." 
Following the approach outlined in (3) above, changes in output can be 
imputed to changes in resource inputs by applying Taylor's expansion to (4) 
as in 

ifi=j,bj=bj 1.0. 

1 The principal advantage of using Taylor's expansion instead of alternative approaches, e.g, 
time derivatives, is that it is more accurate - a valuable feature in the study of annual changes 
2in output. 
A. A. Walters, "Production and Cost Functions: An Econometric Survey", Econometrica, vol. 

331, no. 1-2, January-April 1963, pp. 1-66. 
Production elasticities measure by what percentage the level of output changes if the resource 
input of a particular resource is changed by 1 per cent. Factor productivity is a measure of the 
overall level of resource productivity and treated here in the same manner as other variables. 
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By dividing expression (5) by Y, changes in output and resource inputs are 
converted to growth rates ri in (6). Thus growth in output ry is attributed to 
growth in individual resource inputs ri, each weighted by its production 
elasticity hi and a set of interaction terms. 

4. Given the following additional assumptions, it can be shown that growth 
rates in output depend on growth rates and "factor shares" of resource 
inputs. Assume resources in agriculture are allocated so as to maximize 
returns.' Assume further that quality and costs of resources are determined 
by state of technology, risk, uncertainty, market demand and other 
restrictions that impose restraints on resource use. Combining all restraints 
into one overall restriction on capital use, leads to 

n b· n n 
(7) R = (a TI X· 'l P - 'i, xr. + P. (C - 'i, X.p-) i I Y i I I i I I 

where R is net revenue, or output Yvalued at price Py, Xi are resource inputs 
valued at price Pi, and resource use is constrained by capital restriction C. 
Maximizing revenue R, subject to capital restraint C, yields' 

(8) aR ay . P ay (1 + u] 
aXi P y ax. - (1 + u] Pi = 0 .. Yax· 

I I 

(9) aR Y 
hi = (1 + u ) ~iX~ 

aXi 
PyhiX' - (1 + u} Pi = 0 

I Y 

where (8) implies that all resources are allocated in proportion to their 
marginal productivities. From (9) it follows that all production elasticities hi 
are proportionate or equal to "factor shares" of individual resources 
PiXilPyy.3 

With these assumptions, growth in output can be imputed to individual 
resource inputs and productivity improvements. To estimate their contribution, 
growth rates ri are multiplied by factor shares hi as in (6) above. Subtracting the 
sum of their contribution from growth in output leaves a residual which measures 
gains in factor productivity and is represented by the first line of expression (6). To 
impute growth in output to resource use and productivity improvements over a 
period of years it is only necessary to average the annual contributions of each. 

! In this context, returns, net revenue and profits are equivalent. 
2For a description of "necessary" conditions of a constrained maximum, see Clopper Almon, 
Jr., Matrix Methods in Economics, Reading, Mass., Addison-Wesley Publishing Company, 
31967, Chapter S. 
Whether production elasticities are equal or proportionate to factor shares depends on the 
level of capital restriction C. Statistically the level of C cannot be readily determined. Should 
it change over time, its effects are reflected in residual changes of factor productivity. 
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labour Productivity 

Labour productivity is defmed here as output per worker. As shown in 

y 
(10) Xl 

a labour productivity function is derived from the earlier production function by 
dividing both sides of function (4) by the labour input variable X 1. As earlier in (6), 
growth in labour productivity can be attributed to changes in resource inputs and 
factor productivity as in 

1 n 1 n n 
(11) ,* 'a{1 + 2! ~ bi'i +3ï ~ ~ ... y 

I • j k 

* 1 n 1 n n 
bIn (1 +2! ~ b.r, +3ï ~ ~ ... 

I . j k 

but now 
,* 6.I.. Y 
y Xl Xl 

bi:=bl-1.0. 

Since the factor share of labour is smaller than 1.0, the production elasticity bi is 
negative, and consequently a reduction in labour inputs contributes to greater 
labour productivity. If such reductions are accompanied by greater capital inputs 
and other productivity improvements, additional gains are imputed to residual 
factor productivity and such other resource inputs.' 

Economic lncentives" 

Marginal value productivities measure the value added to output due to a 
marginal increment in anyone of the resource inputs. They are critical measures if 
we wish to examine the economic incentive for purchase of additional resource 
inputs. We assume thé greater the expected return on the extra dollar, the greater 
will be the economic incentive to. purchase more of a particular resource input. In 
perfect equilibrium all resources are paid in accordance with their marginal value 
productivities, and since no rearrangement of resource use can lead to greater 

1For empirical estimates of labour productivity and growth rate analysis, see Appendix C, p. 
73. 

2For empirical estimates, see Appendix C, p. 80. 
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returns, there is no economic incentive to invest more in the use of a particular 
resource. I In reality there are usually adjustment lags between actual and optimal 
resource use. We may postulate that the incentive to spend more on a particular 
resource depends on the difference between actual and optimal resource use. The 
more the optimal resource use exceeds actual use, the greater will be the factor 
share, the marginal value productivity, and the incentive to invest more in the use 
of a particular resource. 

Estimates of optimal resource use can be derived statistically. Following 
Tyner and Tweeten,? we derive "optimal" factor shares by use of an adjustment 
equation, thus accepting the hypothesis that resource use in agriculture con 
tinuously moves towards, but does not reach, equilibrium. As Tyner and Tweeten 
suggested, we assume 

" ... that the employment of a factor (expenditure on the factor) 
tends towards an equilibrium as indicated by the adjustment 
equation" 

where b, and bt-l are current and lagged factor shares, b" 

". .. is the current equilibrium factor share and g is the proportion 
of adjustment to the equilibrium made in one time period. The 
process of adjustment is not instantaneous because of risk, 
uncertainty, technical restraints, institutional rigidities, and psycho 
logical resistance to change. * This lag plus the profit-maximization 
assumption gives rise to the above model. 

"The rapid rate of technological change in agriculture would suggest 
that b" may have changed considerably over a given number of 
years. If b" is relatively constant over the period of years analyzed, 
then the model may provide a good description of reality. However, 
should b" be changing, the estimate b? will be an average and g will 
be a measure of the rate of adjustment to a 'moving' equilibrium. 

*See Marc Nerlove, "Distributed Lags and Demand Analysis for 
Agricultural and Other Commodities", USDAAgr. Handbook 141, 
1958, for a discussion of adjustment models, especially reasons for 
lags in response.v ' 

After this introduction, the authors proceed with an estimating technique which 
allows for "step-wise" adjustments in factor shares from one decade to the next. 

IEquilibrium conditions are defined in (7), (8) and (9) above. If capital is restricted, all 
resources are paid in proportion 1 + J.I. > 1.0 of their marginal value productivities. If capital is 

2 unrestricted, J.I. = 0.0 and all resources are paid exactly their marginal value productivities. 
Fred H. Tyner and Luther G. Tweeten, "A Methodology for Estimating Production 
Parameters", Journal of Farm Economics, vol, 47, no. S, December 1965, p. 1462. 

3 Ibiâ., p. 1463. Algebraic notation has been changed to conform to notation used here. 
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(13) br = bi + a/ 

Canadian Agricultural Productivity 

In estimating equilibrium factor shares here, essentially the same estimation 
technique is employed. Since this analysis covers only the postwar years, 
Tyner-Tweeten's method of step-wise adjustment of factor shares is modified in 
favour of adjustment trends. 

(14) bi,t - bi,t-1 = gi(b? - bi,t-I) 

(15) b, t = g.b~ + g·a· t + (l - g) b, t-I I, 1 1 1 1 I, 

"Optimal" equilibrium factor shares b? of individual resource inputs are 
assumed to change gradually over time as in (13). Substituting (13) in (14) yields 
(15). It implies that actual factor shares are a function of optimal factor shares 
which, in relation to a certain base-year value bi, change gradually at rate aj and 
adjust annually to the difference between actual and optimal expenditure on 
resource use at the rate gj.l If statistical tests show that the coefficient ai of the 
time trend variable, and/or the coefficient (l-gi) are not significantly different from 
zero, it implies that "optimal" equilibrium factor shares do not change significantly 
over time and/or that there is no significant adjustment lag between actual and 
optimal expenditures on resource use. Thus, depending on the outcome of 
statistical tests, equilibrium factor shares could equal actual factor shares, change 
over time, and/or differ from observed factor shares due to adjustment lags." If 
equilibrium factor shares, estimated in this manner, are greater than actual factor 
shares, marginal value productivities exceed marginal costs. With constant marginal 
costs in factor markets, the economic incentive to invest in particular resources can 
be expected to vary directly with marginal value productivities." 

An Alternative Formulation4 

The production function, postulated earlier in (4), implies that equilibrium 
conditions prevail and that factor shares, at least over the longer run, represent 
equilibrium shares. Discussion of economic incentives suggested that there might be 

1 To indicate that expression (15) is a statistical estimating equation, a statistical error term e 
2 could be added. 
Results derived in this manner are tenuous, There is extensive literature on problems 
associated with the estimation of distributed lag models. Examples are: Z. Griliches, UA Note 
on Serial Correlation Bias in Estimates of Distributed Lags", Econometrica, vol. 29, January 
1961, pp. 65-73; and W. A. Fuller and J. E. Martin, uA Note on the Effects of Autocorrelated 
Errors on the Statistical Estimation of Distributed Lag Models", Journal of Farm Economics, 
vol. 44, no. 2, May 1962, pp. 407-410. For a comprehensive survey and bibliography, see Z. 
Griliches, "Distributed Lags: A Survey", Econometrica, vol, 35, no_ 1, January 1967, pp. 
16-49. 

3For empirical estimates of equilibrium factor shares and corresponding marginal value 
4productivities, see Appendix C, Chart C-l. 
For empirical estimates, see Appendix C, p. 82. 
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"dynamic" elements in producer behaviour which take the form of delayed 
adjustments to changed conditions in factor and product markets. 

Following the second approach, a more appropriate production function 
should allow for long-run trends in resource allocation and for discrepancies 
between actual and equilibrium factor shares. This would change production 
function (4) to 

n bO (16) y = a Il X· j 
j I 

(17) 'y 

o 1 no +1 n n + bn 'n (1 + -2! L. s:», -31 L. L. ... j I I • j k 

o 1 n 0 1 nn 
+ !:::.bn1nXn (1 +2! r !:::.bj lt1;Xn +31 7 r'" + R, 

and the analysis of growth rates from (6) to (17). The essential difference between 
these and earlier formulations is that constant factor shares bj are replaced by 
changing equilibrium shares br and that terms are added to allow for the effects of 
changing factor shares. Depending on their initial values and the direction of trends, 
contributions to growth imputed to each of the resources differ from earlier 
estimates. 

limitations! 

In view of the very extensive literature? on production function analysis and 
its shortcomings, it may suffice here to discuss some of the limitations arising from 
the choice of a particular production function. 

~ For a discussion of some of the limitations on the empirical side, see Appendix C, po' 85. 
For a very thorough discussion of conceptual issues, see M. Nerlove, Estimation and 
Identification of Cobb-Douglas Production Functions, Chicago, Rand McNally, 1965. For a 
review and extensive bibliography of earlier studies, see A. A. Walters, "Production and Cost 
Functions: An Econometric Survey", Econometrica, vol, 31, no. 1-2, January-April 1963, pp. 
1-66. 
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1. The postulated production function, defmed in (4) above, cannot be 
estimated empirically by the ordinary least-squares method since a high 
degree of multicollinearity among the numerous input variables makes 
it impossible to obtain reliable parameter estimates. 

2. A second approach - the approach taken here - trades this problem 
of multicollinearity for the assumption that economic equilibrium 
prevails - if not annually, at least over a period of years. This is a 
dubious assumption if there is evidence that the economic setting is not 
static but dynamic, and that observed factor shares, over the short or 
long run, are neither equal nor proportionate to equilibrium factor 
shares. 

Canadian Agricultural Productivity 

3. Modification of the original production function to incorporate 
elements of dynamics leads to further trade-offs.! Substituting "opti 
mal" equilibrium factor shares, allowing for gradual change and lags in 
resource allocations, brings problems of interdependence among statisti 
cal estimates of returns to scale, technological change, and capital 
restrictions, to the foreground. 
(a) In Cobb-Douglas-type production functions the sum of production 
elasticities is a measure of returns to scale. A sum smaller, equal to, or 
greater, than 1.0 implies decreasing, constant or increasing returns to 
scale, respectively. If "static" equilibrium conditions are assumed, 
production elasticities can be replaced by constant equilibrium factor 
shares. The greater the individual factor shares (the bi coefficients in (4) 
and (6) ), the greater will be the sum of the elasticities, the estimated 
returns to scale and the contributions imputed to individual resource 
inputs, and the smaller will be the residual factor productivity (r-terms 
in (6) ) and the rate of technological change. One could let the degree 
of returns to scale be freely determined statistically; one could decide 
on the basis of "a priori" information, or could restrict it to constant 
returns to scale. In subsequent statistical analysis, factor shares are 
freely determined as the ratio of input cost to output returns. Also 
estimates assuming constant returns to scale are presented. 
(b) An alternative formulation, incorporating dynamic elements of lags 
and change, allows for varying factor shares and modifies production 
elasticities br over time as in (16) and (17) above. Specified in this 
form, "unbalanced" trends and differential lags in resource use affect 
estimates of factor productivity and returns to scale. While modified 
positive rates of growth in factor productivity can be expected, negative 
rates - suggested by empirical analysis - are less acceptable.I Perhaps ---- 

~ For an empirical analysis of this point, see Appendix C: Alternative Estimates, p, 82. 
Trends in factor shares of different resource inputs may be considered "balanced" if they 
cancel each other and thus leave the sum of factor shares unchanged, or "unbalanced" if they 
&n~ . 

3For empirical estimates, see production functions (10) and (11) in Appendix C, p. 82. 
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the solution lies with a change in defmitions. Instead of measuring 
technological change by residual factor productivity alone, it could be 
combined with the effects of changing structure in equilibrium resource 
use. Specifically this would imply combining the b:.bf terms with the ra 
term in equation (17). This would represent a broader measure of 
technological change than residual factor productivity and capture the 
impact of long-run changes in production structure brought about by 
shifts and changes in marginal productivities, factor product prices and 
resource combination. It would not resolve the question of returns to 
scale, however. Derived from distributed-lag estimates, they are likely 
to be biased and there is need for further study of this question.' 

(c) Aside from these direct relationships between returns to scale and 
technical change, there are some other indirect effects. Earlier it was 
shown that capital restrictions, as well as others, could alter resource 
allocation and, consequently, factor shares (see (7), (8) and (9) above). 
To what extent this may be the case remains unknown. Studies would 
be needed to determine what levels of productivity could be reached in 
agriculture today if it were not for adverse effects of demand 
restrictions, capital shortages, limited managerial ability and other 
factors that are likely to hamper progress. Whatever the magnitude of 
these factors, their restraining influence could not successfully be 
separated from returns to scale or factor productivity as defined here. 

Aside from these problems of specification, there are data problems. At the 
national level, an analysis of economic growth, based on rates of growth and factor 
shares, is perhaps acceptable.' With greater variability in resource inputs and 
outputs, it may pose greater difficulties at the industry level. Applied to agriculture, 
it may be questionable. In agriculture, income derived from capital and labour 
resources is received in "lump sum". Land and buildings, as part of the fixed capital 
stock, may have been inherited, and most of the farm labour is unpaid family 
labour. Consequently, factor income shares of farm labour and capital inputs 
cannot be derived directly from labour earnings and capital expenditures. Instead, 
they must be imputed by use of market prices. In this Study, for example, they are 
estimated by use of the market wage rate of hired farm labour - even though over 
80 per cent of farm labour is family labour - and the farm mortgage interest rate 
for all farm capital even though no interest is paid on part of it. Alternatively, one 
might have estimated the labour or capital shares as a residual after accounting for 

1 For a discussion and empirical tests, see G. s. Maddala and J. B. Kadane, "Estimation of 
Returns to Scale and the Elasticity of Substitution", Econometrica, vol. 35, no. 3-4, 

2July-October 1967, pp. 419-423. 
For applications at the national level, see Edward F. Denison, The Sources of Economic 
Growth in the United States and the Alternatives Before Us, New York, Committee for 
Economic Development (Supplementary Paper No. 13), 1962; and Edward F. Denison, 
assisted by Jean-Pierre Poullier, Why Growth Rates Differ: Postwar Experience in Nine 
Western Countries, Washington, The Brookings Institution; 1967. 
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operating and other expenditures, or one might have used "expenditure" shares 
rather than "income" shares. This would have altered results, imputed more or less 
growth to capital or labour inputs, and given more weight to improvements in 
factor productivity. It remains an open question as to which of these alternatives 
would deliver the best results. 



APPENDIX B 

DATA 

Regional Distribution of Farm Cash Income " 57 

Farm Income and Production per Worker . . . . . . . . . . . . . . . .. 58 

Weather Adjustment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 60 

Price Adjustment 61 

Output and Resource Inputs. . . . . . . . . . . . . . . . . . . . . . . . .. 63 

Crop Research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 69 

I 
55 



f 
I 

Appendix 8 

Appendix Table B-1 

REGIONAL DlSTRffiUTION OF FARM CASH INCOME, CANADA, 1926-65 
(Five-year averages) 

British 
Years Maritimes Quebec Ontario Prairies Columbia Canada 

Wheat .......... 1926-30 0.1 0.2 2.3 97.2 0.2 100.0 
1946-50 0.0 0.0 2.2 97.2 0.6 100.0 
1961-65 0.0 0.0 2.4 97.2 0.4 100.0 

Feed grains and 1926-30 9.5 14.4 32.3 35.6 8.2 100.0 
other crops 1946-50 5.4 7.2 32.0 47.1 8.3 100.0 

1961-65 6.0 8.0 42.5 36.2 7.3 100.0 

Total crops ..... 1926-30 2.9 4.4 11.2 78.9 2.6 100.0 
1946-50 2.5 3.3 15.9 74.2 4.1 100.0 
1961-65 2.7 3.6 20.2 70.0 3.5 100.0 

Dairy products ..... 1926-30 6.8 28.0 43.4 17.9 3.9 100.0 
1946-50 6.7 31.0 37.2 19.6 5.5 100.0 
1961-65 5.6 33.5 37.6 16.6 6.7 100.0 

Poultry and eggs .... 1926-30 4.6 12.4 49.3 22.2 11.5 100.0 
1946-50 6.8 16.9 45.8 23.3 7.2 100.0 
1961-65 5.9 23.1 41.0 20.8 9.2 100.0 

Cattle, hogs 1926-30 5.2 13.5 47.3 32.0 2.0 100.0 
and other. ...... 1946-50 4.0 15.2 36.2 41.9 2.7 100.0 

1961-65 3.2 13.6 35.8 44.0 3.4 100.0 

Total livestock 1926-30 5.6 17.6 46.5 26.0 4.3 100.0 
and livestock 1946-50 5.2 20.0 37.9 32.7 4.2 100.0 
production. . . . 1961-65 4.3 20.7 37.1 32.6 5.3 100.0 

Total farm 1926-30 4.4 11.3 26.9. 54.0 3.4 100.0 
cash income . . . . . 1946-50 4.3 13.5 27.9 50.2 4.1 100.0 

1961-65 3.7 13.7 29.6 48.5 4.5 100.0 

Source: Based on data from Dominion Bureau of Statistics, Handbook of Agricultural Sratis- 
tics, Part II, Farm Income 1926-65, Cat. No. 21-511, Ottawa, Queen's Printer, 
June 1967. 
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Weather Adjustment 

Annual estimates of Canadian farm production were adjusted for weather 
effects. Linear yield trends were fitted to yields per acre of five major crops: wheat, 
oats, barley, rye and flax. Total value of farm production was then adjusted for 
trend yields, Le. differences between observed yields and trend yields, weighted by 
their respective acreages and prices, were added or subtracted from observed values 
of farm production. This had the effect of lowering or raising the value of farm 
production during crop years of above or below "normal" production as shown in 
Appendix Tabîe 8-4. 

Appendix Table B-4 
ADJUSTMENTS OF ANNUAL ESTIMATES OF FARM PRODUCTION FOR 

ABNORMAL WEATHER CONDITIONS, CANADA, 1947-65 

Current Dollar Estimates Constant Dollar Estirnates(l ) 

Farm Farm Farm Farm 
Production Weather Production Production Weather Production 
Observed Adjustment(2) Adjusted Observed Adjustment(2) Adjusted 

(Millions of dollars) 

1947 2,158 311 2,469 2,420 299 2,719 
1948 2,510 121 2,631 2,481 122 2,603 
1949 2,345 346 2,692 2,343 338 2,681 
1950 2,622 70 2,692 2,559 74 2,633 

1951 3,241 -214 3,027 2,826 -218 2,608 
1952 3,376 -456 2,920 3,239 -471 2,768 
1953 2,971 -232 2,739 3,008 -286 2,722 
1954 2,343 274 2,617 2,438 344 2,782 
1955 2,679 - 93 2,586 2,953 -110 2,843 

1956 2,922 -250 2,672 3,188 -330 2,858 
1957 2,545 122 2,667 2,733 172 2,905 
1958 2,867 83 2,950 2,998 106 3,104 
1959 2,845 79 2,923 2,985 96 3,081 
1960 3,010 - 44 2,966 3,114 - 44 3,070 

1961 2,719 509 3,228 2,708 490 3,198 
1962 3,508 - 93 3,415 3,379 -102 3,277 
1963 3,837 -367 3,470 3,725 -365 3,360 
1964 3,561 0 3,561 3,481 - 2 3,479 
1965 3,994 -194 3,800 3,774 -203 3,571 

(1) Constant dollar estimates relate to base period 1947-51. 
(2) Adjustment procedures are described in text. 
Source: Based on data from Dominion Bureau of Statistics, and estimates by Economic 

Council of Canada. 

Trend yields are estimated by linear regressions of crop yields on time. Trend yields 
and annual yield changes are summarized in Appendix Table 8-5. 
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Appendix Table B-5 

ESTIMATED TREND YIELDS AND ANNUAL YIELD CHANGES OF 
FIVE MAJOR CROPS, CANADA, 1939-63 

1960 
Trend Yield 

Annual 
Yield Change 

(Bushels per acre) 

Barley . 
Rye . 
Flax . 

20.1 .13 
40.6 .55** 
28.0 .19 
16.7 .21 ** 
9.6 .12* 

Wheat . 
Oats . 

**, • - Tested statistically significant at the J or S per cent levels, respectively. 
Source: Based on data from Dominion Bureau of Statistics, and estimates by Economic 

Council of Canada. 

Price Adjustment 

Comparisons of labour productivity in Canadian and U,S. agriculture, valued 
at either Canadian or U.S. farm prices, would require pricing total farm production 
of one country in the currency of the other. Difficulties arise because quality 
factors, e.g. weights of cattle and calves, grades of poultry and eggs, protein content 
of wheat, cannot readily be assessed. To explore these issues, some drastic short 
cuts are employed here. Only the value of crop production, and only the value of 
eight principal crops, I is considered. Had Canadian farmers received U.S. prices, the 
value of Canadian crop production (eight crops only) would have been up to 40 per 
cent higher during the mid-fifties but would have dropped below 85 per cent of 
actual value during the mid-sixties. Had U.S. farmers received Canadian prices, the 
value of U.S. production (eight crops only) would have been lowered by nearly 20 
per cent in earlier years, and raised above actual levels by the same amount in more 
recent years (Chart B-l). Correspondingly, the labour productivity comparisons in 
terms of farm production per worker could have been altered. These comparisons 
illustrate that U.S. crop prices are not always more favourable than Canadian prices 
and that, because of their dependence on wheat, returns from crop production vary 
more widely in Canada than in the United States. 

J Included are: wheat, oats, barley, flaxseed, corn, rye, potatoes and soybeans. Over the years 
1949-65 these crops accounted for roughly 75 per cent of the cropland acreage in Canada and 
6S per cent in the United States. 
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Chart B-1 
CROP PRODUCTION VALUED AT CANADIAN AND U.S. FARM PRI.CES 

CANADA AND UNITED STATES, 1949-65 

(Eight principal crops only) 

160 
CANADIAN CROP PRODUCTION 

VALUED AT U.S. FARM PRICES 140 

120 

80 

60 

40. 

20 

o 

Source: Based on data from Dominion Bureau of Statistics and U.S. Department of 
Agriculture. 

In addition, price effects of devaluations of the Canadian dollar in 1962 could 
be taken into account. For Canadian agriculture, devaluation has meant a lowering 
of export prices. Canadian-U.S. comparisons of labour productivity, expressed in 
Canadian dollars, would not have been affected. Expressed in U.S. dollars, they 
would have depressed the Canadian performance sooner) However, a mere 
conversion of Canadian-U.S. exchange rates could be misleading and inappropriate. 
If devaluation of the Canadian dollar was accompanied by greater sales, it gave 
stimulus to greater production and better productivity performance. 

llf devaluation of the Canadian dollar had been taken into account, Canadian crop production, 
valued at U.S. farm prices, would have been approximately 10 per cent lower in 1961 and 
subsequent years (see Chart 3-6). 
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Appendix Table B-11 

RESOURCE INPUTS PER WORKER IN AGRICULTURE 
CANADA AND UNITED STATES, 1961-65 

(In 1949 dollars) 

Total resource inputs •.••.•.•.•••.••... 
Land and buildings . . . . . . • . . . . . . . . . . . 

Interest on real estate ••.•......•..• 
Depreciation of buildings ••......•... 
Building repairs . . . . . . . . . . • . . • • . • . 

Machinery •....••••••.•.•...•... 
Interest on capital stock •....•.••... 
Depreciation ...••..••..••••.•... 
Machinery operating expenses ...•...... 

Inputs affecting crop yields ......•.••..• 
Fertilizer • • • . . . . . . . . . . . . . . . . • . . 
Lime •..•..................•. 
Seed purchases •.•.•...••.•....•• 

Inputs related to livestock yields ..•..••..• 
Interest on capital stock •.•.•...•.•. 
Livestock purchases. . . • • • . • . . . • . . . . 
Feed purchases .....•••..•....••. 

Miscellaneous operating expenses • . . . . • . . . • 
Taxes ...•.•.••.•......•••....•. 

Annual Averages 
United 

Canada States 

($ Can.) ($ U.S.) 

3,011 5,308 
568 1,031 
434 854 
69 109 
65 68 

960 1,230 
133 182 
273 473 
554 575 
198 445 
149 304 

7 18 
42 123 

733 1,976 
141 149 
33 592 

559 1,235 
413 465 
139 161 

United States 
as Percentage 
of Canada 

176 
182 
197 
158 
105 
128 
137 
173 
104 
225 
204 
257 
293 
270 
106 

1,794 
221 
113 
116 

Source: Based on Appendix Tables B-8 and B-IO. 
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Appendix Table B-12 

VALUE ADDED TO AGRICULTURAL PRODUCTION BY 
CROP-YIELD IMPROVEMENTS 

UNITED STATES, 1939-60 

(In millions of dollars) 

Source of Crop-Yield Improvement 
Percentage 

Crop "fU.S. 
Fertilizer Varieties Location Other Total(l) Production 

Wheat. 213 136 7 136 492 70 
Barley 6 10 2 19 32 
Oats 42 83 12 -76 61 86 
Sorghum grain 63 136 20 155 374 85 
Corn ... 630 598 299 253 1,780 84 
Flaxseed . 3 - 2 - 4 - 1 - 4 89 
Soybeans. 56 164 -60 35 195 83 
Cotton 123 96 -11 308 515 51 

Total. 1,136 1,221 265 811 3,432 

(I)Figures may not add because of rounding. 
Note: These estimates show how much crop-yield improvements have added to the annual 

value of U.S. agricultural production in 1960 if all yield improvements since 1939 are 
taken into account. For example, it is estimated that wheat-yield improvements since 
1939 added $490 million to U.S. agricultural production in 1960 and that $136 million 
of this amount came from genetic crop variety improvements. 
Although this summary does not cover all crop production, it shows that increased 
fertilizer application and adoption of superior crop varieties contributed most to greater 
production and added in 1960, after two decades of improvement, well over $2 billion 
annually to U.S. agricultural production. 

Source: L. Auer, "Impact of Crop-Yield Technology on U.S. Crop Production", unpublished 
Ph.D. thesis, Ames, Iowa, U.S.A., 1963, p. 211. 
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Appendix Table B-13 

DISTRIBUTION OF RESEARCH INPUTS IN 
CEREAL CROPS AND HORTICULTURE 

CANADA, 1966 

Genetics Diseases Physiology 
Breeding and and 
Evaluation Pests Bio-Chemistry Other Total 

(Professional man-year) 

Cereals 
General ............ 10.1 29.5 6.3 2.1 48.0 
Wheat .............. 12.7 5.2 14.1 32.0 
Barley ............. 9.8 3.2 3.0 16.0 
Oata , , ............. 7.1 2.6 9.7 
Corn ......•........ 5.3 .6 .3 .4 6.6 
Rye ............... .4 .4 

Total ............ 45.4 41.1 23.7 2.5 112.7 

Horticulture 
General ............ 1.0 1.3 8.1 6.7 17.1 
Fruits ........... 18.8 43.0 17.7 10.7 90.2 
Potatoes • o •••• , •• 10.6 20.0 4.7 2.1 37.4 
Tomatoes ......... 6.8 1.2 3.0 .5 11.5 
Other vegetables ...... 8.7 24.3 7.8 4.0 44.8 
Ornamentals ......... 6.6 2.3 6.8 1.9 17.6 -- 

Total ............ 52.5 92.1 48.1 25.9 218.6 

Source: Canada Department of Agriculture, "1966 Inventory of Agricultural Research Projects", 
prepared for the Canadian Agricultural Services Co-ordinating Committee, Ottawa, 
February 1967. 
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APPENDIX C 

EMPI RICAL ANALYSIS 

labour Productivity and Resource Use 

Trends in agricultural labour productivity of Canada and the United States 
are based on production functions (1) and (2) respectively. They describe 

(1) Y = Xi464 X2136 X·045 101.961 + 0.008t 
15 

(2) Y = x-305 x-153 1 2 
x-037 101.865 + 0.006t 

15 

( 
15 b') (3) [agIO Y/~ Xi I = aD + aIt + e 

output per worker Y as a function of resource inputs Xl' .. X 151 and an 
exponential time-trend variable, a "catch-all" for all other changes leading to 
productivity improvements. The exponents of variables Xl' .. X 15 are factor 
shares and the time-trend variables are estimated from regression equation (3). The 
production function estimates in (1) and (2), obtained in this manner, describe 
agricultural production in terms of a "Tinbergen Model" in which capital inputs are 
disaggregated and the exponents of capital and labour inputs are estimated from 
factor shares.' 

From production functions (1) and (2), trends in labour productivity are 
derived by dividing them by the labour-input variable Xl as in (4) and (5). The 
trends are shown in Chapter 4, Chart 4-5. 

(4) Y/XI X.464 - 1.00 %"136 
1 2 

%"045 101.961 + 0.008t 
15 

(5) Y/XI r305 - 1.00 X.153 
·12 

X·037 101.865 + 0.006t 
15 

1 Resource inputs Xl' .• XIS denote labour and capital inputs as specified in Appendix Table 
2C-1. 
For references, see M. Brown, On the Theory and Measurement of Technological Change, 
Cambridge, Mass., Cambridge University Press, 1966, pp. 11 0-11; and Fred H. Tyner and 
Luther G. Tweeten, UA Methodology for Estimating Production Parameters", Journal of 
Farm Economics, vol. 47, no. S, December 1965, p. 1462. 
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Canada 

Appendix Table C-1 

COMPONENTS OF GROWfH IN AGRICULTURAL LABOUR PRODUCTIVITY 
CANADA AND UNITED STATES, 1947-65 

Growth in agricultural labour productivity •• 
Labour input (effect of outmigration) ••••• 
Capital and material inputs ..•••••••.•• 

Land and buildings •••..••••••••• 
Interest on real estate ..••••••••• 
Depreciation on buildings ••••••.• 
Building repairs ••.••.•••••••• 

Machinery 
Interest on capital stock .••••••••• 
Depreciation .•..•••••....•.•• 
Machinery operating expenses ..•••• 

Inputs affecting crop yields 
Fertilizer ••..••..•.....•..•. 
Lime .•••••••••.•••.••.••. 
Seed purchases ••••.••.• • . . ••. 

Inputs related to livestock yields 
Interest on capital stock ..•••.•••• 
Livestock purchases •..••••••.•. 
Feed purchases •••......••.••• 

Miscellaneous operating expenses •.•••••. 
Taxes •••..•..••..•.••••.•.•.••. 
All other changes (not identified) •.•..•• 

United States 

Average 
Annual 

Percentage 
Change 

Average 
Annual 

Percentage 
Per Cent Change Per Cent 

5.45 
1.95 
1.66 

100 
36 
31 

100 
43 
30 

5.95 
2.62 
1.63 

.08 

.02 

.00(1) 

.15 

.05 
-.03 

.07 

.20 

.60 

.16 

.31 

.15 

.16 

.00(1) 

.09 

.17 

.00(1) 

.01 

.00 

.05 

.02 

.37 
-.00(1) 
1.83 

.03 

.23 

.44 

.17 

.04 
1.52 27 

(l)SmalJer than .005. 
Source: Estimates by Economic Council of Canada. 

33 

From functions (4) and (5), estimates of "Components of Growth" are 
obtained by application of Taylor's expansion.' For Canadian estimates, this 
expansion is based on function (4) and reads 

1 A more conventional technique of imputing growth to particular resources requires 
differentiating functions (4) and (5) with respect to time. The result would be equivalent to a 
first-term Taylor expansion. Here, a third-term Taylor expansion was employed, as it reduces 
effectively the error of estimation. In case of the Canadian estimates, for example, the error in 
estimating rvt»i in (6) by first- or third-term Taylor expansion averaged over the postwar 
period '-3.3 and 0.2 per cent respectively. Corresponding annual errors were larger and, at the 
extreme, a 27 per cent error for a first-term expansion compared with a 1.3 per cent error for 
a third-term expansion. 
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1 1 
'1 (.464 - 1.00) (1.0 + "2 (.464 - 2.00 )'1 +"2 (.136)'2 + ... 

1 1 + '2 (1.36) (1.0 + "2 (.464 - 1.00)'1 + -2 (.136 - 1.00)'2 + ... 

+ 1 1 '15 (.037) (1.0 + "2 (.464 - 1.00)'1 +"2 (.136)'2 + ... 

1 1 + 'a (1.00) (1.0 +"2 (.464 - l.OO)'l +"2 (.136)'2 + ... R. 

The underlying concepts have been described in Appendix A. We note that the 
ri-notation refers to annual growth rates of particular resource inputs.z, describes 
productivity improvement due to "all other changes"; and 'y/xl is the annual 
growth rate of labour productivity. Summed and averaged over the years 1947-65, 
each line in (6) represents the growth in labour productivity ascribed to a particular 
resource. 

Distributed-Lag Estimates 

Empirical estimates of labour productivity trends and components of growth 
are not independent of the choice of the underlying production function. In 
production functions (1) and (2), the production elasticities (or exponential 
coefficients) are constant, average-annual factor shares. A formulation that would 
allow for variable production elasticities would be conceptually more attractive. In 
Canada, for example, the labour share in farm production has declined gradually 
from 54 to 38 per cent over the postwar period (1947-65). Assuming that this 
reflects a longer-run equilibrium trend, the production elasticity of labour in 
function (1) should not be represented by an average share of .46 but by a set of 
changing labour shares. Similarly, the production elasticities of the other variables 
should reflect changes in factor shares. 

To accommodate such long-run changes in factor shares, production 
functions (1) and (2) were modified by distributed-lag analysis. This made it 
possible: 

1. to test factor shares for trends and adjustment lags, 

2. to derive estimates of economic investment incentives, and 

3. to examine alternative production function estimates. 

Following the traditional lines of distributed-lag analysis, it was postulated that 
employment of resources in agriculture tends - with a time lag - towards optimal 
equilibrium levels, that it takes some time to adjust from actual to optimal levels of 
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resource use, and that these equilibrium levels are gradually changing over time.' 
The results are summarized in Appendix Tables C-2 and C-3. The "trend" column 
gives estimates of annual changes in factor share percentages and the "lag" column 
provides estimates of the time lag needed to adjust from actual to equilibrium 
factor shares. Of the estimated trend and lag coefficients, only those "tagged" by 
asterisks are statistically significant? In most cases, adjustment lags are more 
significant than trends. Notable exceptions are the coefficients of labour, land and 
buildings. Since small adjustment coefficients imply quick adjustments, results for 
both countries suggest adjustment lags on the labour side are short or non-existent. 
In view of the significant negative trends, this may indicate that during the postwar 
period adjustments of the agricultural labour force followed a trend of continuous 
outmovement and that this was not greatly delayed by short-run unemployment 
fluctuations in the labour market. Significant positive trends and adjustment lags in 
land and buildings may reflect a continuous trend towards farm expansion. This 
trend, however, appears to be tempered by adjustment lags which affect most other 
capital inputs as well. In summary, these results demonstrate that there are 
significant differences in trends and adjustment lags of the various labour and 
capital shares. In the agricultures of both countries factor shares of most capital 
items have risen while labour shares have declined. 

~ For a discussion of the underlying concepts, see Appendix A: Economic Incentives. 
The term "adjustment coefficient" is used here somewhat loosely. It corresponds to the term 
(1 - g) in equation (IS) of Appendix A. 
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Appendix Table C-2 

REGRESSION COEFFICIENTS 
OF DISTRIBUTED-LAG FUNCTIONS OF FACTOR SHARES 

CANADA, 1947-65 

Regression Coefficients( 1) 

R2 DW Trend(2) Lag 

Labour .............. · ......... .85 1.62 -.63** .27 
Capital and material inputs 

Land and buildings 
Interest on real estate · .... , . .96 1.46 .29* .51 * 
Depreciation on buildings · ...... .91 1.51 .02* .52* 
Building repairs · .... · ...... .44 1.95 .01 .40t 

Machinery 
Interest on capital stock ........ .92 1.61 .00 .88** 
Depreciation. . . . . . . . . . . . . . . . .93 1.63 -.00 .89** 
Machinery operating expenses ...... .87 2.03 .01 .83** 

Inputs affecting crop yields · ......... 
Fertilizer ...... . . . . . . . . . . . . . .95 1.46 .02 .91 ** 
Lime .................. .43 1.92 .00 .52** 
Seed purchases · .............. .97 .91 .01 .82** 

Inputs related to livestock yields 
Interest on capital stock · ......... .67 1.23 .02 .56* 
Livestock purchases ............ .77 2.08 .02** .31 
Feed purchases · .......... .48 1.81 .05 .46* 

Miscellaneous operating expenses . . . . . .95 1.44 .08 .65* 

Taxes ..................... .90 1.58 -.00 .89** 

•• , ., t - Tested statistically significant at the 1,50r 10 per cent levels, respectively. 
(l)R 2 and DW are multiple correlations and Durbin-Watson statistics. The latter are likely to be 

biased. On this point, see Z. Griliches, "Distributed Lags: A Survey", Econometrica, vol. 35, 
no. l, January 1967, p. 46. 

(2)Trend coefficients are adjusted by a factor of 100.0. 
Source: Estimates by Economic Council of Canada. 
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Appendix Table C-3 

REGRESSION COEFFICIENTS 
OF DISTRIBUTED-LAG FUNCTIONS OF FACTOR SHARES 

UNITED STATES, 1947-65 

R2 
Adjustment 

DW Trend(2) Lag 

Labour ............ ........... .90 1.52 -.67** .07 

Capital and material inputs 
Land and buildings 

Interest on real estate. .99 2.27 .71 ** -.06 
Depreciation on buildings .96 1.94 .02* .54* 
Building repairs . . . . . .83 2.60 -.01 ** .73** 

Machinery 
Interest on capital stock .95 2.01 .01 .83** 
Depreciation ...... .95 2.16 -.01 .86** 
Machinery operating expenses .86 2.34 -.03 .87** 

Inputs affecting crop yields 
Fertilizer .... .90 1.85 .02 .69** 
Lime ........... .47 2.00 .00 .56** 
Seed purchases . . . . . . .66 2.03 -.01 .39t 

Inputs related to livestock yields 
Interest on capital stock .34 1.65 .00 .52* 
Livestock purchases .... .64 1.47 .07 .54* 
Feed purchases ....... .84 1.84 .19* .27 

Miscellaneous operating expenses .95 2.17 .05 .56* 

Taxes ................ .98 1.88 .13*" .04 

•• , ., t - Tested statistically significant at the 1, 5 or 10 per cent levels, respectively. 
(I) R2 and DW are multiple correlations and Durbin-Watson statistics. The latter are likely to 

be biased. On this point, see Z. Griliches, "Distributed Lags: A Survey", Econometrica, 
vol, 35, no. I, January 1967, p. 46. 

(2) Trend coefficients are adjusted by a factor of 100.0. 
Source: Estimates by Economic Council of Canada. 
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Appendix Chart C-l 

FACTOR SHARES IN AGRICULTURE 
ESTIMATED BY DISTRIBUTED-LAG ANALYSIS 

CANADA AND UNITED STATES, 1947-65 
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Note: Observed factor shares are measured against levels of equilibrium factor shares. Only the 
equ ilibrium shares are additive. 

Source: Estimates by Economic Council of Canada. 
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Economic 
Incentive to 
Increase Input 

Economic Incentives 

As a criterion for economic investment incentives, marginal value produc 
tivities were imputed for each of the agricultural resource inputs. They may be 
looked upon as "marginal" benefit-cost ratios as they measure the extra return on 
the extra dollar spent. Marginal value productivities of less than $1_10 imply a 
return of less than 10 per cent on the extra dollar spent, between $1.10 - $1.20 a 
return of 10to 20 per cent, and over $1.20 a return in excess of 20 per cent of the 
extra dollar spent. Correspondingly, economic investment incentives were con 
sidered weak, intermediate or strong. Summaries of such estimates for the years 
1947-51 and 1961-65 are presented in Appendix Tables C-4 and C-5. 

Appendix Table C-4 

MARGINAL VALUE PRODUCTIVITIES IMPUTED TO RESOURCE INPUTS 
ANNUAL AVERAGES, CANADA, 1947-51 AND 1961-65 

(In current dollars) 

Canada 

1947-51 1961-65 

Labour and material inputs . . . . . . 
Land and buildings 

Interest on real estate. . . . . . . .... 
Depreciation on buildings . . . . . . . . 
Building repairs . . . . . . . . . . . ... 

Capital and material inputs 
Inputs related to mechanization 

Interest on machinery investment 
Machinery depreciation. . . . . . . . . . 
Machinery operating expenses . 

Inputs related to yield technology 
in crop production 
Fertilizer. . . . . . . . . . . . . . . . . . 
Lime . 
Seed purchased . . . . . . . . . . . 

Inputs related to yield technology 
in livestock production 
Interest on livestock investment. . . .. 
Livestock purchased . 
Feed purchased . 

Miscellaneous operating expenses. . . . . 

Taxes . 

.99 

1.06 
1.02 
1.07 

1.91 
1.94 
1.40 

1.33 
.92 

4.02 

1.03 
1.17 
.99 

1.20 
1.51 

1.03 

1.08 
1.06 
1.05 

1.12 
1.12 
1.06 

1.75 
.90 

1.37 

1.03 
1.10 
1.02 

1.08 

1.06 

weak 

weak 
weak 
weak 

strong 
strong 
strong 

strong 
weak 
strong 

weak 
intermediate 

weak 

intermediate 

Source: Estimates by Economic Council of Canada. 
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Appendix Table C-5 

MARGINAL VALUE PRODUCTIVITIES IMPUTED TO RESOURCE INPUTS 
ANNUAL AVERAGES, UNITED STATES, 1947-51 AND 1961-65 

(In current dollars) 

United States 

1947-51 1961-65 

Economic 
Incentive to 

Increase In put 

Labour and material inputs . 
Land and buildings 

Interest on real estate. . . . . . . . . .. 
Depreciation on buildings . . . . .... 
Building repairs . . . . . . . . . . . . .. 

Capital and material inputs 
Inputs related to mechanization 

Interest on machinery investment .... 
Machinery depreciation . . . . . . . .. 
Machinery operating expenses . 

Inputs related to yield technology 
in crop production 
Fertilizer. . . . . . . . . . . . . . . . .. 
Lime . 
Seed purchased . . . . . . . . . . . . . . 

Inputs related to yield technology 
in livestock production 
Interest on livestock investmen t 
Livestock purchased . . . . . . 
F~dpurchared . 

Miscellaneous operating expenses . 

Taxes . 

1.03 

1.01 
LlO 
Ll6 

1.90 
2.12 
1.60 

1.20 
.86 

1.03 

1.03 
.96 
1.00 
LlO 
1.01 

1.02 

1.00 
1.06 
.92 

1.16 
1.05 
.93 

1.06 
1.01 
1.01 

.97 
1.02 
.99 

1.04 

1.01 

weak 

weak 
weak 
weak 

strong 
strong 
strong 

intermediate 
weak 
weak 

weak 
weak 
weak 

weak 

Source: Estimates by Economic Council of Canada. 

These estimates were derived by distributed-lag analysis described earlier. 
Specifically the marginal benefit-cost ratios were computed as in 

(7) MVPi !_y_ ax 
= (1 + J1.h 

Pi Pi aYi 

(8) b~ = bi + at + e I 

(9) MVPi IJ b<:!_ (1 + J1.)i 
Pi Pi I Xi 

where MVPi is the marginal value productivity of resource i, Py and Pi are the 
market prices of farm output and resource input, a y tsx, is the marginal 
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productivity of resource i, and (1 + l1)i is the marginal benefit-cost ratio of the i-th 
resource. Evaluating expression (7), and substituting "equilibrium" factor shares b~ 
of (8), yields the marginal benefit-cost ratios in (9). Expression (9) looks very much 
like (8) in Appendix A. They differ only by a subscript; which implies that the 
marginal value productivities in expression (8) are identical for all resource inputs, 
whereas here, in (9), they may differ from one resource to the next. In both 
instances the value 11 is a measure of the discrepancy between restricted and 
unrestricted resource use. It may serve as a measure of economic incentive if we are 
prepared to assume that the incentive varies directly with the magnitude of this 
discrepancy (Appendix Tables C-4 and C-5). 

Alternative Estimates 

Earlier it was suggested that production functions with factor shares, 
changing over time, might be more realistic than functions based on constant factor 
shares. As a step in this direction, the production elasticities in (1) and (2) are 
replaced by variable, distributed-lag estimates. As earlier in (3), production function 
estimates are derived by estimating an exponential time-trend variable to account 
for productivity improvements. Functions (10) and (11), obtained in this manner, 
differ markedly from earlier functions. 

000 

( 10) Y = X bl X b2 X bIS 102.008 - O.024t 1 2 . . . IS 

where! the b~ values are the long-run elasticities derived from the 
distributed-lag estimates: 

bl 0.3775 - 0.0063 t + 0.2734 bl,t-l 
b2 = 0.0485 + 0.0028 t + 0.5150 b2,t-l 

b1S = 0.0055 - 0.0000 t + 0.8931 bIS t-1. 

bO bO 0 (11) Y = XlIX 2 bIS 1.961 - 0.029t 2 .•. Xls 10 

where! the b~ values are the long-run elasticities derived from the 
distributed-lag estimates: 

bl = 0.3306 - 0.0067 t + 0.0684 b1,t_l 

b2 0.1132 + 0.0071 t - 0.0641 b2,t-l 

bIS = 0.0258 + 0.0013 t + 0.0405 blS,t-l. 
! The time-trend and adjustment coefficients of resource inputs I, 2 and IS correspond to those 
of labour, land and buildings, and taxes in Appendix Tables C-2 and C-3, presented earlier. 
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In production functions (1) and (2) the exponential time-trend coefficient is 
positive; in production functions (10) and (11) it is negative. The first set of 
estimates implies that there has been a gradual productivity improvement; the 
second suggests that after changes in capital and labour input levels and factor 
shares have been taken into account, there has been no improvement, but a decline 
in the general level of resource productivity. 

Empirical results, indicating a decline in factor productivity, are difficult to 
accept and require further explanation. Use of changing factor shares gives a 
stronger weight to greater use of capital inputs during later years of the postwar 
period. In contrast to analysis with constant factor shares, this alternative 
specification "embodies" all - and possibly too much - productivity improvement 
in capital-labour substitution. It is likely that more realistic estimates lie somewhere 
between these two extremes, but the methods employed here are not sensitive 
enough to narrow this range significantly.' The problem arises because the various 
functional forms fail to distinguish sufficiently between "embodied and disem 
bodied" technological change; varying degrees of "returns to scale", "neutral and 
non-neutral" technological change." Had the results of functions (7) and (8) been 
accepted in preference over those of (1) and (2), all growth in labour produc 
tivity - and possibly too much - would have been attributed to outmigration of 
labour and "capital-for-labour" substitution. 

As a "compromise" solution, one might retain the feature of changing factor 
shares but impose a restriction on returns to scale. Statistically this is accomplished 
by estimating factor shares from total expenditures on resource inputs rather than 
from total returns. Approximate estimates of this sort are presented in Appendix 
Table C-6. Based on assumptions of constant returns to scale and changing factor 
shares they are in clear contrast to earlier estimates of Appendix Table C-I based on 
assumptions of changing returns to scale and constant factor shares. They are 

1 Some narrowing of the range is possible by use of a more restrictive functional form, such as 

y= cCx bl(t)X b2(t) X b1S(t)) s 1 2 . .. IS 

where s= a + bt + €. This specification assumes that all productivity changes are reflected in 
changing levels of resource inputs and changing factor shares. It requires an exponential 
scaling factor s and delivers statistical regression estimates of excellent fit. Conceptually, this 
specification is a close variant of the previous one. 

2The problem encountered here is by no means unique to this analysis. Frequently, however, it 
is obviated by a priori assumptions of constant returns to scale, neutral, and disembodied 
technological change. For definitions of these terms, a thorough discussion of the broad range 
of concepts related to technological change, and alternative estimation techniques, see M. 
Brown, On the Theory and Measurement of Technological Change, Cambridge, Mass., 
Cambridge University Press, 1966. 
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Canada United States 

Average Average 
Annual Annual 

Percentage Per Percentage Per 
Change Cent Change Cent 

approximate estimates in the sense that they are not production function estimates 
but based on analysis of growth rates and factor shares only. They were computed 
according to 

(12) "v = r; + b1r1 + b it i ... bnrn 

where I; b i = 1.0 and 

r* a 
n 

ry - ~. biri 
I 

Appendix Table C·6 

ALTERNATIVE ESTIMATES OF COMPONENTS OF GROWTH IN 
AGRICULTURAL LABOUR PRODUCTIVITY, 
CANADA AND UNITED STATES, 1947-65 

Growth in agricultural labour 
prod uctivit y . . . . . . . . . . . . . . . . . . 

Labour input (effect of 
outmigration) . 

Capital and material inputs . 
Land and buildings 

Interest on real estate . 
Depreciation on buildings . 
Building repairs . . . . . . . . . . . . . . 

Machinery 
Interest on capital stock . 
Depreciation . 
Machinery operating expenses . 

Inputs affecting crop yields 
Fertilizer. . . . . . . . . . . . . . . . . . 
Ume . 
Seed purchases . 

Inputs related to livestock yields 
Interest on capital stock . 
Livestock purchases. . . . . . . . . . . . 
Feed purchases. . 

Miscellaneous operating expenses. . . . . . . . 

Taxes . 

All other changes (not identified) 

5.25 6.05 100 100 

2.16 

1.38 

2.81 

1.41 
47 

23 

41 

26 

.07 

.02 

.00(1) 

-.01 
.05 
-.02 

.05 

.15 

.48 

.08 

.21 

.13 

.15 

.00(1) 

.05 

.13 
-.00(1 ) 
.01 

.02 

.06 

.02 

.32 

-.01 

1.70 

.00(1) 

.20 

.39 

.28 

-.04 

1.82 30 33 

(1 )Smaller than .005. 
Source: Estimates by Economic Council of Canada. 
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which corresponds to a first-term approximation of the Taylor expansion described 
earlier in (6) of Appendix A. Factor productivity estimates r; are found here as a 
residual and represent a collection of terms perhaps best described by the 
summation terms ra and 6.b?lnXi in (17) of Appendix A. As illustrated by the 
results in Appendix Table C-6 these changes in estimation procedures do not 
basically alter the earlier results summarized at the outset in Appendix Table C-l. 
There is a marginal widening of the gap between Canadian and U.S. productivity 
performance. The contribution of labour adjustments is somewhat higher, that of 
capital inputs lower; and factor productivity, the residual contribution of all other 
changes, has remained nearly unchanged. 

, 

I ,. 

Limitations 

To some extent the problem of specification of a production function for 
agriculture is accentuated because farm, firm, and family are not separable entities. 
Often farm real estate, machinery, equipment, crop and livestock inventories are 
transferred from one generation to the next without a formal agreement of sale or 
other form of market transaction. Family dwellings might have been inherited with 
the family farm, and other farm perquisites, e.g. meat, milk, butter, eggs, might be 
available to the farm family "at cost". A large part of the resource inputs used in 
North American agriculture is not bought in the market place, and some of the 
"by-products" are not sold in the market place. But throughout this analysis, costs 
of capital inputs are assessed at market prices, e.g. interest rates; and returns from 
use of by-products (dwellings) are excluded from returns to farming. Had these 
non-money returns been added to returns from farm production and had the cost 
of farm capital been reduced below the market rates, the factor shares of capital 
inputs would have been significantly lower, less growth would have been attributed 
to outmigration and capital-for-labour substitution, and more would have been 
imputed to other productivity improvement. 

Just as all capital inputs were valued at market prices, labour inputs too were 
assessed at the market wage of hired labour. Yet most of the farm labour is 
"unpaid" family labour. Had all capital inputs been paid at market prices and farm 
labour received the remainder, results would have been different. The factor shares 
of capital inputs, and hence their contribution to growth, would have been greater. 
The labour share would have been smaller, but reductions in labour inputs would 
have made their contribution greater. Consequently more of the growth would have 
been imputed to capital inputs and labour adjustments, and less of it to other 
productivity improvements. 

In all computations, labour productivity was estimated in terms of gross real 
output per worker. If it had been measured in terms of net real output per worker,' 
the productivity gap between Canadian and U.S. agriculture would have been small 
er, i.e. 25 per cent instead of 35 per cent. Because of this narrow gap, one might 

!The term "net real output per worker" is equivalent to "net value of farm production in 
constant 1949 dollars" in Table 3-1. 
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expect a more rapid closing of the gap but Canadian growth in net real output per 
worker has been only 4.3 per cent compared with 5.5 per cent in U.S. agriculture. 
To overcome this differential would require additional time. 

All estimates of real output per worker are 1949 constant dollar estimates 
and not adjusted Canadian-U.S. price differences. As indicated in Chapter 3, U.S. 
farm prices in 1949 were not at par with Canadian farm prices. If Canadian farmers 
had received U.S. farm prices, the value of Canadian farm production would have 
been approximately 10 per cent higher. Allowance for this would narrow the 
productivity gap from the initial range of 65-75 to 75-85 per cent, and the increase 
in growth required to close the Canadian-U.S. productivity gap by 1990 would be 
reduced roughly from 50 to 20 per cent if measured in terms of real gross output 
per worker, and from 60 to 45 per cent if measured in terms of net real output per 
worker. Should a further allowance be made for Canadian-U .S. differences in 
"prices paid by farmers", the gap might be narrowed further. However, as indicated 
in Chapter 3 and in Appendix B, over the postwar period Canadian farm prices have 
varied relative to U.S. farm prices and it is questionable whether or not Canadian 
farm output evaluated at U.S. farm prices, and vice versa, leads to relevant 
comparisons. 

Crop Yields and Production 

By volume of production is meant the value of production of principal crops' 
in 1949 constant dollars. Changes in this value of production are imputed to 
changes in acreage, shifts in crops, and changes in yields by applying a Taylor 
expansion to 

as in 

b.V 

where Vi is the value of production of crop i in 1949 constant dollars, Ai is the 
acreage of crop i, A is the acreage of principal crops and V is the value of 
production of principal crops in a particular year. Summing up individual terms of 
this expression over the years imputes total change in value of production to 
changes in total acreage of principal crops A, changes in relative acreage (Ai/A) or 
shifts in crops, and to changes in yields per acre (Vi/Ai) of individual crops. 

86 
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Appendix Table C-7 

ESTIMATED CROP-YIELD TRENDS, CANADA AND UNITED STATES, 1947-65(1) 

Trend Yield Annual Yield 
Change 

United Correlation 
Canada United States Canada States Coefficien ts 

United 
1947 1965 1947 1965 1947-65 1947-65 Canada States 

Cereals 
Rye 12.2 19.6 10.6 20.7 .41** .56** .40 .83 
Wheat 17.4 21.7 15.2 27.1 .24 .66** .09 .80 
Barley 23.2 31.6 23.7 36.9 .47* .73** .25 .75 
Oats. 31.2 45.7 30.9 46.2 .80** .85** .46 .74 
Sorghum grain n.a. n.a. 12.6 46.4 n.a. 1.88** n.a .83 
Corn ...... 43.1 76.2 30.6 67.6 1.83** 2.06** .82 .90 

Oilseeds 
Flaxseed 8.1 10.6 8.7 9.5 .14t .04 .18 .02 
Soybeans 20.5 28.8 19.3 24.8 .46** .31 ** .45 .56 

Special crops 
Potatoes. 100.0 162.7 129.7 207.4 3.48** 4.31** .83 .92 
Cotton .. n.a. n.a. 248.2 529.1 n.a. 15.60** n.a. .90 

Tame hay(2) 1.7 1.8 1.4 2.0 .01 .03** .05 .94 

n.a. - Not applicable. Sorghum grains and cotton are not grown in Canada. 
**, *, t-Tested statistically significant at the 1,5 or 10 per cent levels, respectively. 
(1) Estimates of trend yields and annual yield changes were derived by regression analysis. Lin 

ear trends were fitted to annual crop yield data as in Yt = b,O+ bjt+ E where Yt is yield per 
acre of the individual crop, "o is the estimated trend yield of base year 1947, b l is the esti 
mated annual yield change, and E is an error term. Canadian crop yields relate to seeded 
acres; U.S. yields to harvested acres. Therefore trend-yield estimates are not strictly compar 
able but the differences are likely to be small since most crops in Canada are seeded in 
spring and estimates of spring-seeded acreage are similar to estimates of harvested acreage. 

(2) Tame hay yields refer to yields on cultivated cropland and exclude wild hay harvested on 
unimproved land. Yields are measured in tons per acre. 

Source: Based on crop-yield statistics published in Dominion Bureau of Statistics, Handbook of 
Agricultural Statistics, Part i , Field Crops 1908-63, Catalogue No. 21-507, Ottawa, 
Queen's Printer, 1965; and various issues of Dominion Bureau of Statistics, Field Crop 
Reporting Series, Catalogue No. 22-002, Ottawa, Queen's Printer, for the years 1964 
and 1965; and U.S. Department of Agriculture, Agricultural Statistics, Washington, 
Government Printing Office, 1965. 
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Appendix Table C-8 

ESTIMATED WHEAT-YIELD TRENDS OF CANADA 
SELECTED COUNTRIES AND THE WORLD, 1939-65 (1) 

Trend Yield Annual 
Yield Correlation 

1939 1965 Change(2) Coefficient 

(Bushels per acres) 

Major exporters 
Australia . 12.0 19.6 .29** .37 
Canada .... 17.2 21.0 .14 .07 
Argentina ... 14.2 22.4 .31 ** .42 
United States. 14.1 25.6 .44** .73 
France ..... 14.6 44.3 1.14** .86 

Major importers 
Italy ...... 17.8 29.9 .46** .65 
Norway .... 22.3 39.1 .65** .59 
Sweden .... 23.6 43.6 .77** .49 
West Germany . . . 28.9 52.1 .89** .68 
Britain ..... 30.2 58.0 1.07** .87 
Belgium .... 33.7 60.3 1.02** .71 
Netherlands 33.1 69.4 1.40** .68 
Denmark .. 41.6 64.2 .87** .60 

Asian countries 
Pakistan 12.8 11.9 -.03 .04 
India 10.0 11.7 .06t .16 
Japan ..... 23.6 35.4 .46** .26 

World ....... 14.1 17.2 .12** .64 
Canada's world rank. . . 15.6 29.0 .51 ** .43 

••. t - Tested statistically significant at 1 or 1 ° per cent levels, respectively. 
(I)Estimation procedures are the same as in Appendix Table C-7. Trend yields were estimated by 
regression analysis of annual wheat-yield data for the years 1939-65. Data on some countries 
were insufficient for estimation of long-run trends. Data on others were not available for 
certain years. Yield data were missing for Argentina (1965), West Germany (1939-47), 
Belgium (1940, 1941), Netherlands (1940, 1941), Pakistan (1939-46), India (1944,1946), 
Japan (1942,1943), World (1939-41,1944-47). Trend yields were estimated by omitting the 
missing years from the regression analysis. 

(2) Annual yield changes are estimated as linear time-trend coefficients as indicated in Appendix 
Table C-7. 

Source: Same as in Appendix Table C·7. 
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Appendix Table C-9 

ESTIMATED WHEAT-YIELD TRENDS OF CANADA 
SELECTED COUNTRIES AND THE WORLD, 1947-65(1) 

Trend Yield Annual 
Yield 
Change 

Correlation 
Coefficient 1947 1965 

(Bushels per acres) 

Major exporters 
Australia 16.3 18.6 .13 .11 
Canada 17.4 21.7 .24 .09 
Argentina. 16.1 22.9 .38* .33 
United States. 15.2 27.1 .66** .80 
France. 2l.6 45.6 L34** .86 

Major importers 
Italy. 20.6 30.8 .56** .63 
Norway. 26.4 39.9 .75** .46 
Sweden. 26.5 45.6 1.06** .50 
West Germany . 36.1 52.1 .89** .68 
Britain 34.7 60.6 1.44** .90 
Belgium 41.5 60.8 1.07* .63 
Netherlands. 47.1 68.3 l.17** .59 
Denmark 49.2 63.6 .80** .40 

Asian countries 
Pakistan 12.5 11.9 -.03 .04 
India. 8.9 12.7 .21 ** .64 
Japan 25.0 37.5 .69** .37 

World. 14.7 17.4 .15** .68 
Canada's world rank. 20.5 28.3 .44t .19 

**. " t - Tested statistically significant at l, 5 or 10 per cent levels, respectively. 
(I)Data, variables and estimation procedures are identical to those of Appendix Table C-S but the 
analysis covers only the years 1947 to 1965. 

Source: Same as in Appendix Table C-7. 
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Appendix Table C-10 

RESEARCH INPUTS IN CEREAL CROPS, 
CANADA AND UNITED STATES, 1966 

Canada United States 

Total 
Professional 
Man-Years 

Total 
Acres per Professional 
Man-Year Man-Years 

Acres per 
Man-Year 

(Thousands) 

Wheat and rye .... ........ 32.4 939 132.5 386 
Barley ........ 16.0 466 52.5 194 
Oats ......... 9.7 817 50.7 352 
Corn and sorghum 6.6 122 181.9 383 

Total ....... 64.7 417.6 

Source: Canada Department of Agriculture, "1966 Inventory of Agricultural Research 
Projects", prepared for the Canadian Agricultural Services Co-ordinating Committee, 
Ottawa, February 1967; and U.S. Department of Agriculture, "Grain and Forage 
Crops Research, A Summary of Current Program and Preliminary Report of Progress, 
Washington, D.C., December 1966. 
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Appendix Table C-l1 

YIELDS IN LIVESTOCK PRODUCTION, 
CANADA AND UNITED STATES, 1947-65 

Cattle 
Egg Production Milk Production Marketings per 

pen Hen per Cow(l) 100 Cows(2) 

United United United 
Canada States Canada States Canada States 

1947 .... 146 160 4,733 5,677 64 83 
1948 .... 150 166 4,693 5,719 76 74 
1949 .... 150 170 4,866 5,962 72 74 
1950 .... 151 174 4,896 6,010 71 72 
1951 .... 158 177 5,037 5,988 58 69 
1952 .... 162 181 5,106 5,986 52 70 
1953 .... 166 185 5,203 6,129 59 78 
1954 .... 170 188 5,313 6,239 79 80 
1955 .... 171 192 5,424 6,409 62 82 
1956 .... 180 197 5,427 6,644 64 88 
1957 .... 183 199 5,568 6,858 72 87 
1958 .... 188 202 5,913 7,111 73 83 
1959 .... 190 207 6,011 7,319 61 84 
1960 .... 195 209 6,032 7,519 64 88 
1961 .... 197 210 6,183 7,736 66 88 
1962 .... 199 212 6,301 7,893 66 89 
1963 .... 199 213 6,406 8,014 62 90 
1964 .... 201 217 6,447 8,358 66 94 
1965 .... 200 218 6,467 8,564 80 96 

(I)Estimates are adjusted to 3.5 per cent fat content. 
(2)Marketings include cattle and calves, commercial and farm slaughter. Imports are subtracted, 

Calves are included but only rated half as much as cattle. Cows include beef and dairy cows. 
Source: Based on data from Dominion Bureau of Statistics and U.S. Department of Agri- 

culture, and estimates by Economic Council of Canada. 
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