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L,
SUMMARY

An industry's economic performance is the outcome of general market
conditions interacting with technological and organizational factors
specific to its constituent firms. | Productivity growth 1is a prime
determinant of vitality and commercial competitivenéss of industries,

both domestically and in international markets.

This study concerns the analysis and measurement of productivity
performance of the 17 constituent‘ industries of the Canadian food and
beverage sector and the- sector as a whole. The results are useful in
assessing current and future cost competitiveness of industries in
domestic and international markets and evaluating the need for, or the
success of, policies aimed at improving performance. To investigate the
impact of technical and organizational change on their performance, we
have measured each industry's 1abour‘ productivity and total factor
productivity growth (technical progress) over the period 1961-1982. We
have estimated the trend of total factor productivity (TFP) growth for

each industry and statistically tested whether and to what extent it has

been" declining (or increasing). Labour productivity growth, which

results from the interaction of all. factor inputs as well as technical
proaress, is .broken down into the contributions of its ultimate sources.
For greater clarity in identifying growth changes, the above analysis ‘is

presented for four sub-periods as well as the study period.

The theoretical and empirical methods adopted in this study are explained

in Sections 2 and 3. Briefly, we take each industry's production process
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to be represented by a generalized Cobb-Douglas function with gross:
output determined by four factors of production (capital, labour, energy
and material inputs) and the extent of plant and equiphent uti]ization.
The estimated functions allow for both non-constant returns-to-scale and
non-neutral (biased) technical progress. A constrained estimation
procedure is used to estimate parameters 6f returns-to-scale, neutral or
biased technical progress, and the effects of plant and equipment
utilization on Tabour productivity. Technical progress is cormputed as
the partiai elasticity of gross outbut with respect to time using the

estimated parameters. Before being used for computation, the null

hypothesis was tested for parameters determining technical progress as

well as returns-to-scale.

A1l quantitative information on industries' inputs and outputs were
obtained from Statistics Canada while series on plant and equipment
utilization are those of the Bank of Canada.  Price and quantity data on

industries' factor inputs were aggregated using the Fisher Ideal index
formulation. These procedures and data ‘sources are explained in the

Appendices.

Table 1 provides a summary of productivity gains\estimated for the study
period as well as the most recent six yéars together with a rankihg of
industries according to their performance in ééch /period. By far the
best performing industrjes in terms of techihca] »progress (or total
factor productivity growth) were the Breweries and Fruit aﬁd Vegetable

Processors. Although they both displayed sharply declining TFP gains,
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their average annual growth rate surpassed all other industries both in
the last six years and over the whole study period. In terms of Tlabour

productivity, however, both industries showed relatively Tow growth rates

and ranked at or below the median growth rate.

Over the study period, the'Fish Products industry had the Towest average
annual TFP gains as well as the lowest labour productivity growth. Over
tha last six years (1977-82), however, Vegetable 0i1 Mills showed the

Towest productivity agrowth rate.

The Food and Beverage'Sector.taken as one industry experienced declining
productivity gains over the study period. On average, its total factor
produétivity gains were approximately 0.36% per year though over the Tast
six years it only gained about 0.16% per year. The sectors' Tabour
pfoductivity index grew at an average annual rate of 3.3%, about 11% of
Which was due to technical progress. By far the most significant source

of Tlabour productivity gains was found to be the materials-Tabour ratio.

Changes 1in this ratio accounted for about 77% of changes in labour

productivity.

Table 2 presents industry returns-to-scale parameters estimated over the
1961-82 period and the 9industries' technical progress bias wherever
present. Three industries -- Biscuit Manufacturers, Distilleries and
Wineries -- were found to have constant returns-to-scale while Vegetable

0i1 Mills displayed mildly increasing returns. A1l other industries were
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found to operate under decreasing returns-to-scale. A direct impTication

of these findings is that, with the possible exception of Vegetable 07l

Mills, expanding industry production through expanding the market size or

some other means will not result in Tower average industry costs or
prices. For most industries, expansion results in increasing unit costs
and, unless compensated by gains .through technical progress, leads to

higher average prices.




S'I‘C.

INDUSTRY

1962-82

INDUSTRY PRODUCTIVITY CHANGES

(percent per year)

T.F.P. GROWTH

RANK

1977-82

. RANK

L.P. GROWTH

1962-82 RANK 1977-82 RANK

FOOD AND BEVERAGE SECTOR

SLAUGHTERING & MEAT

POULTRY
FISH

FRUIT & VEGETABLE
‘DAIRY PRODUCTS
FLOUR & B. CEREAL

FEED

BISCUIT MFR'S

BAKERIES

CONFECTIONERY MFR'S
CANE & BEET -SUGAR
VEGETABLE OIL MILLS
MISCELLANEOUS FOOD
SOFT DRINK MRF'S
DISTILLERIES

BREWERIES
WINERIES

0.46
-0.24
-0.27
1.02
0.08
-0.01
0.29
0.30
0.21
0.30
0.38
-0.12
0.24
-0.23
0.87
1.12
0.82

0.36




INDUSTRY ESTIKATED - MEASURED TECHNICAL PROGRESS
RETURNS-TO-SCALE* BIAS**

SLAUGHTERING & MEAT 0.91 Materials-using
POULTRY 0.90 '
FISH 0.90 Materials-using
FRUIT & VEGETABLE 0.86 Capital-using Materials-saving
DAIRY PRODUCTS ‘ 0.93 Materials-using-
FLOUR & B. CEREAL 0.92 Capital-using
FEED 0.94
BISCUIT MFR'S 1.00 Capital-using _ Energy-using
' Materials-saving
BAKERIES 0.74 : :
CONFECTIONERY MFR'S 0.83 Capital-using Materials-saving
CANE & BEET SUGAR - 0.77 - Capital-saving Energy-saving
Materials-using
VEGETABLE OIL MILLS 1.05
MISCELLANEOUS FOOD 0.88
SOFT DRINK MRF'S 0.73 Materials-using
DISTILLERIES 1.00 Capital-saving (61-76)
‘ Materials-using & Capital-using (77-82)

BREWERIES
WINERIES

FOOD AND BEVERAGE SECTOR

* This parameter indicates the percentage increase in gross industry production which
results from a one percent increase in the use of all factors of production, e.g.,

increasing all inputs by 10% in the Dairy Products industry will increase production by
only 9.3%, all else the same.

** Materials-using (-saving) technical progress indicates that the percentage change
in industry output resulting from a change in the amount of materials and supplies
used, other things eqqa], Increased (decreased) over time making this factor more
(Tess) important for industry productivity.




INTRODUCTION

The productive efficiency of Canadian food processing and beverage
industries is an important determinant of their ability to compete with
foreign firms in domestic and export markets. Knowledge of p}oductivity
growth rates and an understanding of' the factors affecting them are'
powerful instruments in assessing the vitality and competitive position
of Canadian industries. Such information is clearly wuseful in
negotiatiqns for freer trade, both with the U.S. and multilaterally.
They may also be useful in identifying the need for changes in policy in
areas such  as research and deve]bpment, investment and agricultural

supply.

More generally, knowTedge of productivity change 1is of interest because
of its - importance to growth in real per capita incomes and in

understanding an apparent slowdown in productivity growth throughout the

economy.

Productivity research focuses on the supply or production side of the
- market to measure and analyze technical and ogranizational performance of
economic units. Specifically, a total factor productivity (TFP) dindex

1

can be constructed to express the ré1ationship between the volume of

products and services produced and all associated purchased inputs in

real, physical terms. An increase in TFP from one period to the next

indicates enhanced efficiency of the economic unit in transforming all
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inputs into 1its outputs of products and services. TFP growth measures
increases in output which are not accounted for by increases in the
aggregate of all inputs but are due to greater technical or
organizational efficiency, what is termed technical progress. Since an
increase in TFP indicates that a given aggregate output is produced with
less of some or all factor inputs, it implies a diminution in the unit

Cost of output for given Tevels of production and unit prices of factor

inputs.

To obtain estimates of total factor productivity growth (technical
progress) for each industry, we estimate parameters of dindustry
production functions allowing for non-constant returnsfto-sca]e and
non-neutral (biased) technical progress. These estimated parameters
allow us to measure TFP growth for each industry and, more imﬁortant]y,
td test the hypothesis that TFP growth has declined (or increased) oVer

the study period and to measure the extent of this change.

A second productivity measure presented and analyzed 1is labour
productivity (LP) or the ihdex of output produced per "unit" of Tabour
input.  To measure combined Tabour input, the Fisher Ideal index
formulation is used to aggregate the hours worked by production workers
and the number of administrative emp]oyees emp]éyed ber yéar. The
ultimate sources of Tabour productivity change arejmgasured in térmé of

the contributions of technical progress (estimated in this study),

capital, energy (fuel and electricity), 1ntermediate materials and
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services, returns-to-scale and the rate of utilization of plant and

equipment capacity.

To obtain greater focus on changes inb TFP growth and LP growth, the
studys' results are presented for 4 sub-periods as well as for the whole
study period. OQur estimates of factor-saving and factor-using technical
progress, where applicable, present measures of the disproportionality of

the contributions of various inputs to total factor productivity growth.




METHODOLOGY

In this section we discuss the theoretical underpinnings of the
methods of productivity measurement followed 1in this study and
present the model and the estimation procedure used to obtain the

reported results.

General

This study is concerned with two measures: labour productivity
and total factor productivity. Labour productivity (LP) over a
given unit of time 1is defined in this study (and elsewhere) as
oﬁtput produced per unit bf Tabour input (however measured);‘
Total factor productivity, by contrést, is the ratio of output to

an optimally chosen combination of all productive factors employed

in production. As such, it is a measure of productivity of the

collectivity of inputs used.

The fundamental importancé of Tabour productivity as a measure of
economic performance is dts implication for per capita rea]
incomes. A higher Tevel of output for the -amount of Tabour used
indicates that a greater volume of production is ‘made available
for consumption or investment purposes. Labour prdductivity is
thus a measure of gains in'productive efficiency. It is, however,

an imperfect and at times misleading indicator (see Daly and Réo

1985, p. 207).
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For any production process, the volume of output depends not only
on labour effort and quality but also on other productive factors

such as capital, energy, intermediate materials, managerial talent

as well as the regulatory environment, the scale of production,

general economic conditions and the state of technology.
Increased Tabour productivity, then, may originate from efficient
substitutions between productive factors rather than any gains in
efficiency. If relative price changes induce a substitution away
from labour and toward energy and intermediate materials, output
per unit of Tlabour may rise while costs also rise. In situations
such as these, labour productivity shows'an improvement when there
have been no gains in productive efficiency. Similarly, we may
note a fall in Tlabour productivity during short-term cyc1fca1
declines. in demand. Since enterprises respond to the fixed (e.g.
training) as well as the variable costs of labour employment, they
oftenvfind it efficient not to lay off and rehire Tlabour during
stages of the business cycle. With Tower demand and output but
unchahged row of Tlabour services, Tlabour productivity shows a
decline though productive efficiency may not have decreased. It
is therefore crucial to go Peyond mere measurement and identify

‘the sources of Tabour productivity changes.

Our analysis attempts to identify these sources of Tlabour
productivity change and measure their individual contributions.
This requires that we measure, among other things, changes over

time of the technical efficiency of the production process, what
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is termed technical progress. Apart from technical improvements
embodied in material inputs, perhaps the most empirically
significant source of gains in Tlabour productivity is technical
progress or increased total factor productivity. Changes in
output relative to total factor .1nput, i.e. changes in total
factor productivity (TFP), indicate only those changes in output
which have resulted from shifts in the production function. In
arriving at estima?es of TFP we employ data to separate those
Changes  which  represent  movements along the production
hyper-surface from shifts of the hyper-surface itself. By making
this separation, movements of TFP represent changes whikh are
neither the result of kchanges in optimal factor Eatios nof

increases in the quantities of all factors together.

The ultimate source of productivity change is not a subject of
controversy.  Certainly, productivity improvements (LP or TFP)
experienced since the turn of the century and the accompanying per
capita real income gains havertheir origin in evolution of our
technology or state of knowledge. Total factor productivity
growth is, for this reason, often termed technical progress.

Improvements in our state of knowledge effect productivity changes

by improving the productive potentials of agenté of production,

e.g., through greater and more specialized human capital, more
effective and/or Tess costly machinery and equipment,‘étc. Each

agent, depending on its own productive improvement, contributes
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differently toward the gains in output  which we term
productivity. In most empirical work, however, it is not feasible
to measure quantities of factor inputs so as to fully account for
such enhancements. Since most such éttributes of inputs are not
objectively measurable, data is most often collected on physical
or observable quantities. Labour services, for instance, are of
necessity measured 1in hours, days or the number of emp]oyees
regardless of the gquality of work produced, effort exerted or
skills used. But if we measured 611 productive agents 1in some
efficiency units which aécount fully for productive attributes TFP
would vanish. To state the point obversely, TFP measures the
collectivity of improvements 1in efficiency of all productive
agents, iné]uding those which can neither be objectively measured

nor directly observed.

Technical progress is classified as neutral or biased.
Specifically, Hicks-neutral technical progress occurs when
improVements in all factors' productivities are equiproportional.
‘When the technology of production is such that technical progress
is Hicks-neutral, neither the proportions in which factors are

used nor their relative returns change overtime, other things

eqUa]. When neutrality does not hold, differing factor

productivity improvements among factors lead to intertémpora]
changes 1in fa;tor propdrtions, since with unchanged factor prices
less of the more productive factor(s) will be needed relative to
other factors. The possibilities of non-neutral or
factor-saving(-using) technical change must then be explored in

our productivity measurement.
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An additional consideration in productivity measurement s
economies (or diseconomies) of scale at the industry level. When
increasing returns-to-scale prevails, an increase in industry
output from one period to the next 1is technically attainable with
Tess than a proportional increase in the quantity of technical
factors (with the same mix). If,- with no chénge in technical
efficiency, production on a larger scale allows better
organization or'utilization of resources such that 1npufs need not
be 1increased by the same proportion, the gains should not be
attributed to increased productive efficiency. Our  Tabour

productivity measure - output per unit of Tlabour - will clearly

include gains 1in output from this source and we need to measure

its contribution. In measuring TFP gains, scale economy gains (or
Tosses) must be identified and isolated to obtain a measure of
efficiency improvement separate from gains (losses) to the

industry from operating on a Targer (smaller) scale.

In the next section, we will deal with all of . the above
considerations in detail and propose a methodology and an
econometric model specification to appropriately treat them in our

measurement of Tabour and total factor productivity.




Model Specification

The measurement of TFP and its rate of growth can be accorplished
in a number of ways. All, however, have peculiar merits and
shortcomings making them appropriéte to particular sets of
conditions. These conditions include the structure of available
data series, the Tlevel of aggregation (firm, industry, etc.), the
aggregation procedures necessary or possible, our knowledge of
industry enyironment and history, the nature of the results
desired and many others. It is a.crucial part of the researchers'
function to construct and specify a ‘model “which optimizes the
quantity and quality of results subject to the above constraints
and the costs of the procedures necessary. We shall, with this in
mind, outline the major theoretical and empirical issues related
to our choice of data aggregation and model specification. This
may clarify the precise nature of the measures and estimates
thained and, as in any social scientific endeavor, qualify the

results for evaluation and interpretation.

Beginning with Tabour productivity, it is simply the ratio of

"output" to "labour input",

LP; = Q; /L,
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with i referring to the individual industry or sector and Q and L
referring to quantities of output and. Tabour input. This equation
is not necessarily derived from any other more fundamental,
relation. We are interested in LP- because its growth rate is a
prime determinant of real per capita income growth. For the
industries studied, this is an indicator of their cbntribution to

economy-wide improvements in Tiving standards. Growth rates are

defined by

; = 1/LP;. dLP. /dt
1/Q; . dQ, /dt
1/L1 . dLi/dt . (2.2.2)

Taking natural Tlogarithms of (2.2.1) and differentiating with

respect to time gives our_labour productivity growth relation

L P,i = Q_i = L.i i fI, a.-. ]8 ) ‘ (2.2.3)

The outputs of our industries, however, are hot composed of a
single, homogeneous good and neither are labour inbuts. Our
output data are constant 1971 dollar values of gross butput and
current dollar values of gross output. To construct a proxy for
output quantity from these series, we have constructed an‘dutput
index as the ratio of the constant dollar series to a base year.

To see that this gives us a quantity index (rather than a
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value-of -output index) we may note that the ratio of the dollar
values of any two baskets of goods is identical to the ratio of
the aggregates of the goods involved when the prices used to
obtain dollar values are the same. The aggregate quantities are,
in this case, price weighted sums of the individual products
comprising the industry's output. When price indices are used to

deflate current dollar output value series, such as in our data,

the remaining changes are only due to quantities and measurement

error.

Our series on Tlabour input must also be transformed to produce a
proxy for aggregate labour L. The series on labour input are for
person-hours worked by production workers, the number of s&1aried
employees employed each year and two series on compensation paid
to each category of Tlabour in current dollars. A traditional
method’of obtaining an aggregate Tlabour series from two or more
input series isﬁto simply sum them if the series are expressed in
the same units (e.g., hours pér year). When units differ,
quantities of different types of 1labour may be aggregated by
measuring one type in terms of another. Assuming a competitive
Tabour market, wage rates equal marginal productivities and these
can be used to convert quantities of one labour type into another
to obtain the sum of the two types. It can be shown, however,
that these methods of aggregation reflect (assume) an underlying

production teéhno1ogy for which the two. types of Tlabour are
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perfect substitutes and the function 1is additively separab]e.

Such restrictive conditions are rarely, if ever, realized as
casual observation shows: Labour services of production workers
and those of administrative employees are not perfect substitutes
in the production process. We have arrived at a fundamental
problem of empirical work, namely produ;ing aggregétes of some set
of components such that they are not subject to exceedingly
restrictive assumptions and obey certain optimality conditions.
Robert Solow (1955-6, p. 103) brought out this poinf most
succinctly. Assuming that we wish to aggregate two types of
capital, C1 and CZi into K using an aggrégator or- index
function ¢ before entering them into the production function F, he

points out that:

"It could be that the process of brodhction described by F
should have two stages such that first something called K is
Titerally manufactured out of C; and C, alone, and then
this substance K is combined with labour to manufacture the
final output Q. In this case the index function ¢ is actually

a production function itself" (original italics).

Labour input components - hours worked by production workers and
nurmber of non- production employees - must be aggregated to form a
measure of comp051te Tabour services used in production. To do

this, we can assume a particu]ar functional form for the
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aggregator function (e.g., Cobb-Douglas) and obtain the aggregate
using appropriate marginal conditions (cost minimization).
Without prior knowledge of the underlying technology, however, our

choice is quite arbitrary.

To perform this operation more simply, we can employ an index
number (Fisher, 1922). An index number Q taken for any two

periods ,t1, represents the relative change in that period

to
of the magnitude of the aggregate we are interested in measuring.
Let f(L],LZ) be the aggregator function for the two types of
labour discussed above. Using an index, we have for the two

periods
Q= (L L)/ (Lys L), (2.2.4)

If we assume our aggregator function f(.) is a linear homogeneous
Cobb-Douglas, for instance, we can employ the Vartia index
formulation which corresponds to it (see Diewert, 1978) and

provides a discrete approximation to the continuous Divisia

index. Research in functional forms and the theory of index

numbers (see, for instance, Diewert 1976, 1977, 1978 and Caves,
Christensen .and Diewert, 1982) has developed rigourously the
properties of various index numbers, including their optimality
properties and the wunderlying technology of thé aggregator
function to which they each correspond (for which they are

"exact"). Should we employ a Laspeyres index for our aggregation,
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we would be proceeding on the assumption that the aggregator -
function 1is Tinear with perfect substitutability among inputs.
Among index number formulations, Diewert (1976, 1977) indentifies
"syperlative" indices as those which are exact for (correspond to)
aggregator functions with flexible functional forms. A flexible
functional form for the aggregator function f implies that this

function can approximate to the second order an abritrary twice

differentiable homogeneous aggregator function. Employing such

index numbers, we will be placing the Tleast restrictive set of
conditions (first degree homogeneity and cost minimization) on the
production technology of the industries wunder study. Thé
Torngvist (1936) index and the Fisher (1922) ideal index are both
super]étive indices; the Torngvist index is exact for a

homogeneous translog function and the Fisher index is exact for a
quadratic aggregator function and both are "flexible" 1in the above
sense. Since the Torngqvist index has a logarithmic form and the
Togarithm of zero is not defined, a Tornqvist quantfty index s
not well defined when the quantities of some inputs are zero - a
condition present 1in our inpuf data series (Diewert, 1977 p.21,~
106-108). This restriction and advantages of the Fisher ideal
index (Diewert, 1976 pp. 136-8) Tled us to use the latter index in
aggregating our rangé of dinput components into categories of
capital, Tabour, energy and material inputs. The derivations of
Fisher price and quantity indices (and detajls of data

tranformations) appear in Appendices.
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As pointed out at the beginning of Appendixlz, we are primarily
interested in discovering and measuring the effects of various
groups of productive inputs on output anq productivity; in
particular capital, Tabour, energy ahd marerial inputs. Such
aggregation, however, is only permissible under certain
assumptions about the overall production technology of the
industries studied (Solow, 1956). Only when the adggregate
production technology 1is separable, as in the Cobb-Douglas form,

will the aggregation procedure result in no loss of information

contained in our set of input data. In brief, the separability

requirement 1is satisfied when the marginal rates of substitution
between the set of inputs to be aggregated are independent of the
quantities used of other inputs (Berndt and Christensen, 1973).
Alternatively, aggregation is appropriate when the elasticities of
substitution between each of the components to be aggregated and
other. ihputs are equal. We haver no prior information on the
substitutability of factor inputs in the industries being
studied; Most econometric studies of the productivity of
industries in the manufacturing sector assume this condition to
.approximately hold (see, inter alia, Rao 1979, 1978; Zohar, 1982;
Rao and Ostry, 1980; Brown and Medoff, 1978). There is strong
evidehce, however, that the necessary cdnditions do hold. Berndt
and Christensen (1973) reached this conclusion for capital using a
translog productjon function for the U.S. manufacturing industry.
Later, Berndt and Christensen (1974) tested the separabi]ity

conditions for labour 1in the same industry. They found that
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placing separability restrﬁctions on productive technology
produced very high correlations between the actual and predicted
factor shares (0.9999 for Tinear and 0.9994 for non-linear
constraints (pp. 399?400)). These measures suggest the absence of

information loss due to aggregation.

Having discussed aggregation and ihdexing of data into output,
capital, Tlabour, energy and material inputs categories (Q,K,L,E
and M respectively), we can proceea' to obtain our next
productivity measure, TFP or technical progress. We assume that
for each industry there exists an aggregate homogeneous‘production
function and that, for the moment, technical change is Hicks

neutral:

Here a; is ith dindustrys' efficiency parameter and is a function

of time. More specifically, we_empioy a Cobb-Douglas form for the
production function and an exponential form for the efficiency

parameter:
(2.2.6)

where time and industry subscripts have been omitted. Since the
function is homogeneous, its degree of homogeneity can be found by

multiplying all inputs by (1/L) and observing the proportional

change in output
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3

p e
A s et Y (2.2

e(1/L )

where P2 is the degree of homogeneity of the production function.

To obtain output-per-labour input as a function of K, E and M, we

P
divide both sides by L and move (1/L) to the right-hand-side

RS (2.2.8)
expressing the ratios of output, capital, energy and material
inputs to Tabour by Tower case Tletters. To see that the exponent

of L is our returns-to-scale parameter, we find that under

constant returns-to-scale or first degree homogeneity

<+2+7+8 = p -1 (2.2.9)

holds for exponents of the original function (2.2.6). Hence under
constant, increasing and decreasing returns-to-scale respectively,

the exponent of L will take the following values:

1

(constant)
(increasing)

(decreasing)
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As # will be estimated along with other parameters, we can
interpret a ‘ﬂvwhich is statistically not significantly different
from zero to indicate constant returns and, significant positive
and negative # as increasing and decreasing returns respectively
where g is the returns-to-scale parameter (for én equivalent

derivation of @ see Brown and Medoff, 1978f.

A number of studies have reported that returns-to-scale are not
Constant for the food and beverage sectdr as a whole. For

instance, Zohar (1982) estimated a returns-to-scale parameter of

1.5429 using a C.E.S. production function and 0.5605 using a

translog function. Rao (1979) used a Cobb-Douglas form énd found
non-constant returns-to-scale with several different
specifications of his estimation equation. Rao and Preston (1983)
fdund a similar result using a Atrans1og functional form. Our
specification will explore this problem and attempt to estimate

aggregate scale economies (diseconomies) for the less aggregate 3-

and 4-digit level industries.

Most studies of the manufacturing industry have made note of short
term fluctuations in industries' output rates. As pointed out in
Section 2.1, these fluctuations in the utilization .of plant and
equipment  capacity -affect the va]ﬁes' of factor shares.
Furthermore, 1if producers find it a cost-minimizing strategy not

to adjust their employment of Tabour to short term fluctuations in
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demand, Tabour productivity rates themse]ve; will be affected by
capacity utilization. We can dsolate the effects of these
fluctuations upon the left-hand-side of equation (2.2.8) by.adding
an index of capacity utilization to our .estimating equation (see

Rao, 1979, p.24).

g=ndtE £ 3 g ac (2.2.11)

Should we estimate the parameters of this Tabour productivity
equation, the vresults may be interpreted as cycle-corrected
estimates: A will be an estimate of cycle-corrected technical

progress or TFP growth.

The parameters of (2.2.11) can be estimated using Least Squares
procedures when it s exbressed in log-lTinear form. Taking
natural logarithms of both sides and writing it in stochastic form

we have

Thg=1InA+2t +Tn k + G1n e +3

i

Inm+7%c +4 In L +€ '

where € 1is a random error term.

Given a Cobb-Douglas specification for the production function
(2.2.11), we cannot obtain consistent estimates of its parameters

by direct estimation (NerTove, 1965 Ch. 4 ; Walters, 1963; Bodkin
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and Klein, 1967). Following Klein (1953) and Solow (1957) we can
obtain consistent estimates of the parameters of this function
using constrained estimation or the "factor shares method" (see
Nerlove, 1965 pp.61-67; Walters,- 1963, p.21). With cost
minimization by industry members and competitive factor markets,
the value-marginal-product of each factor dinput equals its real
return. Differentiating equation (2.2.6) with respect to each

input we find

9/ 7K=c€Q/K
9Q/ 9E=AQ/E
2/ M= 1q/M
0/ 9L= §Q/L | (2.2.13)

Multiplying both sides of these equations by the unit price of
output (to find respective value-marginal-products on the

lTeft-hand-side) and solving for the unknown paraneters we find

e¢=YMPK .K/P.Q
B=\MPE.E/P.Q
7 =VMPM.M/P. Q

§=VMPL.L/P.Q S (2.2.14)

With cost minimizatidn, the numerator of each equation is equal to

the industry's current éxpenditure on that factor and P.Q is the
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value in current dollars of the industry's output. Following Wold
(1938), our time series on factor shares can be taken as a sample
realization of a stochastic process. When equation (2.2.14) is
written with independent, norma11y distributed, zero;mean randomn
error terms, the best linear unbiased estimators of the parameters
<<, A3, f, f are the sample means of the ratios of expenditure on
each input to the value of output in cufrent dollars (Larson,

1974, pp.263-4). We therefore obtain the following pérameter

estimates using Kleins' (1953) method (see Walters, 1963, pp.14-22)

§ =t comi_+ e /w00,
§= YERN WFE_ / V80_0),

7= K (WA_C/ 0_0),
Q=l-ﬁ-}"\-? (2.2.15)

where Mean refers to arithmetic mean taken over the 1961-1982

period.

The Tast equation, finding the parameter for capital residually,
fo{]ows the assumption that over the sample period (in the Tong
run), payments to productive factors exhaust the revenues from
sale of output so that profits are zero. More precisely, Tlet
Vit denote current dollar payments to (costs of) each factor of -
production i=K, L, E, M, during‘period t=1 ... 22 and Sit déndte
the share ‘of this value in the value of total output (P.Q)t.

Our parameter estimates (2.2.15) then imply
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1= Syt + Spt + S3t + Sat + Ut (2.2.16)
where Ut is a random error term with E(Ut)= . Taking

expectations of this equation gives

1= E(S7) + E(Sp) + E(S3) + E(Sg) + 0 (2.2.17)

which is identical to the last equation in (2.2.15). Multiplying

both sides of (2.2.16) by E(P.Q) we have

E(PQ) = E(PQ) . ( E(S7) + E(Sp) + E(S3) + E(Sa) ). (2.2.18)

Noting that factor shares are assumed to be independent of the

value of output (neutral technical progress), we can write

E(PQ). E(S4) = E(V4) . Thus

E(PQ) = E(Vy) + E(V2) + E(V3) + E(Va)

which is conSistent with

PQt = Vit + Vor + Va3t + Vgt + et

where E(et) = 0.

We may note that -equations (2.2.15) and (2.2.19) -are not
inconsistent with existencé of cyclical changes 1in capacity-
utilization and non-constant returns-to-scale whose effects on
Tabour productivity are captured by their respective
coefficients. The above derivation of factor-share for capita1;

rathef than any other factor, can also be rationa]iied‘ as




- 30 -
follows. It avoids the complex and often' arbitrary operations
(e.g., choice of the discount rate) required to compute the values
of capital service flows (see Christensen and Jorgenson, 1969) and
attributes the residual of revenues over other factor costs to

investors who are in fact "residual claimants".

Before completing the model we may note that the usual
specification of the form of technical progress, that used in
equations (2.2.6) or (2.2.12) for instance, is rather restrictive
-- 1t assumes that Hicks neutral technical.progress occurs at a
constant annual rate thkouéh time. We can relax this assumption
and estimate the trend rate of technical progress--the growth rate
of TFP for each year--by changing the specification of the
technical progress term in (2.2.12) to read At+A t2. Shou 1d
these cogfficienté be statistically significant, technical
progress will be a Tinear function of time with intercept A and
slope 2A . With this specification, we will be bétter equipped to
examine whether and to what extent the industries studied have
éxperienced a slowdown in TFP growth.

We can now complete the model by substituting the set of eguations

(2.2.15) into (2.2.12) and adding the above trend term to obtain

N .
Tng = TnA+ At+At2+ &Tnk+ ATne+ ¥ Tnm
+c+dInl+§.
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Moving all dependent variables of the regression to the

left-hand-side, we form the final equation

1nq-&1nk-/§1ne-§1nm =
TnA+ At+ At2+ gInl+ e+ - (2.2.22)

where the Teft-hand-side is regressed on In A and the coefficients
of the time trend, time squared,‘capacity utilization and Tabour
(returns-to-scale proxy) and & 1is an independently distributed

random variabTe with zero mean.

On the Teft-hand-side of (2.2.22) the varjables are ratios to a
Fisher ideal quantity index of Tlabour services. . These variables
are Q, a quantity index of output; K, a Fisher quantity index of
capital; E, a Fisher qUéntity index of purchased fuel and
electricity; and M, a quantity index of material inputs obtained
from constant dollar expenditure data (see Appendix 2). The
right-hand-side of (2.2.22) comprises the <f011owing: A, an

2, where

industry-specific constant or ihtercept term; At and A t
lambdas are used to compute the rate of tebhnica] progress or the
(instantaneous) annual growth rate of total factor productivity
estimated over the relevant period; ¢, an index of capacity
utilization (see Appendix 2) which supports our usé of ran
aggregate capital stock index as a ‘proxy for <cépita1 service
flows; and L which is the Fisher index of Tabour used to test for

(and capture the \effects of) scale economieé. The estimated-

coefficient of L 1is the elasticity of output with respect to




- 32 -
proportional changes 1in the quantities of all inputs (see
equations (2.2.8) through (2.2.10) and Layard and Walters, 1978,
pp.399-400). '

The model represented by equations (2.2.21) or (2.2.11) is
constructed on the assumption of Hicks neutrality of technical
progress. As pointed out in (2.1) above, we must explore the
possibility that, at least for some of the industries considered,
techpica] -change is non-neutral. Under these conditions, the
coefficients of productive factors in (2.2.11) will not be
constant over time indicating a bias in technical progress.
Modifying Binswanger's (1974, p. 964) definition of the bias
slightly, we define the bias in the rate of technical change of
each productive input, & , ,6' and 3, by the time derivative of the
elasticity of output with respect to each productive input

K =060 . KD ) /9T,

§20UsE L E0) 121, and

y (2.2.23
Y =0 , MO ) /3T, )

To obtain an estimate of these rates of bias, we must modify
-equationi(z.z.ll) and its Tlogarithmic equivalent (2.2.21) to allow
~ the coefficients of inputs to vary with time. Modifying equation
(2.2.6) following Denny (1978), it becomes

. Q=A

2 t ’ q,t :
R ST LN R L (2.2.24)
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Since equation (2.2.9) must ho]d, our productivity equation now

becomes

2 <t ¢ ] h o
T L e M-it I

and its logarithmic equivalent is
]nq-d]nk-ﬁ1ne-i1nm = TnA
+At+A t24 T+ AL TnE+T tTnM+ & c+ B Tnl+ € (2.2.26)

where g is, as before, a zero mean, independently distributed

random error term. When technical change is Hicks neutral, this
equation is ijdentical to (2.2.21) and the coefficients of factor
inputs are given by (2.2.16), otherwise.they are given by (2.2.16)
and (2.2.23) above.

When technical change is biased, the ?actor(s) of production in
question make an additional positive (or negative) contribution to
overall technical progress and this contribution dépends on the
Tevel of the input used each period. Total technical progress,
therefore, is found as the derivative of the ffghf—hand-side of

(2.2.26) with respect to time or

Technical Progress = A+A2t+o{Ink+4 TnE+ 31nM. (2.2.27) .
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When parameters of factor input bias terms are not statistically

significant, technical progress is Hicks neutral and is given by
the first two terms of (2.2.27). Positive (negative) significant
factor input bias parameters indicate factor using (saving)

technical change in production for the input in question.

2.3 Sources of Productivity Growth

In the preceding discussion, Tlabour productivity was given by
equation (2.2.1) and its rate of growth by (2.2.3) idnvolving
quantity indices of output and Tabour §ervjces. Having estimated
the parameters of equafion (2.2.22) and in particular the
technical progress parameter, our next objective is to identify
the sources of Tlabour productivity growth (2.2.3) within the
framework of exogenous factors represented in (2.2.22) and measure

their contributions to the observed growth in Tabour productivity.

We obtain the rate of growth of Tlabour productivity as a function
of the exogenous factors postulated by differentiating (2.2.21)
with respect to time

8/3t(1nq)=3/3t (At)+3/at (At2)+3/at (xInk)+2/dt

(BTne)+3/3t (31nm)+3 /3t (4c) +3/at (BTnL)+R
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where R is the residual growth rate associated with errors of
measurerent of growth rates and ommitted factors. This equation

can be written in terms of growth rates of the variables (denoted

with a dot)
§=R+A2Hdi+ﬂé+3ﬁ+ﬁﬁth)+¢bR. : (2.3.2)

This equation presents the observed Tlabour productivity growth
values for any sub-period as well as the study beriod (1961 -
1982) as the sum of the weighted rates of growth of its
determining variables. Labour productivity growth originates from
Hicks neutral technical progress (growth in TFP) amounting to
A+2At;from  increased use of capital relative to‘ Tabour -
contributing o k to this magnitude; from increased fatio of energy
‘and material inputs to Tlabour contributing to q by 4é and ¥

respectively; from changes in capacity utilization given by the
product of % and the time derivative of c; and from economies of
scale computed by ¢I.. Having estimated the parameters of
(2.2.22) using factor shares and least squares estimation methods,»
all of the parameters of (2.3.2) are‘rep]aced by their estimates
which results in a productivity growth accounting framework when

growth rates of the variables have been computed.

To a]]ow for non-neutral technical change, we rust- modify this

framework slightly to account  for changing factor input

parameters. We can obtain the growth rate of labour productivity:
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as a function of factor inputs withoyt the Hicks neutrality
restriction by taking the logarithm of equation (2.2.25) and

differentiating with respect to time

§= A+A 240l ks B TnE+ T TnMedek+ A8+ 7 it

gL+ d/dt(c)+olthk+ AtE+ 3 tH+R . ' (2.3.3)

Once again dots indicate growth rates of variables and R is the
residual. When parameters of this equation are estimated using
(2.2.26), it allows us to account for changes in Tlabour
productivity in terms of the underlying- changes 1in factor to
Tabour ratios,- biased technical change and total factor

productivity growth.




EMPIRICAL RESULTS

Food and Beverage Sector

For the Food and Beverage Secfer; comprising 9 industries at the
3-digit level of S.I.C., our empirical results are summarized in
Table 3.1.1. As with other industries, we have estimated the
parameters of both equations (2.2.22) and (2.2.26) using aggregate
data discussed in Appendices 1 and 2. The results of alternative

estimations of this equation appear in Table 3.1.2.

The estimated equation, used to obtain other empirical results for

this industry, is

d(Tnq)=0.109868* d(1nk)+0.011665% d(1ne)+0.748254* d(1nm) +

0.006551* d(t)-0.000135%d (t2)+0.00245%d (c)-0.141791*d(1nL)
(5.14) (2.69) (22.54) (7.51)

R2=0.970188 D.W.=1.37645 S.E.R.=0.001061 Rho:0.715096
Condition Number: 3.25774 _

This equation 1is the first-difference of equation (2.2.22) and
obtains estimated coefficients for the two time trend terms, the
effect of capacity utililzation on labour productivity q, (or the
ratio of the index of output to that of aggregate 1aboerdinput)
and the coefficient of aggregate labour input which measures the
degree of homogeneity of the productéon function. Since

autocorrelation persisted in our earlier estimation, the
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Cochrane-Orcutt procedure was emp]oyed‘fbr its correction and the
Prais-Winsten procedure was used to avoid losing the first set of
observations. A1l coefficients are significant at the 99% level
or better (brackets indicate t ratios). The Condition Number
assures the absence of multicollinearity problems in our

estimation.

The above estimated results suggest that the aggregate production
surface is homothetic and that technical progress in the food and
beverage sector is Hicks neutral. According to the coefficient of
Tabour, the industry pperates under decreasing returns-to-scale
conditions: returns-to-scale (unity plus the labour coefficient)

is approximately 0.858.

The two coefficients of the time trend indicate that technical
change has the intercept 0.6551% per year ahd has declined at the
rate of 0.027% per year over the study period. This means that in
1982, the 1last year for which complete data was attainable,
technical progress occured at the rate of 0.0881% per year
compared to 0.6551% twenty one years earlier.

Having obtained the above estimateé, we can now analyse the causes
of the observed changes 1in Tlabour ﬁroductivity growth using the

framework represented by equation (2.3.2). The growth accounting

framework, summarized in Table 3.1.71, suggests a distinct pattern
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of change over the study perjod. During the 1962-66 period labour
productivity grew at the aveﬁage\ rate of 3.326% per year and
increased in the subsequent period (1967-71) to 3.903%. However,
over the next 5 years, productivity growth declined by almost 2
percentage points to 2.915% and suffered a further, though Tess
substantial, decline during the next 6 years as it fell. to
2.201%. This pattern of rising growth during the 1962-71 period
and of slowly falling growth thereafter (1972-82) is closely
matched by changes in the underlying sources of Tlabour
productivity growth. With the excéption of capacity utilization,
all sources of growth display this pattern Wifh the Tlargest
contribution coming from growth in thé ratio of intermediate
materials to labour. The next Tlargest contributor is technical

change followed by growth in the capital-labour ratio.

To summarize, the observed improvement in labour productivity
growth over the first 10 years of the study period originated
largely in the growing materials-labour ratio --‘1t accounts for
more than 70% of Tlabour productivity‘growth. Other contributors
(capital-Tabour ratio, energy-labour ratio ahd retu}ns-to-scale)
had a substantially smaller role: the contribution of

capital-labour ratio more than doubled over this period (from

0.307% to 0.629% per year) while that of energy remained almost

constant. As aggregate labour input grew during the first 5 years
but declined over the subsequent 5 years (1967-71) and the
industry  operates under  decreasing returns-to-scale, the

contribution of returns-to-scale to rising Tlabour productivity
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growth was significant and épproximate]y matched  that of

capital-labour ratio.

During the 1972-76 and 1977-82 sub-periods, Tabour productivity
growth declined from 2.915% to 2.201% per year. The Tlargest
contributors to this decline were the materials-labour ratio and
falling capacity utilization followed by declining technical
progress. Although the contribution of energy-labour ratio fell
to half its value from 1972-76 to 1977-82, it accounted for a very

small portion of the decline'in labour productivity growth.
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TABLE 3.1.1

FOOD & BEVERAGE SECTOR

SOURCES OF LABOUR PRODUCTIVITY GROWTH: 1961-1982

(PERCENT PER YEAR)

1962-66 1967-71 1972-76 1977-82 1962-1982

LABOUR PRODUCTIVITY 3.326

GROWTH

TECHNICAL PROGRESS 0.574 0.439

(T.F.P. GROWTEI)

CAPITAL

UTILIZATION OF

CAPACITY
, RETURNS-TO-SCALE

RESIDUAL GROWTH
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LABOUR PRODUCTIVITY : FOOD AND BEVERAGE SECTOR
§.40 (1974 = 1)
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Fish Products Industry

Most of the empirical results obtained for this industry have been
summarized in Table 3.2.1. These results are based on econometric
estimation of equation (2.2.26) using aggregate input and other
data on Fish Products industry described in Appendices. Although
equation (2.2.22) based on the assumption of Hicks neutral
technical progress was also estimated, it is clear from Table
3.2.2 that this assumption is not supported by empirical
evidence. Our estimating equation, which accounts for biased

technical progress, is

d(1nq)=0.091332* d(1nk)+0.012562* d(1ne)+0.74052* d(1nm) -

0.011515% d(t)+0.002415*d(c)-0.105709 *d(1nL)+0.001897%*
(2.82) (22.05) (5.90) (2.50)

d(t*(nM))

‘R2=0.97566 D.W.=1.87016 S.E.R.=0.004048 Rho:0.514189
Condition Number: 5.01055

The above estimating equation'is the first-difference of equation

(2.2.26) and obtains estimated coefficients for the time trend,

the effect of capacity utilization on Tabour productivity, g, and

for aggregate Tlabour input which, in this formulation, measures
returns-to-scale. Due to autocorrelation in an earlier estimation

of this equation the Cochrane-Orcutt procedure was used in the
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final estimation. The Durbin-Watson statistic assures the absence

of autocorrelation at the 5% level.

To avoid iosing the first observation, the Prais-Winsten procedure
was used along with Cochrane-Orcutt. The Condition Number,
furthermore, indicates the absence of serious multicollinearity
problems. All estimated coefficients are significant at the 98%
Tevel or better; while the coefficient of the interéction of

material inputs and time is significant at the 97% level.

Our final results indicate that technical progress 'is not Hicks

neutral for this industry but rather biased in favour of material

inputs (materials-using). Fof other productive inputs (energy and
capital), the hypothesis that their estimated interaction
coefficients were equal to zero could not be rejected and the
variables were dropped from | the estimating equation
(see Table 3.2.2). Similarly, the éoefficient_of time-squared or
the trend of technical progress was dropped. According to the
Coefficient of Tlabour, the industry operates undér decreasing

returns-to-scale conditions: returns-to-scale (unity plus the .

labour coefficient) s approximate]y. 0.895. . Since. technical

change is biased, its magnitude is given by equation*(2.2;27) and
varies over the study period. As Table 3.2.1 indicates, overall
technical change, though negative throughout the study period,

rose consistently and averaged -0.268% per year between 1962 and

1982.
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With the above results and the growth accounting framework
represented by equation (2.3.2), Table 3.2.1 analyses the sources
of Tabour productivity growth and the changes it displayed over
the study period. Labour productivity grew at the average annual
rate of 0.729% per year during the.1962-66 period but this rate
moré than doubled over the next five years. This improved
performance appears to have originated mainly from falling
(aggregate) labour employment. (negative Tlabour input growth)
during the 1967-71 period: the contribution of returns-to-scale
(alternatively, the contribution of 1qbour employment to Tabour
productivity) increased by about 0.72 percentage points from its
average 1in the first five years to the next. Rapidly growing
capital-Tabour ratio also contributed to this improvement: its
contribution to Tabour productivity growth rose from an average of
0.391% per year during the first five years to 0.933% over the
next five years. The contribution of energy-labour growth, though
rather small, more than doubled during the same period. Technical
progress. (negative throughout the study period) showed a small
improvement over the 1962-1971 period.

During the third sub-period studiedv(1972-76) labour productivity
growth declined quite sharply; it contracted, on the average, by

1.395% per year. Our analysis suggests that this occurred as a

result of a sharply declining growth in the material inputs-labour

ratio -- the Tlatter fell by more than 2 percentage points from its

average 1in the Tlast five years (1967-71). Other causes of this
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decline appear to be the falling growth 1in the capital-Tabour

ratio and, to .a much smaller extent, increasing growth in

(aggregate) Tlabour employment. These declining trends were

completely reversed during the next five years, 1977-82. Labour
productivity growth climbed very sharply to 3.019% per year during
this period. Once again, our analysis finds the primary source of
this improvement in the increased growth of the materials-labour
ratio and greater utﬁ]ization of capacity. Improvements in
_technicé] progress also contributed to this remarkably enhanced
labour productivity growth, while declining capital-labour and
energy-labour ratios and growing employment oniy partia]]y 6ffset

the effects of the productivity enhancing factors.
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TABLE 3.2.1

FISH PRODUCTS INDUSTRY

SOURCES OF LABOUR PRODUCTIVITY GROWTH: 1961-1982

(PERCENT PER YEAR)

1962-66 1967-71 1972-76 1977-82 1962-1982

LABOUR PRODUCTIVITY 0.729

GROWTH

TECHNICAL PROGRESS

(T.F.P. CROWTH)

MATERIAL INPUTS

UTILIZATION OF

CAPACITY
RETURNS-TO-SCALE

RESIDUAL GROWTH

1.060
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LABOUR PRODUCTIVITY : FISH PRODUCTS IﬁDUSTRY
(1971 = 1)
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3.3 Fruit and Vegetable Processing Industry

Most of the empirical results obtained for this industry havg been
summarized in Table 3.3.1. They are based on econometric
estimation of equation (é.2.26) using aggregate input and other
data discussed in Appendices 1 and 2. Equafion (2.2.22), based on
Hicks neutrality of technical éhange was also estimated but, as
Table 3.3.2 shows, this assumption could not be maint&ined. The
estimating ‘equation, which accounts also for biased technical

" progress, is

d(]nq)=0ﬂ114669*d(1nk)+0.012779*d(1ne)+0.724681*&(1nm)-?.000?71*_
6.61
d(t2)+0.002846%d(c)-0.140785*d ( 1nL)+0.004421*d (t*(1nK))-

(24.88) - (11.59) (3.18)

0.001715*d (t*(1nM))
(1.30)

R2 = 0.982883 D.W.=1.54004 S.E.R. = 0.001662 Rho = 0.55082
Condition Number: 20.3

This equation is the first-difference of equation (2.2.26) and
obtains estimated coefficients for the square.of the time trend,
the effect of capacity utilization on Tabour pkoduétivity, q, the
aggregate Tlabour input which, in this formulation, measures.
returns-to-scale and for the interaction tefms/'bf capital and
material inputs with time. - Due to autocorrelation in our earlier

estimations of this equation, the Cochrane-Orcutt procedure - was
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used in the final estimation along with the Prais-Winsten
procedure to avoid losing the first set .of observations. The
Durbin-Watson statistic 1is 1.54, which is 1less than the upper
significahce poinf of 1.55, and falls in Athe indetermiante
regibn. The Condition Number does not indicate the presence of a
serious multicollinearity problem. A1l estimated coefficients are
statistically significant at the 99% level or better, though that
of the interaction of time and material inputs is'on1y significant

at the 78% level.

Our results indicate that technical progressAiS not Hicks neutral,
but is rather biased toward capital (capital-using) and against
material dinputs (materials-saving), although the Tatter bias is
- not statisticaly significant. As Table 3.3.2 suggests, the
hypothesis that the coefficient of the interaction of time and
energy input is zero could not be rejected:and the variable was
not included in the final estimation. The time trend variable was
similarly dropped. According to the coefficient of labour, the
industry oberates under decreasing returns-to-scale conditions:
returns-to-scale (unity plus the Tlabour coefficient) is
approximately 10.859. Since technical change is biased, its
mégnitude varies over the study period and is given by equation

(2.2.27). As Table 3.3.1 indicates, overall technical change

declined over the study period and averaged 1.021% per year.
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Using the growth accounting framework of equation (2.3.2) and the
above econometric results we can now analyse the sources of the
sTowdown in Tlabour productivity growth shown in Table 3.3.7.
Labour productivity grew at an'éverage annual rate of 2.794% per
year between 1961 and 1982. It showed a substantial improvement,
however, between 1567 and 1971 over the previous five years. Our
analysis suggests that most of this improvement originated ffom
faster growth of' the materials-labour ratio: the contribution of
this source increased by more than 1.2 percentage points. The
next major source was declining (aggregaté) Tabour employment
(negative Tlabour growth rate) whose contribution fto labour
productivity growth dincreased by more than 0.76 perceﬁtage
points. Other sburces include improved capacity utilization and 

higher capital-Tabour ratio.

‘Over the following five years, 1972-76, although capacity

utilization as well as the contribution of capital-labour ratio
increased, Tlabour productivity growth declined drastically: it
fell by more than 2.8 percentage points below the previous five
years' average to 1.938% per year. The largest source of this
decline was the contribution of the materials-labour ratio which
fell by more than 2.3 percentage points below its value in the
previous five years. As Tlabour employment gréw ,dﬁring this
period, the contribution of this source to 1aboﬁr pfoductivfty

growth also declined.




- 54 -

During the Tast five years of the study, 1977 to 1982, labour

productivity growth continued to decline. This occured in spite
of a reversal in the trend just discussed: the contribution of
matérials-Tabour ratio increased and .aggregate labour employment
declined. The principal cause of the falling labour productivity
growth during this period appears to be a sharp decline in
Capacity utilization énd slower growth of the capital-labour rétio
and energy-labour ratio. Technical progress, which occured at
less than half its average annual rate in the previous five years,
a]sb made a substantial contribution to the observed decline in

labour productivity growth.




- 55 -
TABLE 3.3.1

FRUIT & VEGETABLE PROCESSING INDUSTRY

SOURCES OF LABOUR PRODUCTIVITY GROWTH: 1961-1982

(PERCENT PER YEZR)

1962-1982

1962-66 196771 1972-76 1977-82

LABOUR PRODUCTIVITY 3.100 4.815 1.566

GROWTH

TECHNICAL PROGRESS

(T.F.P. GROWTH)

ENERGY
MATERIAL INPUTS

UTILIZATION OF

CAPACITY

RESIDUAL: GROWTH
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LABOUR PRODUCTIVITY: FRUIT AND VEGETAELE PROCESSING
1.25 (1971 = 1)

L. 4C

GROWTH RATE GF LABSUR PRODUCTIVITY
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Dairy Products Industry

Table 3.3.1 summarizes most of the empirical results obtained for
this industry. They are based on econometric estimation of
equation (2.2.26) wusing aggregate data“ on inputs and other
variables disbussed in Appendices 1 and 2. Equation (2.2.22),
based on Hicks neutrality of technical progress was also estimated

but, as Table 3.4.2 shows, this assumption could not be

maintained. The estimating equation, which accounts also for

biased technical progress, is

d(]nq)=0.075724*d(1nk)+0,013668*d(1ne)+0.802762*d(1nm)-?.0?0}18*
2.19
d(£2)+0. 00151 1%d(c)-0.074933%d (1nL)+0.000731*d (t*(1nM))

(5.12) (2.69) (2.54)

RZ = 0.752657  D.W. = 1.51352  S.E.R. = 0.002766
Condition Number: 4.632 :

This equation is the first-difference of equation (2.2.26) and
obtains estimated coefficients for .the squafe of the time trend,
the effect of capacity uti]ization on labour productivity, q, the
éggregatei labour input which, 1in this formulation, measures
returns-to-scale and for the interaction of time and material
inputs. The Durbin-Watson statistic is slTightly below the upper
significance point of 1.55 and, therefore, falls in the

indeterminate regfon. - The Condition Number assures us that no
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serious multicollinearity exists among independent variables of
this regression. All estimated coefficients are significant at

the 95% level or better.

The above results indicate that™ technical change is not Hicks
neutral in the Dairy Products industry but is rather biased toward
material inputs (materials-using). As Table 3.4.2 suggests, the
hypotheses that technical progress 1is biased with respect to
energy and capital Fou]d not be sustained and these variables were
not included in the final estimation. The simple time trend
variable was similarly dropped. According to the coefficient of
labour, the industry operates under decreasing returns-to-scale
conditions: returns-to-scale (unity plus the Tlabour coefficient)
is approximately 0.925. Since technical progress is bfased, its
magnitude varies over tﬁe study period. and is given by equatidn
(2.2.27). HoweVer, because technical progress entefing the
production process through material inputs was only slightly in
excess of those entering through other factors of production, the
graph of overall technical change appears as an almost linear

curve declining over time. Technical progress averaged 0.077% per

year over the study period.

Using the growth accounting framework of equation (2.3.2) and the

above econometric results we can now analyse the changes in labour

productivity growth this industry experienced during the study

period. Labour productivity grew at an average annual rate of
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3.403% per year between 1962 and 1982. As Table 3.4.1 indicates,
5-year average Tlabour productivity growth increased between 1662
and 1976 but sharply declined in the following five years. This
pattern also applies to the contributions of material inputs and
returns-to-scale (labour). Aggregate 1abour erployment declined
during this period, causing some improvement in  Tlabour
productivity growth but the most important source was the rising
growth 1in the materials-lTabour ratio. The contributions of
capital-Tabour ratio and energy-labour ratio, however, only .
increased over the first ten years of the study and declined

between 1972 and 1982.

During the Tast six years, 1977 to 1982, Tabour productivity

growth declined to almost half its average of the previous five
- years. As the ana]ysis of Table 3.4.1 suggests, this fall of
almost 2 percehtage points originated mostly from the drastic fall
in the growth rate of the materials-labour fatio. Other sources
were the’dec]ining utilization of capacity and a slowdown in the
rate at which Tabour employment contracted during this period

relative to the previous ten years.

1
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TABLE 3.4.1

DAIRY PRODUCTS INDUSTRY

SOURCES OF LABOUR PRODUCTIVITY GROWTH: 1961-1982

(PERCENT PER YEAR)

1962-66 1967-71 1972-76 1977-82

1962-1982

LABOUR PRODUCTIVITY 2.067

GROWTH

TECHNICAL PROGRESS

(T.F.P. GROWTH)

MATERIAT, INPUTS

UTILIZATION OF

CAPACITY

RESIDUAL GROWTH
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Flour and Breakfast Cereal Prbducts Industry

Table 3.5.1 surmmarizes most of the empirical results obtained for
this industry. They are based on econometric estimation of
equation (2.2.26) u;ing aggregate data on inputs and other
variables discussed in Appendices 1 and 2. Equation (2.2.22),
based on Hicks neutrality of technical progress was also estimated
but, as Table 3.5.2 shows, this assumption could not be
maintained. The estimating equation, which accounts also for

biased technical progress, is

d(Tnq)=0.08571*d (Tnk)+0.00814*d (1ne)+0.807395%d ( 1nm)

-0.023576*d (t)-0.000119*d (t2)+0.001555*d (c)
(2.76) (2.73) (21.77)

-0.08222*d(1nL)+0.005708*d (t*(1nK) )
(5.24) (3.00)

R2 = 0.974039  D.W. = 1.62918  S.E.R. = 0.00217]
Condition Number: 43

This equation is the first-difference of equation (2.2.26) and
obtains estimated coefficients for the time trend, time squared,
the effect Qf'capacity uti]%zation bn labour productivity, q, the
aggregate Tlabour input (which 1in this formulation measures
returns-to-scale) and for the interaction of time and capital

stock. The  Durbin-Watson statistic indicates absence of

autocorrelation at the 1% level and the Condition Number does not
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indicate: the presence of serious multicollinearity in our

estimation. All estimated coefficients are significant at the 98%

level or better.

The above results show that technical change is not Hicks neutral
in this industry but is rather biased in favour of capital
(capital-using). As Table 3.5.2 ‘nggests, the hypotheses that
technical change is biased with respect to energy and material
inputs could not be sustained and these variables were not
included in the final estimation. According to the coefficient of
Tabour, the industry operates under decreasing returns-to-scale
conditions: returns-to-scale (unity plus the Tabour coefffcient)
is approximately 0.917. Since technical progress is biased, its
magnitude, which varies over the study period, is given by

equation (2.2.27).

Using the growth accounting framework of equation (2.3.2) and the
above econometric results we can now analyse the decline in labour
productivity growth which occured over the study -period. Labour
productivity gfew at an average annual rate of 2.332% per year
between 1962 and 1966. As Table 3.5.1 indicates, the 5-year
average growth rate continued to decline over the following ten

years and then dropped éharp]y during the next six years

(1977-82). Our'analysis suggests that the sources of this decline

were not uniform throughout the period. The slight decline
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(approximately half of one percentage péint) which occurred over
the first ten years seems to have originated from declining
utilization of capacity and declining technical progress. The
fall in Tlabour productivity growth of the‘subsequent five years,
however, occuﬁéd as a result of a substantial fall in the
contribution of capital (declining capita1-1abour. ratio) and of

returns-to-scale (growing employment of labour).

During the Tlast six years of the study period, 1977-82, Tlabour
productivity growth declined 'to Tittle more than one third of its
value during the previous five years. This was' the result of a
fall in the contributions of all sources of Tlabour productivity
growth, with the exception of capital. The most substantial

decline, however, was in the contribution of material inputs: it

fell to almost one sixth its value during the previous five

years. In short, slower growth in the use of material inputs'and
larger growth in employment of Tlabour (which reduced Tabour
productivity growth directly as well) Tled to the drastic decline

we observe.
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TABLE 3.5.1

FIOUR & BREAKFAST CEREAL PRODUCTS INDUSTRY

SOURCES OF LABOUR PRODUCTIVITY GROWTH: 1961-1982

(PERCENT PER YEAR)

1962-66 1967-71 1972-76 1977-82

1962-1982

LABOUR PRODUCTIVITY

GROWTH

TECENICAL PROGRESS

(T.F.P. GROWTH)

CAPITAL

MATERIAL IN PUTS

UTILIZATION OF

CAPACITY

RESIDUAL GROWTH
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3.6 Feed ‘Industry

Table 3.6.1 summarizes most of the empirical results obtained for
this industry. They are basedl on econonetric estimation of
equation (2.2.22) using aggregate data on dinputs and other
variables discussed in Appendices 1 and 2. Equation (2.2.26),
which relaxes the assumption of Hicks neutrality of technical
progress, was also estimated on this data. The chosen estimating

equation, maintaining Hicks neutrality, is

d(Tng)=0.087025*d (1nk)+0.010796*d (1ne)+0.834008*d (1nm)

+0.011527*d (t ) -0.000392%d (£ 2) +0.001754%d (c)
(4.30) (3.62) (11.65)

-0.055778*d(1nL)
(2.26)

R2=0.893981 D.W.=1.89343 S.E.R.=0.003498 Rho: 0.479189
Condition Number: 3.53759

This equation is the first-difference of equation (2.2.22) and
obtains estimated coefficients for the time trend, the square of

the time trend, the effect of capacity utilization on Tabour

productivity, q, and for aggregate lébour input which, in this

formulation, measures retu?n-to-;cé]e. The Durbin-Watson
statistic indiéates aBsence of autocorrelation at the 5% level and
the Condition Number assures wus of absence of serious

multicollinearity in our estimation.
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Due to autocorrelation in our earlier estimation of this equation,
the Cochrane-Orcutt procedure was used in the final estimation
along with the Prais-Winsten procedure to avoid Tlosing the first
set of observat%ons. A1l estimated coefficients were significant

at the 96% level or better.

Our results are based on Hicks neutrality of technical progress.
However, this rate was not constant over the study period as
indicated by the coefficient of time trend squared. From the two
time coefficients we know that technical progfess is a declining
function of time: at the beginning of the study period it
occurred at the rafe of 1.15% per year and declined by about 0.08%
in each subsequent year so that by 1982 it épproached; negative‘
half of one percent. Its average over the 1962-1982 period was
0.29% per year as Table 3.6.1 indicates. According to the
coefficient of Tabour, fhe industry operates under decreasing
returns-to-scale conditions: returns-to-scale (unjty plus the

Tabour coefficient) is approximately 0.944.

Using the growth accounting framework of equétion (2.3.2) and the
above econometric results, we can now analyse the changes in
labour productivity growth this industry experienced \OVef the
study period. As Table 3.6.1 shows, Tlabour productivity growth

was remarkably high over the 1962-1966 sub-period. Thfs réte of

almost 7% per year declined over the next two sub-periods to

2.217% for 1972-76.
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During the Tlast sub-period (1977-82), however, it made a
substantial recovery and rose to 3.921% per year. In analysing
the sources of this productivity growth decline and Tlater
recovery, we first note that the growth of materials-Tabour ratio
accounts for a substantial portion of growth in Tabour
productivity -- almost 85% over the study period. As the growth
rate of the materials-labour ratio declined over the first three

sub-periods so also did Tabour productivify growth. The recovery

of Tabour productivity‘growth during 1977-82 is also substantially

attributable to rising growth 1in the materials-labour ratio:
almost 85% of the recovery came from increased use of material
inputs. It s /noteworthy that the Feed Industry is highly
materials-intensive: they account for more than 83% of the value
of the industry's total output. Other factors which contributed
both to the decline in Tabour productivity growth and to its
recovery are utilization of capacity and the energy-labour ratio.
These sources of growth are considerably smaller in magnitude but,
togethér with the materials-labour ratio, Share the overall

pattern of productivity growth change.

!
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'TABLE 3.6.1

FEED INDUSTRY

SOURCES OF LABOUR PRODUCTIVITY GROWTH: 1961-1982

~( PERCENT PER YEAR)

1962-66 1967-71 1972-76 1977-82

1962-1982

LABOUR PRODUCTIVITY

GROWTH

TECHNICAL PROGRESS

(T.F.P. GROWTH)

CAPITAL

MATERIAL INPUTS

UTILIZATION OF

CAPACITY

RESIDUAL GROWTH

2.217
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LABOUR PRODUCTIVITY : FEED INDUSTRY
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Slaughtering and Meat Processors

The empirical results for this dindustry have been summarized in
Table 3.7.1. They are based on econometric estimation of equation
(2.2.22) using aggregate data discussed in Appendices 1 and 2. As
Table 3.7.2 'shows, this specification proved superior to equation
- (2.2.26) which assumes non-neutral technical change. Our

estimating equation is

Tnq=-0.201049+0.0451*Tnk+0.006011*Tne+0.855353*1nn
(61.46) :

© +0.007133*t-0.000116%t2+0.151852%c-0.092913*TnL
(21.19)  (7.56) (55.01)  (19.18)

R2=0.999092 D.W.=2.01112 S.E.R.=0.000785

Rhol = 1.42578  Rho2: - 0.7003671
Condition Number: 18.261

A1l variab]es (except the time trend) were rescaled so that 1971=1
for regressions. This equation obtains estimated coefficients for
the time trend (t and tz), the effect of capacity utilization on
labour. productivity, q, and for aggregate labour input which, in
this formulation, measures returns-to-scale. Second order
autoéorre]ation_ of the residuals was corrected using the
Cochrane-Orcutt procedure together with the Prais-Winsten

procedure. The autocorrelation coefficients satisfy stationarity




-77 -

conditions. All estimated Coefficients are highly significant.

Other regression statistics are quite satisfactory, showing no

significant multicollinearity or autocorrelation.

Our final results indicate that technical progress is best
described as Hicks neutr;] with a mildly declining trend over
time. According to the coefficient of labour, the industry
operates under descreasing' returns-to-scale conditions:
returns-to-scale  (unity plus" the labour = coefficient) is

approximately 0.907.

Table 3.7.1 summarizes the sources of Tlabour productivity growth
for the study period as well a§ four subperiods. - Laboqr
productivity grew at an average annual rate of about 3.4 percgnt
and displayed only small variations except during the 1977-82
vsubperiod when it averaged about 2.5 percent per year. This
decline appears to have originated mostly from a decline in the
growth of materials to Tlabour ratio, which accbunted for about 85
percent of Tabour productivity growth over the study period. The
second most important source of labour prodﬁctivity was technical
progress, which averaged about 0.46 percent per year and declined
by 0.02 percent each year. With decreasing returns-to-scale in
production, growing Tlabour employment in . this industry made a
negative contribution toward Tlabour productivity  growth buf its
magnitude was  rather | negligible. The cohtfibutions of

Capital-labour and energy-labour ratios were similarly small.
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TABLE 3.7.1

SLAUGHTERING AND MEAT PROCESSORS

SOURCES OF LABOUR PRODUCTIVITY GROWTH: 1961-1982

(PERCENT PER YEZR)

1962-66 1967-71 1972-76 1977-82

1962-1982

LABOUR PRODUCTIVITY

GROWTH

TECHNICAL PROGRESS

(T.F.P. GROWTH)

MATERIAI, INPUTS

UTILIZATION OF

CAPACITY
RETURNS-TO-SCALE

RESIDUAL GROWTH
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LABOUR PRODUCTIVITY :
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Poultry Processors

The empirical results for this industry have been summarized in
Table 3.8.1. They are based on econometric estimation of equation
(2.2.26) using aggregate data discussed in Appendices 1 and 2.
The parameters of equation (2.2.22), which restricts technical
Change to be Hicks neutral, were also estimated but the model

performed better with the former specification. Our estimating

equation’ is

1nq=?.009?5]+0.054388*1nk+0.008837*1ne+0.829021*1nm
1.71 ‘ :

-0.000107%t2-0.098063*1nL+0. 0081 27%t*TnM
(2.08) (5.74) . (4.51)
R2=0.928972  D.W. = 2.17926  S.E.R. = 0.005727

Rhol: 0.81763 Rho2: -0.52474
Condition Number: 13.056

ATl variables of the regression (except the time trend) were
rescaled so that 1971=1. This equation obtains estimated
coefficients for the square of the time trend, the aggregate

labour  input (which measures returns-to-sca]e); and  the

interaction of time and material inputs index. The resu]ﬁs

indicate that technical progress in this industry is not Hicks

neutral but biased toward material inputs (materials-using).
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Second order autocorrelation of the residuals was corrected using
the Cochrane-Orcutt procedure tbgether with the Prais-Winten
prbcedure. The significance Tlevel of the coefficient of time
squared is approximately 95%. Other coefficients are significant
at the 98% level or better. Other régression statistics are quite
satisfactory, showing no significant multicollinearity or
autocorrelation. Since the coefficient of labour is less than
zero, returns-to-scale 1is decreasing in this industry: The value
of this parameter (unity plus the Jlabour coefficient) is
approximately 0.90. Since technical <change 1is biased its
magnitude for each year is given by equétion (2.2.27).

Table 3.8.1 summarizes the sourées of Tabour productivity growth
for the study period and four subperiods. Labour productivity
grew at an average annual rate of about 2.7 percent but this rate
varied considerably between the four subperiods. From an average
annual fate of about 4.5 percent between 1962 and 1966 it declined
to about 2.6 percent over the next five years, and fell to less
than one third of a percent per year between 1972 and 1976.
During the Tlast subperiod, 1977-1982, it recovered substantially

and averaged about 3.2 percent per year{ Our analysis suggests

that bofh‘ the decline and the recovery of Tabour productivity

- growth originated mainly from changes in the materials-labour and
capital-labour ratio. The growth rates of both of these
© contributing factors declined sharply over the first three

_subperiods  (1962-1976) resulting in a decline in Tabour
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productivity growth. The 1977-1982 recovery was almost entirely
caused by a Targe increase in the growth rate of the
materials-Tabour ratio. Over the study period, this variable
accounted for about 97 percént of the growth in 1abouf

productivity.

Technical progress was negative during the entire study period and

averaged -0.24 percent per year. However, as other regression
results in Table 3.8.2 also confirm, technical progress increased
substantially during this period from a Tow of about -0.43 percent
in the first subperiod to a high of about -0.13 percent per year‘
between 1977 and  1982. Since  technical progress s
materials-using, its improvement was entirely due to the
increasing share of material inputs in the value of the industry's
gross output. As Table 3.8.1 shows, the growth in the
energy-labour ratio made only a small contribution to Tabour
productivity growth. With decreasing returns-to-scale in
production, growing- Tabour employment made a negative cohtribution
to Tlabour productivity growth. This contribution varied.from a
Tow of -0.54 percent during the first subperiod to a high of -0.11

percent for the last period.




POULTRY PROCESSORS

SOURCES OF LABOUR PRODUCTIVITY GROWTH: 1961-1982

(PERCENT PER YEAR)

1962-66 1967-71 1972-76 - 1977-82

1962-1982

LABOUR PRODUCTIVITY 3.256

GROWTH

TECHNICAL PROGRESS

(T.F.P. GROWTH)

RETURNS-TO-SCALE

RESIDUAL GROWTH

2.682
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Biscuit Manufacturers

The empirical results for this industry have been summarized in
Table 3.9.1 They are based on gconometric estimation of equation
(2.2.26) using aggregate data aiscussed in Appendices 1 and 2.
The selected estimating equation, which accounts . for biased

technical progress, is

1nq=-0.054?6+0.124868*1nk+0.010357*1ne+0.624764*1nm
(10.36

+0.005346%t+0.033357*t*1nK+0.01075*t*1nE -
(7.34) (3.22) (2.91)

-0.012638*t*1nM
(8.67)
R2=0.765975 D.W. = 2.36421 S.E.R. = 0.073489

Rhol: 0.205869 Rho2: -0.423495
Condition Number: 12.7303

A11 variables of the regression (except the time trend) were.

rescaled so that 1971=1. This equation obtains estimated
coefficients for the time trend, t, and for the interaction of
time with capital, energy and material inputs. Technical progress
in this dindustry s not Hicks neutral: = The Tlast three
coefficients indicate that the bias is capital-using, ene}gy-using
and materials-saving. A1l 6oefficients are significant at the

99.5% Tlevel or better. - However, in earlier specifications the
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coefficient of Tlabour, which measures returns-to-scale, was found
to be statistically insignificant and the variable was dropped
.from subsequent regressions. This implies that the industry
operates under approximately constant. returns-to-scale. The
Capacity utilization variable was also dropped from the regression
as it was collinear with other independeht variables. Second
order autocorrelation of the residuals was corrected using The
Cochrane-Orcutt  procedure together with the Prais-Winsten
procedure. Although Rhol is only significant at the 67% level,

the Cochrane-Orcutt procedure was found necessary because Rho2 is

significant at the 94% level. Other regression statistics are

quite satisfactory, showing ro significant multicollinearity or
autocorrelation in the final regression. Since technical progress
is biased, its magnitude for each year is given by equation

(2.2.27).

Table 3.9.1 summarizes the sources of Tlabour productivity growth
for the study period and four subperiods. Labour productivity
grew at an average annual rate of about 2.4 percent over the study
period. This rate increased substantially over the first three
'subperiods: Tabour productivity be}ween 1972 and 1976 grew almost
. 2.4 times faster than it did between 1962.5nd 1966; Over the next
six years, however, it dropped drastically, contracting at about
-0.72 percent per year. Our analysis suggests that the

substantial improvements of the first 15 years were due to growing
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materials-Tabour ratio (particularly for the 1972-76 period),
growing capital-labour ratio (mostly over the first 10 years) and
significantly increasing energy-labour ratio. Unlike most
industries 1in the food and' beverage sector, energy-labour ratio
made a sizeable contribution to ~labour productivity growth,
amounting to more than one half of one percent for the‘J972-76

subperiod.

A sharp turnaround in Tlabour productivity growth as well as
technical progress occurred between the third and fourth
subperiod. Our analysis finds that this was due to a sharp
decline in Tlabour employment from 1974 onwards -combined with
quickly increasing output until 1976. This led to a large labour
productivity gain for the 1974-1976 period. After 1976, hdwever,
industry output declined sharply though at a slower rate than
1ébour employment, producing a negative growth rate for Tlabour
productivity. Falling output was accompanied by falling purchases
of material inputs, capital stock and energy input. These
decﬁining trends produced a smaller growth rate for the
materials-labour ratio and negative growth rates for the
capital-labour and energy-labour ratios which together reduced
Tabour productivity growth to its (negative) level between 1977
and 1982. Technical progress, which depended on the 1eve]§ of
capital, energy and materials inputs used, also dec]ined’ovef this

period: it averaged almost 0.15 percent per year, though it had

substantially increased between 1962 and 1973.
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TABLE 3.9.1

BISQUIT MANUFACTURERS

SOURCES OF LABOUR FRODUCTIVITY GROWTH: 1961-1982

(PERCENT PER YEAR)

1962-66 1967-71 1972-76 | 1977-82 1962-1982

LABOUR PRODUCTIVITY 2.245 3,317 5.395

GROWTH

TECENICAL PROGRESS

{(T.F.P. GROWTH)

MATERIAL INPUTS

RESTIDUAL GROWTH
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Bakeries

The empirical results for this industry have been summarized in
Table 3.70.71. They are based on econometric estimatiOn' of
equation (2.2.26) using aggregate data described in Appendices 1
and 2. The selected estimating equation, which accounts for

biased technical progress, is

1nq=-?.030;68+0.118289*]nk+0;022004*1ne+0.576753*]nm
5.22

+0.003233*t -0.257266*1nL+0. 00506*t *1nE+0. 020589%t* 1 nM
(6.12) (9.10) (4.08) (11.27)
RZ2=0.979705 D.W. = 2.01332  S.E.R. = 0.006683

Rhol: -0.330246 Rho2: -0.337384
Condition Number: 20.8901

A1l variables of the regression (except the time trend) were
rescaled so that 1971=1. This eduation obtains estimated
coefficients for the time trend, t, aggregate labour input (which
measures returns-to-scale), and for the interaction of time with
energy input and material inputs. The signs of the Tlast two
coefficients indicate that technical progress in this indusfny 15
not Hicks neutral but rather biased toward energy éng. material

inputs  (energy-using and materials-using). A Al11-  estimated

coefficients are significant at the highest possible level. The
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returns-to-scale, given by unity plus the coefficient of Tabour,
is approximate]y 0.74 indicating strongly decreasing returns. The
Capacity utilization varfab]é and the square of the time trend
were both droppéd from the regression as they were highly
collinear with other independent variab]es. The coefficient of
interaction of time with capital input, however, was not
sfatistica]]y significant so this variable was also dropped from
the regression. Second order autocorrelation of the residuals was
corrected using the Cochrane-Orcutt procedure together wifh the
Prais-Winsten proce@ure. ATl regressién statistics are quite
satisfactory, showing no significant ~multicollinearity or
autocorrelation in the final regression. The magnitude of
technical progress, which varies over time, 1is computed using

equation (2.2.27).

Table 3.10.1 summarizes the sources of labour productivity growth
‘for the study period and four subperiods. Labour productivity
grew at an average annual rate of about 1.8 percent between 1962
and 1982. Almost one percent of this growth rate is accounted for
by the growth rate of materials-Tabour ratio. With decreasing
returns-to-scale in the 1ndustry, falling labour employment over
most of the study period accounted for about 24 percent of the
obsefved Tabour productivity growth. The growth in capital-labour

ratio contributed about 0.2 percent. per year, or about 12 percent

of average 1labour productivity. Our results show that Tlabour
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productivity considerab1y improved over the second subperiod,
declined over the third subperiod and fell severely to a negative
Tevel between 1977 and 1982. The most important explanatory
factor for these changes seems to be the growth vrate of
materials-labour ratio, thch rose over the first ten years of the
study period but declined thereafter and became negative between
1977 and 1982. Returns-to-scale also contributed to declining
" labour productivity. Although aggregate employment declined over
the study period--contributing | positively to Tabour
productivity--it contracted at a progressively slower rate thus
contributing less each year. Technical progress which rose
sharply between 1961 and 1968 and generally declined thereafter
accounted significantly for both rising and falling 1labour
productivity. The energy-labour ratio declined over most of the

study period which helped reduce Tabour productivity. The

magnitude of this effect was, on average, quite small.
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TABLE 3.10.1

SOURCES OF LABOUR PRODUCTIVITY GROWTH: 1961-1982

(PERCENT PER YEAR)

1962-66 1967-71 1872-76 1977-82

1962-1982

LABOUR PRODUCTIVITY

GROWTH

TECHNICAL PROGRESS

(T.F.P. GROWTH)

MATERIAL INPUTS

RETURNS-TO-SCALE

RESIDUAL, GROWTH
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Confectionery Manufacturers

The empirical resu]tg for this industry have been summarized in -
Table 3.11.1. They are based onj econometric estimation of
equation (2.2.26) using aggregate data described in Appendices 1
and 2. Equation (2.2.22) which restricts technical progress to be
Hicks neutral was alsd estimated but the former equation, assuming
biased - technical progress, was found to perform much better. The

selected estimating equation is

1nq=-?.056?93+0.15858]*]nk+0.009572*1ne+0.635917*1nm
4.58)t

+0.004794*t -0.173684*1nL-0.013516*t*1nK+0.030374*t*1nM
(3.59) (4.63) (5.56) (11.48)

R2 = 0.96244  D.W. 1.95905  S.E.R. = 0.007906

Rhol: 1.33557 Rho2: -0.624735
Condition Number: 6.12383

ATl variables of the regression (except the time trend) were
rescaled so that 1971=1. This equation obtains estimated
coefficients for the time trend, t, aggregate 1abodr input (which
measures returns-to- scale), and.for‘the interaction of time with
capital and material dnputs. The signs ,bf the Tast \two
coefficients indicate that technical progress in this industry fis

not Hicks neutral but has a capital-saving and materials-using
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bias. A1l estimated coefficients are significant at the 99% level
or better. Second order autocorre1a£ion of the residuals was
Corrected using the Cochrane-Orcutt procedure together with the
Prais-Winsten procedure. The "coefficients of autocorrelation
satisfy the conditions required for stationarity. A1l regression
statistics are quite satisfactory, showing no significant

multicollinearity or autocorrelation 1in the final regression.

According to the coefficient of labour returns-to-scale (given by

unity plus this coefficient) is approximately 0.83. The capacity
utilization variable was excluded from the regression as it was
found collinear with other independent variables. However, time
squared and the interaétion of time with energy input were dropped
because of their Tow significance levels. As Table 3.11.2 shows
estimated technical progress results with the model under Hicks
neutrality closely approximate those found with the above
regression.  Since the selected regression incorporates biased

technical change, technical progress 1is computed using equation

(2.2.27).

Table 3.11.1 summarizes the sources of Tlabour productivity growth
in this industry for the study period and four subperiods. Labour
productivity grew at an average annual rate of about 2.5 percent
betweén 1962 and 1982. Almost three quarters of this growth rate
is aécounted for by the growth rate of material inputs to labour '

ratio and ‘nearly 12 percent by technical progress. The growth
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rate of capital-Tabour ratﬁovmade a somewhat smaller contribution
to labour productivity growth and those of energy-labour ratio and

returns-to-scale were considerably smaller. With decreasing

returns-to-scale in the industry contracting labour employment

made a positive contribution to labour productivity growth.

As Table 3.11.1 shows five year dverage Tabour productivity growth
declined gradua11y from 4.46 to about 0.66 percent per year
between the -first and fourth subperiod. This trend originated .
principally from falling growth. rates of materials-labour and
capital-labour ratios. The particu]ar]y poor performance of the
1977-82 subperiod, howeVer, was mostly due to the contribution of
capital which fell to a negative magnitude. Our model explainé
this by the falling ~coefficient of capital implied by
capital-saving technical change. The falling contributions . of
energy-]ébour Aratio and returns-to-scale (generally falling
employment over the Tlast three subperiods) ékp]ain to a smaller
extent the slowdown in Tlabour productivity growth. The sizeable
fall in the returns-to-scale contribution Wés mostly the result of

a large increase in labour employment in 1980.
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TABLE 3.11.1

CONFECTIONERY MANUFACTURERS

SCURCES CF LABOUR PRODUCTIVITY GRCWTH: 1961-1982

(PERCENT PER YEZR)

1962-66 1967-71 1972-76 1977-82

1962-1982

LABOUR PRODUCTIVITY 3.308

GROWTH

TECHNICAL PROGRESS -

(T.F.P. GROWTH)

CAPITAL

MATERIAL INPUTS

RETURNS-TO-SCALE

RESIDUAL GRONTH
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Cane and Beet Sugar Processors

The empirical resu]tsvfor this industry have been summarized in
Table 3.72.7. They are based on econometric estimation of
equation (2.2.26) using aggregafe data described in Appendices 1
and 2. There results were found superior to those obtained from
estimation of equation (2.2.22) which restricts technical progress

to be Hicks neutral. The selected estimating equation is

1nq=EO.278?24+0.12654*1nk+0.019542*1ne+0.763137*]nm
12.75

+0.004949%t +0. 24377 3% -0. 229733% 1nL
(4.55) (12.20) (3.33)

-0.008647*t*1nK-0. 005241*t *1nE+0. 00938*t*1nl
(6.31) (1.33) - (2.77)
R2=0.981818  D.W. = 2.22103  S.E.R. = 0.007507

Rhol: 0.885721 Rho2: -0.571339
Condition Number: 24.5013

A1l variables of the regression (except the time trend) were
rescaled so that 1671=1. This equation obtains estimated
coefficients for the time trend, t, the index of capacity

utilization, aggregate labour input » (which meaéures

returns-to-scale) and for the interaction of time with"capita1,

energy and material inputs. The last three estimated coefficients

indicate  that technical progress in  this  industry is
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capital-saving, energy-saving and materials-using. The
coefficient of energy-time interaction is significant at about the
80% Tlevel. A1l other coefficients are significant at the 98%
level or better. Second order autocorrelation of the residuals
was corrected using the Cochrane-Orcutt procedure together with
the Prais-Winsten procedure. Al1 regression statistics are quite
satisfactory, showing no significant multicollinearity or

autocorrelation in the selected regression.

According to the coefficient of Tabour, returns-to-scale (given by
unity plus this coefficient) is approximately 0.77. As Table
3.12.2 shows, the square of the time trend was dropped -from most
regressions because its coefficient was not statistically
significant. Since technical progress is biased, its magnitude is
computed from the time trend and the coefficients of the
interaction of time with capital, energy and material inputs using

equation (2.2.27).

Table 3.12.1 summarizes the sources of labour productivity growth
‘in this industry for the study period and four subperiods. Labour
productivity grew at an average annual rate of about 3.4 percent
between .1962 and 1982. About 78 percent of this growth is
accounted for by the growth rate of materials - labour ratio. The'

next largest source of labour productivity growth was technical

~ progress which showed considerable variation over the study
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period: generally rising up to 1973 and generally declining
between 1974 and 1982. The‘contribution of returns-to-scale was
fairly significant: with decreasing returns-to-scale falling
Tabour employment accounted for about one third of one percent of

Tabour productivity growth.

Although Tabour productivity varied considerably from year to year
it maintained a fairly stable five-year average over the “four
subperiods. Its decline in the third subperiod (1972-1976) to
1.736% per year fo]]owed‘from a sharp decline in the growth of
materials - labour ratio (to almost half of its contribution in

previous subperiods) as well as lower growth of material dinputs

use. - With rising material inputs coefficient (materials-using

technical change), a decline in the growth rate of material inputs
used--as occurred over this subperiod--would Tead to Tlower labour
productivity growth independently of the effect of the growth rate

of materials-labour ratio.

A second significant factor contributing to labour productivity
slowdown over this subperiod was energy. The contribution of this-
factor fell significantly below its 1967-71 average because the
coefficient of energy was decling (energy-saving technical change)

and the industry showed quickly increasing energy use in 1975 and

1976.
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TABLE 3.12.1

CANE AND BEET SUGAR PROCESSORS

SOURCES COF LABOUR PRODUCTIVITY GROWTH: 1961-1982

(PERCENT PER YEAR)

1962-66 1967-71 1972-76 1977-82

1962-1982

- LABOUR PRODUCTIVITY 4,504 3.666 1.736

GROWTH

TECHNICAL PROGRESS

(T.F.P. GROWTH)

‘UTILIZATICN OF

CAPACITY

RETURNS-TO-SCALE

RESIDUAL GROWNTH
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Vegetable 0i1 Mills

The empirical results for this’industry have been summarized in
Table 3.13.17. They are based on econometric estimation of
equation (2.2.22) using aggrégate data described in Appendices 1
and 2. This equation, based on the assumption of Hicks neutral
technical change, yielded more reliable coefficient estimates than

equation (2.2.26) which incorporates biased technical progress.

The estimating equation is

1nq=E0.048?21+0.064169*1nk+0.01254*1ne+0.886914*]nm
12.20 ‘

+0.0091*t -0.000466*t 2+0.050369* InL
(11.92) (8.39) (3.33)

R2=0.907237 D.W. = 1.68702 S.E.R. = 0.005592
Condition‘Number: 21.9872

ATl variables of the regression (except the time trend) were
rescaled so that 1971=1. \Using Ofdinahy Least Squares procedures,
this equation obtains estimated coefficients for the time trend
and time squared as well as aggregate labour input which, in this
formulation, measures returns-to-scale. ATl estimated
coefficients are significant at the 99% level or better. Other
regression statistics are quite satiéfactory; showing no

significant multicollinearity or autocorrelation in the selected

regression. According to  the coefficient of Tabour,
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returns-to-scale (given by unity plus this coefficient) is
approximately 1.05. As Table 3.13.2 shows, the capacity
utilization variable was excluded from this regression as it was
highly collinear with other independent variables. Technical
progress over the study period has the intercept O.91l(percent per
year) and slope -0.000932 percent per ‘year (see equation

(2.2.2.7)).

Table 3.13.1 summarizes the sources of labour productivity growth

in this industry for the study period and four subperiods. During
the study period Tabour 'productivity grew at an average annual
rate of about 3.18 percent. The growth of materials-labour ratio
contributed about 2.9 percent to this Tlabour productivity gain.
With increasing returns-to-scale growing labour employment was the
next largest source of Tlabour productivity growth in this
industry. Growing capital-Tabour ratio also positively

contributed to labour productivity gains.

Our analysis shows that the decline in Tabour productivity
experienced during the third and fourth subperiod resulted from
falling _growth rates of materials-labour and energy-labour
ratios. The latter ratio actually declined (on average) between

1977 and 1982.
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Though materials-labour ratio was most important in explaining
falling labour productivity gains in the second half of the study

period, technical progress made a gradual but significant

contribution. Technical progress occurred at about one percent

per year in 1961 but by 1982 it was slightly Tless than negative

one percent: a fall of approximately two percent over the study

period.
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TABLE 3.13.1

VEGETABLE OIL MILLS

'SOURCES OF LABOUR PRODUCTIVITY GROWTH: 1961-1282

(PERCENT PER YEAR)

1962-66 1967-71 1972-76 1977-82

1962-1982

LABOUR PRODUCTIVITY _ 1.497

GROWTH

TECHNICAL PROGRESS

(T.F.P. GROWTH)

MATERIAL INPUTS

RETURNS-TO-SCALE
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Miscellaneous Food Processors, NES

The empirical results for this industry have been summarized in

Table 3.13.1. They are .based on econometric estimation of
equation (2.2.22) using aggregate data descfibed in Appendices 1
and 2. This equation, based on the assumption of Hicks neutral
technical change yielded better estimation results than equation
(2.2.26) which incorporates biased technical change. The selected

estimating equation is

1nq=-?.292?38+0.169747*]nk+0.01]303*]ne+0.697576*1nm
6.99 :

+0.000111%t2+40. 28918%c-0.115822% nL
(3.48) (6.82) . (4.57)
RZ= 0.751752  D.W. = 2.16942  S.E.R. = 0.007332

Rhol: 0.557969 Rho2: -0.622977
Condition Number: 65.8907

A1l variables of the regression (except the time trend) were
rescaled so that 1971=1. This equation obtains estimafed
coefficients for the square of the time trend, the effect of
capacity utilization on labour productivity; and for aggregate
labour input (which measures returns-to-scale). "The coefficient -
of first order autocorrelation is significant ét,fhe 98% level;
all other coefficients are significant at ‘the _99% Tevel or

better. Second order autocorrelation was corrected using the
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Cochrane-Orcutt procedure together = with the Prais-Winsten
procedure. Al1l regression statistics are quite satisfactory,

though the Condition Number indicates fairly high collinearity

'among independent variables. As Table 3.14.2 shows, the simp]g

time trend variable was not statisfica]]y significant in earlier
estimation results and was dropped. The F statistic for this
coefficient was 0.32. According to the coefficient of time
squared technical change increased over the study period. The
slope of this curve is 0.0222 (percent per year) with zero for its
intercept. This yields a technical progress rate of about half of
one percent in 1982." The coefficienf of Tabour indicates that
returns-to-scale (given by unity plus this coefficient) is

approximately 0.88.

Téb]e 3.14.1 summarizes the sources of labour productivity growth
in this industry for the study period and four subperiods. Labour
productivity gains averaged about 1.8 percent per year between
1962 and 1982 with about 1.25 percent accounted for by the growth
rate of materials-labour ratio. With decreasing returns-to-scale
in the industry growing 1labour employment made a negative
contribution to Tabour productivity growth during all four
subperiods. Technical progress and the growing capital-labour

ratio both made significant contributions to Tabour productivity.

gains.
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Labour productivity dec]ined‘ severely over the 1967-71 period,
compared to fair growth }ates in the previous and subsequent

subperiods. Our ana1ysfs finds that this was almost entirely the
result of a Targe increase in Tabour employment in 1950: industry
employment grew by 14.7 percent whereas gross output rose by only
5.2 percent leading to labour productivity Qrowth of negative G.5
percent. In terms of sources of growth, this occurred through a
fall in the materials-labour ratio, Tlower growth in the

capital-labour ratio and a negative contribution from

returns-to-scale. A second, though slight, fall in Tlabour

productivity growth occurred in the fourth subperiod. This was
'similarly the result of a large increase in labour employment and
less than one percent growth in gross output. - Falling
capital-Tabour and materials-labour ratios were the principé]
sources of declining gfowth, as capital stock and purchésed

materials lagged behind employment growth.
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TABLE 3.14.1

MISCELLANEOUS FOOD PROCESSORS, NES

SOURCES OF LABOUR PRODUCTIVITY GROWTH: 1961-1982

(PERCENT PER YEAR)

1962-66 1967-71 1972-76 1977-82 1962-1982

LABOUR PRODUCTIVITY - 2,335

GROWTH

TECHNICAL PROGRESS

(T.F.P. GROWTH)

UTILIZATION OF
CAPACITY

" RETURNS-TO-SCALE

RESIDUAL GROWNTH
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Soft Drink Manufacturers

The empirical results for this industry have been summarized in
Table 3.15.1. They are based‘lon econometric estimation of
equation (2.2.26) using aggregate.data described in Appendices 1
and 2. This equation incorporates biased technical progress
(found to be only materials-using) and yielded substantially
better estimated results than equation (2.2.22) based on Hicks

neutrality. The selected estimating equation is

1nq=-0z0433§1+0.162799*1nk+0.0]622]*1ne+0.607463*1nm
: 4.18 ‘

+0.008609*t -0.000404*t2-0,0265545%1nL+0.014406*t*TnM

(3.89) (3.10) (3.64) (4.53)
R?=0.953485  D.W.=1.75514  S.E.R.=0.010935
Rhol: 0.286187
Condition Number: 23.712
A11 variables of the regression (except the time trend) were
rescaled so that 1971=1. This equation obtains estimated
coefficients for the time trend, time squared, aggregate labour
input and the interaction of time with material inputs. The sign
of the last coefficient indicates that technica] progress in this

industry is not Hicks neutral but rather biased toward material

inputs (materials-using). The coefficient of autocorrelation is

significant at the 80% Tevel; other coefficients are significant




at the 99% level or better. Autocorrelation among the residuals
was corrected using the Cochrane-Orcutt procedure together with
the Prais-Winsten procedure. A1l regression stétistics are quite
satisfactory, showing no significant multicollinearity or
autocorrelation in the selected regression. According to the
coefficient of Tlabour returns-to-scale (given by unity plus this
coefficient) 1is approximately 0.73. As Table 3.15.2 indicates,
time-capital and time-energy interaction variables were dropped
from the final regression as their coefficients were not
statistically significant. The capacity utilization index was
ommitted as it was found highly éol1inear with other independent
variables. Since technical progress is biased, its magnitude for

each year is given by equation (2.2.27).

Table 3.15.1 summarizes the sources of Tabour productivity growth
for this industry for the study period and four subperiods.
Productivity gains averaged about 5 percent per year between 1962
and 1982 with about 4.5 percent coming from growing materials-
labour ratio. During the second subperiod labour productivity
gains showed a significant improvement, averaging about 8.3

percent per year. Our analysis suggests that this was a result of

Tow (and often negative) growth in the employment of labour and

greater employment of intermediate inputs. This substitution was
accompanied by high growth rates in the industry's gross output
over the subperiod. @ With decreasing .returns-to-scale in the

industry, falling Tabour employment positively contributed to
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Tabour productivity gains during this and the following
subperiods. The decline 1in Tabour productivity growth during the

next subperiod (1972-76) was mostly due to the reversal of the

trend of materials-labour ratio. Falling energy-]abour ratio made

a negative contribution.

Technical progress was negative over most of the study period.
However, since it varied with the Tevel of intermediate inputs
used, technical progress rose during (approximately) the first
half of the study period and then generally declined. It reached

positive Tevels between 1970 and 1973.
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TABLE 3.15.1

’

SOFT DRINK MANUFACTURERS

SOURCES OF LABOUR PRODUCTIVITY GROWTH: 1961-1982

( PERCENT. PER YEAR)

1962-66 1967-71 1672-76

1977-82

1962-1982

LABOUR PRODUCTIVITY = 4.300 8.326

GROWTH

TECHNICAL PROGRESS

(T.F.P. GROWTH)

MATERIAL INPUTS

RETURNS-TO-SCALE

RESIDUAL GRONTH
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Distillers

The empirical results for this industry have been summarized in
Table 3.16.1. They are based on a modified specification of
equation (2.2.26) which allows non-linear trends for fhe output
elasticities of factor inputs (non-linear biases in technical
Change). The estimated equation gives a quadratic form to the
exponents, of capital, energy and material dinputs. This s
accomplished by adding to equation  (2.2.26) variables of
interation of time squared with each of the above factor inputs.
This new specification was found necessary for the data.pn‘this
industry because, as Table 3.16.2 showé, estiméted output
elasticities of capital, energy and intermediate materials were
negative even at the mean of the time trend. These elasticities
are given by a]+a8*t, a2+a9 and a3+a1o*t, where the
time trend t=0,1,...21. With the new specification these
elasticities are - given by a;tag *t+a]] 2

a2+a9 t+a]2 | and a3+a]0*t+‘a]3*t2 for cap1ta1,
energy and material inputs respectively. Since the coefficient of
interaction of time and energy was found statistically

insignificant (with F statistic 0.089) suggesting zero energy

bias, this variable and its interaction with time. squared were

ommitted from subsequent estimations. Thé selected estimating

equation is




1nq=-0611119;0.347535*1nk+0.0]847*1ne+0.495993*1nm
13.71 -

+0.013983*t-0.000404*t2-0.072298*t*1nK+0.004681*t2*1nK
(6.87) (3.60) (8.90) - (5.44)

+0.049932%t*1nM-0.001425%t2*1nM
(5.53) (2.53)

R2=0.987794 D.W.=2.19767 S.E.R.=0.009455
Condition Number: 50.276 ,

A1l variables of the regression (except the time trend) were

rescaled so that 1971=1. Using Ordinary Least Squares procedures

this equation obtains estimated coefficients for the time trend,

time squared, and the interactions of time and time squared with
both capital and material inputs. Except for the last estimated
coeffidient, significant ‘at the 97% 1level, all others are
significant at the 9% Tlevel or better. Other regression
statistics are quite satisfactory, showing no significant

multico]Tinearity or autocorrelation problems. The coefficient of
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Tabour,  found 1nsfgnif1cant in earlier estimations, was
constrained to remain - at zero in this equation (reflecting
approximately constant returns-to-scale). The capacity
utilization variable was highly collinear with other independent
variables in earlier regressions and was dropped from the

estimating equation.

The new specification changes our computation of the technical
progress rate otherwise given by equation (2;2.27). This rate,
given by the partial derivative of the Tlogarithm of output-1abodr
ratio (q) with respect to time, now becomes

a4+2a5*t+a8*1nK+2a]]*t*1nK+a *1nE+2a]2*t*1nEf

9
+a]0*1nM+2a]3*t*]nM

in terms of the coefficients of Table 3.16.2.

Our estimated results indicate that technical progress in this

industry was capital-saving between 1961 and 1976 but became
(mildly) capital-using “From 1977 onward; it was also
materials-using but this bias declined over the study period. One‘
implication of these findings s that, with capital and
materials-using technical change after 1976, a reduction in the

price of capital (its user cost) or of intermediate inputs would




increase technical progress. In this case Tlabour productivity
gains would improve through increasing capital-labour and
materials-Tabour ratios as well as through greater technical

progress.

Table 3.16.1 summarizes the sources of labour productivity growth

for this industry for the study period and four subperiods.
Labour productivity gains, which showed considerable variation
over the study period, averaged about 4.3.peréent per year. Our
analysis indicates that the decline in the second subperiod
relative to the first occurred primarily because of falling
technical progress. The Tlower growth fate of energy-labour ratio
was a second contributing factor. The slight decline of the third
subperiod relative to the second was mostly due to lower growth of
the capital Tabour ratio and a sharp decline in energy use
relative to Tabour employment. In the fourth subperiod Tabour
productivity actually contracted at an average annual rate of 0.18
‘percent. This is accounted for by the industry's use of
intermediate inputs relative to Tabour which made a Targe negative
contribution to labour productivity growth. Technical progress
which, on average, was c]bse to zero over this subperiod was a

second and significant factor.
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TABLE 3.16.1

DISTILLERIES

SOURCES OF LABCUR PRODUCTIVITY GROWTH: 19€1-1982

(PERCENT PER YEAR)

1962-66 1967-71 1272-76 1977-82

19€2-1982

LABOUR PRODUCTIVITY

GROWTH

TECHNICAL PROGRESS 2.255

(T.F.P. cmcwm)

MATERIAL INPUTS

RESIDUAL GRONTH
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Breweries

The enmpirical resuTts for this ihdustry have been summarized in
Table 3.17.1. They are based on econometric estimation of
equation (2.2.22) using aggregate data described in Appendices 1
and 2. The estimating equation, which finds Hicks neutral

technical progess is

1nq=-0.1607?5+0.330967*1nk+0.013989*1ne+Q.453326*1nm
(20.97 .

+0.020258*%t-0.000411*t2-0.143957*InL
(13.23) (4.61) (2.03)

R2=0,970131 D.W.=1.8744 S.E.R.=0.011822
Condition Number: 18.4177

A11 variables of the regression (except the time trend) were
rescaled so that 1971=1. Usipg Ordinary Least Squares estimation,
_ this equation obtains coefficients for the time trend, square of
the time trend and aggregate Tlabour input (which, in this
formulation, measures returns-to-scale).  The coefficient' of

labour is significant at the 94% level and others are significant

at the highest possible Tlevel. A1l regression statistics are

quite satisfactory, showing no significant multicollinearity or
autocorrelation. As Table 3.17.2 shows, the hypothesis of biased
technical progress can easily be rejected, supporting the

specification presentéd above. The capacity utilization variable
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was excluded from ‘the estimating equation as it was highly
collinear with other independent variables. According to the
coefficients of time and time squared, technical progress has the
intercept 2.02 and slope -0.08 (both in percent per year). The
coefficient of Tlabour indicates returns-to-scale of about 0.86

(given by unity plus this coefficient). .

Table 3.17.1 summarizes the sources of Tabour productivity growth
in this industry for the study period and four subperiods. Labour
productivity gains averaged about 2.7 perceht per year over the
study period most of which originated " from growth of
materials-labour ratio and technical progreés. The pfoportion of
labour productivity growth coming from technical progress: was on

average 42 percent, the largest among food and beverage industries.

Labour productivity growth showed a slight increase during the
second subperiod compared to the first. Most of this changé was
due to residual factors not encompassed by our model of the

industry's production function. The large decline in the third

subperiod, however, is accounted for by a substantial drop in the

growth rate of materials-labour ratio, an increase in Tabour
employment (due to decreasing returns4to-sca1e“ in the indusfry)
and falling capital-labour and energy—]abburllratios. Lower
technical progress compared to pfevious subperidds was also a

contributing factor. During the 1ast six years of the study.




period Tlabour productivity growth showed some improvement,
averaging about 1.6 percent per year. This was substantially due

to higher growth rates of the materials-labour ratio, though Tower

labour employment growth (through returns-to-scale) helped this

process.
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‘ TABLE 3.17.1

SOURCES OF LABOUR PRODUCTIVITY GROWTH: 1961-1982

- (PERCENT PER YEAR)

1962-66 1967-71 1972-76 1977-82 1962-1982

LABOUR PRODUCTIVITY 0.377

GROWTH

TECHNICAL PROGRESS

(T.F.P. GROWTH)

RETURNS-TO-SCALE

RESIDUAL GROWTH
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Wineries

The empirical results for this industry have been summarized in

Table 3.18.1. They are based on econometric estimation of

equation (2.2.22) using aggregate data described in Appendices 1

and 2. This estimating equation, based on the assumption of Hicks

neutral technical change, is

1nq=-?.23?;4]+0.205022*1nk+0.009466*1ne+0.632394*]nm
8.1

+0.017218*t -0.000408*t 2
(2.68) (1.38)
R2;o.823732 D.W.=2.04421 S.E.R.=0.03175

Rhol: 0.782117 Rho2: -0.378838
Condition Number: 15.592

A1l variables of the regression (except the time trend) were
rescaled so that 1971=1. This equation obtains estimated
coefficients for the time trend and the square of the time trend.
Their significance Tlevels afe 98% and 82% respectively. Second
order aUtocorreIation was corrected using the Cochrane-Orcutt
procedufe together with the Prais-Winsten procedure. All
regression statistics are quite satisfactory, showing no
significant multicollinearity or autocorrelation in the selected
regression.  The coefficients of autocorrelation satisfy the

conditions required for stationarity. The aggregate Tabour
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enployment variable was ommitted from the estimating equation as
its coefficient was statistically insignificant in previous
regressions. The F statistic for this coefficient is 0.03. Our
estimated results thus indicate constant keturns-to-sca]e_in this

industry.

As Table 3.18.2 shows equation (2.2.26), which incorporates biases
in technical progress, was also estimated with varying
specificatf&ns. The eétimation results, however, were not
satisfactory. In regressions free of multicollinearity and
autocorrelation problems, we found capital-saving Sias which evén
at the 'mean of the time trend made the outbut elasticity of

capital negative. Two possible explanations of the difficulty are
unreliability of data on capital stock and non-Tinearities in the
tiﬁe trend of this elasticity. The Tatter possibility was pursued-
but the ﬁrob]em could not be successfully resolved. Therefore,
although the hypothesis of biased technical change cannot be
rejected, the results of Table 3.18.1 are based on a Cobb-Douglas

specification for this industry's productions function.

The sources of Tabour productivity growth for the study period and
four subperiods have been summarized in‘ Table 3.78.1. Labour
productivity gains averaged about 4 percent per year between 1962

and 1982 with about 2.2 percent originatihg from growing

materials-labour ratio and more than 0.8 percent from technical




progress. Growing capital-labour ratio contributed 0.6 percent to
Tabour productivity growth. Over the study period only C.314
percent of Tabour productivity changes were left unexplained by

our analysis.

The industry experienced Tlarge and highly variable Tlabour
productivity.gains. Five year average rates varied from a high of
8.7 percent to low of about -2.9 percent between the second and
third subperiod. For the second subperiod, most of the increased
growth originated from™ the nmteria]s-]ébouf ratio which grew at

more than twice its rate in the first subperiod but almost 3

percent of the gains remain unexplained. The Tlarge negative

growth of the third subperiod (1972-76) similarly resulted from
sharply falling materials-labour ratio. However, an even more
substantial part (-3.741%) was due to Aresidua], unexplained
factors. Labour productivity recovered over the last subperiod,
groWing at about 5.3 percent per year. Once again, the ﬁargest

contributing factor was growing materials-labour ratio.
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TABLE 3.18.1

SOURCES OF LABOUR PRODUCTIVITY GRCWTH: 1961-1982

(PERCENT PER YEAR)

1962-66 1967-71 1972-76 1977-82

1962-1982

LABOUR PRODUCI'IVITY

GROWTH

TECHNICAL PROGRESS

(T.F.P. GROWTH)

ENERGY .

MATERIAL INPUTS

RESIDUAL GROWTH
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APPENDIX 1

DATA AGGREGATION

In most productivity analysis we are interested to know the

effects, for instance, of total energy input on output or

productivity rather than those of individual energy components.

To do this, we need to aggregate the quantities (or prices) of
various productive inputs into categofies,such as capital, Tlabour,
energy and intermediate materials. This aggregation can be
performed 1in a number’ of different .ways. The theoretical
considerations related to our choice of index number formulae are
discussed in Section 2. Here we will attempt only to detail some
technical aspects .of the procedures used and, for simplicity,
deronstrate this using two input components: Tabour of type 1,

2

_ X! and type 2, X°. The factor prices (wage rates in this

example) are denoted by w1 and wz. The subscripts indicate
the time period (0 for the base period and 1 for the first period)

to which the data belong.

To .aggregate the input corponents, we have employed Irving
Fisher's (1922) ideal index number (see Allen, 1975). Fisher's
quantity and price indices are defined, respective1y, as

Qpllgs Wy X, Xy) = (q, * QL)* (AT.1)
Polligs Hys Xy, Kp) =Py * pL)* | (A1.2)
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where the asterisks denote the product of Q> Q and Py,
0’ W], X0 and X] are

vectors with two elements (for our two types of labour and wage

P, taken for any time period, W

rate) and the subscripts F, P, and L refer to Fisher, Paasche and

Laspeyres indices respéctively. The indices are for Paasche
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where the inner product of two vectors is indicated by a dot between

them. With some algebraic rearrangement we can write (A1.3) as




T Y
My*Xy S xS

(A1.7)

where S; and S$ are shares of expenditure on type -1 and type 2
labour in the total wage bill for the current period. The Paasche

price index is similarly rearranged to get

(A1.8)

The Laspeyres quantity and price indices can also be simplified for

computational purposes. The quantity index becomes
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where Sa and Sé are base-period expenditure shares of Tabour
components in the total wage bjll. When our ‘indices are
fixed-base, we use the 1971 share values as baseﬁyear'values for
all years in the Lasbéyres index but current year shares for the
Paasche 1index. In quantity and price relatives, such Aas w]/w0
or XO/X], the 1971 values of wage rafes or quantities are used
for base-year values in both Laspeyres and Paasche indices. A1l
data except share values are normalized to 1971 and scaled at 100

prior to being used in indices. This is done by dividing values

of all price (wage rate) and quantity components for all years by

their 1971 values and multiplying them by 100.

When the indices are chain-Tinked, there ié a base year for each
year for which data is available. In constructing the Laspeyres
.1ndex, therefore, the share values of the two input components
(Sé, Sg) for all years are those of the preceding year, rather
than 1971.  The price (wage rate) and quantity relatives entering
into Paasche and Laspeyres formulations are also taken re]gtive to
tﬁe last period, so that wé and Xé indicate the wage rate and
the quantity of Tlabour of type 1 used in the preceding year. For
the chain-linked index, the variables are nofma]iéed by'dividing
them by their 1961 values, the first yeark for which cémpiete
industry data is available. By so doing the value of all indices

for 1961 will be 1, unless they are scaled to 100. The advantage

of using 1961 as the normalization base is that the value of the




index for that (first) year can be determined (and will be
unity). Using any other year to normalize input component time
series results in Tlosing the Va]ué of the index for 1961, since
for that year data on Tagged (1960) values of input components are

not available.-

Using the chain-linked method, the derivation of indices for year
1 is the same as produced above, but for subsequent years they

become
(n)
n

* P (A1.11)
where the terms on the right-hand side refer to Paasche quantity
indices constructed on the chain principle between the base and
the first year, the first and the second year, etc. Their
éumu1ative product s an index of quantity for the nth year

relative to the base year. -

The value of this and other indices is unity (QP = 1) for 1961
and that for subsequent years an index number relative to unity.

The ‘indices are then scaled to 100.

For some productive inputs such as energy, the desired quantity

indices are derived indirectly through price indices using
Fisher's weak factor reversal test (Allen, p. 46). Given a Fisher
price index, the corresponding quantity index is the product of

the latter and the ratio of current to base (or lagged, for the
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Chain-Tinked price index) period expenditure on the input. This
simply is

2
1

+ *xg

1.1
Hy* Xy

T
ulexg

+ W, *X

where P is the Fisher price index derived above.

In terms of our mnemonics, the fixed-base labour quantity index

has been constructed by the following set of equations using the

command DO in TROLL:

PPWFB=( (VPWFB/QPWFB/ 3.045877)*100, 4 o .13)
PNPWFB=( (VNPWFB/QNPHFB) /8. 147664)*100, | (A1.14)
SPWFB=VPWFB/(VPWFB+VNPWFB), L (A1.15)
SNPWFB=1-SPWFB, o .16)
PLLAFB=PPWFB*0.579719+PNPHFB*0. 420280, (A7)
PPLAFB=(1/(SPWFB/PPWFB+SNPWFB/PNPUFB)), .18)
PFLAFB=(PLLAFB*PPLAFB)**0.5, ” .19)
XFLAFB=( (VPWFB+VNPWFB) /1471183*100) /PFLAFB*100. ~ (A1.20)

Equations (A1.13) and (A1.14) obtain (average) unit prices for
labour services offered by production workers and non-production
workers respectively within the food and beVerage sector. After

obtaining these averages by dividing expenditures on Tlabour types

by their quantities, these prices are fivided by their 1971 values




to produce a normalized series and are then scaled to 100.
Equations (A1.15) and (A1.16) calculate the shares of expenditure

on each type of Tlabour in total Tlabour costs. Since shares by

definition sum to one, the expenditure share of non-production

workers is simply one minus that bf production workers. Equation
~ (A1.17) produces a Laspeyres price index series for Tlabour by
summing normalized current unit prices of each type of labour,
weighted by the share of each type in totaT labour costs. Since
the share values are maintained at their 1971 Tevel throughout,
they appear as parameters. 'Equation (A1.18) produces the Paasche
price index series. The share values, as indicated, are for
current year, and unit prices for labour are normalized (and
scaled) current values. Equation (A1.19) obtains the geometric
mean of the aboye price indices which is the Fisher index of the
unit price of (aggregate) labour and equation (A1.20) converts the

Fisher index of price to the corresponding quantity index.

The chain-linked Fisher index of Tlabour input, using TROLL's

command is constructed by

XPWFB=QPWFB/VALUE (QPWFB,1561),
XNPWFB=QNPWFB/VALUE (QNPWFB,1961),
QLLAFB=CUMPROD ( XPWFB/XPWFB (1) *SPUFB(~1)+
XNPWFB/XNPWFB (-1) *SNPWFB(-1))*100,
QPLAFB=CUMPROD (1/(XPWFB(-1)/XPWFB*SPWFB+
NPWFB(-1)/XNPWFB*SNPWFB))*100,
QFLAFB=(QLLAFB*QPLAFB)**0, 5,
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Their differences with the equations for the fixed-base index are
as follows. The first two equations normalize the series for
quantities of production and non-production Tabour relative to
their values in 1961. :Equation (A1.23) obtains a chajn-]inked
Laspeyres quantity index using current and one-period lagged
values of Tlabour quantities and expenditﬁre shares. The annual
(aggregate) quantity ratios are then converted to total ratios by
taking the cumulative product of all elements between the base
year and the current year. The index 1is then scaled to 100.
Equation (A1.24) 1is a chain-linked Paasche index of aggregate
Tabour quantity. It uses the same quantity séries and .1agged
series as Laspeyres, but expenditure share va{ues are those of the

current period. Equation (Al1.25) produces a chain-Tinked ‘Fisher

quantity index series using the results of equations (Al1.23) and

(A1.24).
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APPENDIX 2

DATA SOURCES AND TRANSFORMATIONS

The data wused in this study are for output, capfta], Tabour,
energy, material inputs and capacity utilization rates for the
food and beverage sector and its 17 constj}uent industries at the
3- or 4-digit level of Standard Indu%trfa;;C1assification. This
section is divided into 6 subsections, each dealing with the
source(s) and structure of data for one of the above categories.

Each subsection conc]ddes with a discussion of the transformations

done on data series and the TROLL facilities used to effect them.

A2.1 OQutput

The output data used in this study are constant dollar values of
gross output. Two separate series on output of each industry were
used: a constant 1961 dollar series spanning the 1961-1971 period
and a constant 1971 dollar series for the 1971-1983 period with
overlapping data for 1971. Both sets of data were obtained from
the Industry Product Division of - Statistics Canada. Though the
above data are not published, comparable data at the 3-digit Tevel

of S.I.C are published by Statistics Canada in Systems of National

Accounts, - Gross Domestic Product by Industry, Catalogue No.

61-213. Since the series based on the 1960 and 1970 S.I.C.

breakdowns do not agree on the values of output for 1971, the
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following procedure was used to T1link them and obtain one

continuous series for output of each industry.

VGOFBK=0VERLAY(VGOFB7K, VGOFB6K*VALUE (VGOFB7K, 1971)
/VALUE (VGOFB6K,1971)). . ’ (A2.1.1)

Here, VGOFB7K is the output series spanning the 1970s and VGOFB6K
is the cbrresponding data series for the 1960s. The desired,
Continuous series VGOFBK which runs from 1961 to 1983 is obtained
by transforming VGOFB6K and attaching it to the 1970s sefies
(VGOFB7K) such that both series have the same va1ues\for 1971.
The transformation dinvolves multiplying the 1970s series by a
constant obtained by dividing the value of VGOFB7K in 1971 by the
value of VGOFB6K in the same year. This operation changes the
Tast (1971) element of VGOFB6K to that of the first (1971) element
in VGOFB7K and the OVERLAY function simply integrates them into

one (23-element) vector by giving it a new mnemonic.

Before being used for productivity measurement, all output series

are normalized by their 1971 or 1961 values (depending on the
fixed-base or chain-Tinked indices with which they are used). The
series are then scaled to 100 to produce 1971 or 1961 based

indices of gross output. Using TROLL's DO cdmmand; the indices

are produced by




GOFB=VGOFBK/VALUE(VGOFBK, 1971)*100, (A2.1.2)

and

GYFB=VGOFBK/VALUE (VGOFBK, 1961 )*100. (A2.1.3)

where GOFB and GYFB are indices of gross output for the food and
beverage sector such that (GOFB, 1971) = 100 and (GYFB, 1961) =
100.

The above procedure is performed for the food and beverage sector
as well as its 17 constituent (3-and-4-digit Tlevel) industries
using TROLL's MACRO facility. The MACROs created for this
operation are RAWIOT, INDIOT and INDIOZ.

The first MACRO, RAWIOT, contains separate raw data series on

output (and material inputs) during the 1960s and the 1970s and
OVERLAY equations (equation (A2.1.1)) to 1link the series. The
MACRO then adds COMMENTS to the resulting (continuous) series to
supplenent their identification and writes them 1in TROLL data
archive RAW85. The second MACRO, INDIOT, produces the required
gross output indices using an equation such as (A2.1.2) for each
"linked series constructed by RAWIOT. This MACRO writes the
resu1ting derived data in data archive DER85. The third MACRO,
| INDIO2 contains only indexing equations (A2.1.3) which produce ,
output indfces with 1961 as the base year. This MACRO also writes

the indices produced in DER85.
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A11 above MACROs perform these operations also on material inputs

data (see A2.5 below).

CaEital

Following the assumptions outlined in the section on methodology,
we have employed our data series on the two types of capital stock
as the best available proxy for capital sérvices. The two series
for each industry were then used to produce an index of aggregate

capital services to be used in constructing productivity measures.

They consist of a constant (1971) dollar series on net mid-year

stock of construction.capital and a constant (1971) dollar series
on net mid-year stock of machinery and equipment for each é—digit
Tevel industry. In order to aggregate these capital components,
we also obtained imp]icit price indices for construction capital
as well as machinery and equipment. The price indices were for
the aggregate food and béverage sector, whereas the two Series on
Capital stock were for 3-digit Tlevel industries cormprising the
sector. All series were obtained from the Construction Division
of Statistics Canada. However, since such data are normally

published only at the 2-digit level, our series were taken from a

special tabulation equivalent to Fixed Capital Flows and Stocks,

'Catalogue No. 13-211, Annual.
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For the food and beverage sector, the two series were constructed
by summing all 3-digit level series. Using our mnemonics, where
the Tast two "characters of each mnemonic denote the last two

digits of industries' S.I.C. number, we have

NSCONFB=NS CONT0+NSCON20+NSCON30+NSCON40+
NSCON50+NSCON60+NSCON70+NSCON8O+NSCONSO0, (A2.2.1)
NSMEFB=NSME 10+NSME 20+NSME 30+NSME40+NSME 50+
NSME60+NSME70+NSME80+NSMEQ0. \ (A2.2.2)

As explained in Appendix 1, individual factors of production must
be aggregated to form categories of inputs to which we attach some
significance, such as capital, labour or energy. In order to
1mpose the Teast restrictive assumptibns on industries' productive
technology we perform this aggregation using a superlative index
number which assumes a flexible functional form for the technology
involving construction capital and machinery and equipment
capital. For each industry we construct a capital stock series

using the Fisher ideal index formulation as follows.

SCONFB+NS CONFB*PCONFB/ (NSCONFB*PCONFB+NSMEFB*PMEFB) ,

SMEFB=NSMEFB*PMEFB/ (NSCONFB*PCONFB+NSMEFB*PMEFB ),

XLKFB=(NSCONFB/VALUE(NSCONFB,1971)*VALUE(SCONFB,197])




+NSMEFB/VALUE (NSMEFB, 1971)*VALUE(SMEFB, 1971) *100, (A2.2.5)

XPKFB=(1/(VALUE(NSCbNFB,1971)/NSCONFB*SCONFB+VALUE(NSMEFB,1971)/
NSMEFB*SMEFB)*100, (A2.2.6)

XFKFB=(XLKFB*XPKFB)**0.5 (A2.2.7)

Equations (A2.2.3) and (A2.2.4) use the sector price indices to
produce current dollar shares for each type of capital. Equations
(A2.2.5) and (A2.2.6) generate Laspeyres and Paasche.ihdices of
capital stock respectively and equation (A2.2.7) uées the last two
variables to form the Fisher ideal index of net mid-year aggregate

capital stock with 1971=100.

These operations were performed by a MACRO named INDCAPT for all
3-digit Tlevel industries which subsequently wrote them 1in data
archive DER85. The raw data series read by this MACRO were
entered into data archive RAW85 by another MACRO naMed RAWCAP

which contained the constant dollar series and the implicit price

index.




A2.3 Labour

The Tabour data used in this stddy'consist of 4 series for each (3-

or 4-digit) industry plus the food and beverage sector. These are:

person-hours worked by production workers ('000),
total wages of production workers ($'000),
employment of salaried employees,

total salaries of salaried employees ($'000)

for 1961 to 1982, and wages and salaries data are in current
dollars. The series were obtained from the Census of Manufacturers
of Statistics Canada and most of them are published in

Manufacturing Industries of Canada: National and Provincial Areas,

Catalogue No. 31-203, Annual. Since the first. data series
(person-hours worked by production workers) is not published, the
‘data were obtained from the public tape of the Census. The
extraction was performed by Bruce Junkins of the Statistical
_Analysis Unit using SAS (in a cross-sectional format). .To minimize
hand1ing of data, they were directly read into our data archive

RAW85 (formerly PRODA) in TROLL and converted into the required

time-series format. The data were subsequently checked against

existing labour data in data archive PROD of our original (1981)

data base.
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To supplement identification of the series by their mnemonics with
a more detailed description, a comment was added to each
individual data file. This was done by editing and executing a
MACRO narmed COMLAB which contains COMMENTs for all 3- and 4-digit

Tevel Tlabour data series and ‘the necessary commands to add them to

the appropriate data files.

Energy

Data Sources

The data on fuel and electricity used by the food and beverage

sector and its 17 constituent industries for 1960 (which is not
covered by thi§ study) and 1961 were obtained from annual industry
publications of Statistics Canada. Table A2.4.1 summarizes the
relevant information on these‘puslications and the S.I.C. nurmber

of the industries covered.
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TABLE A2.4.1

INDUSTRY PUBLICATION - CATALOGUE NO.

Meat and Poultry Products Industries, Annual

Fish Products Industry, Annual

Fruit and Vegetable Processing Industries, Annual
Dairy Products Industry, Annual

Flour and Breakfast Cereal Products Industry, Annual
Feed Industry, Annual

Biscuit Manufacturers, Annual

‘Bakeries, Annual.

Confectionery Manufacturers, Annual

Cane and Beet Sugar Processors, Annual

Vegetable 01 Mills, Annual

Miscellaneous Food Processors, Annual

Soft Drink Manufacturers, Annual

Alcoholic Beverage Industries, Annual

32-232
32-21¢
32-218
32-209
32-228

32-214

32-202
32-203
32-213
32-222
32-223
32-224
32-208
32-231

1611,1012

105

106

1071

1072

1081

1082

1083

1089

1091
1092,1063,1094
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Since the 3- and 4-digit Tlevel data cover the entire food and
beverage sector, data series for consumption of fuel and
electricity at the sector level were constructed by summing over

the 17 industry level series for 1960 and 1961.

The data for the 1962-1574 period were obtained from Statistics .

Canada publication Consumption of Purchased Fuel and Electricity by

the Manufacturing, Mining and Electric Power Industries, Catalogue

No. 57-506. In the 1975-1981 period, the publication used is

Consumption of Purchased Fuel and Electricity by the Manufacturing,

Mining, Logging and ETéctric Power Industries,‘ Catalogue No.

57-208. For 1982, the final year of the study, the data were
supplied by R.J. Staveley of the Industry Division (Manufacturing
and Primary Industries Division) of Statistics Canpada in computer

printout form.

A2.4.2 Data Grouping

Between 1960 and 1982, data collection and reporting procedures
underwent important changes. In 1960 for dinstance, quantity and
cost data were reported for 15 fuel and electrfcity categories and
cost data alone for establishments repofting only their total fuel

and total electricity costs. For estab]ishments,ﬁot reporting any

data, estimates were made and reported for each ihdustry of total




fuel and electricity costs. Between 1975 and 1982 on the other
hand, cost and quantity data were reported for 13 categories and
cost alone for one energy category. Furthermore, some earlier
categories are not compatible with those reported in later years.
In 1962, cost data reporting for establishments not reporting fuel
type detail (but only total fuel costs and electricity costs) was
discarded; only the estimate of totaT fuel and electricity costs
for small establishments was maintained. With an apparent
improvement in data colection procedures, reporting of these cost
estimates (which did not specify the fuel type or electricity
used) was discontinued in 1970. Throughout the 1960-1971 period,
however, quantities and costs were reported for such fuel types as
bituminous coal, sub-bituminous coal, anthracite coal and lignite
coal as well as coke, wood, steam and "other manufactured gases".
Starting in 1971, only a coal and coke category is reported and
wood, steam and "other manufactured gases" appear to be included
in the "other fuel" category. New categories introduced are
kerosene-stove o011, diesel o0il, Tlight fuel o0il and heavy fuel

0i1. These seem to have been grouped together in the 1960-1971

period and reported as "fuel oil including kerosene or coal oil".

Clearly, a changing data structure, such as that outlined above,
necessitates"grouping of data into more encompassing categories ‘1
whenever two or more fuel types are reported collectively for any

sub-period. In order to construct a consistent set of data series
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for fuel and electricity spanning the 1961-1982 period, we have

grouped the data into the following:

Coal and Coke (QCC, VcCC)

Natural Gas (QNG, "VNG)

Gasoline (QGS, VGS)

Fuel 0ils (QF0, VFO)

Liquified Petroleun Gases (QLPG, VLPG)
Electricity (QEL, VEL) and

Other Fuel (VOF)

The mnemonics for quantity and cost (value) of each group appear
in parantheses. The first group, Coal and Coke, is a simple .sum
of quantity and cost data on the five types of coal and of coke
reported prior to 1972, while for the 1972-1982 ‘period it s
simply the data reported as "Coal and Coke". The second and third
group are the same as those reported between 1960 and 1582: -these
categories were not affected by changes in data collection
methods. The fourth, Fuel 0ils, is the sum of data on the fbur
types of fuel o0il reported after 1972. Both quantity (QF0) and
cost (VFO) data thus constructed are simple sums. Though it was

possible to aggregate the quantities of the four fuel types by

converting them to quantities with a common BTU before summing;

simple summation seemed more appropriate. Since data on

consumption of fuel 0ils prior to 1972 were for number of Imper1a1
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gallons consumed of all four types, using BTU conversion to better
aggregate them for the Tater period would be inconsistent with the
structure of early data. Our Fuel 0ils series (QF0, VFO) for the
“early (1960-1971) period is simply the data reported as "fuel oil
including kerosene or coal o0il". The fifth and sixth group, like
‘the first and second, simply reproduce reborted data, the
structure of which did not change between 1260 and 1982. The
seventh group, Other Fuel, is simply reported data of the same
name for the 1972-1982 period. For the earlier pgriod, our group
includes expenditures on wood, "other manufactured gas" and steam
as well as data reported undér "other fuel". The "cost of fuel"
and "cost of e]ectricity" for establishments not reporting
consumption by fuel type and the estimate of fuel and electricity

costs for establishments not reporting any data are also added to

this groub. Because most of the data entered into this group are

only for expenditures made by the industry, the group comprises

only a cost series (VOF) for each industry.

Quéntity data for 1960 to 1979 are published in Imperia] units but
starting-in 1980 they are expressed in metric units. To make the
. two series compétib]e, those in metric units (3 years) were
converted into Imperial wusing conversion ratios given in the.
Statistics Cénada publication cited immediately above (Catalogue

~No. 57-208).




A2.4.3 Data Transformations

Once data- series were grouped into the above seven, a manually
performed operation, price in&ice; were constructed for each group
except Other Fuel. Individual .energy-type price indices Aare
constructed by dividing their cost or expenditure series by their
quantity series (to obtain annual prices) and then divided by
their values for 1971 and multiplied by 100. This yields a price
index for each energy-type (e.g., gasoline, PGS) for each year
with 1971=100. Using the same procedure, these indices are also
constructed with 1961 as the base year (1961=1), to Be used .with
chain-Tinked indices which are normalized to 1961Iva1ues. ‘These'

indices are only constructed for the food and beverage sector as a

whole and not repeated for its 17A constituent industries.

Industry (3- or 4-digit) level energy-type price indices are taken
to be the same as those computed for the sector level. It is not
unusual for prices at which various energy-types (e.g. liquified
petroleum gases) are attainable by firms to vary between
industries.  The difference, which can be substantial, is
attributable to such factors as the volume purchased by industry
establishments. The volume purchased depends, ih 'tufn,‘ on the
size of establishments, which is not unifbrm across industries,
their productive technology or how intensively fhey/use various
types of energy, and ultimately, on the type of product being
produced, which influences all of the above. The geographic |

location of the establishment also matters, since even with




uniform energy prices across Canada, transportation costs vary
between regions. These cross-sectional differences (i.e., for any
given year) have been noted in ouf 3- and 4-digit energy data and
have, to some extent, been measured and analyzed. For purposes of
this study, however, the differences in industry level energy
- prices were found unimportant. Our methodology requires that we

construct a quantity index for aggregate energy used by each

industry and this necessitates a simple price index for each

energy type.. Such price indices, with base year equal to 1 or
100, convey price levels for each year relative to the base year
rather than in -ébsolute terms. Clearly, cross-sectional
differeﬁces do not affect the values of such indices as long as

the ratio of the price of each energy type to its price in the
| base year (and hence, in other years) does not differ amongst
individué] industries. Equivéiently, all industries will have the
same price index for gasoline (PGS) if the (different) prices they
pay move up (or down) together and proportionally over time. This
condition is taken to hold satisfactorily for the industries under
study and justifies our use of sector level prices for individual

industries. .

A further note is needed on the treatment of "Other Fuel" data.
Since no qqantity dafa are published for this catégory we cannot
construct its simple price index and hence, cannot include it in
our Paasche or Laspeyres indices of total energy input. The

Tatter indices are formed with simple price indices of the other
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six energy groups and their shares in expenditure (see 3.1 above)
which exclude expenditure on this category. Once the Fisher ideal
index of aggregate energy price has been obtained, expenditure on
this category is added to that of others to obtain total
expenditure on fuel and electricity (VFE) and used to construct
the Fisher quantity index via the factor reversal test. Since
this procedure involves the ratio of total expenditure on energy
to its value in the base year, the resulting quantity index (X?FE)
encompasses the Other Fuel category. The above method, in effect,

constructs a quantity index which includes a fuel category for

which no quantities are reported. This important expenditﬁre

series can only be integrated in our aggregatién, using the factor
reversal test method, if we are willing tb assume thqt had
complete data existed and were used, the resulting Fisher Price
indices would have been the same as those we have constructed
without any Other Fuel data. Eduiva]ent]y; we are assuming that
changes in unit prices of such fuel over time do not differ from a
share-weighted average of changes in prices of other types of fuel
and electricity. Equations A2.4.1 through A2.4.6 outline the
steps necessary to construct the Fisher quantity index for energy.
PGSFB=( (VGSFB/QGSFB)/(VALUE (VGSFB,1971)/

VALUE (QGSFB, 1971))*100, - (A2.4.1)
SGSFB=VGSFB/(VFEFB-VOFFB), | | (A2.4.2)
PLFEFB=(VALUE(SCCFB,]971)*PCCFB |
+VALUE(SNGFB, 1971) *PNGFB+VALUE (SGSFB, 1971)
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*PGSFB+VALUE(SFOFB, 1971)*PFOFB+VALUE
(SLPGFB,1971) *PLPGFB+VALUE(SELFB, 1971) *PELFB),
PPFEFB=(1/(SCCFB/PCCFB+SNGFB/PNGFB+SGSFB/PGSFB+
SFOFB/PFOFB+SLPGFB/PLPGFB+SELFB/PELFB))
PFFEFB=(PLFEFB*PPFEFB)**0. 5,
XFFEFB=(VFEFB/VALUE(VFEFB,1971)*100/PFFEFB)*100,
MGSFB= (VGSFB/QGSFB)/(VALUE(VGSFB,1961)/
VALUE(QNGFB, 1961) ), | |
MLFEFB=CUMPROD (MCCFB/MCCFB(-1)*SCCFB(-1)+
MNGFB/MNGFB(-1)*SNGFB(-1)+MGSFB/MGSFB(-1)
*SGSFB (-1)+MFOFB/MFOFB (~1)*SFOFB(-1)+ -
MLPGFB/MLPGFB(-1)*SLPGFB(-1)+MELFB/
MELFB(-1)*SELFB(-1))*100,
MPFEFB=CUMPROD(1/(MCCFB(-1)/MCCFB*SCCFB+MNGFB (~1)/
MNGFB*SNGFB+MGSFB (-1) /MGSFB*SGCFB+MFOFB(~1)/ '
MFOFB*SFOFB+MLPGFB(-1) /MLPGFB*SLPGFB+
" MELFB(-1) /MELFB*SELFB))*100,
MFFEFB= (ML FEFB*MPFEFB)**0.5,
QFFEFB=(VFEFB/VFEFB(-1)*1/MFFEFB)*1OD,. ' 4.11)

The first two equations conétruct,‘ respectively, the simple

energy-type price index and expenditure share series for the food

and beverage sector of gasoline, our earlier example. These

operations are repeated for the five other energy-types for every

industry, though simple price indices are only made for the sector
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as a whole. The fhird and fourth equation construct the Léspeyres
and Paasche price indices for each industry (here shown for the
food and beverage sector) and equation A2.4.5 forms the industry's
Fisher price index.for energy (for a complete exposition of this
procedure see 3.1 above). Equation A2.4.6 transforms this index
to its corresponding quantity indek, XFFEFB, using the ratio of
current to base period expenditure on fuel and electricity which
includes those in the Other Fuel group. Equations A2.4.7 through
A2;4.12 demonstrate the procedure for obtaining these measures

using the Chain Principle.

Theoretical questions related to aggregation -and the factor

reversal test method are discussed in Section 2 above.

Troll Facilities

As nientioned, raw energy data were grouped by hand and made into

the seven series 1istéd in A2.4.3 above. This was done initially
for the 1960-1978 period for the food and beverage sector and its
nine 3-digit level constituent industries in 1981. The raw data
series as well as COMMENTs explaining them were edited in a MACRO
naried PROD and subsequently written in data archive PROD by
executing the MACRO. 1In ordér to construct the various price and
quantity indices, equations similar to A2.4.7 through A2.4.6 were

written for all energy-types and all industries in a MACRO




named INDENERT (FORMERLY PROD2). This MACRO wrote the resulting
derived series in data archive PROD2. Subsequently (in 1985) data
for the food and beverage sector and-3-digit level industries were
obtained for the 1979-1982 period and the recorded data were
updated. At this time, data" were also obtained, grouped and
recorded at the 4-digit level of S.I.C. for the 12 industries for
which complete (energy and other) data were attainable. Data

series which updafed the existing data base at the sector and

3-digit level as well as the new 4-digit level series were entered

into a MACRO named RAWENER. which, when executed, wrote the data in
data archive RAW85. The MACRO also contained COMMENTs for'fhe new
4-digit ihdustry data. The required price and quantity indices
for 4-digit industries were constructed by a MACRO named INDENER2
containing equations similar to A2.4.1 through A2.4.6 for all
energy-types and industries. This MACRO wrote the resulting ‘
derived series in data archive DER85. In order to update price
and quantity indices at the sector and 3-digit Tevels, MACRO

INDENERT was once again executed.

To construct the chain-linked indices for energy, the same raw
data was used by MACRO INDENER3, using equations A2.4.7 through
A2.2.11 extended to all energy-types and industries. The results

were written in data archive DERS85.




Material Inputs

The data for material inputs used in this study are constant
dollar values of gross mater&a] inputs used by each industry. Two
Separate series on each industry were used: a constant 1961
dollar series spanning the 1961-1971 period and a constant 1971
dollar series for the 1971-1983 period with overlapping data for
1971. Both sets of data were obtained from the Industry Product

Division of Statistics Canada. Though the data actually used are
not published, comparable data at the 3-digit Tlevel of S.I.C. are

pubTished by Statistics Canada in Systems of National Accounts,

Gross Domestic Product by Industry, Catalogue No. 61-213. Since

the two series, based on the 1960 and 1970 S.I.C. breakdowns; do
not agree on the values of material inputs for 1971, the following
procedure was used to link them and obtain one continuous series

on material inputs used by each industry.

VINTFBK=0VERLAY(VINTFBK7,VINTFBK6*

VALUE(VINTFBK7,1971) /VALUE(VINTFBK6,1971)). | (A2.5.1)

Here, VINTFBK7 is the material input series spanning the 19705 and
VINTFBK6 is the corresponding data series fok the x]9605. The
desired, continuous series VINTFBK which runs from 1961 to 1983 is
obtained by transforming VINTFBK6 and attaching it to the 1970s

series (VINTFBK7) such that the two series have the same values




for 1971. The transformation involves multiplying the 1960s
series by a constant obtained by dividing the value of VINTFBKY in
1971 by the value of VINTFBK6 in the same year. This operation
changes the last (1971) element of VINTFBK6 to that of the first
(1971) element in VINTFBK7 and the OVERLAY function simply
integrates them into one (23-element) vector by giving it a new

nnemonic.

The series obtained abo&e are for all material inputs used in
production, including fuel and electricity. Since our analysis
treats fuel and electricity (energy) as a separate productive
input by including it 1in the production function as an argument,
material input series must be modified to avoid doub]g-counting.
In order to net out current dollar expenditures on fuel and
electricity from constant dollar material input series, we must
first convert the former to constant (1971) dollar values. Using

TROLL's DO Command, the procedure is:

VMAFBK=VINTFBK-VFEFB/PFFEFB/]0 ’ . (A2.5.2)
and

VMIFBK=VINTFBK-VFEFB/MFFEFB/10 (A2.5.3)

where VMAFBK is the value of material inputs series net of energy

expenditures. Since the VFEFB series is in thousands of dollars,
whereas the VINTFBK is 1in millions of dollars, the former is

divided by 1000 and then multiplied by 106G (PPFEFB has a 100
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scale); thus VFEFB/PPFEFB/10 1is constant dollar fuel and

electricity expenditure in millions of dollars. Equation (A2.5.3)
produces the same series but uses the chain-linked energy price
index to convert energy- expenditures to their constant (1961)

doTlar Va]ues.

Before being used for productivity measurement, net material input
series for all industries are normalized by their 1971 or 1961
values (depénding on the fixed-base or chain-linked indices with
which they are used). The series are then scaled to 100 to
produce 1971 or 1961 based indices of net materia]kinputs, Using

the DO command in TROLL, the indices are produced by:

MAFB=VMAFBK/VALUE (VMAFBK, 1971)*100 (A2.5.4)

and

MIFB=VMIFBK/VALUE(VMIFBK, 1961)*100 ‘ (A2.5.5)

where MAFB and MIFB are indices of material inputs net of energy

for the food and bevefage sector such that (MAFB,1971)=100 and .
(MIFB,1961)=100.

The above procedure is performed for the food and béverage sector

as well as its 17 constituent (3- and 4-digit level) industries
using TROLL's MACRO facility. The MACROs used for this operation
are RAWIOT, INDIOT and INDIO2. The first MACRO, RAWIO1, contains




separate raw data series for the 1960s and the 1970s on material
inputs and OVERLAY equations (A2.5.1) to Tink the se}ies. The
MACRO then adds COMMENTs to the resu]tiﬁg (continous) series to
supplement their identification with mnemonics and writes them in
 TROLL data archive RAW85. The second MACRO, INDIO1, produces
material -input series net of fuel and electricity expenditure
using equation (A2.5.2), and indices of net material inputs using
(A2.5.4) for each 1linked series constrcted by RAWIOT. The
resulting series are then written in TROLL. data archive DERS5.
This MACRO also performs siﬁi]ar operations on gross output data
(see A2.1 above). The third MACRO consists of equations to find
net material 1inputs (A2.5.3) using the chain-Tinked fuel and
electricity price index and equations to index such series based
"~ on 1961 vva]ues (A2.5.5). This MACRO also writes the resulting -

series in DERS85.

A11 above MACROs perform similar operations on gross output data

(see A2.1 above).

Capacity Utilization Indices

The series on measures of capacity utilization used in this study

are those constructed at Bank of Canada.
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For the food and beverage sector, the series, which are available
from Cansim, were drawn from Minibase B60004 and written directly
into TROLL data archive RAW85. Since the above series is
guarterly, the following 5rocedure was used to transform it into

an annual series within TROLL.
ICUFB=COMPACT(B60004,0,1). (A2.6.1)

This function produces our annual index of capacity utilization
for the food and beverage sector ICUFB by taking an unweighted
arithmetic average (specified by ",0" after Minibase file number)
of the four data for each year and giving the series an annual
periodicity (specified by ",1"). The new series are subseduént]y
written in TROLL data archive DER85 where other derived data are

stored. The series ohtained range from 1961 to 1984.

Bank of Canada, however, does not publish capacity utilization
data at the | 3- or 4-digit level of Standard industria]
Classification, which are the Tlevels of disaggregation required
for this study. The series for the 17 constituent industries of
this sector were obtained from Gerald Stuber of Bank of>Canadé who
had earlier constructed them. They were writtenuinto TROLL data\
archive RAW85 using a MACRO named RAWICU in which” they were first
entered. The MACRO also contains a COMMENT for all series to
supplement their identification by their mnemonics. The mnerionics
used for industry level series are, as with the sector, C but ére

followed by the last two digits of each industry's S.I.C. number.




separate raw data series for the 1960s and the 1970s on material
inputs and OVERLAY equations (A2.5.1) to Tlink the se%ies. The
MACRO then adds COMMENTs to thefresu]tiﬁg (continous) series to
supplement their identification with mnemonics and writes them in
TROLL data archive RAW85. The second MACRO, INDIOT, produces
material -input series net of fuel and electricity expenditure
using equation (A2.5.2), and indices of net material inputs using
(A2.5.4) for each Tinked series constrcted by RAWIOT. The
resulting sefies are then written in TROLL data archive DERS85.
This MACRO also performs similar operations on gross output data
(see A2.1 above). The third MACRO consists of equations to find
net méteria] inputs (A2.5.3) using the chain-Tinked fuel and
electricity price index and equations to index such series based
" on 1961 values (A2.5.5). This MACRO also writes the resulting -

series in DERS85.

A11 above MACROs perform similar operations on gross output data

(see A2.1 above).

Capacity Utilization Indices

The series on measures of capacity utilization used in this study

are those constructed at Bank of Canada.




For the food and beverage sector, the series, which are available
from Cansim, were drawn %rom Minibase B60004 and written directly
into TROLL data archive RAW85. Since the above series is
quarterly, the following procedure was used to transform it into

an annual series withih TROLL.
ICUFB=COMPACT(B60004,0,1). ) (A2.6.1)

This function produces our annual index of capacity utilization
for the food and beverage sector ICUFB by taking an unweighted
arithmetic average (specified by ",0" after Minibase file number)
of the four data for each year and giving the series an annua1
periodicity (specified by ",1"). The new series are subﬁequentTy
written in TROLL data archive DER85 where other derived data . are

stored. The series obtained range from 1961 to 1984.

Bank of Canada, however, does not publish capacity wutilization
data at the 3- or 4-digit Tlevel of Standard industrial
Classification, which are the levels of disaggregation required
~for this study. The series for the 17 constituent industries of
this sector were obtained from Gerald Stuber of Bank of Canada who

had earlier constructed them. They were written into TROLL data

archive RAW85 using a MACRO named RAWICU in which they were first

entered. The MACRO also contains a COMMENT for all series to
supplement their identification by their mnemonics. The mnemonics
used for industry level series are, as with the sector, C but are

followed by the last two digits of each industry's S.I.C. nurber.




The method of constructing the above measures differs
substantially from those wused by Statistics Canada or the
Department of Industry, Trade and Commerce. As such, ‘Bank of
Canada Review refers the reader to Gordon Schaefer's article in
its May 1980 issue for evaluation and interpretation of the data.
On the underlying data treatment, sources, as well as a technical
exposition of the concept, the reader is referred to "Perspectives

on Capacity Utilization d4n Canada"™ by Guy Glorieux and

Paul Jenkins, 'particularly their Technical Appendix, in the

September 1674 issue of the Review.
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'APPENDIX 3

GUIDE TO MNEMONICS

INDUSTRY NAME - MNEMONIC SUFFIX

FOOD AND BEVERAGE SECTOR ' FB
SLAUGHTERING and MEAT PROCESSING INDUSTRIES 11
POULTRY PROCESSORS , 12
FISH PRODUCTS INDUSTRY v 20
FRUIT and VEGETABLE PROCESSING INDUSTRIES 39
DAIRY PRODUCTS INDUSTRY ‘ 4g
FLOUR and BREAKFAST CEREAL PRODUCTS INDUSTRY  5p
FEED INDUSTRY ‘ 60
BISCUIT MANUFACTURERS 71
BAKERIES ‘ | 72
CONFECTIONERY MANUFACTURERS 81
CANE and BEET SUGAR PROCESSORS 82
VEGETABLE OIL MILLs ' 83
MISCELLANEOUS FOOD PROCESSORS, NES 89
SOFT DRINK MANUFACTURERS | 91

DISTILLERIES . 92

BREWERIES 93

WINERIES - v L 94

TABLE A3.1




VGO._K7

V6o__C

PCONFB

PCOMFB

NSCON__K

OUTPUT

CURRENT DOLLAR VALUE OF GROSS OUTPUT, 1960s SERIES
($7000,000) RANGE : 1961-1971

COMSTANT 1964 DOLLAR VALUE OF GROSS OUTPUT, 1960s SERIES
($'000,000) RANGE : 1%61-1971

CURRENT DOLLAR VALUE OF GROSS‘DUTPUT, 1970s SERIES
$'000,000) RANGE : 1971-1982

CONSTANT 1971 DOLLAR VALUE OF GROSS OUTPUT, 1970s SERIES
($7000,000) RANGE : 1971-1983 .

CURRENT DOLLAR VALUE OF GROSS OUTPUT

($7000,000) RANGE : 1961-1982
- YGO__C=0VERLAY(VGD__C7,VG0__C&*

VALUE(VGD__C7,1971) /VALUE(V¥GD__C6, 1971))

CONSTANT 1974 DOLLAR VALUE OF GROSS OUTPUT
($7000,000) RANGE : 1961-1983
VGO__K=0VERLAY(VGO__K7,VGO__Kb6%
YALUE(YGO..K7,1971)/VALUE (VGO__K6, 1971))

INDEX OF COMSTANT DOLLAR GROSS OUTPUT, 1971=100
GO__=VGO__K/VALUE(VGO__K, 1971) %100

CAPITAL

IMPLICIT PRICE INDEX FOR TOTAL CONSTRUCTION CAPITAL
IN THE FOOD AND BEVERAGE SECTOR, CANADA (1971{=100)

" IMPLICIT PRICE INDEX FOR MACHINERY AND EQUIPHEMT

CANADA (1971=100)

IMPLICIT PRICE INDEX FOR ALL COMPONENTS OF CAPITAL
IN THE FOOD AND BEVERAGE SECTOR, CANADA (1971=100)

MID-YEAR NET STOCK OF CONSTRUCTION CAPITAL IN
CONSTANT 1974 DOLLARS, CANADA (%7000)




NSCONFRB

NSHEFB

SCON_—

HID-YEAR NET STOCK OF MACHINERY AND EQUIPMENT
CAPITAL IN CONSTANT 1971 DOLLARS, CAMADA (%$7000)

HID-YEAR NET STOCK OF CONSTRUCTION CAPITAL IN CONSTANT
1971 DOLLARS, FOOD AND BEVERAGE SECTOR, CANADA ($’000)

* NSCONFB=NSCON4 OK+NSCON20K+NSCONIOK+NSCON40K+NSCONSOK+

NSCONBOK+NSCONZOK+NSCONBOK+NSCONIOK,

MID-YEAR NET STOCK OF MACHINERY AND EQUIPHENT CAPITAL
IN CONSTANT 1971 DOLLARS, FOOD AMD BEVERAGE SECTOR,
CANADA ($7000)

NSHEFB=NSHE{ OK+NSHE20K+NSHE 30K +NSHE 4 OK+NSHEGOK+
NSHEBOK+NSHE7OK+HSHEBOK+NSHESOY,

SHARE OF CURRENT DOLLAR VALUE OF CONSTRUCTION
CAPITAL IN TOTAL CAPITAL STOCK
SCON__.=NSCON__K*PCONFB/ (NSCON__K%PCONFB+NSME__K*PHEFB),

SHARE OF CURRENT DOLLAR VALUE OF MACHINERY AMD
EQUIPHENT CAPITAL IN TOTAL CAPITAL STOCK
SHE__=NSME__K*PMEFB/ (NSCON__K#PCONFB+NSHE__K*PMEFE),

LASPEYRES QUANTITY INDEX OF TOTAL CAPITAL STOCK,

1974=100

XLK__=(NSCON__K/VALUE(NSCON__K, 1974 )%VALUE(SCON__, 1974)+
NSHE__K/VALUE(NSHE__K, 1971)*VALUE(SHE__, 1971)}%100,

PAASCHE QUANTITY INDEX OF TOTAL CAPITAL STOCK,

1971=100

XPK..=(1/(VALUE (NSCON__K, 1971) /NSCON__K*SCON__+
VALUE (NSHE__K, 1971) /NSME__K*SHE__) %100,

FISHER QUANTITY INDEX OF TOTAL CAPITAL STOCK,
1971=100

XFK__=(XLK__*XPK__)%%0.5,




aNPH__
VNFH__

PNPY__

PU__

NPH__

SPU__

SNPH__

PLLA_-

PPLA-_

PFLA_-

XFLA_-

LABOUR

HAN-HOURS WORKED BY PRODUCTION WORKERS, (’000)
WAGES OF PRODUCTION HORKERS, ($7000)
EMPLOYMENT OF SALARIED EMPLOYEES

SALARIES OF SALARIED EMPLOYEES, (3%7000)

INDEX OF WAGES OF PRDDUCTION HORKERS, 1971=100
PPH__=((VPH__/QPH__)/(VALUE(VPU__, 1371)/VALUE(QPH__, 1971))#100

INDEX OF SALARIES OF SALARIED EMPLOYEES, 1971=100
PNPU__=((VNPU__/GNPY__)/ (VALUE (VNPW__, 1971) /VALUE(GNPH__, 1971))%100

INDEX OF HOURS WORKED BY PRODUCTION WORKERS, 1971=100
PW__=QP¥__/VALUE(QPW__,1971)%100

INDEX OF NUMBER OF SALARIED EMPLOYEES, 1971=100
NPW__=QNPW__/VALUE(QNPW__, 1971)

SHARE OF PRODUCTION WORKERS IN THE TOTAL WAGE BILL
SPH__=VPU__/(VPU__+¥NPH__)

SHARE OF SALARIED EMPLOYEES IN THE TOTAL WAGE BILL
SNPW__=1-SPH__

LASPEYRES PRICE INDEX OF TOTAL LABOUR INPUT, 1971=100
PLLA__=VALUE(SPH__, 1971 )%PPH__+VALUE (SNPH__, 1971)*PNPH__

PAASCHE PRICE INDEX OF TOTAL LABOUR INPUT, 1971=100
PPLA__=(1/(SPW__/PPH__+SNPW__/PNPH__))

bFCRER-TBLER_ TURRLADF, 10005 LABDUR TNPUT, 13712100

f ISHER QUANTITY INDEX OF TOTAL LABOUR INPUT, 1971=100
XFLA__=((VPH__+VNPU__)/(VALUE(VPY__, 1971}+
VALUE(VNPW__,1971))%100) /PFLA__*100




VLPG_.

VEL__
VOF __
VFE__

QCCFB

GNGFB

RGSFB

QFOFB

QLPGFB

QELFB

PNGFB

VALUE
VALUE
VALUE
VALQE
VALUE
VALUE
VALUE
VALUE

OF
oF
oF
OF
OF
OF
oF
OF

QUARTITY
FOOD AND

RUANTITY
FOOD AND

QUANTITY

- FOOD AND

QUANTITY
FOOD AND

QUANTITY
FOOD AND

QUANTITY
FOOD AND

ENERGY

EXPENDITURES COAL AND COKE, ($000)
EXPEHDITURES NATURAL GAS, ($7000)

EXPENDITURES GASOLINE, ($7000)

EXPENDITURES FUEL OILS, ($7000)

EXPENDITURES LIQUIFIED PETROLEUK GASES, ($7000)
EXPENDITURES ON ELECTRICITY, ($'000)

EXPENDITURES ON OTHER FUEL, ($’000)

EXPENDITURES ON FUEL AND ELECTRICITY, ($7000)

OF COAL AND COKE PURCHASED BY THE
BEVERAGE SECTOR (TONS’000)

OF NATURAL GAS PURCHASED BY THE
BEVERAGE SECTOR (CUBIC FEET’000)

OF GASOLINE PURCHASED BY THE
BEVERAGE SECTOR (IMPERIAL GALLONS’000)

OF FUEL OILS PURCHASED BY THE
BEVERAGE SECTOR (IMPERIAL GALLONS’000)

OF LIQUEFIED PETROLEUM GAS PURCHASED BY THE
BEVERAGE SECTOR (IMPERIAL GALLONS’000)

OF ELECTRICITY PURCHASED BY THE
BEVERAGE SECTOR (MEGAHATT HOURS)

A

PRICE INDEX OF COAL AND COKE,
FOOD AND BEVERAGE SECTOR, 1971=100
PCCFB-(VCCFB/QCCFB)/(VALUE(VCCFB 1971)/VALUE(QCCFB 1971))

PRICE INDEX OF NATURAL GAS,

- FOOD AND BEVERAGE SECTOR, 1971=100

PNGFB=(VNGFB/QNGFB)/ (VALUE (VNGFB, 1971 ) /VALUE (ANGFB, 1971))




PRICE INDEX OF GASOLINE,
FOOD AND BEVERAGE SECTOR, 1971=100
PGSFB=(VGSFB/QGSFB)/ (VALUE(VGSFB, 1971) /VALUE(GNGFB, 1971))

PRICE INDEX OF FUEL OILS, .
FOOD AND BEVERAGE SECTOR, 1971=100
PFOFB= (VFDFB/QFOFB)/(VALUE(VFOFB,i971)/VALUE(QrBFB,197i))

PLPGFB PRICE INDEX OF LIQUEFIED PETROLEUM GASES,
FOOD AND BEVERAGE SECTOR, 1971=100
PLPGFB=(VLPGFB/QLPGFB)/ (VALUE(VLPGFB, 1371)/VALUE(QLPGFB, 1971)

PRICE INDEX OF ELECTRICITY,
FOOD AND BEVERAGE SECTOR, 1971=100
PELFB=(VELFB/QELFB)/(VALUZ(VELFB, 1971)/VALUE(QELFB,1971)

EXPEMDITURE SHARE OF, CDAL AND COKE IN FUEL AND ELECTRICITY
EXCEPT "OTHER FUEL™
SCC__=VCC__/(VFE_._-VOF__)

EXPENDITURE SHARE OF NATURAL GAS IN FUEL AND ELECTRICITY
EXCEPT "OTHER FUEL"

SNG__=VNG__/(VFE__-VOF__)

EXPENDITURE SHARE OF GASOLINE IN FUEL AND ELECTRICITY
EXCEPT “OTHER FUEL"

§GS__=VGS__/(VFE__-VOF_.)

EXPENDITURE SHARE OF FUEL OILS IN FUEL AND ELECTRICITY
EXCEPT "OTHER FUEL"
SFO__=VFO__/(VFE__-VOF_.)

EXPENDITURE SHARE OF LIQUIFIED PETROLEUH GASES IN
FUEL AND ELECTRICITY EXCEPT “OTHER FUEL"
SLPG__=VLPG__/(VFE__-VOF__)

EXPENDITURE SHARE OF ELECTRICITY IN FUEL AND ELECTRICITY
EXCEPT "OTHER FUEL"
SEL__=VEL__/(VFE__-VOF_.)

LASPEYRES PRICE INDEX OF FUEL AND ELECTRICITY, 1971=100

PLFE__=(YALUE(SCC, 1971)*PCCFB+VALUE(SNG, 1971)*PNGF B+
YALUE(SGS, 1971 ) %PGSFB+VALUE(SFO, 1971 ) *PFOF B+
VALUE(SLFG, 1971 ) *PLPGFB+VALUE(SEL, 1971 )*PELFB)

"PAASCHE PRICE INDEX OF FUEL AND ELECTRICITY, 1971=100
PPFE_.=(1/(SCC__/PCCFB+SNG__/PNGFB+5GS__/PGSFB+
SFO._/PFOFB+SLPG__/PLPGFB+SEL__/FELFB))

FISHER PRICE INDEX OF FUEL AND ELECTRICITY, 1371=100
PFFE__=(PLFE__¥PPFE__)#%0.5

FISHER QUANTITY INDEX OF PURCHASED FUEL AND ELECTRICITY,
1971=100
XFFE__=(VFE__/VALUE(VFE__, 1971)%100/PFFE__)*100




VINT__Cé

VINT__K6

VINT__C7

VINT__K?

VINT__C

VINT__K

YMA__X

HATERIAL IMNPUTS

CURRENT DOLLAR VALUE OF INTERMEDIATE INPUTS, 1960s SERIES
($7000,000) RANGE : 1961-1974

CONSTANT 1961 DOLLAR VALUE OF INTERMEDIATE INPUTS,
19605 SERIES($'000,000) RANGE : 1961-1971

CURRENT DOLLAR VALUE OF INTERMEDIATE INPUTS, 1970s SERIES,
($7000,000) RANGE : 197{-1982

CONSTANT 1971 DOLLAR VALUE OF INTERMEDIATE INPUTS,
1970s SERIES($'000,000) RANGE : 197{-1982

CURRENT DOLLAR VALUE OF INTERMEDIATE INPUTS

($7000,000) RANGE : 1961-1982

VINT--C 0VERLAY(VINT--C7 VINT__Co*
VALUE(VINT__C7,1971)/VALUE(VINT__C6,1871))

CONSTANT 1971 DOLLAR VALUE OF INTERMEDIATE INPUTS

($7000,000) RANGE : 1961-1983

VINT__K=0VERLAY(VINT__K7,VINT__K6%
VALUE(VINT__K7,1974)/VALUE(VINT._K6, 1971))

CURRENT DOLLAR VALUE OF MATERIAL INPUTS NET OF ENERGY
(%$’000,000)
VHA__C=VINT__C-¥FE__/1000

CONSTANT 1971 DOLLAR VALUE OF MATERIAL INPUTS NET OF ENERGY
($7000,000)
VHA__K=VINT__K-VFE__/PPFE__/10

INDEX OF HATERIAL INPUTS, 1971=100
MA__=VMA__K/VALUE(VHA__K, 1971)%100

CAPACITY UTILIZATION

INDEX OF CAPACITY UILIZATION
SOURCE: BANK OF CANADA




RSKLA__

RFELA__

RMALA__

PRODUCTIVITY INDICES

INDEX OF CAPITAL PRODUCTIVITY
IKP__=6G0__/XFK__

INDEX OF LABOUR PRODUCTIVITY
ILP__=GO__/XFLA__

INDEX OF ENERGY PRODUCTIVITY
TEP__=GO__/XFFE...

INDEX OF MATERIAL INPUTS’ PRODUCTIVITY
INP__=G0__/MA__

INDEX OF GROWTH RATE OF LABOUR PRODUCTIVITY
GLP__=GG0__-GXFLA-_

ARIABLES DERIVED FOR THE

PRODUCTIVITY HODEL

RATE OF GROWTH OF THE GROSS OUTPUT IMDEX
GGO-_=DEL(1 : 60__)/GD__(-1},

GROWTH RATE OF THE INDEX OF AGGREGATE LABOUR INPUT
GXFLA--=DEL({ : XFLA__)/XFLA__(-1),

RATIO OF THE INDEX OF AGGREGATE CAPITAL TO THE
INDEX OF AGGREGATE LABOUR INPUT
RSKLA_ _=XFK__/XFLA__, '

RATIO OF THE INDEX OF AGGREGATE ENERGY TO THE
INDEX OF AGGREGATE LABOUR INPUT
RFELA__=XFFE__/XFLA__,

RATIO OF THE INDEX OF MATERIAL INPUTS TO THE
INDEX OF AGGREGATE LABOUR INPUT

RMALA__=MA__/XFLA__,




GRSKLA__

GRFELA__

GRHALA__

RATE OF GROWTH OF THE RATIO AGGREGATE CAPITAL IMDEX
T0 THE AGGREGATE LABOUR INDEX
GRSKLA__=DEL({ : RSKLA__)/RSKLA__(-1),

RATE OF.-GROWTH OF THE RATID OF AGGREGATE ENERGY
INDEX TO THE AGGREGATE LABOUR INDEX
GRFELA__=DEL({ : RFELA__)/RFELA__(-1),

RATE OF GRONTH OF THE RATIO OF THE MATERIAL INPUTS
INDEX TO THE AGGREGATE LABOUR INDEX
GRMALA__=DEL(1 : RMALA__)/RMALA__(-1),

ELASTICITY OF GROSS OUTPUT WITH RESPECT TO AGGREGATE
LABOUR INPUT
ELFB=MEAN((VPHFB+YNPYFB)/VGOFBC/1000),

ELASTICITY OF GROSS OUTPUT WITH RESPECT TO AGGREGATE
ENERGY INPUT
EEFB=HMEAN(VFEFB/VGOFBC/1000),

ELASTICITY OF GROSS OUTPUT WITH RESPECT T0
HATERIAL INPUTS

TIME TREND OF DATA USED IN REGRESSIUN
T=TREND(GOFB),
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