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Abstract

Various‘aspects of factor substitution and productivity
change in Canadian and Western Canadian agriculture are
examined in this study. The translog tost function, a v
Vfunction which belongs to the family of flexible forms and
‘does not a priori restrict the value:of elasticity of
geystitution, is used in.the analysis of factor
substitution. The analysis of changes in productivity in'
Canadian agriculture uses the Divisia indgx and other recent
developments in the theory of productivity measurement .

Factor sybstitution in Canadian agriculture is analysed
using derived demand functions corresponding to various
modifications of the translog cost function to generate
measures of elastig?tieﬁ of substitution Setween, and
elasticities of demand for, the five major farm inputs of
land, Tabour, machinery, fertilizer, and energy, ‘and to
examine the nature of technical change based on time series
data for the years 1961 to 1978. The bmpirical estimates
show considerable factor substitution and complementérjtyi
inelastic demand for most farm inputs, and the rejection of
the Cobb-Douglas specifica'ion. The empirical estimates also *
indicate the presence of both land- and labour—auqmehtiﬁg '
technical change, no decline in capital (machinery) for
labo substitution'after the 'energy crisis’, and the
regjection of the value added specification.

Estimates of both total factor productivity (TFP) and
]

partial factor productivity (PFP) change are obtained using



the flexible weight Divisia iééezing me thod . The eStimates
of the average annual increase QE TFP in Canad1an
agriculture vary from 1. b1 ta 1. 82 per:ent depend1ng on the
def1n1t1cn of the Tabour input . (EEFSDﬂS enplcyed or
manhours) used and the inclusion or the exclusion ofr the
drought year of 1961. Western Canadian estimates of TFP
based on manhaurs data are 2.48 and 1.70 percent per year
for the 1961-78 and 1962-78 aericds. respectively. The PFP

L]

The shor tcomings of the PFP approach are evident from the -
empirical estimates which suggest that the pr@ﬂu:tiv?ty of
capital and materiats whose use rose over time have |
incredsed vEry!slcu1yi while growth in the Er@ductivity of
labour. the use of wﬂigh has declined markedly, appears to
be very high. | |

The distribution of the'bépefifEXQF productivity growth
are examined by estimating the terms of trade (ratio of tﬁ%
index of the price of output to the index of -the price
input) and returns to costs ratios (ratio of the index of
the value of output to the value of inputs). The decline in

the index of returns to casts 1mp11es a deter1@rat1cﬁ in ..

farmersg’ economic position based on income from farm
sources. fhe extent of such deterioration has Ween less in

Western Canada which has registered higher productivity

b .
B &

growth.
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1. INTRODUCTION

This study is concerned with the theoretical a%aiysis
and empirYcal measurement of input substitution and
productivity growth in Canadian and Western Canadian
agriculture over the period 1961 to 1978. In the analysis of
changing input use, recent developments in production/cost
theory and flexible functional forms are utilized to
generate iﬁpﬁéved measures of the nature of factor
substitution, the responsiveness of input demand to input
prices, and the nature of technical change in the
agricultural sector. In the analysis and measurement of
productivity growth, improved flexible-weight indexing
procedures are used to estimate productivity growth more
accurately in Canadian and Western Canadian agriculture. The
estimates of productivity advance are then combined with
estimates of farmers’ terms of trade to derive indications
of benefits of prcduc’ivity change in terms of income

generated on the farm relative to costs.

A. Nature and Scope of the Problem
‘Changes in input use and productivity |n Canadian
agriculture are issues of continuing reseércé and policy
interest. The major forces of technological change and iﬁpuf
substitution induced by relative factor price changes have

led to important changes in the input mix in Canadian



agriculture. The labout input has been replaced by durable
inputs such as machinery aﬁd by nondurable inputs such as
fert1l1zer and energy. Th15 transition in input use raises
important questions with respect to the nature of factor
substitution, input demand, and technical change as well as
to the role of intermediate (nondurable) inputs and the
impact of the ’'energy crisis’ on capital (machinery) for
tabour substitution. In this study, an attempt is made to
shed light op these issues using the translog cost function
approach.

Production is a process of transforming inputs into
output. Productivity growth arises when the rate of growth
of output exceeds the rate pf growth of input. In Canadian
agriculture, the important Seesticns in this respect are
whether productivity growth Eas slowed down in the 1970s and
whether, and to what extent, the benefits of productivity
.growth have been eroded by the 'cost-price squeeze’' (1.e.,
greater growth in iffput prices relative to output prices).
This stﬁdy tries to answer these questions using the Divisia
indexing method and a reasonably comprehensive input
classification. The Divisia indexing method has been
advocated, among others, by Christensen (1975) and the U.S.
Department of Agriculture (1980) for productivity study in
agriculture. This procedure takes into cgﬁsider;\iqn factor
substitution and differs from the widely used fixed weight
Laspeyres indexing procedure (used by Statistics Canada)

which treats all subcomponents as perfect substitutes.
7/

/



B. Research Objectives

Tbe.overall objective of this study is to obtain key

indicators of factor substitution and productivity change in

Canadian and Western Canadian agriculture using time series

data from 1961 to 1978. The more specific objectives are:

1.

To study substitutability and complementarity relations
between different farm inputs by estimating the values
of Allen partial elasticities of substitution (AES). The
AES show how inputs substitute or comp lement one another
in the production process.

To analyze changing input demand by estimating own and
cross price elasticities of demand (ED) and to compare
these with the restricted Cobb-Douglas values.

To examine the nature of technical change using both
homothetic and ﬁ@nﬁgmcthetic production structures.

Jo shed light on the expanding role of energy and
energy-related farm inputs and the impact. of rising
énergy prices on capital-labour (machinery- labour )
substitution and the productivity of energy. )

To estimate rates of growth in productivity using both
total and partial factor productivity approaches and
applying the flexible weight Divisia indexing method; to
compare Divisia-based. productivity growth rates with
those based on Laspeyres procedures; and to analyze the
distributional impacts of productivity change using
estimates of changes in farmers’ terms of trade and

returns to costs ratios.



C. The Models, Input Classification, and Estimation
Techn iques

In this study, empirical estimates of key indicators of
factor substitution and technical change are obtained using
the transcendental logarithmic (translog) function proposed
by Christensen, Jorgenson and Lau (1971). Based on recent
developments in duality theory, a cost function approach is
adopted and a translog cost function is used. The translog
function belongs to the family of flexible forms and is more
genefa] than the widely used, but more restrictive,
Cobb-Douglas (Cb) and constant elasticity of substitution
(CES) functions. The translog function does not place any a
priori restriction on the value of the elasticity of
substitution. Hence, it is suitable for studying both
substitutability and complementarity between inputs in a
multi-input production framework.

The input classification used in this study is designed
to examine the role of both durable and nondurable inputs
and to treat energy as a distinct farm input. Accordingly,
the five inputs é¥ land, labour, machinery, fertilizer, and
energy are used in the analysis of factor substitution in
Canadia;?agriculture. In the study of productivity change,
the inputs of seeds and feeds are also included.

The key indicators of production structure are obtained
from the estimated derived input demand equations
corresponding to the translog cost function. These equations

are estimated applying Zellner’'s seemingly unrelated



i
regression (Zellner, 1962) technique with appropriate
estimated as a system and interequation error term
dependence is taken into account.

For estimating the parameters of the derived input
demand functions and for constructing productivity indexes,
the Divisia discrete indexing method is used. In recent
years, the link between various functional forms and
indexing methods has been investigated. It has been shcén
that the Divisia indexing method is appropriate for the
translog function (Christensen, 1975; Diewert, 1976).
Accordingly, the Divisia indexing procedure, which uses a

flexible weighting scheme, is used in this study. The main

features of the Divisia index in relation te the widely used

;
fixed weight Laspeyres index are discussed in Chapters 4 and

6.

D. Organizatién of the Study

This study is divided into seven chapters. A
description of changing input use in Canadian agriculture i
given in Chapter 2. The theoretical models, input

classification, and estimation procgdures (for studying

wU]\

S

factor substitution) together with a brief survey of earlier

flexible form studies in agriculture, are presented in
Chapter 3. In Chapter 4, the methods of data construction
and modification are discussed and the ééhstructed indexes

and cost shares are reported. Empirical estimates of factor
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substitution, factor demand. the nature of technical change,
and other aspects of the structure of production are derived
and discussed in Chapter 5. Estimates of total and partial
factor productivities and indicators of benefits of
productivity growth are given in éhgpter 6. Chapter 7
contains the summary, conclusions, and implications of this

study.
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IT. CHANGING INPUT USE IN CANADIAN AGRICUL TURE

The objective of this chapter is to provide a

descriptive picture of changes in farm input use in Canadian

agriculture during the 1960s and 1970s. This is done in

tegms of five major input categories: land, labour,

Zﬁmachinery. fertilizer, and energy. This chapter is divided

into three parts. In the first part, the main features of
changing input use are described. In the second part,
previous research work on input use in Canadian agriculture
is briefly surveyed. In the third part, some simple tésts of
the relationship between input substitution and changing
relative input prices are presented.
r

A. Major Input Categories
Land

The use of land as a farm input underwent some change
in the 19505 and 1970s, particularly if one -assesses land
use chaxjﬁge in terms of the 1976 census farm definition.' ﬁe
total area in occupied farm land in Canada grew from 154.4
million acres in 1961 to 166.0 million acres in 1976. During
this period, the area of improved land increased from 95.1

to 108.0 million acres. The increase in occupied farm land

! r a discussion of land use changes in terms of the 1976
as opposed to the 1861 census farm definition, see Veeman
(1

89 o



total area of occupied farm land rose from 125.5 million to
139.5 million acres between 1961 and 1976.2 The area of
improved land in Western Canada rose from 77.4 million acres
in 1961 to 90.5 million acres in 1876, while that of
unimproved land increased from 48.1 to 49.0C million acres
over the same period. The foregoing data on land use are
given in Table 2.1. )

An important factor related to the use of land is the
change in the size of farms. Between 1961 and 1876, the
average size of farm rose from 359 to 499 acres in Canada. A
more pécﬁéuﬁceé change took place in the acreage of imﬁﬁaved:
land per farm in Cahada, which rose from 215 to 323 acres.
The increase in the average size of farm, tcﬁether with the
increased land value per acre, resulted in a substantial
increase in the real capital value per holding ($36,500 in

1961 to $113,200 in 1976).

Labour

The salient feature of factor substitution in Canadian

away from labour (at least prior to 1973).
Capital-for-labour substitution occurred over time as the
price of labour (human time) increased relative to the price
of farm machinery. Between 1961 and 1878, the number of
persons employed in agriculture declined from 681 thousand

2During this period, there was 'a decline in occupied farm
land in Eastern Canada.
»
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Table 2.1: Area of Occupied Farm Land, Canada and
Western Canada, 1961-76, Census Years

Year Total Improved Unimproved Improved Unimproved

Canada Million acres Percent Percent
1961 154.42 95.%2 59.30 59.8 40.1
1966 161.68 102.55 59.13 62.1 37.9
1871 . 160.46 ~°.3.73 56.73 63.7 36.3
1976 165.88  108.00 57.98 64.6 35.4

Western Canada

1961 125.44 77.36 48.06 61.6 38.3
1966 133.01 84.19 48 .84 63.3 36.7
1971 134.24 86 .88 47 .36 64.7 35.3
1976 139.45 90.45 49.00 64.9 35.1

Note: These estimates are based on the 1576 census
definition of a census farm. 7
Source: Agriculture Canada, Selected Agricultural
Statistics for Canada, 1978 (based, in turn, on
Statistics Canada, Census of Canada,
Agricul ture, 1976) . -

to 478 thousand in Canada. A similar decline in the use of
farm labour is also observed in Western Canada.

Agricultural labour can be divided into three classes--
hired labour, unpaid family labour, and farm operators.
Estimates of employment (persons employed) in these three
classes of labour are presented in Table 2.2. Two important
features emerge from Table 2.2. First, as indicated

previously, there is a considerable decline in the absolute
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Table 2.2: Employment of Agricultural Labour Force
By Class of Workers, Canada., 1961-78,
Selected Years (in thousands)

Year Paid Unpaid Family Farm Operators Total
Hired Workers
1961 112 133 436 681
1966 98 110 336 544
1967 99 122 338 559
1968 89 128 319 546
1969 96 125 314 535
1970 99 116 296 511
1871 102 118 ) 291 510
1972 99 110 273 481
1973 96 100 . 270 467
1974 99 103 271 473
1975 110 99 ' 270 479
1976 143 90 241 474
1877 145 84 239 - 468
1978 133 83 252 478

Source: Agriculture Canada, Selected Agricultural
Statistics, 1980.

T’
use of labour between 1961 and 1978, although most of this
decline had occurred by 1972. Second, the impcrtancé of paid
hired labour increased and that of family labour declined
dufiﬁﬁ the period. This is a common feature in both Canadian
Aaﬁd Western Canadian agriculture. In this study.gﬁach of the
empirical work with respect to the labpur input is conducted
in terms of manhours data rather than persons employed data.
Quantity indexes of farm manhours in Canadian and Western

Canadian agriculture are presented in Chapter 6.
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Machinery

The declin’iv of labour, the increasing size of
farm, and the reYively low price of energy were factors

associated with the growth in the use of machinery in
Canadian agriculture during the 1960s and 18970s. Two key
indicators are used to describe this process of
mechanization. These are: (a) the deflated value of
machinery per farm, and (b) the deflated value of machinery
per worker, which are reported in Table 2.3.

The real value of machinery per farm increased by about
27 percent between 1961 and 1976. A faster growth was
observed in the value of machinery perluarker which more
than doubled in real terms during this period. This increase
in the face of declining use of labour suggests that more

and better machinery was used. Ihe use of more powerful and

Eﬁergy*intensive (and often energy-efficient) machinery is

an important feature of incre ed mechanization of Canadian

—

and Western Canadian agr1cu3 ure during the period covered

by this study.?

Fertilizer

Higher levels of output, given a slowly growing
quantity of land uﬁder cu1tivatiQnT\ng§ partially made
possible through steady increase in the use of fertilizer in

Canadian agriculture. The extent and the nature of changes

3F@r a recent d1scu551an on fuel prices und the demand for
farm machinery, see Munro (1980).
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Table 2.3: Deflated Value of Machinery on Farms and
Per Agricultural Worker, 1961-76°

Year . Value of Machinery Value of Machinery on
Per Farm Per Acre Farms Per Worker ($)
(%)

1861 29.79 3,767

1962 28.95 3,882

1963 29.95 4,025

1964 30.30 4,305

1965 31.40 5,442

1966 32.36 5,468

1867 33.37 5,555 .
1868 32.96 5.585

1969 32.50 5.618

1870 31.63 5,729

1971 30.85 ‘5,581

1972 31.07 5,988

1973 32.03 : 6,386

1974 34.48 6,717

1975 35.86 6,884

1876 37.91 7,599

1Deflated by total farm machinery price index (1961=100)
Source: Agriculture Canada, Statistics Relating to
Farm Machinery in Canada, 1950-1976

in fertilizer use are examined by considering both the total
amount of fertilizer used and the average application réte
(pounds per acre).

Estimates of consumption of fertilizer between 1961 and
1977 are given in Table 2.4. The use of fertilizer increased
threefold in Canada while in Western Canada, the increase

was seven times. A clearer picture of these changes can be
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Table 2.4: Consumption of Commwercial Fertilizer, Canada
and Western Canada, 1960-61 to 1976-77

Year  Jotal Use in Thousand Tons Pounds Per Cropped Acre
Canada Western Canada Canada Western Canada
1960-61 1078 197 12.4 4.2
1961-62 1143 255 | 13.1 4.9
1962-63 1257 333 14.7 6.3
1963-64 1453 448 17.4 8.3
1964-65 1594 512 18.1 9.3
1965-66 1917 741 19.8 12.8
1966-67 2183 . 899 26.9 15.7
1967-68 2287 1008 29.4 17.9
1968-69 1896 - 638 25.5 12.0
1969-70 1886 522 28.4 11.0
1970-71 2109 723 27.7 12.5
1971-72 2175 833 29.7 14,2
1972-73 2875 1317 33.1 18.8
1974-75 2951 1439 41.3 27 .2
1975-76 3063 1421 43.3 26.5
1976-77 3118 1473 43 .3 27 .1

Source: Agriculture @anadé?‘?ertil!zeﬁ Statist ical
Bulletin, 1979.

obtained by looking at the trend in application rate (use of
fertilizer p;F cropped acre). Application rates of
fertilizer for the principal field and vegetable crops in
Canada and Western Canada are also presented in Table 2.4.
There is clear inﬂ%catiaﬁ of intensification of fertilizer
use. The application rate rose from 12.4 to 43.3 pounds per
acre in Canada while in Western Canada, the application rate
rose from 4.2 to 27.1 pounds per cropped acre between
1960-61 and 1976-77. It can be seen from Table 2.4 that
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although the increase (in percen&?ge terms) in application
rate has been greater in Western Canada. the quantity of

fertilizer applied per acre remains much lower.

Energy

The direct use of energy increased during the period
1861 to 1978. In this study. energy is defined in terms of
the direct use of petroleum products and electricity. The
direct use of fuel and lubricants constitutes two-thirds of
the overall use of energy in Canadian agriculture while the
indirect use of energy in the production of fertilizer,
pesticides, and machinery, and in other uses such as
transportation, accounts for the balance. Estimates of the
distribution of enmergy use in Canadian farming are given in
Table 2.5.

Agriculture is an important consumer of motive Fué]
such as gasoline and diesel fuel. Of these two, the
consumption of diesel fuel has grown more rapidjy and this
trend is likely to continue as diesel engines continue to
replace gasoline engines. In Table 2.6, the levels of
consumption and the percentage change in t%e uée of motor
gasoline and diesel fuel are presented. Quan;it; indexes of
Eﬁeréy use in Canadian and Western Canadian agriculture are

reported and discussed in Chapter 6.



‘Table 2.5: Distribution of Energy Use in Canadian

Farming
Fuel and lubricants 67%
Fertilizer and pesticides 17%
Machinery S%
Other 1%

Source: l.F. Furniss, "The Energy Demands of Agriculture,”
Canadian Farm Economics 13i{dJune), 1878.

Table 2.6: Net Farm Sales of Motor Gasoline and Diesel
Fuel in Canada, 1965 to 1977
(million imperial gallons)

=

Year Motor Gasoline % Change Diesel Fuel %* Change

- - p
1965 592 - 215 (g -
1966 601 1.5 218 1.4
1967 614 2.2 223 2.2
1968 641 4.4 232 4.4
1969 615 -4.0 215 -7.4
1970 642 4.3 200 -7.2
1971 647 - 0.7 213 6.6
1972 660 2.0 228 6.8
1973 684 3.6 248 9.1
1975 733 7.8 304 12.4
1976 720 -1.8 331 g8.8
1977 718 -0.3 339 2.4

Saurce:_DiR; Morris, "Energy," in Agriculture Canada,
Market Commentary - Farm Inputs, 1979.
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B. A Survey of Selected Earlier Studies of Input Use

L study of factor substitution and productivity in
Canadian agriculture was :Ghéucted by Shute (13875). The
study, which updated earlier works by Furniss (1870},
covered the period from 1961 to 1974 and contained quantity!
indexes and cost shares of variaus'farm inputs. These
figures showed continued decline in the use of labour, and
increases in the use of farm machinery, fertilizer, and
energy. Shute did not use any specific model to obtain

estimates of the Key indicators of factor demand and factor

substitution. Nonetheless, the information contained in
Shute’ s paper provides a fairly clear picture of changing

farm input use in Canadian agriculture prior to the ’'energy

A
crisis’ . Shute's analysis of productivity change is a
discussed in Chapter 6.

Furtan and Lee (1877) studied changing land- labour
ratios in the Saskatchewan wheat. economy. They adopted the
framework proposed by Hayami and Ruttan (1871) who suggested

that if technology was adopted due to changes in relative
factor prices, the land-labour ratio should be a function of
relative factor prices. Using this hypothesis, Furtan and
Lee expressed the land-labour ratio as a function of the
price of machinery, the farm fuel price, and the price of
land, each relative to the price of farm labour. Thgir
estimated function was based on Saskatchewan data for 1961

to 1970.
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Furtan and Lee concluded that‘the relative prices of
these i%put EStEQQFiE;;EXp]EiﬁEd most of the change in the
size of farm was largely due to the relatively low price of
machines and fuels compared to the price of labour. Since
machinery could substitute for labour, the ChaﬁgingEFaGtDF
price ratio between machinery and labour encouraged
substitution between these two inputs. The Saskatchewan
wheat economy accordingly adopted labour-augmenting capital.

In a recent paper, PerkKins (1980) surveyed trends in
farm input costs and incomes in Capada. Perkins’
observations are: (a) since 1974, farm:-product prices have
increased less than farm input prices and the increase in
farm product prices since then has also been less than the
increase in the consumer price index: (b) consumption of
gasoline and diesel fuel by the agricultural sector appears
to have stabilized in recent years; (c) hired farm labour
continued to replace unpaid family labour, an indication of
progressive cmrcializatiaﬁ‘éf Canadian agricuit’g; and
(d) the share of fertilizer in total cost rose m@re'rapidly
than that of other inputs. These observations provide a good
background to many of the ?ssuégaﬁhich are examined in our

study of factor substitution and productivity.
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C. Factor Use and Factor Prices

The descriptive indicators of input use presented above

simple tests of the induced innovation hypothesis. These
tests throw further light on the direction of changing input
use and fechnical change in Canadian agriculture as induced
by changing relative factor prices.

In recent years, induced innovation and factor
substitution in agriculture havé been examined (Hayami and
Ruttan, 1971. Ruttan, Binswanger, Hayami, Wade, and Weber,
1978). These studies used the concepts of biological
technology and mechanical technology. The former refers to
.the increased use of fertilizer and other chemical inputs to
raise the prcﬂucti§ity of land, while the latter refers to
to the use of machinery to substituée for labour and augment
its productivity. ‘

Ruttan et al. (1978) provide a framework to ,study
biological and mechanical technology in terms of factor
prices and factor use. They examined changes in fertilizer’
use per acre of land (F/N) as a proxy for biological |
technical advance, and changes in machinery per worker (M/L)
and land per worker (N/L) as proxies for mechanical
techﬁicai advance. These factor use ratios were regressed on
their corresponding factor price ratios for Japan, Germany,
Denmark, France, United Kingdom, and the United States.
Applying their frameworkK, the following hypotheses were

tested for Canadian agriculture using time series data for
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the period 1961 to 18978:*

1. A fall in the price of fertilizer, P(F), relative to the
price of land, P(N), increases fertilizer application
rate per acre. Hence, (F/N) and P(F)/P{N) are expected
to be negatively related.

2. Machinery per unit of labour, (M/L), increases when the
price of machinery, P(M), falls relative to the price of
labour, P(L). Accordingly, a negative relationship is
anticipated between (M/L) and and P(M)/P(L).

3. A fall in the price of land. PI(N). relative to the price
of labour, P(L), increases land per unit of 1ab3%:!
(N/L), implying a negative relationship between (N/L)
and P(N)/P(L),

The estimated coefficients correspopding to hypotheses
1, 2, and 3 are reported in Table 2.7. Two of the three
relgtigﬁr ips were found to apply to Canadian agriculture.
The fertiVizer application rate was negatively related to
the price of fertilizer relative to the price of land. This’
confirms hypothesis 1 and indicates the presence of
biological technical change. Increase in machinery per
worker was also negatively related to the machinery-labgur
price ratio, implying mechanical technical change. The
+ Besides these direct relationships which associate ratios
of input quantities with their corresponding relative
prices, Ruttan et al. also examined indirect relationships
between the ratio of the uses of two inputs and the ratio of
the price of one of these inputs and the price of some other

input. Evidence on these indirect relationships was not
always cqnc1usivei



Table 2.7: Relationships Between Fertilizer Use Per

Acre, Land Per Worker, Machinery Per Worker ,

and Their Relative Prices in Canada for the

Period 1961 to 1978

Coefficients of Price
Fertilizer in Machipery in Land in

7 Relation to Relation to Relation to
Dependent Land, Labour , L abour, B
Variable PCF)/PIN) PIM)/P(L) PIN)/P(L) R?
Fertilizer Per =1.10== 0.67
Unit of Land. 1-5.79)
(F/N)
Machinery Per -1.21%= 0.74
Worker , (-6.84)
(M/L)
Land Per 0.56=*  0.41
Worker , (3.34)
(N/L)

Note: Two asterisks denote significance of the estimated
coefficient at the 1 percent level. The t-values
are given in parentheses.

expected negative relationship between land per worker and
the price ratio of land to labour, which would have added
further support to the presence of mechanical technical
change, did not hold for Canada.

- The above simple tests involving changes in input use
rgzsasgand changes in relative input price ratios indicate

that the Canadian agricultural sector did respond to changes

in relative factor prices. The estimates also indicate the
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aPQSEﬁcé of both biological and mechanical technical change.
A more detailed treatment of input use in terms of factor
substitution, factor demand, and technical change is given
in Chapter 5.



III. THE TRANSLOG MODEL OF FACTOR SUBSTITUTION: REVIEW AND

SPECIFICATION

The objective of this chapter is to specify the
theoretical and empirical framework which will be used to
analyze changing use of major inputs in Canadian
agriculture. Typically, the analysis of production relations
has been carried out using a production function approach
setting output as a function of quantities of inputs and
using functional forms with restrictive specification of
factor substitution. Recent developments in production
economics suggest that the characteristics of* production
relations miéht be more usefully studied by using a cost
function approach and by using functional forms which are
less restrictive in nature. (Diewert, 1974; Binswanger,
1974). This study makes use of these developments.

In this chapter, the rationale for choosing a flexible
-Fcrm and the cost function approach is discussed. A basic
translog cost function model, with some variations, is
specified for the agricultural sector in Canada and Western
Canada. The econometric procedure for its empirical
implementation is outlined. The chapter concludes with a

brief survey of flexible form studies in agriculture.
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A. Production and Cost Relationships

There are two general types of functional forms which
can be used in a study of changing imput use--those which
are bounded by §>Dﬁiéﬁi restrictons and those which are not.
The former type includes the Cobb-Douglas (CD), the Constant
Elasticity of Substitution (CES) and the Lé@ntief functions
while the latter type includes various flexible forms.'
impose any a priorj restriction on the value of the
elasticities of substitution (ES). These forms are logical
extensions of the a priori restricted forms. This can be
seen by considering limitations of the CD and the CES
functions and by examining the way in which the flexible
forms attempt to overcome these limitations. The
specification of the CD function restricts the value of ES
to unity which, in turn, implies constancy of factor shares.
The CES function can be used to derive values of ES other
than one and can link movements of factor shéres with
magnitudes of factor substitution, but it is a highly
restrictive form when dealing with more than two inputs.
Further, the CES function cannot generate negative values of
ES coefficients and thus cannot be used to examine
complementarity, a relationship which is likely to exist

among some pairs of farm inputs. In contrast, the Leontief

and McFadden (1978) and Bla:karsy, Primont ahd
(1978).




possibility of input substitution with the consequent ES of
zero. The flexible forms, on the other hand, allow for any
value of ES between two inputs and can consider a larger
number of inputs. Thus, these forms provide more adequate
tools for analyzing multi-input relationships in that they
allow for both substitutability and complementarity between
inputs in the production process.

The development of the flexible forms took place during
the 1870s. Christensen, Jorgenson and Lau (1971) proposed
the transcendental logarithmic (translog) function. In the
same year, Diewert (1871) advanced the generalized Leontief
function. Two years later, Diewert (1973) proposed the
generalized Cobb-Douglas function. The following year
another flexible form--the quadratic funétian!*wa;fprapased
by Lau (1974) and, in 1978, the generalized concave fungtiéﬁ
was advanced by McFadden (1978). A list of these functional
forms is available in Fuss, McFadden and MQﬁdiaR (1978) .

The various flexible forms mgﬁti@ned above have one
important mathematical property in common--each of them can
provide a second order local approximation togany twice
differentiable production, cost or utility function. The
implications of this important property in connection with
the question of choosing among flexible forms were explained
by Berndt, Darrough and Diewert (1977: 117-118) who said:

We are not able to discriminate and choose among the
three forms on theoretical grounds, for each of the
forms can provide a second order differential

approximation to an arbitrary twice differentiable
reciprocal indirect utility function which is



linear ly homogeneous along the ray of equal prices.

A priori we are also unable to choose among flexible
forms on econometric grounds, for estimation in each
case involves the same dependent variables, the same
number of free parameters and the maximization of
similar likelihood functions. In particular, we
cannot employ classical test procedures to choose
among the three models, for the forms are -
non-nested, i.e., one is not a specified limiting
case of the cher,rue can of course compare the
models a posteriori, examine the various estimated
parameters and elasticities, and then discriminate
among them in terms of conformity with our prior
notions.

Although same prior grounds such as the expected
substitutability between machinery and labour in the
agricultural sector of developed countries are clear, other
relationships in a multi-input framework cannot be clearly
anticipated and, therefore, the criterion of discriminating
on the basis of prior notions appears both inadequate and
incomplete.

Nonetheless, some authors have attempted to
discriminate between various flexible forms in specific
applications. Berndt, Darrough, and Diewert (13977) compared
the translog, generalized Leontief and generalized
Cobb-Douglas functions on the basis of their conformity with
prior information and on the basis of a'ansian testing
technique. These authors concluded that the translog
function performed the best. Kiefer (1975), using a Box-Cox
(1964) transformation, discriminated between the translog
and the ge¢era1ized Leontief functions and concluded that
the former had performed better. In a more recent study,
Appelbaum (1979) used parametric testing procedures and

found the generalized Leontief and the square rooted
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quadratic to be preferable to the translog function for the
U.S. manufacturing data used in Berndt and Christensen
(1874) .

It is clear that the issue of choosing among flexible
forms is far from settled. The studies mentioned above were
applied to different manufacturing data and the results are
thus neither strictly comparable nor conclusive. In studies
of agriculture, available empirical evidence is too scanty
to indicate strong reasons for choosing one flexible form
over the others. The studies by Binswanger (1973), Brown
(1978) and Chotigeat (1978) all applied the translog
function. For the sake of comparability and on the basis of
the consistently meaningful results which have been obtained
by using the_translog function, this functional form is
chosen for our study.

Production relationships can bé examined by using
either a production or cost function approach. The former
approach, which has dominated research, suffers from sevefal
limitations. The major limitaion is the existence of high
levels of multicollinearity among input variables which
results in imprecise estimates of production function
coefficients.? These problems can be reduced by using a cost
function rather than a production function to estimate
production relationships. The cost function approach is
based on Shephard’'s duality theorem (Shephard, 1953). A
_detailed discussion of duality can be found in Diewert
;;é;—;_éé;;-éé;;;;ed discussion, see Binswanger (1974),
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(1974) and Blackorby, Primont and ﬁusse]l (1978).
The Translog Cost Function Approedh

Let us specify a production function which relates the
flow of output Y to various input quantities Q(1),
O(?)i.!!.Q(E)i:Iﬁ its general form, the production function

can be written as:

-
]

= Y[o(1), Q(2), ..... ()] (3.1)

where Q(1),Q(2),...,Q(2)) are factor quantities. It is
assumed that (3.1) is twice differentiable. Then
corresponding to (3.1) there exists, by Shephard's lenma,? a
cost function which reflects the production technology. The

cost function can be written as:

L
L

cip(1), P(2), ...., P(2), Y] (3.2)

where C is total cost and P(1),P(2),...,P(Z) are input’
prices of Q(1),Q(2),...,Q(2) respectively.

Empirical estimation of (3.2) necessitates
specification of a specific functional form. In this study,
the translog function advanced by Christensen., Jorgenson and
Lau (1973) is applied. The translog function, like other
flexib1; forms, does not place any & prior/ restriction on
elasticity of substitution values.

;-%g;é;;;;j;-;;;;; implies that the first derivative of the

cost function with respect to the price of an input is equal
to the dgmand for that input.
hr
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The Translog Single Output Model
The translog cost function in its usual form can be

written as:

. —_— R 2 o
In C a, + aYIn Y+ 1/2 Yyy (In Y)* + f a, In Pi
+ 1/2 It Yij 1n Pi in Pj + I by, InY1n P, (3.3)

13

where C is total cost of production, Y is aggregate output,
and P's are input prices. In (3.3) aﬁgve; the possibility of
augmented technical change has not been incorporated. When
(3.3) is modified to include technical change by including

time (t) as an argument,* then:

InC = ac*a,’lnh-’l/.?

N R
Y vyy (1n Y)" + Ia; InP

+ 1/2 £ v;; In P In P +# L by, InY1InP
i 1] i Yi i

F oot +1/2 ¢ttt2

" + ¢th InY + Igep tln Pi (3.4)

i

4 This fermulaticﬁ specifies technical change at a constant

rate. Hence it can only provide a ﬂescriptiaﬁ of the

existence and direction of technical change but cannol

?ragi?a an exact measure. See Binswanger 1974) and Lopez
1980
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Cost-minimizing derived demand equations for the
various inputs are obtained from (3.4) by logarithmicaliy
differentiating this function with respect to 1ﬁbut prices
via Shephard’'s lemma (1953). The derived demand equations

obtained from this process can be written as:

3AIn € _ o . 0

mi Si ai + ;: T1j In pJ + in InY +'.tpit , (3.5)
O
___‘_“r—/ﬂ\\

where S(i) 1s the“share of the i-th input in total cost.s
Satisfaction of the adding-up criterion(i.e., sum of the
cost shares equals unity), zeroth degree homogeneity of the
cost function in prices, and the usual properties of

neoclassical production t ry leads to the imposition of

the following restricti (3.5):
I a; = 1 1 —
i
zY'lj =
LI dding-up criterion)
tb =0
L+é =0
i tPy

5 Since textform procedures do not yet allow for letter
subscripts, S(i) is used to designate S subscript i. This
method is followed throughout this dissertation.



£ Yig * 0 'r(zera homogeneity in prices)
I J ,
iy ™ Y4 | (symmetry)

(3.6)

The set of equations (3.5) has been stated in general
terms. This set can reflect different production structures
depending on the restrictions which are placed on it. It
generates (a) a nonhomothetic structure with augmented
technical change when no restriction but (3.6) is placed on
it, (b) a nonhomothetic structure without augmented
technical change when all coefficients of time are set equal
to zero, i.e., when t is excluded as an argument in the cost
fgnstic::;n and (c) a homothetic structure with augmented
technical change when all coefficients of output are set
eqc.:gl to zero, i.e., nﬂwen;ssgie effects are ignored. (This
latter restriction should not be confused with the
restriction that the sum of all coefficients of output is

equal to zero, which does not in itself imply a homothetic
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structure).® A1l these three variations of the single output
mode] are used in this stuﬂ&.
The Translog Joint Output Mods)

In production and cost function studies, attention 1s
given to disaggregation of inputs, and output is frequently
treated as a homogeneous product. However, output is often
caomposed of several distinct components. Procedures of
simultaneous modelling of different types of output have
only recently been developed and applied (Burgess, 1974:
Brown, Caves and Christensen, 1975; Fuss and Waverman, 1975;
Brown, 1978). Brown (1978) applied a joint output model
(erops and livestock) to U.S. agriculture using the translog
function. Following Brown, the joint-output translog
function for n outputs and m inputs which incorporates

technical change is:

) n m
InC = ac + I aJ In Yj + I b1 In P1
J i
hn o . . .
+1/2 f; dij In Yi n Yj +1/2 f; “ij In Pi In Pj

(share) equations only show the extent of nonhomotheticity.
These do not provide an estimate of returns to scale. In
order to obtain an estimate of returns to scale,it is
necessary to estimate the cost function as well. See Fuss -
(1977))gﬂd Fuss (1980, personal correspondence to the

author ).
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™
SEDF AN Y, In P, +1/2 ¢..t2 4 ot
NS R et %
+ I¢,p INP, + tiny
§ Py Yy .

(3.7)

The homothetic derived demand equations corresponding to
(3.7) are:

AN C L b 4 Tw.InP, 4T f Ty ‘oo t
aln 51 i i j 1] J 3 i3 ] tP1

(3.8)

where S(i) denotes the share of the i-th input in total cost
and Y(1) (1

1, ..., n) are various outputs. The following
restrictions are placed on (3.8) to conform to linear

homogeneity in factor prices and the usual neoclassical

pr?sjrt1ec:
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I bi = ] 7
]
f "ij =0 - s .
(adding-up criterion)
i
I¢, = 0
i thy
J
- 3
§ “ij © 0 (zero homogeneity in prices)
)
= W 7 (symmetry)
Wij " i symmetry -

In this study, the joint output translog cost function
is applied using two distinct outputs of crops and
livestock. This output classification is similar to the one
used by Brown (1878), but the input classification of our
study is different.

Elasticities of Substitution and Demand

Estimates of elasticities of substitution and demand
can be obtained from the derived demand equations. The
elasticity of substitution shows the ease with which one
factor is substituted for another in response to changes in
their respective priées and can be expressed as the ratio of
the percentage change in the ratio of the inputs to the
percentage change in the margfnaiaratg of substitution
between them. The estimated values of the coefficients of
(the natural logarithms of) input prices in the derived
demand equations form tﬁe basis for these estimates. The

gamma coefficients do not have any clear economic meaning
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but are translated into Allen partial elasticities of
substitution (AES) and price elasticities of factor demand

(ED). Following Uzawa (1962), the expression for AES between
any two inputs i and j is:

C, C

°ij’tLtll o

s LN
where - Ci = aC/aP1

. a2
and cij 3 C/(aP1 aPJ)

(3.10)

where sigma(ij) denotes AES between inputs i and j. By
definition, the elasticities of substitution between any éue
inputs are symmetric. The expression (3.10) above is a
general one. For the translog func@ion. the AES are given
byf |
TR
= 5177 X

%4

Y; +51$
°§ " Js;sj—‘l -
| (3.11).

The AES derived from (3.11) are not constrained to be
constant, as in the CES function, but may vary with changes
in the values of cost shares. This property is used when the
values of AES for different subperiods are obtained in this



study.

The price elasticities of input demand (ED) with
respect to own and other prices are also derived from the
estimated gamma coefficients. The concepts of AES and ED are

also closely related. Following Allen (1938):

(ED)yy = Sy o4y |
(3.12)

where E denotes the elasticities of input demand. The share
of the i-th input need not be equal to the share of the j-th
input. Therefore, in general, cross price elasticities are
not equal. The relationships between the AES and ED make it
possible to conduct an integrated study of factor demand and
factor substitution using this model.
Comparison with Cobb-Douglas Estimates

The translog function reduces to the CD function when
unftary elasticity of substitution is invoked by specifying
that each gamma coefficient is equal to zero. Estimates of
own and cross price elasticities of input dgma%d under these
restrictions enables comparison of these with the estimates
obtained by using the tFEﬁSiQﬁ function. In this study, the
estimates of the elasticities of demand corresponding to the
CD specification are also proyided. The implications of thi
CD estimates and their limitations are discussed in Chapter
5. In the case of the Cobb-Douglas specification, Eﬁ’ifc

LN
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- given by:

(Eo)ij = Sj '

(ED)ii = S
(3.13)

B. A Survey of Flexible Form Studies in Agriculture
Binswanger (13873) first applied the translog function
to agriculture in a study of factor substitution and
technical change in U.S. agriculture. He applied a
homothetic cost function and considered five inputs.
Substitution relationships were found for the input pairs
land-labour, land-machinery, land-fertilizer,
labour -machinery, labour-ogher, machinery-other and
fertilizer-other while complementarity relationships were
observed for land-other, labour-fertilizer and
machinery-fertilizer pairs. Most estimates of elasticities
of substitution (ES) were different from unity which implies
rejection of the Cobb-Douglas specification. fhe presence of
complementarity also led to the rejéctian of the CES
specification. Biﬁswanger also found evidence of biased
technical change in U.S. agriculture. |
Brown (1978) studied factor substitution and factor
productivity in U.S. agriculture using a homothetic translog
cost function and experimented with several model variations
1nclu&?ﬁ§~augmented technical change, treatment of fixity of

inputs, and joint-outputs. In the econometric analysis of
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factor substitution, the study used three inputs--capital,
hired labour, and materials. For the 1947-60 period, Brown
found capital-labour and labour-material pairs to be
substitutes while capital and material were found to be
complements. For the 1861 to 1974 period, each of the three
input pairs was shown to involve a substitution
relationship. Brown, as had Binswanger, found clear evidence
of factor aughenting technical change in U.S. agriculture.
In general, his estimates of ES led to the rejection of the
CD and the CES specifications.

Chotigeat (1878) has provided one of the few
applications afrthe translog function to the agricultural
sector of a developing country. He studied factor
substitutiqn‘and input dem%gd in Thai agriculture using a
homothetic translog prgdué?ian function. Chotigeat used
three inputs--capital, labour, and fertilizer. He obtained a
substitution relationship between capital and fertilizer and
between capital and labour and a relationship of
camalemEﬂtErity between fertilizer and labour for the period
1952 to 1962. For the subsequent period 1963 to 1972, all
three pairs were found to be substitutes. The ES values
were, in general, different from the CD specification of
unitary elasticity of substitution. The study did not
consider the question of technical change in Thai
agriculture.

Lopez (1980) used the generalized Leontief function to

study factor substitution in Canadian agriculture. He



considered the four inputs of labour, capital, land and
structures, and intermediate inputs. He used a nonhomothetic
effects and also incorporated technical change. This study
found that all four inputs were substitutes. Lopez found
strong evidence of nonhomotheticity although there was not
significant evidence of factor-augmenting technical change.
An explanation of this latter feature was thought to perhaps

]

be due to the nonhomothetic structure which was used.

C. Specification of Inputs in the Model

The derived demand equations corresponding to the
translog cost function--(3.5) for the single output model
and (3.8) for the joint output model--for Canadian and
Western Canadfan agriculture are estimated using an input
classification which consists of land, labour, machinery,
fertilizer, and energy. The input classification is designed
to study the role of energy and other major durable and
nondurable farm inputs. These inputs consist of the
following subcomponents: land--both improved and unimproved;
» labéué*!hired. unpaid family, and farm operators;
machinery--tractors, combines, and ploughs;
fertilizer--mixtures and matbrials; and energy--petroleum
products and electricity. Explicit specification of these
inputs is discussed in Chapter 4. Denoting these five inputs
of land, labour, machinery, fertilizer, and energy by N, L,

M, F, and E, respectively, the production and cost functions
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given by (3.1) and (3.2) above can be rewritten as:

Y = Y[Q(N), Q(L), Q(M), Q(F), Q(E)] (3.14)
C = CL[P(N), P(L), P(M), P(F), P(E), V] - (3.15)

— |

Proper classification of farm inputs is crucial to the
analysis of changes in input use over time. A brief
reference to input classifications used in eariig: studies
and a comparison with our classification is made in Table
3.1.

Table 3.1: Farm Input Classifications in Various
Flexible Form Studies in Agriculture

Author - Country Inputs

Binswanger (1973) U.S.A. Land, labour,
machinery, fertilizer,
other.

Brown (1978) U.S.A. Capital, labour,
materials. s

Chotigeat (1978) Thailand Capital, labour,
fertilizer.

Lopez (1980) Canada Land, labour, capitsl,
intermediate inputs.

Our Study Canada, Land, labour, machinery,

Western Canada fertilizer, energy.
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It can be seen from Table 3.1 that Binswanger’'s study and
thi;agtudy treat as separate the use of fertilizer and
mazhiﬁery, inputs which incorporate important biochemical
and méchanizal innovations. In other studies, the level of
aggregation was even higher. Brown (1978) used a three input
structure of capital, labour (hired) and material in his
studf of U.S. agriculture. Chotigeat (1978) studied factor
substitution in Thai agriculture using capital, labour, and
fertilizer as the farm inputs. In a recent study on Canadian
agriculture, Lopez (1980) used a four input classification
aFl1and and structures, labour, capital, and intermediate
inputs.

In none of the previous studies was energy treated as a
separate input. The importance of energy and its rising
price indicate separate treatment of this input which has
been extensively dealt with in manufacturing studies. The
classification of inputs in this study has been designed to
investigate separately the role of energy in relation to
land, labour, machinery, and fertilizer.

Although theoretically the flexible forms can consider
any number of inputs, practical considerations limit the
number of inputs whigh can be meaningfully considered. Fuss
(1977: 89-90) illustrates this aspect by saying:

However, application of the many-input case is
hampered by the fact that the estimating equations
are Lisually linear in simple monotonic functions of
input prices and are plagued by multicollinearity

problems. These problems are especially common in
time series analysis.
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The five inputs which are used in analyzing factor
substitution in this study account for approximately 85% of
all farm expenses in Canada; The sixth input--seeds and
feeds--is not considered in the study of factor
substitution, but is included in the analysis of
productivity where the problems mentioned above do not

arise.

D. Estimation Procedures

In the usual two-input neoclassical model, changes in
relative input prices eventually lead to one input being
substituted for the other. In a multi-input model, a change
in relative prices generates a set of adjustment
possibilities. For example, with the five inputs of this
study (land, labour, machinery, fertilizer, and energy) if,
say, the price of fertilizer increases, this may lead to a
reduction in fertilizer use and to changes in the use of
other inputs ﬂeQEﬁdiﬁé on the prices of other inputs and
substitutability and complementarity relationships between
inputs. In such situations, it is necesgary to study the
spectrum of simultaneous changes. Therefore, econometric
estimation of the derived demand equations using a
simultaneous approach is desirable. If the derived demand
equations are estimated using ordinary least squares

methods, estimators will be unbiased but will not be



prices are treated as exogeneous is Zellper's Seemingly
Unrelated Regression technique (Zellner, 1962). This
procedure takes into consideration dependence between error
terms across equations and generates both unbiased and
efficient estimators.

In estimating the set of equations (3.5) and (3.8), it
is necessary to have a stochastic framework; thus, a
disturbance terP. which is assumed to be normally
distributed, is added to each of the equations in (3.5) and

{3.8). Since the sum of the cost shares equals unity, it is

over-identification. But the estimates obtained are not
invariant to the equation deleted. To overcome this problem,
the study uses an iterative method to generate estimates
which are invariant to the equation deleted. The share

recently developed by White (1879).

E. Summary

This chapter gave a review of previous studies and
outlined various modifications of the translog cost
function. The survey of various flexible forms in
agriculture shows that the use of these models has been

largely vindicated. Nonetheless, there doe€s seem to be a

point.
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need to extend the basic flexible form approaches to ibcount
for : (a) more explicit treatment of energy, (b) the testing
of homothetic and nonhomothetic production structures. and
(c) the study of joint-output production. In this study, the
translog cost function incorporating these modifications is
used to examine changing input use in Canadian and Western

Canadian agriculture over the period from 1961 to 1978.



/ IV. THE DATA AND MODIFICATIONS

This chapter is concerned with the manipulation of data

models specified in Chapter 3. To estimate the coefficients
af%the derived input demand equations corresponding to the
translog function, input cost shares, price indexes for the
various inputs, .and indexes of all output and of crops and
livestock separately are needed. In the first part of this
chapter, data classifications and definitions are given. The
construction of the various indexes is then outlined. In the
last part of this chapter, the resulting indexes and cost
shares for Canada and Western Canada éﬁe presented and

briefly discussed.

A. The Cost Data

Farm inputs can be broadly divided into the two
categories of labour and nonlabour inputs. The latter can be
further divided into durable and nondurable inputs. |
Nondurable inputs are also termed intermediate inputs,
materials, or purchased inputs and include fertilizer,
direct energy inputs, and seeds and feeds. The main
characteristic of nondurable inputs is that éhese can be
used only once. Thus, the unit cost of an intérmediate input
is gqﬁéfitg the unit price the farmer pays for it.

Durable inputs, on the other hand.‘are not used up

after one use. This category includes land, buildings, and

44
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machinery. Durable inputs are treated as stocks which
generate flows of services over time. Two costs are
attributable to these inputs when expenditures on them are
computed. One is opportunity cost, i.e., the return that is
forgone by investing in these inputs, and the other is
depreciation which can be viewed as that part of the durable
input which “wears out” as it is used during a period of
time.! It is customary to attach no depreciation to land
while in the case of machinery, both depreciation and

oppor tunity cost can be attributed. In this study, total
cost is defined as the sum of farm operating expenses
(actua! and imputed) and depreciation allowances. The
measures of total cost and cost ghares are constructed, with
necessary modifications, from published and unpublished data
from Statistics Canada and Agriculture Canada. The nature of
modificiations and imputations are clarified below in the

dischssion of the cost of each input.

Cost of Land

Because of available data on land values and costs,
this study takes land to also include buildings. The annual
" opportunity cost of land is estimated to be 5 percent of the
nominal capital value of land and buildings. The chéice of 5
percent as the fixed rate of interest which is used in the
opportunity cost calculations over the entire period is

1The issues are discussed by Brown (1978) and Statistics

Canada (Farm Net Income) and Agriculture Canada.
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somewhat arbitrary. In applying a 5 percent rate (which is
arguably close to an appropriate real n;ié of interest) to
annual nominal values over time, one generates a series of
opportunity costs which clearly rise over time but in which
inflationary impacts are not double-counted. The sum of the
opportgnity cost of land plus real estate taxes falling on
land and repairs and depreciation on farm buildings, is
taken to be the total cost of the services provided annually
by land. These data are obtained from Census of Canada,
Agriculture (96-800), Quarterly Bulletin of Agricultural

Statistics (21-003), and Farm Net Income (21-202).

Cost of Labour

In Canadian agriculture, hired labour does not
constitute the major proportion of all farm labour though
hired labour is increasing in importance as is indicated by
" the increase in the proportional share (in terms of persons
employed) of hired 1abourjfrgm 16% to around 30% between
1961 aﬁé 1978. Farm Net Income reports only wages paid to
hired labour. Imputation of costs for unpaid farm labour is
necessary to recognize the dominant role and opportunity
cost of this section of farm labour and to obtain a
realistic cost share estimate. Cost imputatgaﬁs were made
using the same wage rates as for hired labour for farm owner
operators and using 70% of this wage for family workers. The
use of a lower wage rate for Fanﬁiﬁiamérkers is based on the

assumption that the marginal productivity of these workers
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<
is lower than that of hired labour or owner operators.? Twp
concepts of quantity of labour--persons employed and
manhours--are used in this study. Since manhours data are
regarded as a better index of quantity of labour (Brown,
1878), most of our estimates are obtained using this
concept. Manhours were multiplied by the appropriate hourly
wage rate without board to obtain.the cost of labour. Data
sources used were: The‘lLabour Force (71-001); Labour Force,
Annual Averages(71-529); Farm Net Income(21-202): and Farm
Wages In Canada (21-002). The manhours data relating to the
three classes of farm labour for Canada and Western Canada

were provided by Statistics Canada.

Cost of Machinery

The cost of machinery reported in Farm Net Income
includes depreciation, expenditures on petroleum and diese)
oil, machine repairs, and other expenses such as tires,
antifreeze, and licenses. Since one of the specific ’
objectives of this study is to treat energy separately from
other farm }nputs. the Farm Net Income specification is
modified by exclusion of petroleum and diesel oil expenses
which are added to electricity expenses to give the total
cost of energy. The annual machinery cost is defined as the
sum of depreciation, repairs, and other expenses plus 5% of
the nominal capital value of all farm machinery. The latter

- - - - .- - e .- - - -

2 See Brown (1978: 58-539) for a discussion of the assertion
that the productivity of family labour should be regarded as
lower than that of hired labour.
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subcomponent is assumed as a measure of the opportunity cost
of machinery and corresponds to the 5% imputed opportunity
gost of land. The relevant data are from Farm Net Income and
the Agriculture Canada publication, Selected Agricultural

Statistics.

Cost of Fertilizer
Fertilizer costs are defined as the sum of expenses on
fertilizer and lime. Expenditures on fertilizer and lime as
given in Farm Net Income are used without any modification
in this study.
Cost of Energy T
Energy cost is defined as the sum of expenditures on !
petroleum products and electricity. A similar definition has
been used by Furniss (1978) in his study on eaé;gy use inrl
Canadian agriculture and by Brown (1978). Expenditure on
energy as defined above is compiled from various issues of

Farm Net Income.

Cost of 'Other’ Inputs

The.cost of '‘'other’ inputs consists of expenditures on
seeds and feeds. The input 'other’ is not includeq, in our
five input model of factor substitution, but it is used in
the study of productivity in Chapter 6. |
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B. The Construction of Divisia Indexes

For estimation of the derived demand equations obtained
from the translog cost function, Divisia price indexes of
farm inputs are needed (see Chapter 6 for further
Jjustification). Divisia qQuantity indexes of .fmarm output as a
whole and of crops and 1ivestock iapirateiy are also neegled
for mode) extensions involving non- hamnﬁpgtic1ty and joint
outpdt. The use of Divisia indexes wasﬂﬁrigfly explained in
Chapter 3 and is elaborated further here.
The Conventional Laspeyres Index Approach

Statistics Canada indexes of farm input prices as given
in Farm Input Price Index (62-004) are constructed using the

Laspeyres formula:

(4.1)

where P(t) is the index for the current period, p(t) and
P(0) are the prices for the current and base per iods,
respect;vgiy. and Q(D)qrefgrs to physical quantity in the
base period. The index given by (4.1) is a price index and

" can be written as:

(4.2)

The construction of price indexes such as (4.2) requires
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. -
both current and base period prices but only base period
quantities.

It can be seen from both (4.1) and (4.2) that the
Laspeyres index compares the current value of the base
period quantities with the base period value of the base
period quantities. It does not, therefore, take note of the
way in which different subcomponents change in relative
importance as a result of substitution. This causes bias in
the estimated index when the relative importance of the
subcomponents change over time as they have done in Canadian
agriculture. In its key publication on farm input prices,
Farm Input Price Index, Statistics Canada (1980: 6)
récognizes the shortcoming of the Laspeyres index by saying:

The FPl are suitable for use wherever a measure of
movement of farm input prices is needed: from price
monitoring through analytical studies, econometric
models, cost escalating for stabilization programs,
for deflating or inflating current dollar farm
expenditures. Precaution should, however, be
exercised when using the indexes. Since the indexes
assume a constant "basket" of goods, they should pot
be interpreted as a measure of production cost
movement because of substitution effects and changes
in productivity which might have taken place since

1971.

Despite the limitations of the Laspeyres index,
Statistics Canada continues to use this far input and output
indexes. In this study, an alternative set of indexes based
on the Divisia indexing method, which is not constrained by
the restrictive assumptions of the Laspeyres method, is

provided.



The Divisia Index '

Thé Divisia index in its usual form is stated in
continuous terms. To construct price and quantity indexes
using yearly data, the following discrete approximation to
the Divisia index given by Tornqvist (1936) is used:

log Pt - 199 Poy = L wit(Tng Py - log pi,t!1) (4.3)
/
{

log Q, - 109 Q4 = I iit(1gg q;¢ - 109 qi,tal) (4.4)

T

where P and Qiﬁéngte price and quantity and i refers to
| output or input subcomponents. The changing importance of
the subcomponents is embodied in the weights w(it) which are
the averages of the relative shares in any two adjacent
periods. Three formulas for averaging--arithmetic,
geometric, and combined--can be used for w(it).? Since the
difference in the indexes obtained by using these different
weights is usually very small and since it is a general
practice to use arithmetic averages, this weight is used in
our calculations.

The price indexes for the various input categories were
constructed, as outlined previously, using the following
subcomponents: land--both improved and unimproved; v
labour--hired, unpaid family, and farm operators;

15ee J. P. Chenier, ed., Time Series Processor, (Edmonton:

University of Alberta, 1978).



machinery--tractors, combines and ploughs;
fertilizer--mixtures and materials; and energy--petroleum
products and electricity. Data sources include, in addition
to those cited above, Farm Implements and Equipment Sales
(63-203), Fertilizer Trade (46-207), and Ref ined Petroleum
Products (42-208). Data sources for output and the

composition of output indexes are given in Chapter 6.

C. Cost Shares and Divisia Input Price Indexes

The shares of the various inputs in total cost (actual
and imputed) are reported for Canada and Western Canada,
respectively, in Tables 4.1 and 4.2.%]t can be seen from
these tables that the share of labour steadily declined
during the period covered by this study. Despite sharp
increases in labour compensation, its share in total cost
fell, partly because of absolute and heavy falls in the
quantity of labour used prior to 1973. In Canadian
agriculture, this input constitufgd 52.3% of total cost in
1861 while, in 1978, its share had fallen to 36.9%. A
similar trend was observed in Western Canada, but the
magnitude of the fall in labour’'s share was less (from 46.7%
of total cost in 1961 to 36.5% in 1978).

The imputed share of land in total cost showed a slight
though unsystematic increase from 1861 to 1978 at both the
national and regional levels. Although the price of land
showed the largest increase, the increase in the quantity-@F‘

land, as expected, was quite moderate. As a result, this



Table 4.1: Cost Shares of Farm Inputs for Canada,
1961 to 1978.

53

Year Land Labour Machinery Fertilizer

Energy

1961  .2073 .5228 1731 L0240
1962  .2254 4964 1814 .0257
1963  .2317 . 4826 . 1867 .0289
1964  .2425 L4623 .1924 .0335
1965  .2524 .4359 .2043 .0372
1966  .2648 L4144 .\.2103 L0421
1967  .2775 L4110 .2022 .0439
1968  .2890 .3920 .2058 L0471
1969  .2916 .4007 .2073 .0341
1970  .2849 .4034 .2143 L0312
1971  .2449 .4303 .2105 . 0355
1972 .2541 L4120 2165 .0366
1973  .2613 L4071 .2156 0418
1974  .2673 .3953 . .2195 .0476
1975  .2628 .3973 .2203 .0577
1976  .2875 .3755 .2241 .0505
1977  .2722 .3785 .2300 . ©.0509
1978  .2643 3695 L2450 .0527

L0727
L0710
.0700
0692
.0700
. 0683
.0652
. 0661
. 0662
0692
.0786
.0787
0757
.0725
L0617
L0624
. 0682
.0683
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Table 4.2: Cost Shares of Farm Inputs for Western
Canada, 1961 to 1978.

Machinery Fertilizer Energy

Year Land Labour

196y. .2106 L4672 .2194 0115 .0913
1962  .2182 . 4606 12216 0127 .0873
1963  .2292 .4487 .2228 .0158 0835
1964  .2439 L4234 12282 L0216 L0827
1965 .2598 .3908 .2426 L0241 0827
1966  .2726 13775 12487 .0313 .0799
1967  .2835 .3717 .2332 .0357 .0753
1968  .3013 .3369 .2419 .0458 10792
1969  .2819 .3795 .2283 .0224 0778
1970  .2883 .3614 .2501 L0162 .0839
1971 2504 .3993 .2337 . 0269 .0896
1972 .2475 .3874 .2503 L0272 L0875
1973 2555 .3733 .2514 .0329 .0868
1974  .2334 .3982 L2317 L0447 .0920
1975 2468 .3644 . 2656 .0560 0723
1976 .2736 . 3665 L2491 .0422 .0685
1977  .2372 .3922 L2512 .0439 .0749
1978  .2291 .3850 .2674 . 0450 .0735
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factor’'s share in total cost did not rise that
significantly.

The cost shares of machinery and fertilizer both rose
during this period. {P Canada, the share of machinery rose
from 17.3% in 1961 to 24.5% in 19878. In Western Canada, the
corresponding increase was from 21.9% to 26.7%. These
figures indicate continuation of increased mechanisation of
Canadian agriculture from 1961 to 1978, T;e share of
fertilizer rose from 2.4% in Canada in 1961 to 5.3% in 1978
while in Western Canada, the share of this input rose from
1.1% to 4.5%. Simultaneous increases in the shares of
machinery and fertilizer suggest the presence of both labour
and land augmenting technical change in Canadian and Western
Canadian agriculture.

The cost share of energy remained nearly unchanged over
the period considered, fluctuating between 6.8%"'and 7.8% in
Canada and 7.3% and 9.1% in Western Canada. The main reason
why the share of energy did not rise despite increase in the
quantity of energy consumed was the'siaw rise in the price
of energy in relation to the pricés of all farm inputs
except machinery. By way of comparison, a nearly constant or
slightly falling share of energy was found in several
studies on U.S. manufacturing industries.*

Estimates of Divisia price indexes of land, labour,

machinery, fertilizer, and energy are presented in Tables



This is followed by the prices of labour, fertilizer,
energy, and machinery. These trends were quite similar in
Canada and in Western Canada. The price trends can be
divided into two distinct periods. Until 1972, agricultural
input prices rose very slowly and sometimes unsystematically
(as in the case of fertilizer) but since 1972, the increases

in prices have been fast and regular.

D. Divisia Indexes of Farm Output
Divisia indexes of farm output for Ca?aéa and Western

Canada are reported in Tables 4.5 and 4.6. In Canada, the

-
index of crop production increased relative to the base year

of 1971 from 0.487 in 1961 to 1.175 in 1978 while the index
of livestock production rose from 0.819 to 1.033 betweéﬁ
1961 and 1978. In Western Canada, the index of crop output
increased at a faster rate than in Canada, rising from 0.364
to 1.264. The index of livestock production rose from 0.856
to 1.038 between 1961 and 1978. The all output index for
wWestern Canada rose from 0.477 in 1961 to 1.223 in 1978. The
growth rate of output in Western Canada was found to be i
higher (3.27%) than in Canada as a whole (2.01%). More
detailed discussion of these indexes, including their
construction and possible biases, in the context of an
analysis of productivity, is given in Chapter 6.

The indexes presented in Tables 4.1 to 4.6 provide the
basis to conduct an integrated study of changing input use

in Canadian agriculture. Empirical estimates based on these
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Table 4.5: Divisia Price Indexes of Farm Inputs
for Canada, 1961 to 1978.

Year Land Labour Machinery Fertilizer Energy
1961 .504 .624 .708 1.004 .856
1962 577 .624 742 .993 .855
1963 .618 .648 171 ' 1.031 .853
1964 .701 .678 © .803 1.033 .857
1965 L7121 .697 .831 1.035 .856
1966 .773 . 757 .870 1.015 . 868
1967 .948 .824 . 898 1.044 . 866
. 1968 1.046 .854 .925 1.062 .926
1969 1.072 . .915 .948 .997 .953
1870 1.072 . 757 .972 .966 .968
1971 1.000 1.000 1.000 1.000 _ 1.000
1872 1.101 1.078 1.035 1.039 ~1.015
1973  1.289 1.205 1.074 1.165 1.079
1974 1.629 1.411 1.206 1.653 1.213
1875 2.010 1.732 1.421 2.051 1.418
1976 2.577 1.945 1.586 2.010 " 1.632
1877 2.484 2.145 1.623 2.011 1.804
1978 2.653 2.259 1,722 2 1

. 123 .928
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Table 4.4: Divisia Price Indexes of Farm Inputs
for Western Canada, 1961 to 1978.

Year Land Labour Machinery Fertilizer Energy

—

1961 512 619 .693 .043 .892
1962  .534 643 .728 .987 .888
1963  .587 665 757 .003 .891
1964  .778 .665 .795 .038 .897
1965 896 .690 .823 1024 881
1966  .872 743 866 .060 .879
1967  1.034 850 .896 1034 .897
1968  1.120 .892 .922 077 .945
1969  1.062 .952 .953 .089 .963
1970  1.046 1952 .978 .999 * 978
1971 .000 1.000 1.000 .000 1.000
1972 1.039 1,088 1.028 .068 " 1.023
1973 1.123 .207 1.0Q51 .138 1.076
1974  1.484 455 1.116 261 1.173
1975  1.823 754 1.385 .806 1.394

1

1

1

1976  2.228 .040 1.505 .203 .626
1977  2.330 .437 . 1.612 197 .780
1978  2.629 568 1.804 .200 1.891

B MY MY —t i s

[ M R MY b ool ik i ek ke ke ik
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Table 4.5: Divisia Indexes of Agricultural Outputs
for Canada, 1961 to 1978.

Year Crop Livestock A1l Output
1961 .487 .819 .618
1862 »  .745 .823 779
1963 .861 .848 - .860
1964 .751 .893 .809
1965 .832 .922 .871
1966 .992 .921 .969
1967 .796 .940 .861
1968 .874 .953 .910
1969 .928 .951 .9%8
1870 .851 .988 .915
1871 1.000 1.000 1.000
1972 .901 1.010 .948
1973 .947 .995 .972
1974 .826 1.012 .900
1975 .857 1.036 . 987
1976 1.013 1.038 1.015
1977 1.069 1.042 1.044
1978 1.175 1

.033 1.086




Table 4.6: Divisia Indexes of Agricultural Outputs
Western Canada, 1961 to 1978.

Year Crop Lives tock A1l Output

1961 .364 .856 477
1962 .681 812 723
1963 .826 .806 .836
1964 . .679 .874 .733
1965 .810 .907 | .846
1966 .964 .899 .967
1967 713 .922 774
1968 .842 1940 .879
1969 770 .893 .809
1970 .803 .94 1 .842
1971 1.000 1.000 1.000
1972 .902 1.011 1934
1973 .947 1.004 .964
1974 .807 .997 .854
1975 .981 .989 .997
1976 1.114 1.019 1.110
1977 t.141 1.053 1.138
1978 .264 1.038 1.223

|
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data and using different specifications of the transiog cost
\ function are presented in Chapter 5.



V. FACTOR SUBSTITUTION AND TECHNICAL CHANGE IN CANADIAN AND .

WESTERN CANADIAN AGRICULTURE

In this chapter, the esgimated coefficients of the
der ived gemahd functions for farm inputs in both Canada and
Western Canada are presented. The estimates are based on the
translog cost function. From these, quantitative estimates
of factor substitution, factor demand, and the nature of
technical change are derived. A test of the widely used
value added specification is also presented.

Rather than providing only one set of estimates,
several modifications of the translog function are used to
provide a profile. These modifications involve: (a) a
homothetic structure which includes time as an argument to
serve as a proxy for technical change; (b) a homothetic
joint output model with technical change in which output is
disaggreﬁated into crops and livestock; (c) a nonhomothetic
structure which allows a scale factor to influence factor
substitution; and (d) a nonhomothetic model which also
incorporates technical change.

b
A. Derived Input Demand Functions

The derived demand functions corresponding to the
single and joint output translog functions were stated in
Chapter 3. To recapitulate the main estimating Eﬂuatﬁéns.
the single output derived demand functions from Chapter 3

are given by:

62
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N - n o ) , ] *

where S(i) is the share of i-th input in total cost.
The joint output homothetic der ved “emand equations from

Chapter 3 can be written as:

]

by + I "ij n P.j + 3 fij InY t (3.8)

(%]
-
L]

37 ep

‘ﬂ'lef‘é S(i) is the share of the i-th input in total cost.
The set c)fi equations (3.5), which is stated in general
terms, is used to study three production structures as
mentioned above. The joint output derived demand equations,
given by (3.8), are used to study only a homothetic |
structure with augmented technical change. The wi(ij)
coefficients in (3.8) correspond to the gamma coefficients
in the single output derived demand equations (3.5). The
restrictions which are placed on (3.5) and (3.8) and the
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method of econometric estimation were discussed in Chaﬁtgg
3.

The estimates of the derived demand functions allow
assessment of the relevance of the translog function
formulation relative to the Cobb-Douglas formulation. It
might be recalled that if all input price coefficients are
se{ equal to zero, the translog function collapses to the
Cobb-Douglas function. !f the estimated coefficients of
input prices in the translog formulation are statistically
significant, the translog function is clearly the preferred

alternative.

B. Estimates for Canada
Homothetic Single Output Model With Technical Change

The estimated coefficients of the derived demand
functions for the homothetic single output model which
incorporates technical change are presented in Table 5.1.°
Of the foﬁ%teen estimated coefficients &f input prices,?
twe]ve are statist%cally significant. The results imply that
the use of the translog.function is justified and preferred
to the Cobb-Douglas specification. The standard error of the,

estimate (hereafter, SEE) corresponding to each share
'Preliminary estimates of the key indicators of factor
substitution, factor demand, and the nature of technical
change in Canadian agriculture using a homothetic single
output translog cost function based on persons employed
labour data and no imputation of opportunity cost to
machinery were presented in Islam and Veeman (1980).

2The fifteenth coeffigient is obtained by using the
homogeneity restriction. Hence, its t-value is not reported.
The same procedure was followed by Binswanger (1874) -



equation appears satisfactory. The R? estimates range
between 0.66 and 0.90. Since the energy equation is deleted
from estimation, no R? value is reported for this equation
although it could be calculated indirectly. The smallness of
the SEE confirm the goodness of fit indicated by the R?
values. The Durbin-Watson statistics all fall within the
indeterminate region.?

The estiﬁated coefficients of input prices (the gamma
coefficients), given in Table 5.1, do not have any clear
economic meaning. These estimates are converted into Allen
partial elasticities of substitution (AES) and own and cross
price elasticities of demand (ED) and are reported in Table
5.2. The AES between any two inputs has important
implications. It measures the relative ease with which one
input substitutes for (or complements) another input in the
production prgﬁéss‘ The values of AES were obtained from the
estimated values of the coefficients of input prices and the
cost shares of the relevant imputs using the following
relations which were stated in Chapter 3:

(3.11)

1This implies that while the hypothesis that there is no
autocorrelation cannot be rejected, it is not accepted
either.
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where sigma(ij) denotes the AES between factors i and j.

As Table 5.2 indiéatesi substitutability relationships
were found for the following pairs of inputs: land-labour:
land-machinery; labour-machinery; labour-energy;
machinery-fertilizer: and machinery-energy. Of these, the

indicated substitution relationship between machinery and

Machinery-energy substitutability in agriculture would imply
that higher priced energy was associated with an increase
and not, as a priori reasoning might suggest, a decrease in
capital formation in the form of machinery. Prior to 1973,
Canadian agriculture was operating in a cheap energy era.
Even in the mid-1970s, the rise in energy prices does not
appear to have significantly dampened the use of machinery,
probably because the substantial and continued rise in the
price of labour relative to capital (and indeed, relative to
energy) has continued to encourage the tendency for
capital-labour substitution and mechanical innovation and
adoption. The estimated relationship between all the other
input pairs appea2§ sensible. The relationship between
labour and machine;; is consistent with the decline in the
amount of labour and the increased mechanization of Canadian
agriculture. Substitut%biiity between land and labour and
between land and machinery are also sensible results which
;EBE;EZQ;;;_Q;!%é;uFactuFiﬁg sectors, capital-energy

relationships are not fully resolved (Berndt and White,
1979) .
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oour, moderate increase in the acreage of land, and

significant increase in the use of machinery. All these
pairs were also found to be substitutes by Binswanger(1973)
and Lopez (19éD) in their studies of U.S. and Canadian
ag#ieuiture.

Four pairs of inputs displayed complementarity
relationships. Complementarity between energy and fertilizer
is plausible but that between fertilizer and land appears
counterintuitive. Labour-fertilizer complementarity appears
to be a common feature of both Canadian and U.S.
agriculture--a similar result was obtained by Binswanger
(1973). This result cannot be compared with those of Lopez
(1980) who did not treat fertilizer separately (and who
found all the inputs considered to be substitutes).

Estimates of own and cross price elasticities of demand
(ED) are %mpartant indicators of responsiveness of demand
for a partiéular input to changes in its own price and to
prices of other }nputs. These estimates, reported in Table
5.3, were obtained using the following relationships:

(ED)gy = Sy ogy (3.12)
where sigma(ij) is the AES between factors i and j and S(i)
is the share of the i-th input in total cost. Unlike the
estimates of AES, the estimates of ED are not symmetric

unless, by chance, S(1)=5(j).
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It can be seen from Table 5.3 that the lowest own price
ED applies to land. A similar result was obtained for U.S.
agriculture by Binswanger (1973). Of the other own prite
elasticities, the ED of energy is the highest followed by
that of machinery, fertilizer, labour, and land. Arr*\g the
cross price elasticities, the highest positive value is
between energy and labour and the largest negative value is
between fertilizer and labour.

An attempt to incorporate technical change in the model
was made by including time directly as an argument in the
cost function. Some inferences as to the nature of technical
change can be made by examining the estimated coefficients
of this variable from the share equations given in Table
5.1. A1l four of the estimated coefficients relating to time
are significant. These coefficients are negative for fand
and‘labour (implying tR%t technical change has been both
land- and labour-saving) and positive for machinery and
fertilizer (implying machinery- and fertilizer-using
technological change). The coefficient of time in the energy
equation, obtained by using the restriction that the sum of
the coefficients of time is zero, iskécsitive but very
small. This indicates a weak energy-using bias. These
general results are consistent with a priori reasoning and
with the observation that land and labour have registered
the largest price increases of these five inputs during the
1961 to 1978 périod. The positive time coefficients in both !

the machinery and fertilizer equations imply that technical
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change in Canadian agriculture has been both labour- and
land-augmenting rather than being only labour -augmenting as
Furtan and Lee (1977) argued was the case for the
Saskatchewan wheat economy.

The translog function reduces to the Cobb-Douglas (CD)
function when the gamma coefficients are all set equal to
zero. The CD estimates of own and cross price elasticities
are reported in Table 5.4, There are no estimates GFVAES
since, by definition, these are equal to unity for the CD
specification.

It can be seen from Table 5.4 that the CD estimates of
own price ED of land and fertilizer are appreciably higher
than those cbtaineé using the translog function. The cross
price ED indicate the more restrictive features of the CD
specification. First, since the CD function restricts the
value of AES to +1. there is no possibility of
" complementarity relations between inputs. Second, because
the elasticity of substitution is the same (equal to one)
for all pairs of inputs, all cross price ED of the inputs
with respect to any given input (column values) are the
same. The restricted ES and the biases in the ED for inputs
suggest that the use of the translog function should be
preferred over the Cobb-Douglas specification.

Homothet ic Joint Output Model With Technical Change

The estimated coefficients of the derived demand

functions corresponding to the joint output model which uses

two distinct output classifications of crops and livestock



v
rOEB - Q0w - 0T SLTE oot AL 3
9690 OO - - eOT SiTr” Do9g JOTL )y
DE90 o0rQ” TLeL - LTy’ 009t Aamuy yoen
880 00w WROT " SEBLS - ooet ~HTRCHC Ty
3650 oQwd BOT BLTr OOwrL " - ey

Al aouy IR ER T R W IR OG- pue

S0} NS Ay uRpRUET PuPees] INAU] 4O S 4TIELT

83 g SROJD PUR UMD JO Selew; sl sw|Bnog-ggon h s qe)

\\‘/,



73
are reported in Table 5.5. Save the joint-output feature,
the model is otherwise similar to the previous single output
model and also incorporates time as a proxy for technical
change. Twelve of the fourteen estimated coefficients of
input prices are significant. The values of ﬁi range from
0.74 to 0.94. The values of SEE are égain found to be very
low. The D-W statistics value range frgm 0.97 to 1.72.

The estimated values of AES and ED are presented in
Tables 5.6 and 5.7. Scrutiny of the AES values shows that of
the ten pairs of farm inputs, four are complements while the
'rest are substitutes. The nature of the substitutability and
complementarity relationships between various ihpgts are
very similar in the two models (homothetic single and
homothetic joint) though the magnitudes differ.

The estimates of own and cross price elasticities (ED),
given in Table 5.7, show some differences from the single
output model. The joint output model gave higher estimates
of ED' for land and labour, and lower estimate for machinery,
fertilizer, and energy.

The nature of technical change m;y again be inferred
eqyaticns. As in the single output model, negative
coefficients on time in the land and labour equations imply
that technical chemge has been land- and labour-saving. The
time caefficiezts in both the machinery and fertilizer share
equations are positive suggesting the presence of both land-

and lgbeurﬁaq?mentiﬁgxtechnicai change. The time coefficient
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in the energy equation is found to be negative but small.
This implies a mild energy-saving bias.
Nonhomothetic Single Output Model Without Technical Chahge

The estimates presented above are based on a homothetic '
structure which does not take into account possible scale
effects. As mentioned in Chapter 3, a nonhomothetic
structure can be adopted by dropping the restriction that
each coefficient of output is equal to zero. When this is
done, input demand becomes a function of both .input pfiges
and zhe level of output rather than only input prices as in
the homothetic case.

Since the study by Lopez (1980) using the generalized
Leontief cost function for Canadian agriculture suggested
that estimates of the impact of technical change may be
sensitive to the specification of a homotheticity
restrigtigﬁ‘ this study included two nonhomotheticity model
“variants. In the first, technical change was not expressly
considered. In the second, technical change was considered,
as before, by inclusion cé time as a variable in the share
equations. In each variant, tﬁe non-homotheticity extension
was applied only to the single output model.

The estimated coefficients of the derived demand
equations which do not include time as an argument are -
presented in Table 5.8. 0Of the fourteen es m;fes of
coefficients of input prices, eleven were’ found
statistically significant. The values of R? for the four

estimated equations range from 0.85 to 0.95. The estimated
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coefficients of the output variable show the strength of
nonhomotheticity. These are all statistically significant.
This result implies that inclusion of output in the derived
demand functioqzafor Canadian agriculture is relevant.
Wwhether or not its \nclusion sigﬂificaﬁt1y'affects input
relationships can be seen by examining the revised values of
AES and ED in Table 5.9 and 5.10.

The estimates of AES from the nonhomothetic structure
do differ from those estimates when the homotheticity
constraint is invoked. Changes in the nature of the |
relationships between inputs occurred with land-fertilizer,
labour-fertilizer, and land- l1abour Egirsi The first two
pai;i\were found to have a complementarity relationship in
tge homothet ic single output model, but are now observed to
be substitutes: the estimated coefficients on which these
calculations are based are, however, insignificant. The last
pair which displayed subst{tutability in the single output
homothetic model now show a complementarity relationship.
The estimates of ED are giveﬁ in Table 5.10. The highest
absolute value applies to machinery, followed by energy,
fertilizer, labour, and land. '
Nonhomothet ic Single Output Model With Technical Change i

The estimates of the derived demand functions of the
translog model which incorporates both nonhomotheticity and
augmented technical change are reported in Table 5.11. Of
the fourteen estimated price coefficients of input prices,

all but two (machinery in the land equation and fertilizer
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* s
in the labour equation) are statistically significant. The
values of R?2 are quite high and range between 0.77 and 0.94.
The calculated AES are presented in Tablev5:12. The

relationships are quite similar to those observed in the

\ . . o
\_homothetic single output model. An impqrtant exception is

S~
the labour-fertilizer relationship which appeared to be one

of complementarity in'the,hqmothetic case and now agLears to
be a substitute relationship. However, this latter
relationship is derived from a statistically nonsignificant
coefficient on tﬁe relevant iﬁput prices. The estimates of
ED, given in Table 5.13, show that the value of ED for
energy is the highest followed by those for machinery,
labour, and “land. The value of ED of fertilizer was observeg
to be positive.?3

The coefficients on the explanatory variable, output,
which reflects FD@ nonhomothetic structure, are found to be
significantly different from zero in each equation. The
estimated coefficients on the time variable are also
significant in each of the four estimated share equations.
The sigés on the time coefficients in the land and labour
equations are all negative (implying land- and labour-saving
technical change) while those in the machinery, fertilizer,
and énergy equations are all positive. These results are
similar to those for the homothetic structure although the
magnitudes of the estimated coefficients differ. The results

S The occasional empirical estimate of a positive value of
own price ED of a farm input is not uncommon. Seé Baanante
and Sidhu (1980}, and Chotigeat (1978).
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regardin‘ technical change ﬂ%FFer from those obtained by
Lopez (1980). Lopez applied a ﬁ@ﬁh@mﬁthetﬁz generalized
Leontief\Function (with a different input classification! td
Canadiﬁ% agriculture and found that three of the four
estimated coefficients on time were insignificant. In
contrast, the significance of the technical change vari:

in this study is in accord with the substantial evidenc

the existence of ‘biased or factor-augmenting) technic
change in Canadian agriculture. .

4 '
C. Estimates fér Wes tern Canada |

In this section, the empirical results of the prec & o
four model varﬁatiqns are reported for the Western Cara a-
agrisultural sector.

Homothetic Single Output Model With Technical Change
Estimafes of the coefficients of the derived demand
functions based on a homothetic stiucture which incorporates

technical change by the addition of a time variable are
presented in Table 5.14. A slight dec]igé in the level of
significance of the coefficients on inputs and time and,
except in one instance, a decline in the explanatory power
of the estimated equations are aégarent relative to the
;;}1mates for Canada (Table 5.1). Nonetheless, with respect
to the signs, size, and significance of the coefficients as

well as the R?2 values, the estimates for Western Canada are

generally comparable with those for Ganada. (S

L
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As before, the estimated input price coefficients are
converted into Allen partial elasticities of substitution
(AES) and price elasticitieg of éemand (EDD..The estimates
of AES, given.in Table 5.15, shOQ that except for the
land- labour and fertilizer-energy input pairs which t
displayed complementarity, substitutability re)apionships
prevailed for other pairs of farm inputs. Of the changes in
estimates based on significant estimated values of input
price‘céefficients from the?similar model for Canada
(homothetic single output), the most striking change is the
\ tripling of the magnitude (in absolute value terms) of the
fertilizer-energy AES. Except for the land-machinery pair,
the values of AES for all other pairs oﬂ farm ;nputs were
different from the'CGBbQBOUQ]aS (CD) specification of
unitary elasticity of substitution. The. rejection of the CD
-specificationlis a common feature in the results on factor
substitution in agriculture in Western Canada and Canada.

- * The estimated pricé elasticities of input demand (ED)
are.repérted in Table 5.16. The absodute values of all the

own price elasticities of demand were less than one implying

relatively inelastic demand for farm inputs. The lowest

value of own price ED was found for fertilizer in the
Western Canadian case. The esftmates for labour, machinery,
and energy for Hestérn Canada are slightly less elastic than
in the case of Canada as. a whole. .

The coefficient on time in the derived demand equations

in Table 5.14 gives an indication of land-using technical
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change, but the coefficient is small and is not significant.
The labour-saving bias is again apparent. The estimated
coefficients on time are positive in the machinefy and \
fertilizer share equations implying factor using technical
change although only the coefficient on time in the |
machinery equation is signiffcant at the five percent level.
In contrast to the result for Canada (Table 5.1), the
coefficient on ‘time in the energy equation is now negative
implying an energy-saving bias in input use in Western
Canada]

Cobb-Douglas estimates of own and cross pricg
elasticities of demand for Canadian agriculture Qere
reported in Table 5.4. Similar estimates for:Uesterh Canada
are presented in Table 5.17. The labour input shows the '
lowest elasticity of demand followed by that of land,
machinery, energy, and fertilizer. A very similar ranking
was also obtaired for Canada. The CD ranking for Western
Canada differs from that obtained by using the translog
function. Since the ‘use of the translog function has been
empirically vindicated, the CD estimates, bound by the
unitary elasticity of substitution restriction, are felt to
be less reliable. | |
Homothet ic Joint Output Mode! With Technical Change

The estimates of the joint output derived demand
functions are reported in Table 5.18. Seven of the fourteen
estimated coefficients of input prices were found to be

significant. The values of R? range from 0.62 to 0.83.

-
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Compared to the estimates of the joint output mode! for .
Canada, Hesterﬁ Canadian estimafes appear weaker . |
The estimates of AES are reported in Table 5.19. There

—

are some changes in the magnitudes of AES, but the
1!

fundamental nature of relationships betueen various input
pairs shows little change from the single output homothetic
mode ] . ‘ |
The estimates of ED, reported in TaQle 5.20, show only
one change compared to the estimates of the sinq]egautput
mode ). ~The highest own price elasticity is displayed by
machinery, followad by that of energy, while in the
preceding model, their ordering was reversed. ;,
The evidence on technical change is quite similar from
both these Western Canadian models. The coefficient on time
in the land equation‘is positive but again {s found to be
insignificant. Labour-saving and machipery- and
fertilizer-using biases are again observed, but the time
cceffic;ents in these equations all show a very low level of
significance. The time coefficient in the energy equation,
obtained indirectly, shows a small energy-saving bias. This
is a plausible result and could arise due to a icwer.
increase in the price of energy compared to increases in the
prices of other farm inputs and because it may havae been
easier to control the use of this nondurable input through

conservation and more efficient use.



o

E@wS - - LETE - CLEw" B ) BE I Al 3
bBLE T- B - LOTE " u 9EC 11711 AR |y
ST EEWI rrEs - - 1 TR [} 14 Aamuy yoww
SBOT BT STLD BBZTI - Zrs MDA
LY [N TGl BwLl - - EGET - BTV - Py
MS ey LT SRR PR T TR TRT ] TR Y (TP B |
BN (N JBY LR LPRURT WJIB) BeN
"OOURY) 1RO YIS ] YL IN LepOow Inding Jupop T4 3 B3 OMOH
‘PUTWR0 4O SE8LITLISE|F BDJd BSOJD PUR UMD 4O BRLOW, I8 QT G WLQey
LwwE L- Al e 3
++6T69 9L- JOSLE " - JRZ) | LIy
Ll FZG9 ¥ LTEe T- Aamu g Yoy
+APSE T 6 B0 +ERDE ++EQEE " - Jroge
" w o EL b LESL T BOrL oo DS - wr b B - P Ty
Al aeuy FLFINRRE PR N IV RT.] -] WP ey
Sy Ny 4By URDRURD U SeN
‘OOUBUY | EILULDS) UL LN LSPOW INDANG IUEON D) 3843 OWOH
TWOE AN | AEQNS 4O B8 YD) A8y ey 3Ry JO SRIOWLIET 5L G @ gy



92

Nonhomothet ic Single Output Model Without Technical Change

~The nonhomothetic form of the translog function was
also applied to Western Canadian agriculture. As was the
case for Canada, two nonhomothetic model versions were
estimated, one without ‘express c@gsiderati@n of technical
change and the second incorporating time as a variable to
account for technical change. In both instances, only the
single output structure wés used.

The estimates of derived input demand equations
corresponding to the nonhomothetic structure without
tech@ica1 change are reported in Table 5.21. Two of the four
estimated output coefficients are significantly different
from zero. This implies some presence of nonhomotheticity,
i.e., the level of output has some influence on the
estimates of factor substitution. The extent of
nonhomotheticity is not as strong in the case of Western
Canada as it is in Canada for which all four output
coefficients were found significant. |

From the estimates of derived demand equations it can
be seen that 12 of the 14 coefficients of input prices are
statistically significant. This is a marked increase
compared to the single @utpuf homothetic model for Western
Canada in which 8 of the 14 estimated coefficients were
found significant. The R2 values range between 0.60 and
0.81.

The estimates of AES, presented in Table 5.22, show

some changes relative to the single output homothetic
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estimates. Complementarity relationships hold for four input
pairs rather than one as was observed in the homothetic
case. Of these four pairs, three have statistically
significant coefficients on input prices. \

Own and cross price ED are reported in Table 5.23. Thé
land input shows the lowest ED followed, in turn, by
fertilizer, labour, energy, and machiabry. All estimates of
own price ED are less than one. The ranking of own price ED
bears close similarity to that from each of the previous two
mode s .

Nonhomothetic Single Output Mode!l With Technical Change

In this section, the estimated coefficients of the
derived demand functions which allow for nonhomotheticity
and incorporate time as a proxy for technical change are
reported. As explained above, this modification enables
testing of whether (a) input relationships undergo
significant changes, (b) provision of a technical change
variable suppresses or absorbs nonhomotheticity, and (c)
evidence of augmented technical change remains in the
nonhomothetic structure.

The estimated coefficients of the derived demand \
functions for this model are presented in Table 5.24. Seven A
_of the fourteen estimated coefficients of input prices are
statistically significant. This is comparable to the
significance of the coefficients of the first two models but
is less than in the preceeding nonhomothetic model. The
values of R? ranged between 0.62 and 0.83.
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.~ The estimates of the values QFjZES are reported in
Jable 5.25. These value show complementarity relationships
for the input pairs of land-labour, land-energy and
fertilizer-energy, and substitution relationship for the
rest. These results show that there is no major change in
general input relationships compared to the preceeding
nonhomothetic model though there are changes in the
magnitudes of the values of AES. The estimates of
elasticities of demand (ED) are reported in Table 5.26. The
demand for land is found to be msét inelastic followed by
that for labour, fertilizer, machinery, and energy.

The estimated coefficients of the derived demand
equations in Table 5.24 show that two of the four 7
coefficients on time are significant at the 5 percent ;eve1‘.
that is, there is only weak evidence of technical change.
The time coefficient in the land equation is positive but
very small and insignificant. Labour-saving bias is again
observed from the negative and significant coefficient on
time in the labour equation. The time coefficients in both
the fertilizer and machinery equations are found to be
positive though the former is nonsignificant. There again
appears to be a small energy saying bias indicated by the
negative sign of the derived tihe coefficient in the energy
equation.

The estimates of the derived input demand fuhcticns
show another interesting result. The strength of .

nonhomotheticity, given by the coefficients on output in
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Table 5.23, appears very wedk. None of the coefficients on
output is significantly different from zero. This result
differs from the one obtained in the preceding model where
there was some evidence of nonhomotheticity. It can,
therefore, be conjectured that the incorporation of
technical change has either suppressed or absorbed
nonhomotheticity. We had alluded to such a possibility and
this empirical result provides an example of this. )
D. Changes in Input Relations

The trend in farm input prices in Canada and Western
Canada over the past two decades can ?e divided into two
different periods. From 1961 until the early 1970s, the rise
in farm input prices was relatively slow. During the
subsequent period from the early 1970s there were rapid
increases in farm input prices and the 'energy crisis’
became qvident. In this section, the relationship between
the various inputs is assessed over the periods of 1961 to
1970 and of 1971 to 1978. Input relationships are also
estimated over the periods from 1961 to 1973 and from 1974
to 1978. The splitting of the entire time period in this
manner enables study of the impact of inflation and of the
‘energy crisis’ on agriculture, and enables examination of .
whether capital-labour (i.e., machinery-labour) suﬁ!ﬁitutiéﬁ
relationships have changed in the more recent period.

The input relationships are examined by considering the

signs and magnitudes of the translog estimates of AES. The
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AES estimates for different periods for Canadian and Western
Canadian agriculture are presented in Tables 5.27 and 5.28,

(\.__f’

résgéctiveiyj It can be seen from both gﬁese tables that the
signs of the estimates are consistent between each period.

The absolute values of the AES estimates for Canadian
agriculture over the period 1971 to 1978 show some decline
from those for 1961 to 1970 for all input pairs except for
labour -machinery and labour-energy. In agriculture,
mazzzpery=labcur substitutability may be regarded as the
analog of capital-labdur substitutability. The estimates of
AES for labour and machinery show no evidence of a decline
in machipery-labour substitutability in the period of rising
energy prices.

The signs of. the estimates for the subperiod 1961 to
1973 and the subperiod 1974 to 1978 are also found to be
consistent. Thg est™hates for 1974 to 1978 show some decline
from those for the preceeding period of 1961 to 1973 for all
input pairs, except land-machinery, land-energy, and
labour -energy. The extent of labour-machinery substitution
shows a very small decline octurring over the later period.

The estimates for Western Canadian agriculture also
show GQﬁSiS}EﬁCY in signs of AES between earlier and later
periods. Five of the ten estimates of the absolute values of
the AES for 1971 to 1978 show a decline gempared to the
estimates for 1961 to 1870. The AES between labour and
machinery increases from .0553 to .0754. The evidence for

the periods of 1961 to 1973 and 1974 to 1978 is similar. The
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[

estimates for the labour-machinery pair show a small
increase in the magnitude of the AES for 1974 to 1978
compared to 1961 to 1973. _

The estimates of AES between labour and machinery, from

-

statistically significant inputﬂpriceﬁgggjj}z%gnts. for both
Canadian and Western Canadian agriculture over the period
1974 to 1978 indicate no percept151é decline. This result
should not be interpreted that the 'energy crisis’ did not
have any impact on labour-machinery substitution, because in
reality energy prices relative to most farm 3nputs did not
increase prior to 1978. In future, as the pri%e of energy
relative to other farm input prices rises, whether
‘machinery-labour substitution will be retarded remains an

open question.

E. y’Tgst of the Value Added Specification

// The value added specification has been widely used in
th&\analysis\sf factor substitution in production. The
speé??icaticﬁ implies separability bétween primary and
nonprimary inputs. The production function is often written
as: Y = F(K,L), where Y is output, K is capital and L is
labour. In this widely used specification, output is shown
to be a function of only the primary inputs of capital and
labour. Intermediate inpyts (also known as materials or
purchased inputs) are excluded. Accérding?y. any .
substitution possibilities between capital and labour are

considéred ignoring the material inputs. This is done under
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the assumption that the nomprimary inputs bear some sbecific
stringent relationship with the primary inputs. In this
ection, s;me conditions associated with this feature are
xamined to see whether theée are satisfied for Canadian and
Western Canadian agriculture. This enables the assessment of
whether the inclusion of nonprimary inputs is justified in
this study which has the five-input structure of land,
labour, machinery, fertilizer, and energy.

A detailed discussion of the conditions under which {1t

~4s valid to regard primary and nonprimary inputs as

separable (and thus it is valid to consider substitution
possibilities between such primary inputs as land, labour,
and machinery, ignoring the intermediate inputs of, say,
energy and fertiligpr) is available in Berndt and Wood

(1975). The conditions which are testable using the

empirical estimates of AES can be statéd as:
= ' (5.1)
(5.2)

where N, L, M, F, and E refer to land, labour, machinery,
fertilizer, and energy. According to (5.1), separability
requires that the AES between fertilizer and the primary



105

inputs of land, labour and machinery are all equal to unity.
Conditions (5.2) imply that similar conditions must also
hold for the intermediate input of energy and for all
primary inputs. These stringent conditions are clearly not
satisfied by the estimates of AES obtained in this study.
For example, with the estimates of the single output
homothetic model for Canada (from Table 5.2)inserted in
(5.1) and (5.2):

(5.3)
The corresponding figures for Western Canada (from Table

5.15) are:

(5.4)
It appears by inspection that the exclusion of
intermediate inputs on the grounds of separability would not
have been justified for the production structures of

Canadian and Western Canadian agriculture.
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F. Concavity, Positivity, and the Predict ive Power of the
Mode 1s

In this section, the well-behavedness of the transiog
models and their predictive performance are examined. A cost
function is regarded as well-behaved if it is concave in
input prices and if the estimated demand functions
ccrres&aﬁdiﬁg to it are strictly positive. Concavity is
satisfied if the matrix of AES is negative semidefinite.
This is tested by deriving and examining the characteristic
roots of the AES matrix. Monotonicity is satisfied if the
dependent variables (in this case, the cost shares) are all
positive (Binswanger, 1974; Berndt and Wood, 1975).

The test for concavity relates to whether the estimates
are stable. Lack of stability could iﬁhQi significant

egstructuraI changes and switchez of techn‘ques

(Chotigeat,1978). In this study, concavity was satisfied for
the homothetic single output and nonhomothetic single output
models (without technical change) for Canada, and for the \
nonhomothetic model with technical change for Western
Canada. The other model variations narrowly failed té
satisfy the:critericn of concavity. The potential problem of
instability which is implied by the ‘lack of concavity is not
uncommon in flexible form studies on agriculture and was
encountered by Chotigeat (1978) in his study of factor
substitutiéﬁ fﬁ Thai agriculture, and implicitly by Sidhu
and Baanante (1980). The period covered in this study was

marked by major changes in the structure of input use in
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Canadian agriculture and this could be responsible for the
non-satisfaction of concavity which was encountered in some
mode) variations. .

Positivity can be studied by considering the signs of
the predicted dependent variables. On the basis of the
estimates obtained by using the constrained seemingly
unrelated regression technique, all the estimated shares
were found to be positive in a1l mode) variations for both
Canada and Western Canada. Hence, the requirements for
pgsitivity.'a1sc known as monotonicity, were satisfied.

The predictive performance of the models can be
evaluated by examining the relationship between actual and
predicted values of the dependent variables. This is
examined for each year during the period covered by this
study. The Qreﬂicted and actual values of the dependent
variables in all four of the estimated equations were found
to be quite close. The values of R? between the actual and
the predicted cost shares for the 1hputs of land, labour,
machinery, and fertlizer for all four model variations for
Canada and Western Canada are given in Tables 5.29 and 5.30.
Since the energy equation is deleted from estimation, values
for this variable are not reported. In general, the values
of R? are higher for Canada than for Western Canada. E&%gse
values of R2 indicate that the per#crmance of the various

model specifications used in this study fis reasonable.
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G. Summary

The major empirical results of this chapter are

summarized below:

1.

There is a considerable amount of factor substitution
(and. in some cases, complementarity) in both Canadian
and Western Canadian agriculture.

Empirical estimates of factor substitution in terms of
AES overwhelmingly reject both the Leontief (zero
elasticity of substitution) and Cobb-Douglas (unitary
elasticity of substitution) specifications.

Own price elasticities of demand were mostly found to be
less than unity which implies an inelastic demand for
farm inputs.

There is strong evidence of augmented technical change
in both Canadian and Western Canadian agriculture. An
interesting feature is the simultaneous presence of both
land- and labour-augmenting technical change.
Nonhomotheticity appears to be present in the production
structure of both Canadian and Western Canadian
agriculture. The extent of nonhomotheticity was found to
be greater in Canadian than in Western Canadian
agriculture.

Evidence of augmented technical change was found for
both the homothetic and the nonhomothetic mode s .

The value added specification was clearly rejected on
the evidence of the estimated AES values.

The relationships among inputs remained stable during



10.

11.

12.
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the periods 1361 to 1970 and 1971 to 1978. These also
remained stable for the periods 1961 to 1973 and 1974 to
1978. There were some slight changes in the magnitudes

of the AES values.

There wa;\no clear evidence of a decline in
machinery-labour substitution in the periods mentioned
above of which the most recent periods in the 1970s
included the so-called 'energy crisis’. On the contrary,
there was evidence of an increase in machinery-labour jﬁi‘
substitution in Western Canada. {
Statistically, the models performed fairly well. In
general, the performance was better for Canada as a

whole than for Western Canada.

The test for commpvity indicated the presence of some
instability in the estimates obtained. This could

perhaps be due to major changes in the use of various o
inputs in Canadian agriculture. The test of positivity
(monotonicity) was satisfied for all model variations.

The predictive power of the models was found to be
reasonably satisfactory as indicated by the

relationships between actual and predicted cost shares.



VI. PRODUCTIVITY CHANGE IN CANADIAN AGRICULTURE
K

Recent research developments in the study of
productivity measurement (Christensen, 1975; Diewert, 1976,
Brown, 1978) have emphasized two things: the superiority of
total factor productivity (TFP) indexes and the use of
flexible weight indexing procedures. Despite these
deve lopments and some work in these directions on the
agricultural sectors of the U.S.A., Australia, and some
Asian countries, existing research work on Canadian
agriculture has not 1n39rpergtedtbath these approaches
simultaneously. In this chapter. an attempt is made to fill

this gap by providing TFP indexes based on flexible weight

Besides TFP indexes, indexes of partial factor productivity
(PFP) are also provided to examine the adequacy of this
approach. The development of improved measures of
productivity growth in Canadian agriculture is needed to
show gﬁetheri in fact, productivity growth has declined or

approached zero during the 1970s.
1

A. Partial and Total Factor Productivity

Productivity megsuresvcaﬁ be divided into two
categories--partial and total. Partial factor productivity
(PFP) is defined as the ratio of output to a particular

input and includes such frequently used measures as output

{ 111

y
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per acre (yield{\and output per unit of labour. Total factor
productivity, on}the other haqg, is defined as the ratié(éf
output to all nipns. The latter measure has become popular
in recent years and is a better indiéator of physical (or
technical) efficiency gains in production.

Although PFP measures are widely used, these have
several limitations. PFP measures which apply to a
particular input may not adequately represent the extent of
productivity growth. In Canadian agficulture, fér example,
PFP with respect to labour increased appreciably during the
period 1961 to 1978. This is due to the fact that the amount
of farm labour and the number of hours worked have declined
whereas various crop outputs and total agricultural output
have increased considerably. It is, however, misleading t@v
attribute increases in output solely to labour/since this
ignores the contribution of the increasing use of other
inputs in the production process. While productivity in
terms of output per unit of labour shows significant
increases, evidence of much slower growth in productivity is
likely when the TFP approach is adopted. In Canadian
agriculture, the increase in labour productivity which has
been associated with the decline in labour input has also
been associated with increases in other factors--that is,
labour has been replaced by capital and purchased inputs
(materials). Similarly, output per unit of land (yield)
measures can be misleading indicators of productivity growth

since they implicitly ignore the role of improved methods of
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cultivation (through the use of machinery and through the
use of better seeds, fertilizer, and other chemical inputs).
The degree of factor substitution and the relative weights
and costs of various inputs over time are thus very
important questions, but these are precisely the éuestigﬁs
which tend to be passed over through the use of partial
productivity measures and Laspeyres indexing procedures. In
particular, it is necessary to consider all inputs to

generate a realistic measure of productivity growth.

B. Economic Theory of Productivity Measurement

There are two basic types of indexing procedures
available for constructing indexes of output and inputs
whose ratio gives the index of productivity. The first of
these is the fixed weight approach to which belongs the
Laspeyres and Paasche indexes, while the second is the
flexible weight approach of which the Divisia index and its
discrete Tornqvist approximation are the most well Known.
These two indexing procedures and the question of
measurement of the input labour are discussed below.
The Laspeyres or Fixed Weight Approach

The Laspeyres index is widely used and is the indexing
formula generally used by Statistics Canada. The Laspeyres

quantity index can be.written as:
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zp(Q)q(t)

— (6.1)
£p(0)a(0) {

Q(t) =

where Q(t) is the quantity index in period t, q's and p's
are item quantities and prices, and 0 and t refer to base
and current year, respectively. Equation (6.1) can be

rewritten in the following way:

z[q(t){§(0)1 p(D)Q(D)
z[p(0)q(0)] .

Q(t) = (6.2)

It can be seen from (6.1) and (6.2) that since price is held
fixed at the base period level, only quantity data for
subsequent years are nece#sary for the construction of the
index. Be-c:‘ause of this, ewpirica;l implementation of the
Laspeyres index becomes greatly simplified. ‘
Despite its wide use, the Laspeyres index has several
limitations. The Laspeyres index ‘ifﬁp];ies a linear pr;u:iuc;ticn
function (Christensen, 1975). This{"in turn, implies that
all factors are perfect substitutes. The Laspeyres index is
also sensitive to the choice of a base period. In Canada, as
elsewhere, agricultural production and prices are
ch;racterizad by widg;mgiﬁg fluctuations. In such

circumstances, the choice of a particular year or period as
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the fixed base of the index may give a misleading picture of
the extent of change in later years.
The Divisia or Flexible Weight Approach

The Divisia indexing procedure provides a solution to
the above problems. Proposed by Divisia (1926), it involves
a fl_'exible weight method. The continuous version of the

Divisia index can be written as:

Q(t)/Q(0) = exp (/[w(t) (a;(t)/q (t) )]}

where w (t) = [p (t)a,(t)1/zp;(t)a(t)] (6.3)

The foregoing weight, w(t), may be regarded as the share of
the i-th factor in total cost or the share of the {-th
output in total value as the case may be. Equation (6.3 is
given in continuous terms. For empirical implementation, it
is necessary to use a discrete approximation. The
approximation which i& most widely used was proposed by
Tornqvist (1936). The Tornqvist approximation to the Divisia
quantity indexes corresponding to (6.3) is given by:

log Q, - Tog Qu_y = wy, (T0g q4y - Tog qy o) (6.4)

The weights (w) in both price and quantity indexes are the
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same. A given weight is the arithmetic mean of the shares in
two adjacent periods and can be written as:

wit'=1/2(w1t-+\q’t_]) (6.5)

In (6.5), the we{ghts are flexible over time as shares
change.

The Tornqvist approximation to the Divisi; index which
has been chosen for estimation of productivity change is
consistent with the choice of functional form (translog)
which is used for studying factor substitution in Canadian
agriculture. Various theoretical properties of the Divisia
index are discussed by Hulten (1973) and technicalities of
the 1ink between this index and functional, forms in
production are elaborated by Diewert (1976). The economic
implications of these relationships in relation to the
Lispeyres index were discussed by Christensen (1975: 911) in
the following words: |

The basic difference between the Laspeyres and
Tornqvist (and other superlative) indexes is that
the Laspeyres index holds prices fixed at their base
period levels, while the Tornqvist index uses the
prices from both the base period and the comparison
period.

The use of fixed base period prices in the Laspeyres
index can be interpreted in terms of the linear
production function. If there is perfect
substitutability among factors of production, then
an increase in the relative price of any input would
cause discontinuation of its use. If a perfect
substitute is available at a lower price, there is
no rationale for using a higher priced input. If all
inputs are used in both the base period and the
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comparison period, it follows that relative prices
are the same in both periods. There is no need to
consider the comparison periods since they are
unchanged from the base period. .

The limitations of the Laspeyres indexing procedure and
their implications are clear from the above discussion. In
contrast to the linear function implied by-the Laspeyres
index, the translog functiorr is free from the restriction of
perfect or any a priori fixed magnitude of factor
substitution. The Torfigvist indexing procedure can
accommodate the flexibility of the translog function. The
rationale &f this 1ink was clarified by Christensen (1975:
911-912) thus:

The translog function does not require inputs to be
perfect substitutes. If the relative price of ah

input increases, the producer decreases its use

(substituting other inputs) until all marginal

productivities are proportional to the new prices.

Hence, the prices from both periods enter the

Tornqvist index to represent the marginal

productivities in both periods.

This study spans eighteen years during which input
prices and intensities changed. The Torngvist indexing
procedure which is flexible enough to study changing input
use when factor substitution is taking place is used to
analyze these changes.

The Star-Hall Approximation

The construction of Divisia indexes requires both price
and quantity data for each year in the time period. This
makes their empirical implementation more difficult. An
alternative method of obtaining productivity growth rates

using data from two end points of a long period has been
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proposed by Star and Hall (1976). The Star-Hall index can be

written as:

At) = ;(t)ﬂ@l,_ .

iEifxi(t)/xi(D)]w1

(6.6)

where A(t) is the rate of change in productivity, Y(t),
Y(0), x(it), and x(i0) refer to indexes of output and inputs
in the current and base period respectively, and w(i) is the

¥
weighted average of the factor shares. The appropriate )
weighted share, w=(i), is given by:

, 1 9;(t)

« _ 1 .t i -

%

where g(i) is the growth rate of input { and g’ (1) s its
average rate of growth over the period under consideration.
Star and Hall proposed to approximate the true value of w by
the arithmetic mean of w at the two end poinss. HeﬁGe,rﬂ‘(i)
is given by:

Wi = 1720w (0) + wi(t)] | (6.8)

4

where w(0) and w(t) are shares at the beginning and at the



end, respectively, of the period. Substituting (6.8) into
(6.6), the following expression for the rate of annual
change in productivity can be derived:

A - :L;) [ ¥(0) (6.9)
m [x;(t) / x;(0)] 1/2[w,(0) + w,(t)]
i=1

The reliability of the Star-Hall measure, therefore,
depends on the stability of the shares, w(i). If the shares
are stable, the average of the two end points will be quite
close to the weighted average of all values. *
Measurement of the Labour Input

An important issue in generating productivity estimates
is proper measurement of the input labour which, on a cost
share basis, still remains the most important of all farm
inputs. Traditionally, the persons employed concept has been
used to measure labour input. This measure cannot adequately
represent seasonality of employment and may geherate an
overestimate of labour use. A more satisfactory approach,
though difficult to implement empirically, is to use total
hours worked data. Although manhours data provided by
Statistics Canada have some limitations and are more suspect

to errors than persons employed data, the manhours data are

used to obtain a new set of estimates of productivity growth
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because the manhours concept is conceptually superior. ' In
this study, a set of estimates based on persons emp loyed
data is also provided for Canada as a whole. All indexes of
inputs and productivity, except those reported iﬁ:Tab1es 6.2

and 6.3, are based on manhours data.

C. A Survey of Previous Studies

This survey of previous studies of agricultural
productivity measurement is divided into two parts. In the
first part, studies of agricultural productivity in Canada
are surveyed. In the second part, some of the studies which -
have used flexible weight indexing procedures in the |
measurement of agricultural productivity are summar ized.

In its Key ﬂub1i§ati@n'@n productivity, Aggregate
Product ivity Measures (14-201),7 statistics Canada provides
only a partial productivity index with respect to labour. In
justifying this approach, Statistics Canada (1979: 17) says:

In a general sense, a productivity index is a

measure of the change in efficiency of an economy in
combining resources to provide its output. Ideally,
all resources should be counted as inputs. At the
present stage of development, only labour inputs can |
be measured.

1t appears that the difficulties encountered by by
Statistics Canada in considering inputs other than 1abour
‘and constructing TFP indexes refer to the problems of
collecting and manipulating data for all sectors of the

15ee Brown(1978) for a good discussion of this point. 7
nper in parentheses indicates the Statistics Canada
wumber .
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economy. In previous s;tuzﬁgs of Canadian agriculture
" (Furniss, 1970; Shute, 1975), however, inputs other than
labour have been considered in constructing TFP indexes.
In Aggregate Productivity Measures (14-201),
productivity is defined as the ratio of indexes of real

output and labour input:

a(t)/e(0) o0

AL(t) = L(t)/L(0) , ‘(Eim)

where AL(t) is the index of labour productivity and Q and L
are constant price output and volume of labour input
(persons employed or manhours), respectively. The subscripts
0 and t refer to base and current years.

The concept iof real domestic product used in (6.10) is
the same as that in Indexes of Real Domestic Product by
Industry (61-506). In that publication, a Laspeyres fixed
weight index is used to construct aggregate output indexes.
Since this measure is used for the numerator (Q) in (6.10)
above, this form of measure presumably is used in obtaining
the index of labour input (L). It seems evident, then, that
the method of productivity measurement adopted by Statistics

Canada incorporates neither total factor productivity
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aproaches nor flexible weight indexing me t hods .

Recent productivity studies on Canadian agriculture
include those by Furniss (1970), Shute (1975), and Auer
(1969).° Of these, the first two authors adopted a FFP
approach, whereas the last author considered partial
productivity with respect to labour .

One of the early studies of total factor productivity
in Canadian agriculture was conducted by Furniss (1970). He
found evidence of considerable productivity growth in
Canadian agriculture during the period considered. This
study concluded that TFP in Canadian agriculture increased
by 2.0 percent per year during the period 1949 to 1969 and
by 2.5 percent per year between 1959 and 1969.

- Shute (1975) updated Furniss’ work in her study of
agricultural ﬁraductivity in Canada and in its different
regions. She reported an annual growth rate of productivity
~of 0.86 percent for Canadian agricuiture and of :1.17 percent
in the prairies for the period 1961 to 1974. When the year
1961--a drought year in the prairies--was excluded, the
Canadian productivity growth rate fell to 0.07 percent, /
while the prairie growth rate was estimated to be negative
(-0.35 percent). This is a clear example of the sensitivity
@ﬁ productivity growth rate estimates to the inclusion or
exclusion of a year of poor weather.

3 In an earlier work, Lok (1961) studied productivity change
in Canadian agriculture for the period 1826 to 1957.
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Shute used a simple method of constructing indexes. She
defined productivity as the ratio of price deflated output
and price deflated inputs. Although she used a very simple
framework of analysis, Shute (1875: 1) emphasized the need
for adopting a TFP approach by saying:

The fact that output per unit of labour input has
increased continually since 1861 is of no
satisfaction if the increased capital inputs

required to offset the labor loss over-ride the
importance of the increased output.

TN

Auer (1969) studied the productivity of labour using a
PFP approach. He found that the partia1 productivity of
labour in Canadian agriculture increased at the yearly rate
of 5.5 percent for the period 1947 to 1965. This is
comparable to our estimate of an annual growth rate of
productivity of labour of 4.81 percent for the later period
1961 to 1978.

Recent studies which have used the Divisia indexing
method to study agricultural productivity include those of
Lee and Chen (1978) on Taiwan, Brown (1978) on the United
States, and Lawrence and McKay (1980) on Australia.

Lee and Chen (1878) studied productivity growth in
Taiwan’s agriculture using both t@tél and partial
productivity approaches. The computational procedure used in
applying the Tornqvist approximation to the Divisia index is
slightly different from the method now in use. As well, the
shares used by Lee and Chen are five year averages rather
than the more fully flexible schemes now in use as indicated
above in equations {(6.4) and (6.5).

L



124

In his doctoral dissertation, Brown (1978) conducted an
extensive study of productivity in U.S. agriculture using
the TFP approach. Applying the Torngqvist index of the type
given in (6.4), he oPtained an annual rate of productivity
growth of-1.15 perceht which was the difference between the
growth—Tate in output (1.79 percent) and inputs (0.64
percent) for the period 1947 to 1974. When he divided the
period into two parts, he obtained a growth rate of
productivity of 1.388 percent for 1947 to 1960 and 0.39
percent for 1960 to 1974. Brown also applied the Star-Hall
index of equation (6.9). Using data for the two end points
only (1847 and 1974), he derived a growth rate of
productivity of 1.14 percent which was nearly identical to
the growth rate of 1.15 percent obtained by using data for
all years.

In a recently published paper, Lawrence and McKay
(1980) examined productivity changes in the Australian sheep
industry. This is a fairly disaggregated study which used
both TFP and PFP approaches. The TFP growth rate ﬂés 2.9
percent per yeir between the years 1952-1953 and 1976-1977.
This was the difference between the annual growth rate in
output (4.4 percent) and the annual growth rate in inputs
(1.5 percent). The authors also provided estimates of the
terms of trade, defined as the ratio of prices received and
prices paid by the sheep industry, and estimates of a
returns to costs ratio, defined as the index of the ratio of

value of output to the value of inputs. They found that the
‘o



returns to costs ratio declined by 1.2 percent yearly during
the period of their study. Both these estimates suggested
that the producers in the sheep industry in Australia were
deprived of a large portion of the benefits of productivity
gain.
D. Estimates for Canada

The estimates of indexes of aggregate output and
aggregate input as well as indexes pf total and partial
factor productivity for Canada are reported below. In order
to obtain an index of TFP, it is necessary first to
construct quantity indexes of output and all inputs. The
output and inpgt indexes are constructed using the Torngvist
approximation to the Divisia index as given in equation
(6.4) and using the arithmetic average of the shares in two
adjacent periods.
Indexes of Output, Inputs, and Productivity

The quantity index of all agricultural output was
derived by combining aggregate crop and livestock indexes.
Twelive principal crcps\yere considered in constructing the
aggregate crop index.‘* Shgse were: wheat, oats, barley. rye,
mixed grain, corn for grain, flax seed, soybeans, mustard
seed, rape seed, potatoes, and tame hay.

Price and quantity data for these crops were obtained

from several Statistics Canada sources including Handbook of

tThis list of principal crops is the same as the one used in
Agriculture Canada publication Selected Agricultural
Statistics, -
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Agricultural Statistics (21-516), Quarterly Bulletin of
Agricultural Statistics (21-003), Field Crop Reporting
Series (22-003), and the Agrfculture Canada publication,
Selected Agricultural Statistics for Canada (1980). Some of
the data were also retrjeved from CANSIM which is the
ccmputerizéa‘iatn bank of Statistics Canada.

The Divtﬁia quantity index for all crops with base year
1971 is presgﬁigd in column 1 of Table 6.1. This and the
other indexes are reported for the period 1961 to 1978.
Following Egseﬁé(1951), Griffin (1974); and Veeman (1975),
annual grcn?h—r}ies were computed from yearly values of the
index by fitting the foliowing trend line by regression:

w

In G(t) = a + bt +u » (6.11)

where G(t) refers to the variable under consideration, and t
and u denote time and stochastic error term, respectively.
In this formulation, the compound growth rate is derived as
the antilog of the estimated coefficient on time minus one.
The all crop index shows an annual growth rate of 2.69
percent for the period 1961 to 1978. As can be seen from
Table 6.1, crop production is characterized by wide ranging
fluctuations with below normal years such as 1961, 1967, and
1974, and above normal years such as 1962, 1966, 1971, and
1978. When the year 1961 is excluded, the annual growth rate
associated with the crop index falls to 1.87 percent. The
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quantity index of livestock production, given in column 2 of
Table 6.1, is composed of seven items. These are: cattle and
calves, sheep and lambs, pigs, chicken and fowl, turkeys,
eggs, and dairy. Livestock production data were collected
from the Statistics Canada sources Handbook of Agricultural
Statistics (21-516), Livestock and Animal Product Statistics
(23-202). Agriculture Canada publications, Selected

Agricul tural Statistics for Canada and Livestock and Market
Review. were also used.

Livestock production grew at a slower rate than crop
production, increasing by 1.42 percent per year over the
period 1961 to 1978. Compared to crop production,
fluctuations in livestock production were more limited. As a
result, £he pattern of fluctuations in total agricultural
output was largely determined by fluctuations in crop
production.

The index of total agricultural production which is
reported in the last column of Table 6.1 is constructed by
combining crop and livestock indexes. The index of
agricultural output stood at 0.619 in 1961 compared to 1.086
in 1978. This implied a growth rate of 2.0t percent per
year. For the period 1962 to 1978, the growth rates were
1.78, 1.34, and 1.52 pércent for crops, liQestocK.and all
output, respectively.

The index of farm inputs, reported in Table 6.2, is
composed of capital, labour, and intermediate inputs

(purchased inputs or materials!. These input categories are



Table 6.1: Divisia Quantity Indexes of Agricultural

Output, Canada, 1961 to 1978 {(1971=1.000)

Year Crops Livestock £11 Output
1961 .487 .819 .619
1962 . 745 .823 .779
1963 .861 .848 .860
1964 .751 .893 . 809
1965 .832 .922 .871
1966 .992 .921 .969
1967 .796 . 940 .861
1968 .874 .953 .910
1969 .928 .951 .938
1970 .851 .988 .915
1971 1.000 1.000 .000
1972 .901 1.010 .948
1973 ..947 .995% .972
1974 .826 1.012 .900
197% . 857 1.036 .987
1976 1.013 1.038 .015
1977 1.069 1.042 1,044
1978 1.175% 1.033 1.086

Annual Growth Rates(%)

1861-78 2.69 1.42 .01

1962-78 1.87 1.34 .52




Table 6.2: Divisia Quantity Indexes of Farm Inputs
(Using Persons Employed Labour Datal,
Canada, 1961 to 1978 (1971=1.000)

Year Capital Labour Materials A1l Inpputs
1961 . B66 1.335 .653 .905
1862 .874 1.289 .668 .902
1963 .894 1.262 .723 .927
1964 .921 1.242 .767 .950
1965 .955 1.171 .801 .859
1966 .968 1.074 .865 .962
1967 . 996 1.010 .928 1.002
1968 1.014 1.068 .922 .999
1969 1.023 1.048 .919 . 995
1970 1.035 1.003 .955 .993
1971 1.000 . 1.000 1.000 1.000
1972 .999 .944 1.066 1.003
1873 1.019 .919 1.056 1.000
1974 1.075 .93 1.018 1.010
1975 1.019 .957 1.037 1.036
1976 1.152 - .935 1.084 1.063
1977 1.151 .922 1.130 1.073
1978 1.199 .937 1.196 1.117
Annual Growth Rates (%)

1961-78 1.61 -2.26 3.28 1.00
1962-78 1.58 -2.61 3.12 0.98
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composed of: capital--land, machinery, and livestocK;
labour--hired, unpaid family workers, and farm operators;
and materials--fertilizer, energy, seeds, and feeds. Some of
these components have several subcomponents. For example,
land consists of improved and unimproved land, and energy ié
the combination of petroleum products and electricity.

Necessary data for constructing input indexes were
collected and derived from various Statistics Canada
publications and CANSIM. The publications consulted included
Census of Canada, Agriculture, 1976 (96-800); Quarterly
Bulletin of Agricultural Statistics (21-003); Farm Implement
and Equipment Sales (63-203); The Labour Force (71-001);
Labour Force Annual Averages (71-529); Farm Wages in Canada
(21-002); The Farm Input Price Index (62-004); The
Fertilizer Trade (46-207); Ref ined Petroleum Products
!45*?@8); and Farm Net Income (21-202). Agriculture Canada
publications used were:. Selected Agricultural Sta;istics for
Canada (1980): Market Commentary, Farm Inputs (1979); and
Fertilizer Statistical Bulletin (1979). B

The index of capital rose from 0.866 in 1961 to 1.199
. in 1978 while the index of materials increased from 0.653 to -
1.196 over the sa%e period. The index of labour (persons
employed) fell from 1.335 in 1961 to 0.937 in 1978. It is
quite clear that factor suéstitutiaﬁ took place between the
labour input and other durable 1npu}s (capital) and

nondurable inputs (materials).
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The index of aggregate farm 1nput§ is shown in the last
column of Table 6.2. This index rose from 0.905 in 1961 to
1.117 in 1978. The overall growth of all inputs over 1961 to
1978 was 1.00 percent which implies that the fall in the
labour input was more than offset by growth in the other two
categories of inputs.

Total factor productivity (TFP) is defined as the ratio
of the index of output and the index of all inputs. The TFP

‘ indexes for Canadian agriculture are reported in Table 6.3.
The growth rate of TFP over 1961 to 1978 was 1.01 percent
per year. Growth in productivity is tﬁat part of the growth
in output which is not explained by growth in inputs. This

"js, therefore, the difference between the growth rates of
output and inputs. For the period 1962 to 1978, the growth
rate in output was only 1.52 percent. This implies, given
-the input growth rate of 0.98 percent,-a TFP gr@uth rate of
only 0.54 pgr23ﬂt. Thus, the exclusion of the drought year

¥ 1961 significantly affects the estimate of the productivity
growth rate.

The estimates which follow and all subsequent
productivity estimates are ba§e§ on manhours data. Manhours
data and the hourly wage rate without board were used to
construct a Divisia index of farm labour which was then
combined with other inputs to generate a new aggregate input
index. The new input index is reported in Table 6.4 and the
resulting productivity index is ‘presented in Table 6.5. The

estimates show a slower growth rate in the aggregate input



Table 6.3: Indexes of Agricultural Output,
and Total Factor Ptoductivity (Using
Persons Employed Labour Data), Canada,

1961 to 1978 (1971=1.000)

Inputs,

Year Output Inputs Productivity
1961 .619 .905 .684
1962 .779 .902 .864
1963 .860 .927 .928
1964 .809 .950 .851
1965 .871 .959 .908
1966 . 969 .962 1.007
1867 .861 1.002 . 859
1968 .910 .999 .911
1969 .938 .995 .943
1970 .915 .993 .921
1971 1.000 1.000 1.000
1872 . 948 1.003 .945
1973 .972 1.000 .972
1974 .900 1.010 .891
1975 .987 1.036 .953
1976 1.015 1.063 .955
1977 1.044 1.073 .973
1978 1.086 1.117 .872
Annual Growth Rates(%)

1961-78 2.01 1.00 1.01
1962-78 1.52 0.98 0.54
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Table 6.4:

~

(Using
1961

to 1978

Canada,

Divisia Quantity Indexes of Farm Inputs
Manhours Data),
(1971=1.000)

Year Capital Labour Materials A1l Inputs
1961 . 866 1.427 .653 1.013
1962 .874 1.373 .668 .999
1963 .894 1.334 .723 1.010
1964 .921 1.276 .767 1.011
1965 .955 1.188 .801 1.000
1966 . 968 1.101 . 865 .991
1967 .996 1.116 .928 1.025
1968 1.014 1.065 .922 1.009
1968 1.023 1.053 .919 10065
1970 1.035 . 998 .955 .998
1971 1.000 1.000 1.000 1.000
1972 .999 .929 1.066 ~ 987
1973 1.019 .931 1.056 ", 991
1874 1.075 . 949 1.018 1.004
. 1975 1.019 .970 1.037 1.028
1876 1.152 . 940 1.084 1.042
1977 1.151 .895 1.130 1.034
1978 1.199 . 897 1.196 - 1.067
Annual Growth Rates (%)
1961-78 1.59 -2.80 3.23 0.19
1962-78 1.31 -2.66 3.09 0.22
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and Total Factdr Productivity
(Using Manhours Data), Canada,
1961 to 1978 (1971=1.000)

Table 6.5: Indexes of Agrécuiturai Output, Inputs,

Year Output Inputs Productivity
1961 .619 1.013 611
1962 .779 .999 . 78G
1863 .860 1.010 .851
1964 .809 1.011 .800
1965 .871 1.000 .871
1966 .969 .991 .978
1967 .861 1.025 . 840
1968 ..910 1.008 .902
1969 .938 1.006 .932
1970 .915 .998 .917
1871 1.000 1.000 1.000
1972 : .948 .987 .960
1873 .972 .991 .981
1874 .900 1.004 . 896
1975 . 987 1.028 .860
1876 1.015 1.042 .974
1977 1.044 1.034 1.010
1978 1.086 1.067 1.018

Annual Growth Rates (%)

1961-78 2.01 0.19 1.83
1962-78 1.52 0.22 1.31 .
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employed data. The aggregate input index based on the
manhours labour concept increased by 0.19 percent .per year.
This implied a productivity growth rate of 1.83 percent per
year for the period 1961 to 1978. When the drought year 1961
is excluded, the growth rate in output dropped to 1.52
percent, the overall input growth rate rose slightly to Digz
percent, and the resulting growth rate in productivity was
1.31 percent.

The manhours data implied a higher share of labour in
total input cost than did the persons employed figures used
for the previous estimates presented in Table 6.3. As a:
result, the absolute and relative fall in labour input had a
greater impact on the estimated aggregate input index. This
implied a siower growth in aggregate input which, since the
output index remained the same, implied a higher growth rate
in productivity. Given the conceptual superiority of
manhours data, the estimates presented in Table 6.5 may be
regarded as more reliable indicators of productivity growth
in Canadian agriculture. The tradeoff in measuring the
manhours concept against the likely greater empirical
reliability of persons enfployed figures. In this study, more
emphasis is placed on the former aspect. \

Estimates of productivity growth rates are quite
sensitive to the period covered. This can be seen from

annual productivity growth rates in perfcentage terms for



136

several subperiods given below:

1962-70 ...........c..... 1.89

Co 1962-T1 oot e, 2,12
196272 oo, 1.97

17178 oo orrrrerrenee.. 0.5

197278 +ovseeeeienn.. b 14

'1973-78 ... . . i 1.8

During the earlier sub-periods, productivity growth
rates in Canada are estimated to be between 1.83 percent and
2.12 percent per year. In the later sub-periods., the annual
growth rates were between 0.51 percent and 1.61 percent.
These estimates indicate a slight slowing of productivity
growth rates during the later periods though there is no
indication that these rates approached zero.

The indexes GF'Qutput. input, and productivity based on
persons employed and manhours data are graphically presented
in Figures 6.1 and 6.2, réspectively. Since aggregate input
use grew ;ery slowly, fluctuations in productivity growth
were very similar to the fluctuations in aggregate output.
Until 1974, mgvements of autp;t and productivity were nearly
identical. After 1974, output grew at a faster rate than
productivity apparently as a result of slightly higher
increases in the aggregate input index.

Estimates of productivity growth based on the Laspeyres
index u%ing the same data base were made for Canadian
agriculture. These are reported in Table 6.6. The Laspeyres

based growth Qgtes were found to be lower than the



Table 6.6: Laspeyres Based Indexes of Agricultural

Output, Inputs, and Total Factor
Productivity, Canada,
1961 to 1978 (1971=1.000)

Year

Output Inputs Productivity

————

1961
1962
1963
1964
1965
1966
1967
1968
1969
1870
1971
1972
1873
1974
1975
1976
1977
1978

.641 .927 .691
.784 921 . 851
.855 .940 .909

.817 .952 .858 -

.874 .953 .917
.959 .960 .999
.863 1.000 .863
.911 .989 .921
.939 . 987 .951
.915 .991 .923
1. 00C .000 1.000
.952 .008 .944
.969 .011 .958
.912 .017 . 897
.9985 .041 .956
1.025 . 066 .961
1.056 .073 .984
1.108 116 .993

Annugl‘Gr@wﬁh Rates (%)

'1961-78
1962-78

2.03 0.94 1.09

1.61 0.95 0.66
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corresponding Divisia estimates for both the 1961-78 and
1962-78 periods.

The Star-Hall method, discussed above, was also used to
obtain productivity growth rates in Canadian agriculture.
Using data on two end points {1961 and 1978 or 1962 and
1978) from Tables 6.1, 6.4, and 6.7, annual productivity
growth rates of 1.81 and 1.58 percent were obtained for the
periods of 1961 to 1978 and 1962 to 1978, respectively. The
Star-Hall g?gwth rates given above are quite close to those
obtained using data for all years. The differences that
remain can be explained by examining the weight used in the
Star-Hall method. In the Star-Hall procedure, an arithmetic
average of factor shares in the two end points was used. If
the factor shares do not change over time, the growth rate
obtained by the Torngvist and Star-Hall methods would be
exactly the same. If the factor shares change, as has been
the case in Cahadia; agriculture (indicated in Table 6.7),
the Star-Hall growth rate differs from that based on the
Tornqvist procedure. The difference in growth rates obtained
by the two methods can, therefore, be explained by the
?1uctuating factor shares in Canadian agriculture.

The Star-Hall approach can only give an approximate
annual growth rate in productivity. It does not trace the
change in productivity in the intervening period. However,
when data for every year are not available or are too
expensive to obtain, the Star-Hal)l approximation can be used

to pbtain a fairly representative estimate of productivity



Table 6.7: Shares of Capit

1961

in Total Cost,
to 1978

al, Labour, and Materials
Canadian Agriculture,

Year Total Cost' Capital Labour Material
1961 3234.3 .232 .549 .228
1962 3285 .1 .250 511 .239
1963 3424.0 .256 .494 .249
1964 3573.9 .273 .474 .253
1965 3606.4 .287 .450 .263
1966 3798.4 .294 .430 .276
1967 4256 .9 .307 .422 .270
1968 - 4358 .1 .326 .408 .265
1969 4501.4 .331 .419 .250
1870 4562.0 .333 LA .256
18971 4612.7 .304 .425 - 271
1972 4843.6 .317 .405 277
1973 5739.2 .314 .383 .303
1974 7065.7 .318 .372 .310
1975 8434.8 .323 . 387 .289
1976 9510.5 . 361 .376 .262
1977 9986.5 .345 .376 .279
1978 10843 .4 .353 . 366 .280
' Includes both actual and imputed cost, reported

in millions of current dollars.
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growth using data from two end points only.
Partial Factor Productivity

Partial factor productivity (PFP) is defined as the
ratio of total output to the quantity of a particular input.
In this section, estimates of PFP with respect to three
broad categories of inputs--labour, capital, and
materials--are reported. The main objective of this exercise
is to examine the adequacy of the PFP approach to
productivity measurement.

Estimates of the indexes of partial productivity of
labour, capital, and materials and their annual growth rates
are reported in Table 6.8. The growth rate of labour
productivity is the highest, rising bx 4.81 percent during
the period 1961 to 1978. The growth rate of the productivity
of capital was only 0.69 percent while the growth rate of
materials productivity was negative (-1.11).

In Canadian agriculture, the relative and absolute
decline in the input of labour (at least until the early
1970s) was more than offset by increases in the quantities
of other factors. This is clearly seen from the quantity
indexes of labour, capital, and materials. Labour input
declined by 2.8 percent per year while capifa1 and materials
rose by 1.59 and 3.23 percent, respectively. The last two
categories of inputs were partially responsible for the |
increase in agricultural output and yet their partial
productivities are found either to be very low or negative.

This result illustrates the inadequacy of PFP measures as



) 143
Table 6.8: Partial Factor Productivity (PFP) of Labour,
Capital, and Materials; Canadian Agriculture.
1961 to 1968 (1871=1. DDD)
Year Output L K1? M PFP{L) PFP(K) PFP(M)

Index Index Index Index

£
1961 .618 1.427 . 866 .653 .434 .715 .948
1962 779 1.373  .874 668  .567  .891 1.166
1963 860 1.334  .894 .723 .645  .962 1.189
1964 809  1.276  .921  .767 .634  .878 1.055
1965 871 1.188  .955  .801  .733  .744 1.087
1966 .969 1.101 .968 .865 .880 1.000 1.120
1967 861 1.116 .996  .928  .771 864  .928
1968 910 1.065 1.014 .922  .854  .897  .987
1969 .938 1.053 1.023 .919  .891 917 1.020
1970 .915  .999 1.035 .955 .916  .884  .958
1971 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1972 .948  .929  .999 1.066 1.020  .949  .889
1973 972 .931 1.019 1.056 1.044  .954  .320
1974 900  .949 1.075 1.018 .948  .837 884
1975 .987  .970 1.019 1.037 1.017  .968  .952
1976 1.015  .940 1.152 1.084 1.080 .88 .936
1977 1.044  .895 1.151 1.130 1.166  .907  .924
1978 1.086  .897 1.199 1.196 1.211 .906  .908

Annual Growth Rates(%)

1961-78 2.01 -2.80 1.59 3.23' 4.81  0.69 -1.
1962-78 Y.52 -2.66 .31 3.09 4.18  0.23 -1,

[, [y
[ -y

'L, K, and M refer to labour, capital, and materials.
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indicators of overall productivity advance and of the
relative importance of various factor inputs in the !
production process. An input is not increasingly used over a
long period if it does not contribute to productivity
increase. Yet, according to the PFP approach, an input which
increases most rapidly in use shows the least growth in
partial productivity.

Energy inputs are becoming increasingly important in
Canadian agriculture. The decline in farm labour and the
tendency for larger farms have been made possible by the
machinery and other mechanical equipment and facilities for
both crop and livestock production. This has led to an
increase in the use of energy as shown in Table 6.9. Energy
issues in Canadian agriculture have been dealt with by some
éuthors (Furniss, 1978; Morris, 1978), but the effect of
energy price on the productivity of energy has not been
explicitly discussed.

The partial productivity index for energy, defined as
the ratio of the index of output to that of energy, shows an
annual growth rate of only 0.01 percent. This result
demonstrates again the shortcoming of the partial
productivity approach. The growth in energy productivity is
much slower than the growth in productivity of labour even
though the increased use of energy, by enabling
‘mechanization, has contributed to the praducfivfty growth of

labour in Canadian agriculture.
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Table 6.9: Partial Productivity of Energy,
Canadian Agriculture, 1961 to 1978

o

Year Qutput Index Energy Index Energy Productivity

1961 619 792 781
1962 1779 .783 | .995
36 3 .860 .804 1.070
1964 .808 .826 .979
1965 871 .848 1.027
1966 .969 .865 . 1.120
1967 861 .898 .959
1968 1910 .905 : 1.005
1969 .938 1912 1.028
1970 .915 ~.935 .979
1971 1.000 .000 1.000
1972 .948 .032 .919
1973 .900 062 .93
1974 .900* .073 _§§7\
1975 987 007 .9
1018 3
0

o
an
LS

1976 1.015
1977 1.044 .049
1978 1.086

063 1.0

Annual Growth Rate(%)

1961-78 2.
1962-78 1
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In a recent paper, Berndt and White (1979) dealt with
the interesting issue of the impact of changes in the prieé
of energy on its productivity in the context of the |
manufacturing industry. Following their framework, tﬁe
productivity of the i-th input can be defined as output (Y)

per unit of input x(1):

A(i) = Y/x(i) (6.12)

where A(i) is the productivity of the i-th input. From
(6.12), the elasticity of productivity of the i-th input
with respect to the price of the j-th input price, P(1j),

can be written as:

(6.13)

-

—

s

LS

[
T

Berndt and White have shown that P(ij) is the negative of

the related price elasticity, E(1j). Hence, E(iJ)=-P(i]),

and E(i1)=-P(i1). Own and cross price elasticities for the
various inputs considered in this study were previously h
reported in Chapter '5. The own price elasticity of energy

was found to be -.97 for the homothetic single output model.

This implies that a 1 percent increase in energy price will



raise energy productivity by -.97 percent.

An increase in energy price can stimulate an increase
in energy productivity through conservation. However, the
incentive to save energy depends not only on its own price

but also on the prices of other inputs. In fact, as

discussed in Chapter 3, the increase in energy pricés was
slower;than the-rise in most farm input prices during the
period 1961 to 1978. As a result, energy saving effort in
Canadian agriculture wés not pursued to any great extent.
Moreover, the share of energy in total cost was, and may
continue to be, relatively small which may reduce thei
incentive to economize on energy even with increases in
energy price.
Benefits from Productivity Gain

Most studies of productivity tend to concentrate on the
exteﬁt of productivity gain rather than considering the
distributiontéf this gain. One exception is the study by
Lawrence and MéKay (1980) which was also concerned with the
issue of how much of this benefit accrued to farmers. Their
gtudy related to the Australian sheep industry. They used
the concept of the terms of trade {(defined as the ratio of
the index of the price of output (prices received) to the
index of prices of inputs {(prices paid or imputed)) and as
well as the concept of returns to costs (defined as the
ratio of the index of value of output to index of the value
of inputs). Following Lawrence and McKay, Divisia procedures

were used to construct the underlying indexes and the terms
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of trade and returns to costs indfxes were constructed for
Canadian agriculture. |

The price indexes of aggregate output and aggregate
inputs were.ccnstructed using all the components of output
and inputs mentioned above. These indexes are reported in
columns 1 and 2 of Table 6.10. The ratio of these two
iﬁd31§5 is the terms of trade index which is presented in
cciuéﬁ 3 of the same table. The terms of trade index shows a
gene%aliy steady decline during the 1960s. In the years of
1972 and 1973, output prices rose much more rapidly than
input pciges causing the terms of trade to increase
markedléL)Later in the 1970s the terms of trade
deterigfateﬂ, largely because of continuous upward increases
in input prices. In terms of an annual growth rate for the
entire period, the terms of trade declined by 2.65 percent.
Such deterioration in the terms of trade is popularly known
ras the "cost price squeeze”. Whether this implies a
worsening of the relative position of producers depends on
the extent of growth in productivity. That is, one can not
say anything definite about changes in the income position
of farmers solely from cost-price or terms of trade
relationships. Changes in the technical efficiency with
which inputs are converted into output--that is,
productivity growth--must also be considered.

If praductiv?ty improvement is greater than the decline
in the terms of trade, the welfare position of producers

(defined solely in terms of income generated on the farm)



Table 6.10: Changes in Terms of Trade,

Canadian Agriculture,

1961 to 1978

Year Price Index Price Index Terms of Trade
of Output of Input
1961 .999 .692 1,444
1962 1.012 .712 1.421
1963 1.015 .735 1.381
1964 1.020 .766 1.332
1965 1.052 .781 o 1.347
1966 1.088 .830 1.311
1967 1.052 .900 1.169
1968 .993 .936 1,061
1969 1.028 . 969 1.061
1970 1.081 990 1.092
1971 1.000 1.000 1.000
1972 1.298 1.064 1.220
1973 2.083 1.256 1.658
1974 1.980 1.526 1.297
1975 1.806 1.791 1.008
1976 1.744 2.000 .872
1977 1.760 2.093 .841
1978 1.906 2.204 .B65
Annual Growth Rates(%) v
1961-78 4.64 7.29 -2.53
1962-78 4.97 7.62 -2.53
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can be said to have improved. If, however, deterioration in
terms of trade has not been fully offset by increases in
productivity, a decline in the relative position of farmers
is tmplied. The concept of returns to costs relates these
two measures (Lawrence and McKay, 1980). The relationship

can be written as:

LY

‘Growth Rate of ]

Growth Rate of] , [Growth Rate of (6.14)
Returns to Costs '

Productivity Terms of Trade

The returns to costs ratio index is presented in the
last column of Table 6.11. It declines at the annual rate of
0.82 percent from 1961 to 1978. The magnitude of decline is
_much less than the decline in the terms of trade because the
decline in the_ latter was compensated to a large extent by
the productivity increase which occurred at the annual rate
of 1.83 percent. The decline in Feturﬁs to costs was
higher--1.35 percent per year--in the period 1962 to 1978
during which productivity growth was lower (1.31 percent).

The indexes of productivity, terms of trade, and
returns to costs are graphically displayed in Figure 6.3.
The terms of trade declined steadily till 1971. The returns
to costs index fluctuated widely between 1961 and 1967, and
then remained stable till 1971. After 1971, the movements of
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Table 6.11: Returns to Costs Ratio, Canadian Agriculture,
1861 to 1978

Year Productivity Terms of Trade Returns to Costs Ratio

1961 .611 1.444 .881
1962 . 780 1.421 1.106
1963 .851 1.381 1.174
1964 .800 1.332 1.064
1965 .871 1.347 1.170
1966 .978 1.311 1.278
1967 . 840 1.169 .980
1868 .902 1.061 . 954
1869 .932 1.061 . 987
1970 917 1.092 1.000
1971 1.000 1.000 1.000
1972 . 960 1.220 1.172
1973 .981 1.658 1.665
1974 . 896 1.297 1.155
1975 . 960 1.008 . 960
1976 .974 . 872 .844
1977 1.010 . 841 . 842
1978 1.018 . 865 _ .820
— N

Annual Growth Rates(¥%) g

1961-78 1.83 -2.53 -0.82
1962-78 1.31 -2.53 -1.35
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terms of trade and returns to costs were almost identical.

A decline in the returns to costs ratio over the entire
period could give an indication that the welfare position of
producers has deteriorated. In reality, however, the iﬁGQmE-
position of farmers is a much more complex issue,
complicated by the considerable off-farm income earned by
many farm families and by the question of capital gains.
Furthermore, there is some indication that the relative
income levels of some farmers, especially grain farmers,
have been stronger since 13872.

-~
E. Estimates for Western Canada

In this section, estimates of productivity growth in
agriculture in Western Canada are presented. A separate
study of productivity in Western Canadian agriculture may
prove useful for several reasons. The growth rate of
agricultural output in Western Canada was higher than in
Canada during the period 1961 to 1978. The important issues
considered here are whether this higher growth in output is
attributable to higher growth in input usage or higher
growth in productivity (or to a combination of both) and
whether farmers’ terms of trade and returns to costs have
moved differently at the Western Canadian -level. A related
issue which is emphasized in this study is the use of energy
and its productivity and the likely impact of an increase in
the price of energy and the efficiency of its use in Western

Canada. The components of the indexes of outputs and inputs,
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as well as the methods of analysis and data construction,
are the same as those used for Canada as a whole.
Indexes of Output, Inputs, and Productivity

Total factor productivity (TFP) estimates for Western
Canada were generated from indexes of aggregate output and
inputs which are reported in Table 6.12 and Table 6.13,
respectively. The aggregate output index, in turn, is based
on a weighted composite of the index of crop production and
the index of livestock production for Western Canada. The,
index of crop production shows wide-ranging fluctuations
with annua) growth rates of 4.04 anck 2.390 percent for the
periods of 1961 to 1978 and 1962 to 1978, respectively. The
influence of the year¥1961 is more pronounced in the case of
Western Canada for crop production than livestock
production. This is to be expected since the drought of 1961
in the Prairie provinces caused crop failure. The growth
rates in livestock production were much slower than for crop
production: livestock production grew at 1.36 and 1.41
percent for the two periods of 1961 to 1978 and 1é62 to
1978, respectively. The index of all output {s given in the
last column of Table 6.12. The annual growth rate of the
index of aggregate output was 3.27 percent over 1961 to 1978
and somewhat lower at 2.52 percent from 1962 to 1978. These
growth rates are higher than the corresponding growth rates
for Canada as a whole (2.01 ahd 1.52 percent).

The indexes of various broad categories of farm inputs

and of total farm inputs are reported in Table 6.13. The



Table 6.12: Divisia Quantity Indexes
Output, Western Canada,
(1971=1.000)

of Agricultural
1961 to 1978

_ _ '
Year Crops Livestock A1l Output
1961 . 364 . 856 477
1962 .681 .812 .723
1963 .826 .806 .836 .
1964 .679 .874 .733 ’
1965 .810 .907 . 846
1966 .964 . 899 .967
1967 .713 .922 .774
1968 . 842 .940 .879
1969 .770 .893 .808
. 1970 .803 . 941 .B42
1971 1.000 1.000 . 1.000
"1972 .902 1.01 .934
1873 . 947 1.004 .964
1874 .807 .997 .854
1975 . 981 .989 . 997
1976 ., 1.114 1.019 1.110
1977 1.141 1.053 1.138
1978 1.264 1.038 1.223
Annual Growth Rates(%)
1961-78 4.04 1.36 3.27
1962-78 2.90 1.41 2.52
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Table 6.13: Divisia Quantity Indexes of Farm
Inputs, Western Canada, 1961 to 1978

(1871=1.000)
Year Capital Labour' Materials A1l Inputs
1961 .888 1.275 .601 .962
1962 . 886 1.274 .629 . 969
1963 . .903 1.279 .662 .986
1964 .928 1.261 .720 1.004
1965 .960 1.154 .752 .985
1966 .975 1.077 . 837 . 983
1967 1.005 1.075 .928 1.015
1968 1.003 .947 .948 .976
1969 1.034 1.050 . 899 1.011
1970 1.050 .862 .933 .987
1971 1.000 1.000 1.000 1.000
1972 1.027 967 1.072 1.010
1973 1.041 927 1.120 1.008 ~
1974 1.097 . 899 1.123 1.016
1975 1.138 .96 1 1.117 *1.054
1976 1.204 1.047 1.169 1.126
1977 1.191 .982 1.272 1.113
1978 1.212 1.007 1.305 1.138
Annual Growth Rates (%)
1961-78 1.82 -1.79 4.49 0.79 {
1962-78 1.84 -1.71 4.35 0.82

'The labour data are based on manhours and not on
persons employed.



index of total farm inputs increased at a compound annual
growth rate of 0.79 percent over 1861 to 1978. This is the
result of yearly increases in capital and materials of 1.82
and 4.49 percent, respectively, and an .annual decline of
1.80 percent in the labour input. The growth rate in the
index of all inputs is higher for Western Canada (0.78
percent) than for Canada (0.19 percent). The higher growth
rate appears to be the result of larger increases in capital
and material inputs and smaller declines in the labour
input. In Western Canada, labour (measured in manhours)
declined by 1.80 percent per year while for Canada the
figure was 2.80 pércent. .

The TFP index for Western Canada is presented in Table
6.14. TFP grew at an annual rate of 2.48 percent during the
time period 1961 to 1978. This is the residpai di fference
between the growth rate in output of 3.27 percent and the
growth rate ih inputs of 0.79 percent. When the drought year
of 1961 is excluded, the growth rate of TFP falls to 1.70
percent .

The growth rates of TFP for the period 1962 to 1978 are
more realistic estimates than those for 1961 through 1978
because of the upward bias imparted by the fact that 1861
was an abnormally poor crop year. The estimated growth rate
of TFP for Western Canada (1.7 percent cvér 1962-1978) is
higher than that estimated for Canada (1.3 percent over the
same period). The higher rate of growth in productivity at

the Western Canadian level is associated with a higher



Table 6.14: Indexes of Output, Inputs and Total
Factor Productivity, Western
Canada, 1961 to 1978 (1971=1.000)

Year Output Inputs Productivity
1961 .477 L1962 . 496
1962 .723 .969 .746
1963 .836 .986 . 848
1964 .733 1.004 .730
1965 . 846 .985 .859
1966 .967 .983 .984
1967 .774 1.015 .762
1968 .879 .976 .901
1969 .809 1.011 .800
1970 .842 .987 .853
1971 1.000 1.000 1.000
1972 .934 1.010 .925
1973 .964 1.008 . 956
1974 .854 1.016 . 840
1975 .997 1.054 . 956
1976 1.110 1.126 .986
1977 1.138 1.113 1.022
1978 1.223 1.138 1.075
Annual Growth Rates(%)

1961-78 3.27 0.79 2.48
1962-78 2.52 0.82 1.70
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in aggregaté output which more than compensated for 4
higher rate of growth in aggregate input use. In part, then,
the higher growth rate in Western Canada is likely
attributable to the greater importance of the grain sector
in Western Canada, the grain boom in the mid-1970s, and the
attendant impetus for the adoption QF.FurthEQLﬁaghaﬁical and
biological technology in the grains sector.

Annual growth rates of TFP in percentage terms for
Western Canada in diFFEPEﬁf suboer iod« were also obtained

and are reported below:

1962-70 .....7T........ 0 1.0 W
1962-71 ................. 1.84 , » ~
1962-72 ............s7... 1.81
‘- 197178 0o 1.47 »
1972-78 ................. 2.69
1973-78 ... .............. 3.50
The estimates of productivity growth in Western Canada
for the later peri;ds are higher than the corresponding
Canadian estimates. Compared to the earlier periods, Westera
Canada also registered higher productivity growth in the
later periods. This is in contrast to the situation in
Canada as a whole, where there were some indications of
siower productivity growth in the later periods.
The indexes of aggregate output, inputs, and total
Fagtarxpraductivity are graphically represented. in Figure

6.4. The aggregate input index rose gradually and slowly,
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while fluctuations in the productivity index were more
pronounced and tended to follow the fluctuations in the
output index. It is only during the last few years that .
output growth has been greater than productivity growth and
this faster growth in output has been a result of faster
growth in the aggregate input index.

Productivity growth rates based on the Laspeyres index
were also obtained for Western Canada. Laspeyres indexes and
annual growth rates are reported in Table 6.15. For the
period 1961 to 1978, the annual growth rate was 2.51 percent
which happens to be very close to the Divisia growth rate of
2.48 percent. When the drought year of 1961 was excluded,
the Laspeyres based annual growth raée fell to 1.80 percent
which is slightly higher than the Divisia based growth rate
of 1.70 percent. The Western Canadiéﬁ estimates based on
these two indexing procedures appeared much closer than for
Canada.

The Star-Hall method--a shortcut procedure of
est{matiﬁg the growth rate of TFP using only endpoint data--
was also applied for the agricujtural sector of Western
Canada. The Star-Hall estimates of the annual growth rates
of TFP, based on Tables 6.12, 6.13, and 6.16 fér the two
periods of 1961 to 1978 and 1962 to 1978 are 2.04 and 1.40
percent, r;spectively.g*hgse estimates are somewhat lower
than the standard Divisia estimates, but they might serve as
first Qrdef approximations of productivity growth where

insufficient data exists to compute Divisia estimates.



Table 6.

15:

Laspeyres Based Indexes of Agricultural
and Total Factor

Output,

Inputs,

Productivity, Western Canada,

1961 to 1978

{1971=1.000)

Year Output Inputs Productivity
1961 .503 .992 .507
1962 720 .997 722
1963 .820 1.012 .810
1964 734 1.025 716
1965 . 837 .998 .839
1966 .946 . 989 .956
1967 772 1.018 .758
1968 .870 .974 . 893
1969 .805 1.011 .796
1970 .842 .986 .854
1971 1.000 1.Q00 1.000 9
1972 .933 1.§?1 .923
1973 .963 1.009 .954
1974 .861 1.018 .846
1975 .983 1.057 .930
1976 1.087 1.129 .963
1977 1.116 1.119 . 997
1978 1.200 1.144 1.049

_ _~ _ -
Annual Growth Rates(X%)
1961-78 3.15 0.64 2.51
1962-78 2.49 0.69 1.80
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Table 6.16: Shares of Capital, Labour, and Materials
in Total Cost, Western Canada,
1961 to 1978

Year Total Cost' Capital Labour Materials
1961 1488.6 .2915 .5229 . 1855
1963 1649 .1 .2986 .5099 .1914
1964 1769.3 .3365 .4683 . 1950
1965 1819.6 .3707 .4320 . 1971
. 1966 1883.2 .36783 .4194 .2126
1967 2156.9 . 3691 .4186 2123
1968 2173.6 .3944 . 3841 .2215
1969 2302.8 .3747 .4286 . 1967
1970 2235.9 .3752 . 3868 . 1951
1971 2303.2 .3544 . 4287 .2169
1972 2465.5 .3570 L4214 2216
1973 2797.9 . 3559 . 3949 .2481
1974 3458.1 .3578 .3740 . 2682
1975 4248 .9 .3576 .3914 .2506
1976 5322.0 .3818 . 3964 .2218
1977 5741.6 .3938 .4443 .2406
1978 6303.2

.3801 . .4051 .2147

1Both actua) and imputed costs are included and
reported in terms of millions of current dollars.
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Partial Factor Productivity
The indexes of partial productivities of the three
broad categories of inputs--labour, capitali“and

materials--are reported in Table 6.17. The productivity of

year, respectively, while that of materials decliined by 1.17
percent. As expected, all growth rates of partial
productivity indexes fell when the drought year 1961 was
excluded.

The partial factor productivity measures again give
paradoxical indications of productivity gains. The
productivity of labour is found to be higher than the
productivity of capital although the latter input
contributed to the increase in output from the declining
input of labour. Of the three categories of inputs,
méterials exhibited the highest rate of growth of use. This
category of inputs likely contributed to the increase in
output and yet its partial productivity was found to be
negative. This is because the rate of growth of the index of
the material inputs was higher than the growth in output.

The measure of partial productivity of energy (one of
the subcomponents of the material input) is of particular
interest. The quantity index of energy and the partial
productivity of energy are reported in Table 6.18. The use
of energy increased at the féar]y rate of 2.67 percent in
Western Canada between 1961 and 1978. This rate is higher

than that for Canada (1.98 percent--see Table 6.9) as a



Table 6.\7: Partial Factor Productivity (PFP) of Labour,
Capital, and Materials; Western Canada, 1961

to 1978 (1971=1.000)
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Year Output L K! M' PFP(L) PFP(K) PFP(M)
1961 LAT77 1.275 . 888 .601 .374 .537 .797
1962 .723 1.247 . 886 .629 .567 .816. 1.149
1963 .836 1.279 .903 .662 .654 .926 1.263
1964 733 1.261 .928 .720  .581 .790 1.018
1965 846 1.154  .960 .752  .733 . 881 1.125
1966 .967 1.077 .975 . 837 .898 1.077 1.155
1967 774 1.075 1.005  .928 .720 .770 .834
1968 .879 .947 1.003 .947 .928 .876 .928
1969 . 809 1.050 1.034 .899 .770 .782 .900
1970 .842 .962 1.050 .933  .875 .802 .902
1971 1,000 1.000 1.000 1.000 1.000 1.000 1.000
1972 .934 .967 1.027 1.071 .966 .909 .872
1973 .964 .927 1.041 1.120 1.140 . 926 .861
1974 .854 .899 1.097 1.123 .950 .778 .760
1975 .997 961 1.138 1.117 1.037 .876 .892
1976 1.110 1.047 1.204 1.169 1.060 .922 .949
1977 1.138 .982 1.191 1.272 1.159 . 955 .895
1978 1.228 1.007 1.212 1.305 1.214 1.009 .937
Annyal Growth Rates(X)

1961-78 3.27 -1.79 1.82 4 .49 5.14 1.37 -1.17
1962-78 2.52 -1.71 1.84 4.35 4.27 0.59 ~1.79

'L, K, and M refer to labour,

capital, and materials.
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TaBle 6.18: Partial Productivity of Energy,
Western Canada, 1961 to 1978 (1971=1.000)

- ‘

Year Output Index Energy Index Energy Productivity
1961 - 477 .765 .623
1962 .723 771 .938
1963 .836 . 787 1.062
1964 .733 .808 .806
1965 .846 .B46 1 .000
1966 .967 . 864 . 143
1967 .774 .922 !839
1968 .879 .930 . 945
1969 .809 .936 . 864
1970 .842 .964 .873
1971 1.000 1.000 1.000
1972 .934 1.032 .905
1973 . 964 1.076 . 896
1974 .854 1.149 .743
1975 .997 1.070 .932
1976 1.110 1.094 1.015
1977 1.138 1,144 . 995
1978 1.223 1.163 , 1.051
——— — — — ,,,-’= — — e —
Annyal Growth Rates(%)
1961-78 3.27 2.67 0.59
1962-78 2.52 2.67 -0.17
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whole. Faster growth in the use of energy in Western Canada
might be attributable to such factors as the greater
importance of grain farming in the farm enterprise mix and
the slightly lower levels of energy price which have
prevailed in Western Canada.

The index of partial productivity of energy, given in
the last colemn of Table 6.18, shows an annual rate of
growth of only 0.59 percent from 1961 to 1978. For the
pe;i@d from 1962 to 1978, when the growth rate in output was
much lower, the rate of growth of productivity was
negative(-0.17 percent). These estimates are similar to the
ones obtained for Canada and ﬁilgstrate,the shor tcomings of
the PFP approach.

The 1ink between the price of an input and its
productivity was noted in equation (6.17) above. This
relati@ﬁship means that the elasticity of the productivity
is the negative of the corresponding price elasticity of
demand. The estimated translog own price elasticity of
demand for energy for Western Canada in the homothetic
single output model is -0.72. This implies that the
elasticity of the productivity of energy is 0.72. In other
words, an increase in the price of energy of 1 percent wou ld
raise energy p?aductivity by 0.72 percent in Western Canada.
This productivity value is lower than that obtained for

Canada.
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As was the case for Canada as a whole, two concepts are
used to gain an indication of the distribution of
productivity gains in Western Canada: changes in farmers’
terms of trade (the ratio of the price of output to the
price of input) and changes in farmers’ returns to costs
ratio (the ratio of the value of the output to the value of
input).

The terms of trade of Western Canadian agricultural
producers generally declined during the 1960s and 1970s.
espite considerable recovery during 1973-75, farmers’ terms
of trade fell by 2.40 percent per year from 1961 to 197%.;5
\é\resu;t of a 7.56 percent increase in the price of input

period 1962 to 1978, the annual rate of decline was 2.32
percent. The foregoing estimates are reported in Table 6.19.
It was pointed out in the previous discussion that the
decline in farmers’ terms of trade should be weighed against
productivity growth to arrive at a more definite conclusion
of whether there has been a deterioration in farmers’
economic position. The concept of returns to costs 1inks
these two aspects. Returns to costs ratios, presented in
Table 6.20, show a very skéw growth ratF of 0.12 percent per
year during the period 1961 to 1978. The benefits of
productivity gain (2.48 percent) were almost totally
counterbalanced by the declining terms of trade (-2.40
percent). For the period 1962 to 1978, when productivity



Table 6.19: Changes in Terms of Trade, Western Canada,
1961 to 1978 (1971=1.000)

Terms of Trade

Year Price Index Price Index
of Output of Inputs

S —_— ————— 76,,7
1961 1.019 .672 1.516
1962 1.094 .701 1.561
1963 1.056 . 126 1.454
1964 1.085 . 765 1.418
1965 1.046 .802 1.304
1966 1.098 .832 1.320
1967 1.149 .922 1.240
1968 1.089 .967 1.126
1969 1.020 .989 1.031
1970 .974 . 983 .991
1971 1.000 1.000 1.000
1972 1.018 1.060 .960
1973 1.493 1.205 1.239
1974 2.409 "1.478 1.630
1975 2.325 1.749 1.329
1976 2.192 2.052 1.068
1977 1.964 2.239 .877
1978 2.084 2.404 .867
Annyal Growth Rates(%)
1961-78 5.03 7.55 -2.40
1962-78 5.41 7.86 -2, 32
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Table 6.20: Returns to Costs Ratio, Western Canada,
1961 to 1978 (1971=1.000)

Year Productivity Terms of Trade Returns to Costs Ratio
1961 .496 1.516 .748 .

1962 . 746 1.561 1.162 .

1963 .848 1.454 1.230

1964 .730 1.418 1.033

1965 . 859 1.304 1.1186

1966 .984 1.320 1.294

1967 .762 1.246 .946

1968 .801 1.126 1.010

1869 .800 1.031 .863

1970 .853 .991 .842

1971 1.000 1.000 1.000_

1972 .925 .960 - 8907 TN
1973 .956 1.239 1.185

1974 .840 1.630 — 1.373

1975 .956 1.329 1.259

1976 .986 1.068 1.064 .
1977 1.022 .877 .900

1978 : 1.075 . 867 .934

Annual Growth Rates(X)

1961-78 2.48 -2.40 0.12
1862-78 1.70 -2.32 -0.57
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growth was slower (1.70 percent), the returns to costs ratio
declined by 0.57 percent per year.

A graphical representation of the terms of trade and
returns to costs indexes for Western Canada is given in
Figure 6.5. It can be seen that the terms of trade index
fell secularly between 1961 and 1971, after which it rose
sharply ti[; 1973 and then fell again. The returns to costs
index widely fluctuated before 1971, rose steeply till 1973,
and then fell again. The post-1371 movements in terms of
trade and returns to costs were very close.

The trend in the distribution of productivity gains
seen above is similar to that outlined earlier for Canada.
The magﬁi?u?e of the decline in farmers’ dconomic position,
as given by'returns to costs estimates, is smaller in the
output and productivity in the region. 1f higher
productivity can be maintained and increased in the future,
the decline in farmers' relative position may be reversed;
otherwise, the erosion of productivity gain by adverse terms
of trade may become more severe in Western Canada. The
necessary caveat to this discussion of farmers’' relative
position is that it relates only to income generated on the
farm and neglects consideration of either off-farm inccmé or
capital gains, two major contributors to the current welfare

position of farmers.



172

LLBT 9,61 ELB1T 1L61 8961 L961 9961 €961 E,m.w —
- . : i . v , v v -+~ r . - . . - * v r VN
V48 CE - M2 T 18023/9Nyn3y t _ . , Dm_
Jogyl Y 1T >
ALIALLINQDYd @€

I,D,

o

,.! ,'L,

\ , Lo

_H, W, M@

] ; L ¥ ]

[ %o

o

|
L[>
~J
. _

NI

(000°1=1L61) BL61 01 1961 *HYOUNHI N¥3ILS3IM * JANLINIIN¥OY

S180J O1 SNANLI3Y¥ QONY °30H¥1 J0 SWY¥3L “ALIAILINOONd ¥01J64 Hi0L

‘"9 3yN9I4



173

F. Summary
The major empirical results of this chapter are

summar ized below:

1. 1n Canadian agriculture, total factor productivity
(TFP), based on manhours data, creased by 1.31 per
year between 1962 -and 1978 (or !: the upwardly biased
rate of 1.82 percent per year between 1961 and 1978). In
Wwestern Canada, the TFP growth rate, based on manhours
data, was 1.70 percent per year between 1362 and 1978
(or 2.48 percent between 1961 and 1978). In general, the
estimates of productivity growth are somewhat sensitive
to the conceptual and empirical measurement of the
1abour inpﬁti

2. Growth rates in TFP in Canada for different subperiods
indicate some decline in the latter periods--for
example, 2.12 percent between 1962 and 1972, and 1.61
percent between 1973 and 1978. In Western Canada, on the
other hand, TFP growth rates in the latter periods were
higher--for example, 1.81 percent between 1962 and 1972f
and 3.50 percent between 1973 and 1978..

3. The estimates of partia1.factgr productivity (P%P)
showed that the productivity of labour incféased the
most followed by that of capital and materials. Thus the

» inputs which replaced labour appeared less prcéucti;e
than labour. The growth rate of partial productivity of
energy was found to be either very low or negativeq.

Partial productivity trends in Canada and Western Canada



were similar.

The Star-Hall approximation, using only endpoint data,
generated TFP growth rates which were reasonably close
to those generg}ed by considering data for all yearsi
The differences bet;EEﬁ the Star-Hall and éivisia based

shares.

The réIati@nship between energy price and energy
productivity (using the Berndt-white framework) showed
that the productivity of energy was sensitive to energy
price changes. The magnitude of this sensitivity

depended on the own price elasticity;of demand for

The growth rate in the terms of trade (ratio of the
indexes of prites received to prices paid) was observed
to be negative over the period 1962 to 1978 in both
‘Canadian and Western Canadian agriculture. The growth
rate in the returns to costs ratio (ratio of the indexes
of the va}ue of output to the value éf inputs), which is
the sum of the growth rates in productivity and terms of
trade, was also found to be negative over the same
periods. The decline in the returns to costs measure
indicates a deterioration in farmers’' K economic position

based on their on-farm income. .

#



VII. SUMMARY, CONCLUSIONS, AND IMPLICATIONS

Q. Summary and Conclusions

This study dealt with various aspects of factor
substitution and productivity change in Canadian and Hestgrn!
Canadian agriculture. The study of factor substitution was
conducted using derived input demand functions corresponding
to va;ious modifications of the translog cost function
defined for the inputs of land, labour, machinery,
fertiiizer. and energy. Techhical change was incorporated by
including time as an argument in the cost function.

The empirical estimates of the Allen elasticities of
substitution (AES) showed considerable factor substitution
(and complementarity) in both Canadian and Western Canadian
agricuture. The estimates of AES for differant subperiods
changed in magnitude but not 1n~sign. There was also no
indication of a decline in capital (machinery)-labour
substitution in Canadian and Western Canadian agriculture
between the the periods of 1961-73 and 1974-78.- This implied
that the 'energy crisis’ did not have any significant
dampening effect on capital-labour substitution in Canadian
agriéulture. The own price elasticities of demand‘(ED) were
generally found to be less than one indicating inelastic
demand for most farm inputs. The translog values of ED
differed substantially from the corresponding Cobb-Douglas

values which were also reported.
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In Canadian agricultyre, the existence of technical
change was observed for both homothetic and nonhomothetic
models, while in Western Canada, technical :gahge was
observed only in the homothetic mode)l. In both Canada and
Western Canada, there was evidence of labour-saving and
machinery-using., and fertilizer-using bias in technical
éhange. The importance of the purchased inputs (materials)
and the interdependence bétween these and the dutable inputs
were confirme‘ through the rejection of the stringent
conditions of the value added specification.

The empirical estimates of factor -substitution Suggest
that input use in Canadian agriculture was shaped by the
forces of changing relative input prices and technical \
change as well as (though to a lesser extent) by scale
effects. The picture of changing input use which emerged is
more complicatéd than that implied by the CabbiD@uglas and
the CES functions which restrict the value of elasticities
of substitution to unitary or nonnegative values.

In the study of productivity, the flexible weight
Divisia indexing method was used. This procedure takes into
_ consideration factor substitution and differs from the
Laspeyres index which regards all subcomponents as perfect
substitute%, The empirical estimates of productivity growth
varied from 1.01 to 1.82 percent for Canadian agriculture
dépénding on the definition of labour (persons employed or
manhours) used and the inclusion or exclusion of the drought

year, 1961. For Western Canada, the growth rate of
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productivity based on manhours data was found to be higher
than that of Canada. The Star-Hall method of approximation
generated growth rates of total factor roductivity which )
wére similar to the Divisia based estimates. .

The partial factor productivit§ (PFP' estimates for
various farm inputs were also reported. The\shortcomings\g?
the PFP approach werée clear ftom the empirical estimates
which showed that growth rates o} partial productivity of
the inputs capital and materials were very low or negative,~
while that of labour, whose use declined relatively, was
very high. The relationship betweén energy price and energy
productivity was examined using the framework proposed by
Berndt and White- (1879). This showed that energy
productivity was sensitive to energy price change.

The benefits of productivity growth were assessed by
considering boE} changes in farmers’ terms of trade
(popularly known as the "cost price squeeze" ) and‘returns to
costs. The decline in the terms of trade was greater than
the decline in productivity growth, result{ng in a decline
in returns to costs. These estimates indicated that farmers’:
economig position based on on-farm income deteriorated over

the period of 1962 to 1978 in Canada and, to a lesser

extent, Western Canada.



B. Recommendations and Possible Extensions

This study outlines and illustrates improved «
input substitution and proddctivity growth in Canadian
agriculture. Given these improvements, .it is recommended
that particular.attentfan be paid in future to further
improvement of the basic data geries. especially input
series, which underlie this wcfki!Studies of factor
substituton and productivity change in Canadian agriculture
will be greatly facilititated if;Stati§tics Canada pravides
more complete manhours data én a yéar1y basis, and pricg and
quantity data on é;rti1izer and its ;ariéus components (N,
P, K). In this study, the 1976 census definition of a'Férm
has been used. As aéaaliernative. the 1961 census definition
could be used ’%'@easuring the land input. The use of the
1961 definition is likely to lower the growth of the!
aggregate "input index and ggnerate a s%ight?y higher growth
rate of TFP. As well,-in imputing opportunity cost to the |
capital input (land éﬁd machinery), a flexible interest rate
might be used (Ellahi, 1981).

In the area of agricultural productivity, Statistics
Canada should take the lead in (a) providing total factor
productivity indexes for agriculture in Canada and its
various regions, and (b) using the Divisia indexing method .
which has been advocated for productivity analysis by the
United States Department of Agridulture (1980) and by

academic researchers (Jorgenson and Griliches, 1967;



3

I\

Christegsen,)1975: Brown, 1978). Further extensions in
productivity research in Canada might involve the correction
of output -(a thence productivity);sFéF climatic changes and
the attempt to account for the sources of productivity

growth. r
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