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MANAGEMENT SUMMARY
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INNOVATION IN FOREST HARVESTING BY FOREST PRODUCT INDUSTRIES»

FACULTY OF MANAGEMENT STUDIES
UNIVERSITY OF TORONTO

, .The forest products industries are major contributors to Canada's
position in world trade. Forest harvesting is a primary component within
these. industries, not only in its own right but also as an input to Forest
Products and Paper and Allied Products., To increase -— or at least maintain --
its competitiveness in international markets, the logging industry must con-
tinually improve its productivity. Efficiency in production involves the use

"of improved technology where the primary component is innovation (the appli-

cation of a new invention).

To study innovation in the forest harvesting industry it is important
to develop an adequate criterion of effective innovation. Such a criterion
could be used to contrast the improvements in productivity among industries
and to identify the most effective firms within an industry. This study was -
designed to compare productivity across industries using data from Statistics
Canada and to contrast logging operations using company data. If the industry
has had limited success in improving productivity, it would be important to
spotlight those characteristics which enhance innovation and those which in-
hibit it . -~

TOTAL FACTOR PRODUCTIVITY

Most studies comparing industries and regions use only the labour factor
as an input, but this is insufficient, omitting a major component of product-
ivity, capital. To study the impact of innovation on productivity, total
factor productivity, i.e. changes in productivity due to both capital and
labour over time, has been used for the time period ending in 1971 which is
the latest available. Because of missing data, alternative time periods
terminated in 1968 and 1969 are used in places. A nine year time period,
starting in 1963, was used to establish a stable estlmate of productivity
change over time. :

Comparisons of total factor productivity were made among five Canadian
industry groups, logging, paper and allied products, wood products, mining,
and total manufacturing. During the target period, logging and wood products

‘'were well below the others in capital intensiveness, while mining was far

above. However, the increase in capital intensiveness for logging was pro-
portionately much greater than it was for the other’ comparlson groups except
mining, <

The benchmark used for assessing the change in total factor productivity
for the logging industry was total manufacturing for Canada. The relative
positions for total factor productivity among the industries is shown in
Summary Table IV~12, Since capital input data were not available in 1971,
comparisons will have to be made for the periods ending in 1968 and 1969.

The logging industry compares reasonably well w1th the other three Indus-
tries and only sliohtly below all manufacturing. o dndustries wole s Lo Qn
the poorest positions are Mining. and Pdper and Alllcd rroducts.

v ™

(1) Research spdnsored by.Science and Technology, Ihdustry, Trade and Commerce.
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Summary Table IV-12.

Average Annual Growth Rates, 'in percent, °
of various productivity dindexes,
gross value added basis.

Time Period

Industry. - Productivity Measure. .  1963-71 1963-68  1963-69

All'Manufacturing . Labour, weighted . 2.27 2,12 2.37 '
. . Capital . Ne&o ~¢53 ~.40 . '
Total, weighted n.a. A7 - .94
Logging - - S Labour, weighted 4,23 3,11 3.29
: . Capital - © -2,88  -3.68 -2.49
Total, welghted - ' .82 .04 « 69
Mining Labour, weighted _ : 2.40 ’ 3.24 3.37
- Capital ’ -3.87 -3.02 - -3.62
‘Total, weighted _ -2,57 -1.62 -2,13
" Wood Products " Labour, weighted . 2.52 3.38 . 2.26
. Capital -2.59 ~,22 -1.52
Total, weighted : JA1 - 1.78 ~ .59
Paper and Allied : .Labour, weighted ‘ 1.49 .18 - .. 1.51
Products Capital _ n.a. -3.00 -1.05

Total, weighted . n.a. -1.62 .07
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- Summary Table IV~12 shows that labour factor productivity for all
‘manufacturing during the available periods is relatively constant vary-
ing from a 2.12 to a 2.37 per cent annual increase, Labour factor pro-
ductivity for Logging was above All Manufacturing with a 3.11 to 4.23 per
cent average annual increase,’ Mining and Wood Products. industries were sim-
ilar to Logging. Pulp and Allied Products were consistently well below All
Manufacturing with a 0.18 to 1,51 per cent annual increase in labour pro-
ductivity. Thus it initially appeared that the national logging industry
has remained competitive with Canadian manufacturing*by effectively managing
its labour factor input, but further analysis of the capital product1v1ty
'made such a conclusion questionable, :

As capital intensiveness increases, it would be expected that non-
production workers would be substituted for production workers, and the
former would be more efficient. In logging non~production workers were more
efficient but there was not a substitution of non~production for production
workers as indicated by similar weighted and unweighted labour input indexes.
Labour input in logging declined considerably during the entire period in
contrast to an increase. in all manufacturing.

The picture"for capital productivity in Logging was not nearly as good
as it was for labour. Except for Wood Products in the 1968 period, shortly
after the 1967 recession, all four industries are below the All Manufacturing
average. Throughout Canada capital has not been used effectively to contri-
bute to increases in productivity. In fact it is a negative contribution in
each time period and industry. For all three time periods the Logging Industry
basically replaced labour with capital on approximately a one-to-one ratio so
little productivity improvement has occurred. Neilther capital nor labour
have been used effectively to produce improved productivity.

CAPITAL, INVESTMENT DECISION PROCESS

-Using financial data, it was not feasible to study a third factor, ,
managerial effectiveness, as an independent contributor to total factor pro~
ductivity. It is imbedded within both the labour and capital factors. Al-
though it was not the primary purpose of this initial study, some data on the
processes used for managing technological change and innovation (new appli-
cations of technology) were collected from 14 companies. Total factor pro-
ductivity data were not available from enough of the individual firms during
the 1963-71 period for comparisons to be made between the firms with the high-
est increase in productivity and those with.the lowest. Therefore the results
from the interviews were only'descriptive rather than‘comparative.

The capital investment decision process was tied to the operating budget
process. The primary criterion for evaluating a capital investment proposal was
to control maintenance costs as long as there was an acceptable, continuous flow
of logs to the mills, It was expected that the more: general criterion of im~
proving capital productivity would have been used. The primary source of inform-
ation for such decisions was maintenance records.,

New equipment and innovations appeared to be provided with limited finan~
cial, techulcal, and management support during evaluation and start-up stages.
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Typically field managers were assigned new equipment during either stages
as part of their normal operations. They appeared to be held accountable
primarily for the latter although effective implementation of the new

equipment often required a significant portion of their current resources.

Individual firms did not appear to have basic research budgets although
in some instances development project budgets were established to evaluate
new equipment or systems. Most development activities involved equipment
modifications which took place in field shops out of the expensebudgets.

ORGANIZATION POLICY AND STRUCTURE

As capital Intensiveness Increases, specialized skills tend to develop -
to ald management to plan, evaluate, and implement new technology, equipment
and systems. A wide range of specialization was found among the 14 firms,
but their average (16.4) was relatively low since a maximum achievable score
was 56.0, It appeared that the basic locus of specialization within Logging
was in short-~range, operating support such as operating records and mainten-
ance in contrast to long-range innovation.

Another factor important in organization design is centralization, the
level at which a final decision is made. There were significant differences
among the 14 firms with the average decision made at the upper middle manager-
lower executive level. Operating and manpower decisions are quite decentral-
ized while financial and organization pollcy and structure decisions are
centralized at. executive levels. -

LABOUR PRODUCTIVITY

To further analyze the problem of managing labour and capital inputs
to improve productivity in Logging, an attempt was made to compare regiomns
and firms of different sizes to see if one or the other might be an import-
ant consideration, Capital data were not available, but an analysis of
labour productivity was made. The results are summarized in Table V-1,

Generally labour productivity tends to increase as the size of the
firm increases. This occurred both nationally and in British Columbia.
It was partially true for Ontario, but size did not appear to be a factor
in Quebec.

This table also shows that the growth rate for labour productivity
was much lower in British Columbia than in the other provinces. It is
possible that logging conditions in British Columbia required greater
capital intensiveness in an earlier period of time so the increase in
labour productivity occurred then. -

A comparison of changes in labour input shows that Quebec's decreased
at a greater rate during the target period while Ontario was less and
British Columbia's least, considerably below the national average. Thus
Quebec substituted capital for labour at a greater rate than did the other
provinces. Quebec (7.1%) also had the only annual labour productivity
increases which were creater than the national average (5.61%), Ontario's
was 4.3% and British Columbia's 3.1%.

R.F. Morrison : March 1975,
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Average Annual Logging Industry Labour Productivity
b Increase in Percent over the periad 1963-1971 by
Province and Size.

Size in Value ' - British

of Shipment QHEEEE Ontario Columbia
A. S $99,999 6.89 2,59 0.07
B. $100,000 - $999,999 5.36 4.39 1,54
€. 7 $999,999 6.60 .. 3,95 . 3.20

TOtal 7n10 4:;33 . 3010

Canada

2.90
4.08
5.68
5.57



TOTAL FACTOR PRODUCTIVITY AS A MEASURE
OF INNOVATION IN THE FOREST HARVESTING
INDUSTRY

i. Introduction,

Technological change may ﬁe the most important contributor to a firm,
industry or nation attempting to compete in world markets aﬁd thereby
achieve economic growth. A change in teéechnology can’'create an alter-
ation in productivity (the pfoduction function) because of four elements:
1) Better equipment; 2) Improved materialj 3) More effective management

£ A primary component of tech-

and organization; and 4) New products.
nological change.is innovation, the aEElication of an invention for the
first time, because it requires an effective éombination of two or more
6f the four elements. To study the efféctiveness of innovation in an
- industry -- or country --, it is possible to use .total factor productivity
since it combines managerial decisions involving labour and capital, and
successful Innovators appear to grow more rabidly than non—innovators.(z?
This report analyzes measures of the.average annuai rate of product~-
ivity change in the Logging industry from 1963 to 1971 inclusive and com-
. pares this rate of prodqctivity change to other industries in Canada. The
industries used for'the'comparisons are Wood Products, Paper and Allied
Products, and Mining. In addi;ion,.the rate éf productivity change for

all Manufacturing industries combined was used as a benchmark. The choice

of the first two industries for comparative purposes was made because they

(l)Mansfield, E. The Economics of Technological Change. New York:
W.W. Norton & Co., 1968,

(Z)Mansfield, E. Industrial Research and Technological Innovation:
An Econometric Analysis. New York: W.W. Norton & Co., 1968,




2, .
both'use aé inputs the output of'the Logging industry, though-the&_have
very different technological characteristies, Mining was chosen, although
it involves the "harvasting" of a non-renewable resource, because the
capital intensity of this industry is much highe? than the Logging in-~
dustry and provides a useful contrast, |

This report explains the general techniques used in measuring the
variables included in constructing productivity indexes, presents the
productivity indexes, and anai&zes the trends in productivity over time.
The technical Appendix to this report presents the basic data used for
all industries and discusses some technical problems involved in the

‘measurement of input and output variables,

The use of productivity analyses of the type presented in this re-
port has been subject to sohe technical critiéism by economists, An
alternative that has been suggested is the ﬁse of econometric ‘techniques
to measure production functions for the various industries. The proposed -
techniqﬁes are much more.involved and very difficult from a statistical
point of view., To date, however, it.hés_not been demonstrated that the
more sophisticated measurement techniques will yield estimates of product~
iyity change that are substantially superior to the estimates obtained

- using the simpler and more direct approach..

There have been some productivity studies performed on Canadian in-
dustry or total manufacturing data. Unfortunately the measures of product-
;Vity change estimated in this report aré not directly comparable to estim—
ates in other studiés since the variables are measured differently and the
base periods used are different.

Economists view the productlion process as the combinatiéh of a set of

inputs in certain proportions to generate a set of outputs or a single output,
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The proportions in thch the inpuﬁs gré used'depeﬁds on the technology
of the industry or firm and management decisions. The inputs usually
considered are labour and capital. Land is ignored since it is assumed
to be fixed or very small., A factor which cannot be measured but is
present‘is managerial skill since managemént decisions determine the in-
put mix and the use of new production techniques and technology.

With a given technology, a firm can maintain its output by altering
~its input mix., Conversely, output can be increased by increasing inputs.
In neither caée will there necessarily be an improvement in productivity,
which is a measure of output per unit of input; if,'however, labour be-
comes more efficient with the same amount éf capital, or new capital is
introduced which not only substitutes for labour but impréves capital
efficiency,.thén productivity will increase. Productivity is a measure
“of ﬁhe efficiency with which inputs are converted to outputs. Productiv-
ity is an important concept since increasing productivity leads to in-
creasing real per capita income in the economy and in its constituent
units, .

Productivity measures can be used to compare the changes in effic-
lency among different industries. At the level of the individual firm,
. such comparisons may highlight future problems iﬁ the firm's operations
and point the way to rémedial action before such problems become evident
in the firm's financial results.

Appiication at the level of the firm is qﬁestioﬁéblé and requires

considerable judgment on the part of the decision maker, since the pro-

ductivity measures are subject to unknown errors which cancel out at the

level of the industry because the measures are aggregates of the individual

firms within the industfy. Even the iﬁdustry figures must be used with

some caution since small differences in productivity between different
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industries may not be statisfiéally or operationally significéntul
Unfortpnately there are no statistical tests to apply to these differ-
ences to aid the decision maker in distinguishing significant from ran~-
dom_differenéesa

"Other limitations beyond measurément'er?or which muét be kept in
mind when interpreting productivity measures are: First, in considering
'changeé in productivity over time, the analysié assumes that all that is
changing is the aggregate amount of inputs and‘the.résulting output.
Howévgr, thé quality of the output variable may be changing; thus one
unit of output in the starting period may be of a better or poorer qual-
ity than a unit of output in a subsequent year. This problem is not
~ dealt with directly in the productivity measures used here. Second,
productivity measures based on only one input, for example, either
labour or‘éapital, do not give an accurate picture of the changes in the
efficiency with which the inputs are combinéd. Such partial productivity
measures may reflect elther increasing efficiency in the use of the fac-
tor input in question or the impact of suBstitution.among different

(1)

factors,_ Therefore, to obtain an indication of the increasing effic-
iency of the factors, the productivity iﬁdex must be one which considers

: all‘factor inputs. Such an index is called a mgésufe of total factor pro--
duétivityo Third, total factor productivity measures prbvide a measure.of
efficiency in the use of resources but do not allow for changés in the
degree of utilization of factors. For example, production efficiency may
be.increasing but if there is underutilizatioﬁ of factors, the increase

in output potential 1s offset and no:increase in output appears. The

possibility of such an offset must be considered in interpreting pro-

ductivity indexes, One example of this effect is the.purchase of more

(l)This 1s discussed in more detail in Section.II;



5.

efficient cap;tal equipment to meet anticipated increases in demand for
a firm's output, Since the capital equipment is purchased for future use
there is currently some underutilization.'»lf fhe expected demand in-
creases do not materialize then the excess capécity wili be substan-
tial, Cyclical movements in productivity measures can be related to the
existence of excess capacity in capital equipment. Because individual
units of capital are very largf in the paper manufactufing portion of the
paper and allied products industry, the problem:of capacity méy be import-
anﬁ° Finally, a distinction'must be drawn between economic efficiency and
productive efficilency and the impact of eacﬁ on eéonqﬁic welfare. Econ-
omic efficiency is concerned with the wéy iﬁ which resources are allocated
between industiies, rather than with their use within industries. Improv-
ing economic efficiency is important and will increase economic welfare,-
However, productive efficlency is concernéd with the use of improved tech-
nolpgy within industries to serve an existing set of markets. Changes in
productivity efficiency are probably more important in increasing economic
welfare than changes in economic efficiency.

In Section II of this report the concept and measurement of pfoduct—
ivity change is discussed. Measures of the input and output variables
" needed for the produétivity analysis are presénted in Section III. Sec~
tion IV presents the indexes for labour, capital and total factor pro-
duétivity for all industries examined in the study. The-annual average
growth rates in productivity are estiméted for three fime pefiods and
differences among industries in these growth rates are identified aﬁd
aﬁalyéed. Finally, Section V calculates prévinciél labour prbductivity

growth rates in the logging industry for firms of différent size classes.
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An attempt was made to gathef ghe data essential to deVeioping
total factor productivity.indices for individual logging activities
go that contrasts among firms could be made. However, sufficient
productivity data, especially capital.series, was avallable for only
one firm so this analysis had to be drOppéd. |

" II. General Measurement of Productivity Change.

Productivity is the relationship of the physical volume of output
produced to the physical volume of inputs used for a given firm, indus-
try or the écohomy as a whole. To perform a productivity analysis, a
productivity index is constructed startidg from a pre—-determined base
period; 1in our analysis, the base period in 1963. The productivity
index is equal to.an output index divided by an input index, i.e. if
Yt and I; are the values of the output and input indexes in period t,

then the produétivity index at time t, i.e, Pt is defined as

Pt =.E£ In the base period Y, = Io = 1.00. The average annual cﬁange
I .
t : S
in productivity between the base period and period t is defined as (1)
Average annual change _ 14, EE
in productivity t Pd

where ﬁ is number of years between the base period and period t. This is
the contiﬁuously compounded annual percenﬁagé grthH in productivity over
the period in question. |

In order to comstruct indices for outputs aﬁd inputs we face
problems of measurement for the physical volumes of the inbutgAand
outputs « There are also problems in the comparability of these physical

volume measures among different firms and/or industries.

(1) Assume that Py = Poegt i.e. producﬁivity index begins at PO and grows
at an average annual rate of g%Z. Therefore Pt/Po'= 8 and In(P./Py)= gt.
Thus g =< 1n (P /P ). | "
t .t [s)




First, if a firm broduces different products how can the outputs in
each product be aggregated into a total physical volume of output? It is
impossible, for example, to aggregate the physical volumes Qf‘different
products to obtain a sensible total output measure unless the products
are homogeneous, Tﬁié ééé;ééggiég prééieﬁ Secémés évén ﬁo;e %efiéué whéﬁ
firm outputs are aggregated into an industry output.

The comparison of physical output measures between industries which
produce completely different products is impossible. How can one compare
thé output of the loéging industry ~- 1:e., cunits of wood, to gallons of
milk or tons of steel?

A similar aggregation problem is also present when we consider the
physical volume of inputs. For example,-on the labour input side, it is
impossible to add up physical units of 1abour with different skills and

compare the resulting total to labour input in another firm or industry

where different skill mixes may exist.

In order fo circumvent the problems involved in using physical vol~
umes,we define inputs and outputs in terms of their dollar values. Once
these-categories are in terms of dollars aggregate  comparisons are pos-
sible,

- However, we cannot consider all changes in the dollar value of in-
puts or outputs as reflecting the real changes in amounts pro-
duced or used. For example if output is measured in current dollars, an
increase in output can result from an increase in price witﬁ physical
output remaining constant, or an increase in physical output with price

constant, or a combination of the two. In order to remove the price change
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effect and ildentify éhanges in value due exclusively to physical out-
put increases, the dollar value of output is deflated by a price index
specific to the product being investigated. The resulting real value

of output is then used in the productivity analyses; Using the time
series for fhe real value of output an output index is cdnstructed which
has a value iﬁ the base year (i.e. 1963) equal to 1.00.

For inputs there is an analagous problem and the real value of the
inputs used in the préduction frocess must be calculated. The actual
construction bf the real value of inputs 1s presented in detail in section
I1T but may be.summarized as follows. Considef the labour input first,
The real physical volume of labour input in each yeér is man-hours paid

(1)

or man-hours worked. 'To obtain reél doilar value of this input, the
physical inﬁut in every period is multiplied by the actual rate of return
 for the input measured at a base period. In the case of labour, the rate
of return is equal to fhe wage rate paid at the base period; this wage
rate reflects the efficiency of the labour input at the base period. In
every subsequent period the real value of labour input is calculated as
the product of the base period &age rate and the physical labour input,
i.e. man-hours paid (or worked). The réal value of Ilabour input in any
yeér'is-not neceséarily equal to the real value-of the wage bill in the
same year but reflects the actual inpﬁt of labour as if it were of the
same efficiency as the base period. A labogr input index i1s constructed
' from.thé real value of labour input series with a value of 1.60 in the
base period.

The resulting productivity measure with labour used as an input com—

pares the actual real value of output in successive time periods to real

outputs that would have been produced'had‘the labour input efficiency not

(1) As discussed in section III the two will be different.
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chénged. Therefore, increases in the efficiency of the labour input
are translated into productivity increases.

A similar technique is used for the capital input, Capitél
provides services in the production process. To remoye the impact
of price changes on the capital used, the actual dollar value of the
capital stock in any year is deflated by an appropriate capital stock
price index to obtain the real-value of capital stock. To obtain the
value of the capital input services in any perioa, the real dollar value
of capital stock in a given period is multiplied by the base period rate
of return on capital. This rate of return is a percentage figure, for
example 15%, and the services of the capital stock'reflect the real
value of'capifal input services in any period as if the efficiency of
capital were the same as iﬁ the base period, After donstructing a capital
services input index, the resulting productiQity ﬁeasure reflects the in-
creases in real output resultinglfrom changes in efficiency for the cabital
services input,

Producfivity measures are of two generél types, partial facfor pro-
ductivity and total factor productivity. Partial factor productivity
;measures are the most common and measure the productivityvof only one in-
put, usually labour. If we define the value of the 1abour‘input index in
period t as L., then the partial productivity measure in period t is Yt/Lt
and is called labour productivityg Similarly if capital is the only factor
considere&, then capital pro&uctivity is measured as Yt/Kt wh;re K, is ﬁhe
value of the capital input index in period t.

The use and interpretation of partial factor productivity indexes is

open to serious question. In order to produce a given output with a given
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\ technology a ﬁirm can choose oﬁe of many posSiblg combinations of

labour and caé;tal. ‘In fact, the firm will choose that combination which
minimizes its;factor input coéts. However, as factor prices change the

| optimal combié;tion'of capital and labour will change even though the
output remains:constant.. Consider the case where the price of labour in-
creases relatf%e to the price of capital and there is a substitution

(1)

of capital for labour without an increase in output. If we were: to
measure labour productivity we would find thaﬁ it has increésed, i.e. Y¢
is constant but Lg ié falling., However, it would be incorrect to say that
the increasing labour productivity is an increase in the efficiency of
labour per se.. In fact, labour has become more efficient only bécéuse of the
use of additional capital inputs. |
If capitél producﬁivity were measurea in the above example, it
would.show a decrease, The decrease should not be interpreted as a
reduction in the efficiency of.capita¥ inputs, sincefthéy aré used to
substitute fér labour.
In order to measure the correct productivitf changes for a firm
or industry, it is gsséntial to adjust for the changing input mixes,
Once this has been accomplished, changes in productivity will reflect
_'increéses in 'the efficiency with which inputs are used and . changes in
technology.
The partial proauctivity measure for labour will reflect true
efficiency changes'inAlabour only if thé other factors remain constant,
or are small relative to the labour input, or if all factors are used

in fixed proportionms.

(1) Output cén increase if the firm decides to increase its scale of oper-
ations but the technology does not change and there is a pure sub-
stitution of capital for labour, '

bue

-1
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In table II~1 we present the capifalflabour ratios for the industries
analysed in this study as*well as for total manufacturing. As can.be
seen all industfies had incréaging capital~labour ratios over time. In
addition, we will show in a later section thét ﬁhe value of the capital
input series éid not remain constant, nor was it small in relation to the

.lab0ur input.

Table II-1

Capital-Labour Input Ratios for
Various Industries,(Real Gross Capital
Services and Real Labour Services, Weighted

____Manhours) ‘
. Paper and Allied Wood S ' Total
Logging " Products: Products Mining ‘ Manufacturing

1963 .693 1205 2 3,040 .982
1964  ,709 1,215 732 3,251 .980.
1965  .771 1.290 749 3.389 1.009
1966 779 . . 1.308 ,792 3,630 . 1.033
1967 841 ‘ 1,397 +855 3.914 1.066
1968 1,972 1,413 .864 4,155 1.121
1969 .979 1,406 905 4,620 1,160
1970 1,065 n.a. 1,037 4,583 n.a.

1971 1,223 - n.a, ©1.086 . ,5,008  n.a.
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Tb circumvent the problems.;reated by varying input mixes, a total
factor productivity méaéure 1s used. Define Ft’ the total factor imput
index used in pefiod t, as the -sum of labour and capital inputs. Where
there is a pure substitution_of capital for labour'in a glven period, the
total'factor'input series will not change, Total féctor productivity is
defined as Yt/Ft and resulting changes in:productiﬁity will reflect in~-
créases in the efficiency with which factors are used.

In our analysis, total factor producpivit& is computed for the aggreg-
ate logging industry,since capltal stock data are available. Iﬁ the.provin—
cial analyses, partial productivity measures are used for firms in differ-
ent size categories since no capital stock_data_are‘available; These par-
tial productivity measures, howeve;, are difficult to intetpret because of

the impact of capital-labour substitution.
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(1)

- 111, ﬁeasﬁrement of the Variables.
i. 6utput |
In measuring firm or industry output a choice must be made between
the gross or net value of output series. "The latter concept'is measured
as grdés value of output less purchases of interme&iate goods from other
industries. These purchases include materials and éupplies, fuel and
. electricity purcﬂased etc, fhe net valué of output is also known as

value added.

If the gross value of output series are used, inputs must include
ot only the basic factors of labour and capital but also the intermed-
iate produce.inputs.> To be censisﬁent with the economy output eétim—
ates, the intermediate products may be netted ouéjénd the value a&ded‘
or net output measure used, This enables us to consider only the basic

°

Ainputs of labour and capital.

Given that value added should be used as the output variable a choice
.must be made between fhe production only and total activity concepts of
value added. The former measures the value added:genérated by préduction
-workers alone whereas the latter includes the contribution of non;

* production employees to value added; the value added based on the total

activity concept will be greater than value added from produétion activity.

" The purpose of this analysis is to investigate the:decisions of log-
ging company manageﬁent‘on productivity. The decision to have substantial
non~prodqction worker activity or not is a management decision that can
have_ah important impagt on productivity. Iﬁ fact, there ﬁay be some im-

: portant decisions on logging techniques etc. that emanate from the:non—

production workers.

(1) The definition of the variables are listed in Appendix l.
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The distinction between production and total activity is not partic=-
ularly crucial in the logginglindustry since the non-production activity
segment is small, However, to‘beAcorrectAthé report uses the total
activity concept to measure value added, _4

The ratiﬁ of non-production to %roduction workers in the logging
industry is presented in table III-1l, The importance of non-production
workers increased over time but they were of sﬁall importance compared to

the production labour input.’

Table III-1

Ratio of non-production to production workers
measured by manhours and the real value of labour
input based on 1963 wage rates

Manhours - Real Value

1963 18 ,147
1964 ~ 116 128
1965 | ,123 152 o
. 1966 - 137 169
1967 o 48 .183
1968 ,163 | ‘h .203
1969 173 BT
1970 . ,166 .206

1971 «180 : : «223
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Value added can be méasured as gross or net. Gross value added
in any period (GVA ) 1s obtained directly from the basic data sources.
Net;value added in any period (NVA,) 1s equal to GVA, less economlc
depreciation‘where economic depreciation is the actual value of capital ser-
vices used up in the production of the product. If economic depreciation
is not deducted,we afe measuring as an increase in output the economic

deterioration of the capital input.

Hoﬁever, despite the theoretical superiority of net value added,
most studies of productivity measure value added on a gross basis., The
reason 1s purely one of ease of measurement. Estimates of economic
dépreciaﬁion are very difficult to obtain and accounting measures of
depreclation may not reflect the tfue or economic depreciation,

In this report both gross and net value-added concepts are used.

‘ A series‘for economlc depreciation has been constructed but we do not
. place high confidence in this series as a measure 6f economic deprece
iéﬁion since 1t 1s basgd on accounting recérdst

Value added estimates from the basic data sources are measured

in current dollars, In order to obtain the real value of output,

a logging price index is used to deflate Cufrent dollars to constant

dollars based on 1963. Therefore, we define feal gross value added in

G _ GVA
period t as ¥e = t where PIt is the value of the logging price index

. PI, ,
in period t. Real net value added is measured as yg « NVA¢
PI,

values of NVA, GVA,and PI are presented in Appendix 21 Table 1.

« The actual
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For the productivity analysis an index of real value added is

_ required with a value in the base period, 1963, equal to 1.0. The

index for real gross value added is constructed as

¢ _ vy G

e = t/ G where y_ is the real gross value
o added in the base period.

¥

Similarly, the index for real net value added is.

N
™ o= Y/ N
o yo

2. Inputs

Input indices for capital and‘labour:are constructed to measure
the real value of the input used in the production process at valuesreflect-
ingthe efficiency of the base period. To do this, the real physical
amount of the input used is‘multiplied‘b§ the base period rate of re-
turn for the factor. For labour, the physical amount of input is man-
hours paid and for capital, it is the real dollar value of the capital
stock, The rate of.return for labourlis'the wage rate which reflects
iabour's efficiency in the base period; for capital, the rate of re-
turn 1s the actual rate of return on capital in the Base period which
reflects capital efficiency. |
.a)ALabour

- Since we are using total éctivity for the value added series, the
labour input series must use all workers, both production énd.non—
production., The easiest>me£hod'of calculating the labour input 1s to
lump all workers together and assume all workers are homogeneous and of

the same .average skill and efficiency. This implies that a man-hour paid

to.a.production worker is of the same efficiency impact as a man-hour paid
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to non~broduction workers.
To get the base period rate of return on labour, the average wage

in 1963 is calculated and is equal to the total wage bill in 1963 div-

D)

ided by the total man-hours paid in 1963." 'This base period wage rate

is ;; and is equal to $2.00048 in the 1ogging-indUStry.

In any year, t, there are man-hours paid to production workers,
MHP,t‘and to non-production workers, MHNPyt. The total man-hours paid
MHT,t 1s equal to MHP9t + MHNP,t. The real Yalge of the labour input

in period-t, Lo is defined as

Values 6f MHP,t, MHNP,t, MHi;t’_aﬁd gt are Presented ig‘Appenﬁix 2, |

Table 2. . ‘ ' - - ’ .,
This labour input index is deficientAas a measure of base period .

labour efficiency since it does not consider that production and non-

production workers may be of different efficiencies. Thus it doés not

account for changes in the composition of the logging indusfry labour

forge. To circumvent this deficiency, it is iﬁportant to distinguish

between production and noé—production labour efficiency. To do this, é

nev labour input index must be constructed in which a man-hour paid of production

labour need not be the same as a man-hour paid of non-production 1aBour.

(1) In this study we have used man-hours paid and not man-hours worked as the
basic labour input variable since the former was all that was available. The
total wage bill will include paid vacations and other fringe benefits. Man-
hours paid will also include these fringe bencfits whereas man-hours worked
will not. Thus the average wage rate which reflects econcmic efficiency is
measured correctly by using man-hours worked as the labour input. If the re-
lationship of man-hours paid to man~hours worked is constant, no serious error
will be involved in using man~hours paid.
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Assume that the base period wage rate to differént classes of .
. labour £ef1ects their productivity. The vaiue'of the wage rate for
a specific labour class divided by the average ﬁage as of the base
period gives a relative ranking of efficiency. For the logging in-
dustry it was found that production workers had a relative ranking
of .975 and non—produqtion Qorkers, 1.210. Therefore non-production
workers were more efficient than fhe‘average aﬁd production workers
less efficient.

Another way of interpreting the values of‘these fankings is that
-one man-hour of non-production workers is worth 1.21 man—-hours of an
average>or standard man-hour and one man-hour of production workers
is. worth .975 man-hours of an averagé man~hour. Therefore, if the num-
ber of man-hours paid in each class in any yearris multiplied by its -
ranking in the base period and the product is summed obef all labour
clasées,.the resulting value is the physical laboﬁr input édjusted for
efficiengy. This quantity is called total Weighted man~hours and is
defined as WMHT,t = 1.21 MHNP,‘t + .975 MHP,t. To ébtain the reai
~dollar value of the labour input the weighted man~hours value is multi-~

—

plied by the base period average wage, i.e. 2: = v, WMHT N The labour
. s Lo

input index, based on weighted man-hours in period t is defined as

%
The value of WMET,t and %, are preseqted in Appendix 2, Table 2,
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b) Capital

The capital input in the productibn process in any year is
composed of two parts, the feturn on the reai_net stock of caplital
used during the period and the value of the éapital stock uséd up,
i;é. economic depreciation. If the gross value added series is used
for output then the capital stock services series must reflect both
parts vacapital services; this input series is known as gross - capi-
tal services. If the net value addéd output series is used then capi-
tal services should not reflect the economic depreciation and the
cépital s£ock series is net of economic depreciation; this is called

-the net capital services, The basic data are shown in Appendix 2, Table 3.

1) Gross Capital Stock Services Input:

. As in the 1ab9ur input series, the gtoss capital stock services
sefies-is the product of the gross real valué-of~the capital stock in
<any.year and the rate of return on capital in the base year. The gross
real value of capital stock is calculated as the average gross capital
used in a year deflatéd by<an<appropriafe c;pifal stock price index.

The rate of return ig the base period is equal to the value of oﬁtput
attribufable to caéital in the base year divided by the average real

Qalﬁe of phyéical capital in the base periddﬁ Since, in the base period,’
the gross value added is equal to the sum of the values of labour and
capita; inputs, the value of output attributable to capital is calculated
as VA -1 | |

‘J‘IThe real gross value of capital services in any year is defined as

G

kg The index constructed for gross capital services input is Kt = ki/kc
: - o °
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i1) Net Capital Stock Services Input

| The real net‘value of physical capital in any year is the gross
value'less the estimated real value of economié depreciation. The
rate of return on net capital in the base year is measured as net value
added in the base year less the real value of labour input divided by the
real net value of physical capital in the base‘period. The net real val-

ue of capital services is denoted by k§ and the resulting index is

N
t
Kt‘:N
k
O..

-Note that no adjustment to either capitai stock series is made to
account for the use of new machines that are of different efficiencies
_than old machines. fhis is deliberate and forcesAthe incfeased efficiency to
show up in the productivity indices as a Chaﬁgé in producﬁiviﬁy.

" ¢) Total Factor Input

The total factof input used in any period is the sum of the labour
and capitai_inputs. Since thefe are 2 laboﬁr in&ices and fwo capital
inéices, there are 4 possible total faétor inputs. Instead 6f consider-
ing each separately we will present the input series for Weighted labour

input and gross capltal services. The value of total factor input in

‘year t is equal to zt + ki The index of realltétal factor input is
e .
g+ 18
P o= bt
t G
L +k
o 0.
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. IV.VAnalysis of Productivity Measures,

1. Introduction.

Tﬁistsection will present and analyse the.productivity measures
for the logging industry. In addition, productivity measures for the
Mining, Wood Products; and Paper and Allied Products industries and
fotal.ManufacturingAwill be presented and used for coﬁparative pur-
poses. It 1s important to remember that the productivity measures and
the resulting average annual pércentage changes calculated for this
report ma§~not be equal_to the statistics calculated by other investi-
gators. The differences are due to different measurement techniques
>and base periods.yyHowever, our prodﬁctivity estimates are useful for,
ranking the industries investigated into thése with high and low
productiyity changes.,

AAs diécuséed in a previous section there are two bases.on'which to
measure productivity change, i.e. gréss or net of economic depreciation.
Althgugh we present prodﬁctivity measures based on both concepts, we have
more:faith in the gross basis.

For éach industry, both on a gross and ﬁét basis, we present two

" tables; thé-first lists the inpgt—outputldata necessary to measure pro-
dﬁctivity, in index form., The second presents the productivity indexes
botﬁ partial and total. |

| " In addition, the average annual changes in all the indexes are cal-
culated for the three following periods; 1963-1971, 1963-1968, 1963-1969,

The first time period meaéures the productivity change over the entire

"sample period. As can be seen from Table IV—l, this time period covers

two recessions, in 1967 and 1970. The second time period covers the



22,

first recession period and ends in the first year of the upturn in
manufgcﬁuring activity. The last time period waé chosen to permit
comparisons with some of the other industries. Data on capital stock

‘and depreclation for the paper and allied products industry and total manu-

facturing could not be obtained beyond 1969.

Table IV-1.

Index of Real Domestic Product, Manufacturing
and year to year percentage changes .
Base 1963 = 1.00

Year Index - Perceﬁtage Change
1963 ’ 1.000 | ‘ -
1964 . 1.096 S 9.6%
1965 | 1.195 9.0
1966 | . 1,279 | 7.0
1967 T VR | 2.7
- 1968 | 1.402 o 6.7
1969 - 1.503 : 7.2
1970 : 1,482 ~1.4
1971 | | 1.571 6.0

Source: Canadian Statistical Review, November 1974,
Selected Economic Indicators.
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: 1
2. Productivity -~ Gross Value Added Bases.( )

a) Total Manufacturing. o

Although we are interested specifically in the logging industry,
it is useful in the anal&ses to have a benchmark against which in-
dustry specific trends or changes can be compared. Therefore we pre-
sent first, the analysis of productivity changes for total manufacturing.
In Table‘IV—Z it can be seen that over the whole pexiod real value added
grew on averxage by 3.74% per ;ear. For the period ending in 1968, growth
was higher, i.e. 4,87%. The labour input series, whether weighted or |
not, increased by approximately 1.5% over the woole period. Notice that
for the shorter periods the growth rate is substantially higher. This,

)

in fact, mirrors the pattern in gross value added.

" The rate of growth of labour productivity is approximately 2.2% per year us-—.

ing either weighted or unweighted 1abour indexes. (See Table IV-3). In,addition,.‘

there is very little variation in the labour»productivity growth rates
as the sample.period varies.. It appears that roductions in output are
obtained by reducing the labour input in proportion.

The osé of capital inoreased ovér the two shortér time periods by
approximately 5.3% and resulted in capital produotivity falling at about
oQSZiper year.

Of major interxest 1s total factor productivity; The total factor
inputs grew about 42 per year on average, over the shorter somple.per—
lods. Total factor productivity until 1968 increaoed at .77% per annum.
If the period to 1969 is considered, total factor productivity increased
by ;942 per year, Thio higher growth rate reflects the increasing utiliz-
ation of capital as the economy continued to move out of the recession df

1967.

(lf'The base period for the study was 1963. The analysis was run using 1965

and 1967 as base periods. Whereas theresults in numerical value were not the .

same, the industries still had the same ranking in terms of rates of
productivity change. ‘ .
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Year
1963
. 1964
1965 -
- 1966
1967
1968
1969
1970
1971

Annual Average
Change

1963~-1971
1963-1968

1963-1969

Table IV-2.

Total Manufacturing Industries
Indexes of Value Added, Capital, Labour and
Total Factor Inputs, Gross Basis: Base = 1963

Index of

Index of

Total Labour Input Gross

Index of Real Index .. - Total Capital Total Factor Total Factor

Gross Value Manhours  Manhours  Services Input Labour’ Labour -
Added , Unweigh;ed Weighted‘ ‘ Index Unweighted Weighted
©1.000 1.000 ~1.000 1.000 - 1.000 1.000
1.080 1.050 1.068 1,046 1.048 1.047
1.159 1.104 1.101 : 1.131 - 1.117 .11116
1.212 _ 1.155 - 1.151 1.210 1.182 1,180
1.220 1.156 1.155 1.254 1.204 1.204 °
1.276 1.148 1.147 1.310 1.228 1.228
1.345 1.169 1.167 = 1.378 1,272 1.271
1.285 1.137 1.134 n.a. D.a. n.a.
1.349 1.130 1.125 ‘n.a. n.a. n.a.
3.74 1.53 , 1.47 | - n.a. n.a. N.a.
4.87 2.76 - 2.74 5,40 4.11 4.11
4.94 2.60 - 2.57 5,34 4.01 4.001
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Table 1V-3.

Total Manufacturing Industries
Productivity Indexes, Labour, Capital and Total

Factor, Gross Value Added Basis:

Labour
Productivity Indexes
Manhours Manhoursv4
Year Unweighted - Weipghted
. 1963 1.000 1.000
1964 1.029 - 1.031
1965 1.050 1.053
1966 1.049 1;qs3
1967 1.055 1.056
1968 1.111 1.112
1969 1.150 "1.153
1970 1;130 1.133
1971 1,194 11,199
Average Annual. .
Change
1963-1971 2.22 2,27
1963-1968 2.11 - 2;12
2.33 2.37

1963-1969

Base = 1963.

Capital
Productivity
Index

1.000
1.033
‘1.025
1.002
.973
974

.976

Total Factor
Productivity Indexes

Labour Labour
Unweighted Weighted
1.000 1.000
1.031 -1.032
1.038 1.039
1.025 1.027
1.013 1.013
©1.039 1.039
1,057 1.058
N.as n.a.
n.&a, n.a,
n,a. n.a.
W77 77

.92
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Therefore, for total manufacturing, productivity did not grow

- rapidly. Growing labour productivity reflects substitution of capi-

. tal for labour in the production process.

b) Logging.
For the logging industry, real gross value added has increased by

an annual average of .94% (see Table IV-4). The series displays some
variability based on the movements of the economy és a whole but the
value added increase is much smaller than that of total manufacturing
of 3.747 ove£ the whole sample time period.

Over the entire period the labour inpup index has decreased by
3.43% per annum for unweighted manhours and.3.30%ff0r weighted man~
houfs; There has beén a iarge decrease in the use of labour in the
logging industry and a very small substitutioﬁ of‘non;production for pro-
duction workers. The reduction in the labour input has some variability
depending on the measurement periodlused. In fact, it appears that the
red#ction accelerated between 1969 and 1971. . |

The negative growth rate in labour inputs compares with

the labour input increase of 1.5% per annum for all manufacturing in-

“dustries (see Table IV-2).

The small increase in output combiﬁed with ailafge decrease in labour
input results in the very large average annual increase in labour productivity.
This is4,37% when labour is measured by unweighted manhours and 4,23% with
labour measured as weighted manhours. This is higher than the average
annual increase in 1ab9ur productivity .of 2.2%7 for total manufacturing.

However, it is not correct to 1ea§ to the conclusion that labour in
logging has become much more efficient than in total manufacturing. In
Table IV-4 it is seen that the real value of the capital services input has

increased by 3.82% per year over the éample,period. This increase is about
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Year
1963
1964
1965
1966
1967
1968
1969
1970
1971

Average Annual
Change

1963-1971
1963-1968

1963-1969

Table IV-4.

. Logging Industry
.Indexes of Value Added, Capital, Labour, and
Total Factor Inputs, Gross Basis: Base = 1963.

' Total Labour Input Gross Index of Index of
Index of Real Index ' - Total Capital Total Factor . Total Factor
Gross Value Manhours Manhours Services Inmput Labour Input, Labour
Added Unweighted _ Weighted Index Uuweighted Weighted
1.000 1.000 1.000 1.000 - 1.000 1.000
1.018 1.032 © 1.031 - 1,055 1,042 1.041
1.011 999 © 1,000 1.114 1.046 1.047
1.003 1021 . 1.026  1.152 ‘ 1.074 1.076
.992 .966 971 1.179 1,053 1.056
1.014 .862 . .869 1.219 1.008 1.012
1.099 .894 902 1.276 | 1.050 1.055
1.041° . 849 .856 1.316 1.040 - 1.044
1.078 760 768 1.357 1.004 1,009
947 ~3.43% L -3.302 - 3.82% .05% .117
.28 -2.97 -2.81 3.96 .16 .24
1.57 1.87 -1.72 4,06 .81 .89
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equal to the decrease in the labour input. The productivity of capital has
decreased over the period on average 2.88% (see Table IV-5).

The very close offset of labour and capitél productivity leads one to
believe that the loggihg industry has not made any large increases in pro-
ductivity but has been substituting capital for labour without any basic
change in téchnology. This is confirmed in Tables IV-4 and IV-5. Regard-
less of how the labour inputvis measured; the avérage annual increase in total
factor inputs is negligible, i.e. .05% to .il%. The resulting average annual
increase in total factor productivity is very small, less than 1% per year.

Therefore, .it might be concluded that ﬁhé logging industry over
the sample period did not have any major technological adﬁanceé to in-
crease overall productivity. The substantial increése in labour product~
ivity occurred due to the substitution of capital for labour. ' Thus,

"even though new cépitai was introduced into the'inaustry, it did not
increése over-all productivity. Another hypothesis that is consistent
with thevproductivity measures is that new technology was introduced

“but ﬁas used inefficiently. Unfortunately we caﬁnot‘determine if new
feghnOIOgy was infroducéd since we did not have a description of thé
capital investments méde by the logging industry. Bécause capital inten~
siveness increased rapidly (see Table II-1), the latter assuﬁption

appears most plausible,
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Table IV-5.
Logging Industry

Productlvity Indexes, Labour, Capital and.Total
Factor Gross Value Added’ 33313. -Base = 1963,

Total Factor

Labour Productivity Indexes - Qapital Productivity Indexes
.Manhours Manhours Productivity Labour Labour
Year Unweighted Weighted ‘ Index Unweighted ngghted
1963 1.000 i.ooo ~1.000 1.000 1.000
1964 .986 .987 .965 977 .978
1965 . . - 1.011 Lo 5 908 .967 966
1966 .983 | - .979 871 934 932
1967 1.027 1,022 .84 . 2942 .939
1968 | | 1.177 1.168 832 | 1.006  1.002
1969 | 1.229 1.218 .861 | 1.047 - 1.062
1970 " 1.226° 1.216 R 791 1.001 . .997
1971 1.418 1.403 794 | 1.074 1.068
Annual Average |
Percent
Change
1963-1971 4,372 4.23% | -2.8$z‘ . '_ .89% .82%
1963-1968 3.26 3.11 ~3.68 | 12 .04

. 1963-1969 3.4 . 73.29 S T Y - A Y-




¢) Other Industries.

The eiscussion of these industries will be brief since they are
only used for comparison putposes,

i) Mining. .

. Tables IV;6 ann'fV-7 present the grewth ratee for the mining industry.
This industry is very interesting since it was not affected as severely by
the 1967 recession. Over the whole period, labour input grew at about
1.442 for unweighted and 1.75% for weighted'manhours. This resulted in an
increase in labour productivity of approximately 2.4%. However, the capi-
tal input‘series gren.at a staggering 8.0% per annum. The:totalgfactor
input series also grew at a very large 6.7% rate for the Whole sample
period. This resulted in total factor productivity decrea51ng at 2. 5/

The actual decrease varied with the sample period chosen but for all per-
iods the growth rate was negative. While the mining industry substituted cap~
ital for lab0ur at a high rate, it experienced reduced overall productiv1ty.

The interpretatiqn of these results is complicated by the exploitation of

of lower grade ore, -

ii)'Wood Products.

The data for thlS industry are presented in Tables IV-8 and IV-9.
This industry was not hurt as badly as the other industrles 1nvest1gated
-by the 1967 recession,‘as{seen»by gross value added. However, the labour
input series  decreased steadily from 1965 to 1970 except for 1969; The in-
"dustry ran upon very hard times in 1969 and 1970. . |

Over the whoie period gross velue added gre& at 3.02% and labour input
grew at .56% for unweighted and .50% for weighted, This implies some sub-
stitution of production for non—productionnworkers as well, Labour productiv-
ity increased by 2.4% for the whole period (2.5%‘f0r weighted‘manhours) but

there was spﬁe variability in this growth tate.’
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Year
.1963
1964
1965
1966
1967
1968
1969
1970
1971
Average Annual
. Percent
Change
1963-1971
1963-1968

1963-1969

Table VI-6.

- Mining Indﬁstry

Indexes of Value Added, Labour, Capital and
Total Factor Inputs, Gross Basis: Base = 1963.

Gross Labour Input

Value Manhours Manhours
Added Unweighted Weighted
1.000 1.000 1.000
1.104 1.016 1.017
1.156 1.059 i.062
1.160 1.061 1.072
1.242 1.071 1.084
1.301 1.090 1.106
1.317 1.053 1.076
1.456 1.141 1.164
1.394 1.122 1.150
4.15 1.44 1.75
5.26 1.72 2.02
4.59 .86 1.22

Capital
Input

1.000
1.087
- 1.18
1.280
1.396
1.512
1.636
1.755

1,899

8..02
8.27

8.20

Total Factor Input

Manhours Manhours
Unweighted Weighted
1.000 1.000
1.070 1.070
1.153 - 1.154
1.226 '1.229‘
1.315 1.319
1.407 1.411
1,492 1.497
1.603 1.608
1.706 1.713
6.68 6.73
6.83 1 6.89
6.67 6.72
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Table IV-7.

, Mining Industry 7 .
Productivity Indexes, Labour, Capital, and Total
Factor Gross Value Added Basis: Base.= 1963.

Labour Productivity ' Total Factor Productivity
Manhours Manhours Capital Manhours Manhours
Year Unweighted Weighted Productivity Unweighted Weighted
1963 1.000 1.000 ©1.000 1.000 ©1.000
1964 1.087 1.086 ~ 1.016 1.032 1.032
1965 1.092 . 1089 .976 ~ 1.003 1.002
1966 . 1.093 . 1.082. 906 .946 944
1967 - 1.160 1.146 .80 945 L9042
1968 1.194 1.176 . 860 .924 922
¢ ) .
1969 ' 1,251 1.224 . .805 .883 .880
1970 1.276 1.251 - ~.830 2909 905
1971 o 1.242 ' - 1.212 . 734 g .817 814
Average Annual
Percent
Change ,
1963-1971 ‘ 2.71 2.40 -3.87 -2.53 -2.57
1963-1968 - 3.55 3.24 - 23.02 -1.58 -1.62

1963-1969 3.73 3.37 - -3.62 -2,07 -2,13
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Year
- 1963
1964
1965
1966
1967
 1968
1969
1970
1971
Average Annual
Percent
Change_
1963-1971
1963-1968

1963-1969

Gross
Value
Added
1.000
1.056
1.083

1.102

1.126 -

1.217
1.201
1.110

1.273

3.02
3.93

3.05

Table IV-8.

Wood Products Industry ,
Indexes of Value Added, Labour, Capital and Total

Factor Inputs, Gross Basis: Base = 1963.

Labour Input :
Manhours Manhours Capital

Unweighted Weighted ‘ Input
1.000 1.000 ' 1.000
1.037 ‘ 1,031' ' 1.046
1.065 1.058 | " 1.098
1.059 C10s0 1.151
1.035 1.026 : 1.216
1.036 1.028 - 1.231
1.058 1.049 . 1.316

.995 .989 1.421
1.046 | 1.041 | 1.566
.56 .50 o 5.61
.71 .55 4,16
.94 . .80 4.58

Total Factor Input

Manhours Manhours
Unweighted Weighted
~1.000 1.000 -

1.041 1.038
1.079 | 1.079
1.098 1.092
1.111. ©1.106
1.118 1.113
1.166 1.161
1.173 1.170
1.264 1.261
2.93 2.90
2.23 2.14
2.56

2.49
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. Table 1IV-9,

Wood ProductsIndustry
Productivity Indexes, Labour, Capital, and Total Factor
Gross Value Added Basis: Base = 1963.

Labour Productivity . - Total Factor Productivity
Manhours Manhours : Capital Manhours Manhours
Year Unweighted Weighted Productivity Unweighted Weighted
1963 1.000 - 1.000 1.000  . 1.000 1.000
1964 1.018 | 1.024 1.009 1.014 1.017
1965 - 1017 1.024 < .986 1.006 - 1.004
1966 1.041 1.050 .958 1.005 1,009
1967 1.087 1.097 ..926. 1.013 1.018
1968 1.175 1.184 .989 1.089 1.093
1969 - 1.136 1.145 .913 1.032 1.036
1970 1.116  1.123 - .781 946 . 949
1971 1.216 - 1.223 | .813  1.007 1.009
Average Annual
Percent
Change o
1963-1971 2 2,52 ~2.59 .09 .11
1963-1968 - - 3.23 3.38 -.22 1.71 . 1.78

1963-1969 2,13 2.26 . =1.52 : .53 .59
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The capital input series increased 5.6% over the wnole period and
at a lower rate for the shorter time periods. Total factor input grew
. at 2.9% for the>whole period. Thus there was a net addition ef capital
in this industry. Total factor productivity, however, grew at a very |
low rate for the whole‘period, i.e. .09%2 to .11%Z. This very low rate
is probably a result of underutilized capacity during the reeession in 1969
and 1970, When.the period 1963-1968 is considered, the growth rate in total
factor productivity is 1.7%. 1968 is.at.the peak of-fhe value added series
so that this is probably an over-estimate of uhe long run p;oductivity growth
rates. A reasonable guess would put the long run growth rate in totai factor

productivity at .67 tb 7%,

iii) Paper and Allied Products.

- The output pattern of this industry is 51mllar to that of total
manufacturing with reductions in gross value added in 1967 and 1971.

The overall annual rate of growth in putput is 3.38% (see Table IV-10)
but this rate reflects the impect of the recession in 1971. The growth
rate for the period ending in 1969 1s 4.63% whlch is much hlgher The
growth rates in labour input also reflect the impact of the recession.
Over the whole period (Table IV-10) the growth rate is 1,81A (unweighted)
and for the 1963-1969 period it is 3.02%. From Table IV-11 labour pro-
-ductivity érewth rates for unweighted labour is 1.57% for the whole per~
iod and 1.60% for the 1963-1969 period. The 1963-1968 growth rate is
ver&vlow and reflects the impart of the 1967 recession.

The capital input series grew at 5.60% for 1963-1969 and 6,.18% for
1963-1968 (Table IV-10) and total factor inputs grew.aﬁ approximately
4.5% ~ 4.7% depending on the sample period.

Total factor produetivitonver'the period;l963;1968 fell at an
- annual rate of 1.587 - 1.62%Z. For the period ending in 1969, total fac-

tor produetivity rose at a rate of .07% te A%
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Table IV-10

Paper and Allied Products Industry
Indexes of Value Added, Labour, Capital, and Total Factor
Inputs, Gross Basis: . Base = 1963.

Gross ' ' Labour Input ‘ TotaivFactOr Input
Value Manhours Manhours _ Capital ' 'Manhours . Manhours
Year = Added = Unweighted Weighted . Input - ‘ Unweighted Weighted;
1963 1.000 '~ 1.000 1.000 1.000 1.000 1.000
1964 1.086 °  1.054 1053 1.061 1.058 . 1.058
1965 1.122 1088 1.089 1.165 1.130 1113
- 1966 1.188 1.156 1.159 128 1.212 1.213
1967  1.142 1.165 . 1.169  1.309 1.244 1.246
1968 1.173 1.156 1.162 1.362 1.269 1272
1969  1.320 1.199 1.205 1.406 1.312 1.315
1970 1.333  1.180 1.188 a.a. Cma. e
1971 1.311 1.156  L.163 n.a, n.a. n.a.
Average Annual
Percent
Chqnge
1963-1971  3.38 .81 1.89 n.a. | n.a. n.a.
1963-1968  3.13 - 2.90 3.00 6.18 4.76 . 4.81

1963-1969  4.63 3.02 3.10 . 5.68 4,53 4,56
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Year
1963
1964
1965
1966
1967
1968
1969
1970
1971

Average Annual
Percent
Change

1963-1971
1963~1968

- 1963-1969

Paper and Allied Products Industry

Table IV-11.

Productivity Indexes, Labour, Capital and Total

Factor, Gross Value Added Basis:

Labour Productivity

Base

Capital
Productivity

Manhours Manhours
Unweighted Weighted
1.000 1.000
1.030 l.OBi ,
1.031 1.030
1.028 1.025
.980 977
1.015 1.009
1.101 1.095
1.130 1.122
1.134 1.127
1.57 1.49
30 .18
1.60 1.51

1.000
1.024
2963
944
.872
.861

-939

1963.

Total Factof Productivity

Manhours Manhours
Unweighted Weighted
1.000 1.000
1.026 1.026
.993 1.008
980 979
.918 967
924 .922
1.006 1.004
Noe3os N.d, -
f.d. n.a.
j1 Y- .3,
-1.58 ~1.62
.10 .07
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d) Summary.
In Table IV-12, the aﬁnual average productivity cﬁarges for all
Industries and the three time periods are presented. For the whole
.Bample period, logging had tofal factor productivity increases greater
tﬁan the mining and wood products industries. For the 1963—1968 period,
1oégiﬁg total factor productivity increased more than the mining and
- paper and allied prodﬁcts and less than the other industriles. For the 1963-
1969 period, total factor producti?ity for logging increased at a higher rate
than paper and allied pr;duéts and mining; the rate of increase for wood
products was approximately equal to logging. Total manufacturing, how-
ever, dominated logging in the rate of total factor productivity increase.
The loggiﬁg industry displayéd.total factor productivity growth rates
inferior to total manufacturing but better than mining and wood products.
Hdwever; the analysis might be'mqre éonclusive if the sémple period
could be extended to 1973 and if the missing.capitgl stock series could be
obtained. '

3. Net Valhe Added Basis.

The basic difference between the productivity growth rates cal--
culated and presented iﬂ this section and those in tﬁe previous section
is that an estimate 6f economic depreciation in real terms has been
deducted frqm gross value added and capital -services.

The tables comparable to those presented in theﬂprevious section
are pfesented,in Appendix 3,but Table IV-13 summgriges the productivity
meésures on a net value added basis. Comparing Table IV-iS.to IV-~12 we find
that Fhe subtraction of our estimate:of economic‘deéreéiation has altered
thg actual productivity growth rates, but not substantially. However,,fdr
a given induétry, the relationship of growth rates to the sample time period
has not changed. Also, the position éf the logging dndustry, vis—aévis the
other industries in terms of total factor productivity growth rates has hqt

changed. -
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Summary Table IV-12.

Average Annual Growth Rates, in percent,
of various productivity indexes,
gross value added basis.

Industry.
All Manufacturing

Logging
Mining '
Wood Products

Paper-and Allied
Products

Productivity Measure.

Labour, weighted
Capital
Total, weighted

Labour, weighted
Capital
Total, weighted

Labour, weighted
Capital ,
Total, weighted

Labour, weighted
Capital
Total, weighted

Labour, weighted
Capital _
Total, weighted

Iime Period

1963-71 1963-68 1963-69
2,27 2.12 2.37
N.as "053 "-40
N.a. i <94
$.23 3.11 3.29

‘“2088 : "3:68 -2.49
.82 .04 .69
2.40 '3.24 3.37
=3.87- -3.02 =3.62
2,52 3.38 2.26
~2.59  -.22  -1.52
.11 1.78 .59
1,49 .18 1.51
n.a. -3.00 ~1.05
n.a. "‘1-62 -07




Industry
All Manufacturing

Logging
Mining
Wood Products

Paper and Allied
-Products
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Summary Table IV-13.

Average Annual Growth Rates, in percent,
of various productivity indexes,
net value added basis.

Productivity Measure

Time Period

1abour, weighted
Capital
Total, weighted

Labour, weighted
Capital
Total, weighted

Labour, weighted
Capital
Total, weighted

Labour, weighted

Capital
Total, weighted

Labour, weighted
Capital .
Total, weighted

1963-71  1963-68 196369
n.a. '2.07 2.30
Nod. cn971 =547
n.a. .75 .96

' 3.90 2.69 3.00
~2.79 ~4,21 -2.65
1.18 .04 .83
1.77 2.80 2.80
~3.95 ~2.81 ~3.53
~2.57 ~1.37 ~1.96
2.33 3.34 2.15
-3.01 .16 -1.37

-0 2.07 .70
n.a. 2.59 '2.97
n.a. ~3.92 ~1.52
n.a. -2.13 ~.10
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V. Analysis by Size of Establishment and Province.

To augment the previous analysis and to make it more useful in
.decision making, an attempt was made to study differences in total fac-
tor productivity based on the site of the establishment, measured in terms
of value of shipments, and/or aggregate differences among the three major
logging provinces of British Columbia, Ontario, and Quebec. Although
logging conditions vary within provinces, for example between the coastal
and interior regions of Britistholumbia, an inter~provincial analysis
has resultediin some Interesting insights into productiVity of the pro-
dudtion techniques apntopriate to different regions.

Labour, capital, and value added data were requested from Statistics
Canada tor~yarious size categories within each ptovince. The data were
then aggregated into three size categoriles (see Table V~1)., Unfortunately,’
Statistics Canada did nnt have the capital stock data, but the labour end
value added series for 1963 tn 1971 inclusive were provided. Since labour
' prodnctivity only can be calculated from -the basie.data, limitations are
introdueed;in the analysis of total prodnctivity by size,

The analysis of national data in the prev1ous sections shows that labour
roductivity (Tables IV~3 5,7,9 and 11) increases at the same time as capital
intensity increases (Table II-1). In additlon it can»be assumed that for a
given province the capital intensity increases with the size of the estab-
lishment. Thetefore, we would expect that labour prodnctivity should in-
crease as the size of‘the establishment incresses. This is, in fact, what
happened for the total nation and in Btitish Columbia (see‘Table V-1).
Ontario is consistent with this trend,_butAQuebee was unique since establish-
ment size'and increase in average annual labour ntoductiyity appear to be

unrelated,
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Table V-1

Average Annual Logging Industry Labour Productivity
Increase in Percent over the period 1963-1971 by
Province and Size

Size in Value
of Shipments

Quebec

A, <$99,999

B, $100,000 ~
$999,999

C, = >$999,999

Total

6.89

5.36

6.60

7,10

Provinece

| Ontario British Columbia- » Canada
2\759 : . - 0.07 2|90 N
4.39 1,54 4,08
3.95 3.20 5,68
4,33 _ 3,10 5.57
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Accordingly, it would be incorrect to infer total productivity
increases from the labour productivity growth rates., However, it is

.possible to glean some insights from the labour productivity estimates.

1, Minimum Efficlent Size (M.E.S.)

Economic theory proposes that increases in output (i.e. size) will
result in decreasing average unit production costs, This felationship
will continue until optimal economies of scale are achieved and the aver-
aée pdeuction costs level off or start increasing again. This point is
»kpown as the.minimum gfficient size. Because of competitive pressures,

firms which are smaller than this minimumbsize will either grow larger

or ﬁiil be driven out of the market. Ihereforé, for the firms below the.
M.E,S. real output would be expected to be decreasing over time reiative
to the overall output in the industry (or increases at less than the in~
dustry ratg)° If the firm is greater than the minimum’wé would-expect
increases in output relative to total industry.

Table V-2 presents the average annual percentage growth rate in out-
- put for the three size categories by province, .

Table V-2

Average Annual Percentage Growth Rate (in %) .
.- dn Real Gross Value Added by Size and Province

.Size Provinece )
"Categogz Quebec Ontario British Columbia Canada
A ~13.7  ~10,3 ~9.4 ~9,6
B «10.5 ~ 1.3 .05 ) 51,5
c 1.9 1.0 5.8 3.7

TOtal hd lul kA 092 . 301 195

H
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It is glear that for Canada és a whole the M.E.S. is slightly
gréatef than size category B. Individually,Ontario mirrors the national
relationsﬁip,‘but in Quebec, the M.E.S, 1s size category C whereas for
British Coiumbia it 1s category B. 'Thése provincial differences may
reflect different production techniques due to operating conditions
(B.C. vs., Ontario and Quebec) or management policies (Ontario vs. Quebec).

| Corrobofating evidence can be seen in Table V-3 wheré tﬁg pércentage
change in the number of establi;hments over tﬁe peribd'1963~1971 is pre-
sented for the three pro#inces and Canada. JIn all provinces and in
Canada, there 1s an increase in the number of establishments for size
category C. Only in Quebec is there not a positive increase for category B.

_2. Labour Productivity;

'VTables_V—4, V;S, and V-6 provide details of nétional and provincial.
labour productivity for size categories A, B, and C respectively. In
Tablé V~L Béth Ontario and Quebec firms with less than $i,000,000 in
shipments had labour productivity growth rates in exéess of thé average
for Canada whereas British Columbia was much smaller,

- The low productivity growth rates f&r British Columbia may be surpris-
ing to some. One posgible éxplanation is that the B.p, logging industry
-has always beeﬁ more capital intensive than the other provinces due to

the differences in terrain and tree size, especially in its coastal regicn.



. Table V-3

Number of Establishmenfs by Size
Category and by Province for the years
1963 and 1971 :

PROVINCE

. Quebec S Ontario British Columbia  Canada

Size o
Category 1963 1971 Z Change 1963 1971 7% Change 1963- 1971 ¥ Change .1963 1971 % Change
A 4 394 193 -51.0 342 246 -28.1 825 538 -34.8 2116 1376 -35.0
B 155 106 =31.6 107 134 25,2 368 446 21.2 702 826 17.7
C 43 54 25,6 23 28 21.7 59 126 113.,6 141 238 68.8
Total 592 353 ~40,4 472 408 -13.6 - 1252 1110 -11.3 2959 -2440 -17.5

*S



. Table V~4

Labour Productivity, Unweighted
Manhours, Base 1963
Size Category A,

Value of Shipments Less than or Equal to $99 999,

B RITISHEH
ONTARTIO QUEBELC COLUMBIA CANADA
Index of Index of Index of , Index of
Real Gross Labour Real Gross Labour Real Gross Labour Rezal Cross Labour
Value Labour  Product- Value Labour Product- Value Labour Product- Value Labour Product-

ar Added Input ivity Added. Input dvity Added Input ivity Added Input dvity ..
653 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
64 .811 .956 . 848 .961 . 834 1.153 .910 .926 .983 .918 .920 .998
65 . 768 . 867 .886 .836 .759 1.100 . 820 .892 .920 .828 . 843 .982
56 .673 .696 .966 .624 447 1.400 .024 . 667 . 935 . 647 ,641 1.009
657 .538 .534 1.008 .549 402 1.366 .034 .709 894 .609 . .590 1.032
58 ,S§4 . .493 1.082 428 .280 1.529 .558 .572 .975 .540 .469 1.152 -
59 .568 .524 1.083 .520 . .336  1.545 .659 635 - 1.038 .644 536 1.202
70 . 624 .548 1.138 404 «255 1.583 .523 542 . 965 .557 471 1.182
71 . 437 .355 1.230 .333 .192 1,735 471 468 1,006 . 465 .369 1.261
ge -
a1l .
ict+ -10.3% -12.9% +2.59% -13.7% =-20.6%2 +6.89% -9.4% -9.57% .07% -9.6% =12.5% 2.90%
y .
>aseé
-1971

9%



~ Table V<5 ,
Labour Productivity, Unweighted .
Manhours, Base 1963
_ Size Category C, : .
Value of Shipments $100,000 to $999,999.

ﬁ, _ BRITISH ‘
_ ONTARIO ‘ . _QUEBELC COLUMBIA CANADA
' ' Index of . - Index of _ ' Index of Index of
Real-Gross Labour Real Gross Labour Real Gross . Labour Real Gross Labour
‘Value Labour Product- Value Labour Product- Value Labour Product~ Value Labour Produc
Year Added . Input ivity Added Input ivity Added Input divity Added ‘Input divity
1963 1.000 1.000 1.000 1.000 1.000 . 1.000 1.000 °~ 1.000 1.000 1.000 1.000 1.000
1964 .982 1.097 . 895 .926 ~.911 1.016 1.002 1.021 .981 - 994 1.003 -991
1965 1.007 1.080 .932 .697 .720 .969 1.004 1.041 .964 .933 .929  1.004
1966 . 971 .970 1.001 .663 .639 1.038 .780 .870  .897 .796 .818 .974
1967 - .979 .921 1.063 598 .540 1.107 775 .825 <939 ‘ :774 .743 1.042,
1968 | _.867 .785 1,106 .580 . 460 1.259, __.882 . 856 1.030 ..803 . .687 1.168
1969 1.014 . 866 1.172 .565 . 440 1.283 .978 <947 1.032 . 881 .733 1.203
1970 - .950 .812 1.170 .502 . 386 1.298 | .947 .914 1.036 . 866 .743 1.166
i97l ‘ .902 .634 1.421 ) 430 .280 1.535 1.004 .888 1.131 . 888 . 641 1.386
iverage K ' ‘ ' '
Annual - ' _ : » o
Ef,;’i;“‘t' -1.3%7  =5.7% . +4.39%7 | -10.57 -15.9%7  5.367 .05%  -1.57  1.54%7 | -1.57  -5.6%  4.08%
Encreuse o .
1963-1971




Table Véﬁ

Labour ?roductivity, Unweighted.
Manhours, Base 1963

- Size Category C,
Value of Shipments, Greater than $999 999,
i | BRITISH ‘
ONTARTIO QUEBEC COLUMB I A CANADA
Index of _ Index of Index of ‘Index of
Real Gross Labour = | Real Gross Labour Real Gross Labour Real Gross Labour
Value Labour Product- Value Labour Product- Value Labour Product-| ' Value Labour Produc!

fear ' Added Input ivity Added Input ivity Added Input =~ dvity Added Input ivity
1963 | 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1964 .935 .973 .961 1.003 1.078 .930 - 1,106 1.043 1.060 1,051 1.048 1.003
1965 .952 .998 .953 1.130 1.058 1.068 1.197 1.085 1.103 1.118 1.058 1.046
1966 1.076 1.090 .987 1.260 1.224 1.029 1,246 1.164 1.071 1.210 1.193 1.014
1967 | 1.031 1.027 1.003 1,318~ 1.165 1,131 1.269 1.126 ~ 1.127 1.218 1.133 _ 1.076
1968 .982 .902 '1.088 1.181 .918 1.287 1.484 1.214 1,222, 1.258 .993 1.267
1969 . 1.032 .967 1.067 1.235 .856 . . 1.443 01.669°  1.386 1.204 1.347 .995 1,354 .
1970 1.058 924 1.145 1.247 . 787 1.583 1.414 1.249 1.132 1.275 .939 1.358
1971 1.082 - . 789 1.372 1;167 . 689 1.695 1.595 1.238 . 1.289 1.342 .852 "~ 1.575
\verage ‘
Annual , - ‘
’rodugt-  .99% ~2,97% '3.95% 1.9% -4.7% 6.6% 5.8% 2.7% 3.2% . 3.7% -2.0% 5.68%
lvity | : l '
Incregse
1963-1971 .




‘Therefore thére has not been as substantial a substitution of capital
for_iabour'as in the other provinces, For example, for size categor-
les A and B the labour input for British Columbia was less than the
'Canadian average, but for the largest firms, silze category C, the labour
input series increased 2.7% in contrast to a 2,0% decrease for qll of -
Canada. . Thereforé, without substantial capital substitution the B.C.
laﬁdur productivity growth rates are vefy low,

For Quebec and Ontario data from Tables V-4, 5, and 6, indicate that
B within.eéch size category the labour input series decreased more during
the target petiod Ehan the Canadian average. In fact the decreases for
Quebec.were much grea#ér than for Ontario. One possible interpfetatién _
is that.the substitution of cépital‘for labour was greater.in ngbec than
in 6ntario over the sgmpie period.

In Table V-7 detailed labour productivity for each of the provinces
- and Canada éré presented. Only Quebec has labour productivity increases
in excess éf the Canadian average of 5.57%. Unfortunately, cémparisons,
among the provinces régarding total_prodﬁctivity cannot be made because

"of the lack of capital stock data,



Table V~7

19634

' g o C L . &
Labour Productivity, Unweighted ~ Logging Activity :
~ Manhours, Base 1963 '
Size Category - Total Province. .
, ~ BRITISH I
B ONTARTIO QUEBEC COLUMBIA _CANADA
Index of Index of Index of Index of
Real Gross Labour Real Gross Labour - | Real Gross Labour Real Gross _ Labouz
. Value . Labour Product- Value Labour Product- Value Labour - Product- Value Labour Produ
Year . Added ’ Input ivity _Added Input ivity Added | Input dvity Added Input dvity
1963 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1,000 1.000
1964 .932 1.003 .929 .980 1.004 .976 1.050 - 1.018 1.031 1.021 1.017 1.005
1965 945 1.003 943 956 .928 1.073 1.092 1.041 1.049 1.037 .995 - 1.042
1966 1.014 . 1.009 1.006 1.058 973 1.087 1.026 .981 1.046 1.038 1.004 1.034
1967 | 972 937 1.037 1.075 _.904 1.189 1.038 .952 . 1.091 1.033 941 1.098
1968 914 . .820 1.115 .969 .718. 1.349 1.186 .987 1.201 1.058 .828 1.277
1969 .983 884 1.112 1.008  .681  1.481 1.332  1.113  1.197 1.146 852 1.345
1970 -993 .847 1.173 291 .615 1.611 1.163 1.022 - 1.138 1.087 .814 1.336
1971 .982 .694 1.415 914 .518 1.765 1.278 .997 1.282 1.125 721 1.561
Aéerage . : ‘ : _ |
Annugl. -, 227 ~4.6% 4.33% -1.1% -8.2% 7.10% 3.1% -.03% 3.1% - 1.5% -4.1% 5.57%
Prodyct- - ' ' '
dvity
Incrgase
19371




Appendix 15

Definition of Variables Used in Productivity Study

1. GVAt:

index of réal labour services where Lt = £,

. gross value added for the industry measured in pefidd t. This

is equal to value of industry output less purchase of inputs, i.e.
materials and supplies; electricity, etc.

net value added in period t. This is equal to gross value added

- minus current economic depreciation (measured via the proxy of

accounting depreciation).

this is a price index deflator to be used on either GVA or NVA

_ to obtain the real value of the output series. The Gross National

Expenditure implicit price index deflator is used for all indus-
tries except logging.where a specific logging price index was
constructed. ‘ . '

‘real gross value added in t

= GVAt/PIt

real net valué added in t
= NVAt/PIt

index of real gross value added, It is constructed by taking the
current value of real gross value added and dividing by real gross

value added:in the base year (1963), i.e. YG - G/ G
o - e T Ve V1963.

index of real net value added and is constructed as in (6)>above.'

‘Labour input equal to manhours paid, productioh.workers - from -~

Statistics Canada.

Labour input, manhours paid, npn—produétion workers ~ from
Statistics Canada, '

- total manhours paid = MFP’t + MHNP,t

average wage rate In base period (1963). It is calculated as total

compensation divided by total manhours paid.

. value of real labour services valued at compensation'at the base

period ~ unweighted,

L.e. Qt = E; MHT t
7 5

t
S

A
196
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Appendix 1.

tptal manhours in period t, welghted for different labour
efficiencies of productive and non~productive workers, The
weight applied to non-production manhours is the ‘average wage
rate paid to these workers as of the base period divided by
the average wage rate for all workers, A similar calculation
is performed for production workers.

value of real welghted labour services valued at compensation.
at the base period,

*
i.e, zt = Wo WMHT,t

index of real weighted labour services where Lt xt/gf '
‘ : 1963

real gross value of capital services in year t. This is cal-
culated as the real value of mid-year gross capital stock in
year t times the rate of return on gross capital measured in

the base period. .
Y
index of real gross capital services where Kf = —%%-—
| a | | k1963

real net value added of capital services in year t. This is
calculated as the real value of mid-year net capital stock in

. year t times the rate of return on net capital measured in the

base period.

index of real net capltal services where
kN

N_ Tt

t N
k196_3

index'ofltotal factor input iIn year t. This is calculated

as the sum of the real value of labour services (either weighted
or unweighted) and the real value of capital services (either
gross or net) all divided by the sum 6f the labour and capltal
input measured at the base period, 1963. For example,

A+ k : N
Ft B t t or- . 2t + kt 01‘0..‘».0.00!'0!
s G I3 V N
%1963 ¥ K1963 1963 F K163

Total factnr'productivity index in year t. This is calculated

as the index of renl value added (either gross or net) divided

by the index of total factor'input. For example, PT ¢ Yt
: : ’ F
t



Table 1(a) -~ (e)

Table 2(a) - (e)

Table 3(a) - (e)

Total weighted manhours (WMH

Aggendix 2._

Gross value added (GVAt)

Net value added (NVAt)

. Price index deflator (PIt)

Labour input, production workers (MHP,t) _

Labour input, non~prbduction workers (MHNP £)
. t

Total manhours (MH )

T,t

Unweighted value of real'labour services (2t)

T, t)

Weighted value of labour input (2 )

Capital services input data



Appendix 2
Table 1(a) - Logging

Basic data to calculate real value of output series

$H3

Real GVA(l) Real NVA P.I.(Z)
. T(s000) * ~(5000) © =t
1963 466,267 419,967 100.0
g 1964.*- | | 474,523 425,087 ~107.0
1965 471,286. 418,873 116.0
. 1966 467,526 413,999 130.8
1967 462,605 408,560 135.5
1968 s 417,199 1386
1969 512,340 | 453,509 145.8
1970’ . 485.317 425,109 143.8
1971 502,620 440,792 138.8

j(l) Logging statistics from Statistics Canada, #25 201, table 1, deflated by
“logging price index, c

(2) This index was cpnstructed as follows: For those producté shipped by estab-
. lishments classified in the logging industry (SIC code 031l) the quantities
and value of shipments for the year 1963 were used to compute weights.

" fet i be product category (e.g. logs and bolts, etc.).
: -Qi be quantity in thousands of cubic feet solid wood of product i.

V, be value of shipments of product i.

i
- Vi. 4' '

P, = == be average price of product i
Ay |

y wi be weighting for product type i

t'then w

1= i = average-price of product type i
5 ;

1
For each succeeding year, the weights Wi are applied to the quantities of wood
chipped by their corresponding product category i, Summing theqe produces the total
weighted quantity of chipment of wood products.- :
:The total weighted quantity for each year is- then multiplied by the average total

'price for 1963 to obtain the value of shipments at 1963 average prices and the 108513“
industry price 1ndex. :

T average total price =



11963
1964
. 1965

1966

1967

1968,

' 1969

- 1970

1971

Tablg'l(b) -~ Mining Industries

Appendix 2

(Mines, Quarries.and 0il Wells)

Real GVA

($000)
2,055,552
2,268,795

2,376,436

2,383,837

2,553,874

2,674,680

2,708,081

(1)

t

2,993,737 -

2,866,115

Real NVA(l)

($000)
1,793,352

t

1,983,581

2,065,584

2,048,910

2,190,166

2,281,392

2,283,059

2,539,666

2,377,007

, — — : 4
. (¥) Deflated using G.N.E. implicit price index.

Baslc Data to calculate real value of output series

PUI.t

. 100.0

102.5

105.8

@

.

110.6

118.6

123.9

129.5

133.5

(2) G.N.E{ implicit price index. Source - Statistics Canada, #13-001.



1963

1964 .

1965

2966
1967

11968

. 1969
1970

LY

ABEendix 2

Table 1(c) = Wood Industrieg

Basic Data to calculate real value of output series

(1)
Real GVA'"
-7 $6000

586,681
619,258

635,227

646,789
660,471
714,075
764,613_
651,331
746,665

Real NVA(l)
$000 °

553,781
584,729
598,708 .
608,816
620,234 -
673,283

660,986

. 604,185

694,503

(1) Deflated using price index for wood industry.

(2) Wood Industries price index.

Statistics Canada, 62-~002,

1 (2)
P.I.

100.0 -

102.5

105.3

109.6

113.7

127.4

136.8

123.1

'136.2

Source - Prices and Price Indexes,



1963

1964

1965
1966

1967
1968

; 1969

1970

1971

Aﬁpendix 2
Table 1(d) - Paper and Allied Products -

Real cval®)
© ($000)

1,193,397

1,295,537

11,339,174

1,417,584

1,362,815

1,400,441
1,574,930

1,591,057

1,564,339

t

(1) Deflated?using price index, P,I,

Real NVAél)

(5000)
1,062,397
1,153,852

1,183,072

1,248,690

1,188,315

1,219,667

1,389,258

N.a,

N.a.,

'(2) Paper and Allied Industries price index.

Basic Data to calculate real value of output series



Aggendix.Z

Taﬁle 1(e) - Manufacturing

Basic data to calculate real value of output

geriles
ﬁeal GVA(I) ﬁeal NVACl)
T($000) © T(5000) ©
1963 12,875,073 '12,089,oi3
'1564 | 13,899,692 13,069,930
. 1965 14,919,954 14,018,727
1966 15,606,018 14,637,097
11967 15,708,998 14,698,534
1968 16,428,005 15,371,353
1969 17,317,414 . 16,202,817
1970 16,538,802 nea.
1971 17,369,199 noa.
1)

Déflated using G.N.E, implicit Price Index - see Table 1(b).



Aggendix 2
Table 2(a) ~ Logging

Basic data for calculation of labour input
series using Man-~hours paid -

m, owg owy o oD e D
£000's) (000's) " (000's) ($000)  (000's) ($000)
1963 123,146 14,559 137,705 275,475 137,705 275,475
1964 127,359 14,749 142,108 284,284 142,021 284,110
1965 122,571 15,055 137,626 275,318 137,723 275,512
11966 123,651 - 16,879 140,530 281,127 140,983 282,034
1967 115,876 17,094 132,970 266,004 133,663 267,390
1968 102,000 16,657 118,657 237,371 119,605 239,267
1969 104,946 18,130 123,076 246,211 124,260 248,580
1970 100,235 16,645 116,880 . 233,816 117,870 235,796
1971 88,740 . 15,92 104,682 209,414 105811 211,673

T t:tiﬁes average 1963 wage of $2.00048
s :

L =
(}) - MH
(2) WMHT9t = .975 x ¥HP,t+ 1.210 MHNP,t The weight for non-production workers

is the average 1963 wage for non-production workers of $2.42 divided by the

total average wages., The average wage in 1963 for production workers is $1.95.

* . :
(3) Lo = WMH, times average 1963 wage.



Appendix 2

Table 2(b) ~ Mining

Baslc data for calculation of labour input
"~ geries using Man-hours paid

| N 3
MHP,t : MHNP,:: MHT,t 2‘£(1) | WMHTS? o ""i( '
| © (000's) (000's)  (000's)  ($000) - (000's) (5000)
1963 154,823 49,232 204,055 508,816 = 204,055 508,816
1964 157,227 50,170 207,397 517,149 207,448 517,277
. 1965 | 162,542 53,610 216,152 538,980 216,717 . 540,389
1966 - 158,156 58,250 216,406 . 539,614 218,745 545,446
1967 159,182 59,432 218,614 545,119 221,205 551,580
1968 160,346 62,088 222,434 554,644 225,608 562,783
1969 151,072 63,89 214,968 536,028 219,630 547,653
1970 164,835 68,060 232,895 580,720 237,495 592,199
3_ 1971 158,835 70,115 228,950 570,892 234,715 585,267

RO NN

7 t_'times' the average 1963 wage of $2.49352
s L

(2) - = g ‘
WMHT,t = .906506 X MHP,t + 1.29402 x MHNP,t The average wage rates for

1963 were $2.26039 for production workers and $3.22666 for non-production workers.

’ * _ .
‘3)&t = WMH,, , times the 1963 average wage rate.
. s L .



Appendix 2
Table 2(c) ~ Wood Products

- Baglc data for calculation of labour input

series for Man-hours paid

‘ oy £(3)

"yt "yp ¢ My ¢ 2.V WMHTEi) e

(000's)  (000's) (000'8) ($000)  (000's) ($000)

1963 155,521 29,228 184,749 340,748 184,749 340,748
1964 164,329 27,308 . 191,637 353,452 190,504 351,362
1965 - 169,301 27,454 196,755 362,892 195,372 360,341
1966 - 168,990 26,578 195,568 360,702 193,927 357,676
1967 . 165,380 25,886 191,266 352,768 189,620 349,732
1968 165,147 26,306 101,453 353,113 189,953 - 350,346
1969 168,589 26,786 195,375 360,346 193,824 357,486
1970 157,534 26,216 183,750 . 338,905 182,676 336,925
1971 165,368 27,926 193,294 356,508 192,295 354,666

(l)ﬁt = MHT c times average total wage in 1963 of $1.8444
4 s .

@) N L .
WMHT,t = ,9404 x MHPnt + 1.3169 x MHNP,t - The average wage rates for }963

were $1.7346 for produhtion workers and $2.4288 for non-production workers.

(B)Ri = WMHT N times the average 1963 wage.
. ‘



Appendix 2
_Table 2(d) ~ Paper and Allied Products

Basic data for calculation of labour input series
using Man-hours paid

|-

[

A o - -
R - M Miyp e Mip ¢ %t‘(l) WMHT,t(Z) Q':

T 000's) (000's) (000's) (8000)  (000's)  (8000)
- | 1963 169,733 49,581 219,314 541,195 219,314 541,195
1964 179,309 51,817 231,126 570,343 230,962 569,938
1965 184,072 54,467 i | 238,539 588,636 238,742 589,137

1966 194,400 59,126 . 253,526 625,619 254,208 627,302
1967 194,857 "60,565 E 255,422 630,298 256,484 632,918
1968 192,309 61,133 253,442 625,41é' 254,886 - 628,975
1969 200,019 62,941 262,960 648,899 264,274 652,142
1970 195,536 63,234 258,770 636,559 260,551 642,954
. :1971 191,811 61,616 253,427 625,375 255,054 629,390

(l)lt = MHT-t times 1963 average total wage of $2.4677
: H)

@) . o |
, WMHT,t_" « 91494 x MHP,t + 1,2912 x MHNPpt The average wage rates for 1963

‘ were $2.2578 for production workers and $3,1863 for non-production workers.

. ® . : ‘
(B)Zt = WMHT N times the average total wage in 1963,
9 .



Aéﬁen&ix‘Z

Table 2(e) - Tétal Manufacturlng

Basic data for calculation of labour input series

using Man-hours paid -

L@
2, @

- Ts'tA

Tyt

(000's)

3,015,475

(2)

3,159,972

3,320,177

3,470,885

3,483,196

3,459,884

z*(B)
t
($000)
6,495,289

6,806,533
7,151,613
7,476,235

7,502,753

- 7,452,539

3,518,804

3,419,935

14

3,393,807

Mip oo Mg ME
(000's)  (000's) (000's) (5000)
1963 2,137,077 877,498 3,015,475 6,495,289
1964 2,265,188 902,210 3,167,398 6,822,529
1965 2,384,002 945,167 3,329,169 7,170,981
1966 2,498,012 984,008 3,482,020 7,500,220
1067 2,478,916 1,007?086‘ 3,486,002 7,508,797
1968 2,458,791 1,002,822 3,461,613 7,456,264
1969 2,515,183 1,009,726 3,524,909 7,592,602
1970 2,450,058 977,471 3,427,529 7,382,847
1971 - 2,448,419 958,036 3,406,455 7,337,454
.‘F%?&t g.MHT,t times average total wage rate in 1963 of $2,15399“.
Dy |

7,579,452
7,366,490

7,310,211

= °8894'2 X MHP ¢ + 1.2694 x MHNP ¢ The average wage rates for 1963
. 9 3

. ‘were $1,91579 for production'workers and $2.7343 for non-production workers.

B *
2 = wm

T,t

times'average 1963 wage.



Appendix 2,
Table 3(a) ~ Logging,

Basic data to obtain real value of
Capital Services Input

Ram—

(2)

)

@

To obtain value of gross stock of capital the mid-year gross stock of capital

. for buildings, engineering and machinery and equipment were summed and deflated

' by the appropriate implicit price index. The price indexes were obtained from
Statistics Canada, #62-002, Table 20. '

The value of capital services was obtained by multiplylng values in column (1) by
the following ratio:

real GVA, oq; - labour value in 1963 _ 466267-275475

real value of gross stock of phys- ‘ .QQAZQQ
.ical capital in 1963

22372

The real value of net stock was obtained by'subtracting from column (1)'the real
~ value of economic depreciation in each year,
.CA)Column (4) was obtained by multiplying column (3) by the following ratio'
real NVA1963 = labour value in 1963 _ 419967-275475 _ 30684

1963 value of net stock of physical 470900
- capital .

() (2) e @

Value of Gross Value ofAGross(z)‘ Value of Net(3) Value of Net(_

Stock of Capital Capital Services Stock of Capital Capital Services

~in constant 1963 Input in constant in constant 1963 Input in constan

$000 1963 $000 $000 1963 $000
o G ’ N

ky ' ke -

1963 804,400 190,792 470,900 144,492 i
1964 . 848,938 201,356 - 494,332 . 151,682
1965 896,052 . 212,531 " 527,272 161,789
1966 926,395 h 219,727 552,454 | 169,516
1967 - 948,446 224,958 567,567 - 174,154
1968 980,198 232,489 577,121 177,085
1969 1,026,296 243,423 596,389 182,997
1970 1,058,916 251,159 610,755 187,405
1971 1,091,550 258,900 617,830 189,576



@

Appendix 2,

Table 3(b) ~ Mining.

Basic data to obtain real value of
Capital Services Input

(1)

Value of Gross(l)
Stock of Capital
in constant 1963

(2)

Value of Gross
Capital Services
in constant 1963

(3)

Value of Net
-Capital Stock
in constant 1963

(4)

Value of Net
Capital Services
in constant 1963

(4).

xeh)

See footnote (1) Table 3(a).

+233023 (see footnote (2), Table 3(a)).

3
- (4)

See footnote (3) Table 3(a).

__$000 $000 $000 _ 5000
1963 6,637,700 1,546,736 4,676,800 1,284,536
1964 7,215,755 1,681,436 5,019,135 1,378,562
1965 7,858,868 1,831,296 5,404142° 1,484,309
1966 8,497,564 1,980,127 5,824,556 1,599,780
11967 9,263,787 2,158,674 ' 6,350,744 1,744,304
1968 10,035,399 2,338,478 6,847,727 1,880,806
1969 10,859,122 2,530,424 7,360,880 2,021,749
1970 11,647,532 2,714,142 7,855,958 2,157,728
1971 12,602,849 2,936,752 8,497,442 2,333,919

Capital services is obtained by multiplying column (1) by the value of

Capital services is obtained by multiplying "column (3) by the value of
2274661 (see footnote (4), Table 3(a)), .



. Appendix 2f

Igble 3(c) ~ Wood -Industries

- Basic data to obtain real value of
Capital Services Input

1) (2) B <) (%)
Value of Gross(l) Value of Gross(z) Value of Ne;(B) Value of Net(4) 
Stock of Capital Capital Services = Capital Stock - Capital Services
"in constant 1963 in constant 1963. in constant 1963 in constant 1963
___§000 $000 o $000 | $000
1963 907,700 . 245,933 530,700 213,033
1964 949,782 . 257,335 - 553,136 222,039
1965 - 996,677 270,041 580,341 232,960
| 1966 1,045,191 : 283,185 600,496 | 241,050
1967 1,103,646 299,022 | 634,307 254,623
1968 - ¢ 1,117,803  ° , 302,858 639,780 . 256,820
11969 1,194,508 323,641 688,180 276,248
1970 1,289,393 . 349,349 757,090 303,910
1971 1,421,599 385,169 . 846,703 339,883
(1) rote | g
*"“See footnote (1), Table 3(a).
- (2)

' u.'Capitél serQides is obtained by multiplying column (1) by the value
T 4270941 (see footnote (2), Table 3)).
(3 e

4)

See footnoteJB, Table 3(a).

Capital services is obtained by multiplying.columﬁ.(3) by the value -
.4014189f(see'footnote (4), Table 3(a)), o



Appendix 2,

Table 3(d) ~ Paper and Allied Products

Basic data to obtain real value of
Capital Services Input

(2)

017708 (see footnote 2, Table 3(a)).

&)

See footnote '3, Table 3(a).

Capi*al services is obtained by multiplying column (1) by the value

(A)Capita1>services is obtained by multiplying'columﬁ (3) by the value
«23952 (see footnote (4), Table 3(a)).

W (2) (3) )
Value of Gross(l) Value of Gross(z) Value of Net(s) Value of-Net(4);
Stock of Capital Capital Services Capital Stock Capltal Services
in constant 1963 in constant 1963 in constant 1963 in constant 1963 .
$000 $000 $000 $000
1963 3,683,000 ' 652,202 2,176,000 521,202
1964 3,909,428 692,299 2,312,326 553,855
1965 4,291,795 760,010 2,553,739 611,679
1966 - 4,632,624 820,366 ' 2,790,176 668,311
1967 4,822,744 854,033 2,935,036 703,009
1968 5,017,553 . - . 888,531 3,038,448 727,778
1969 5,179,130 917,143 . 3,115,990 746,351
1970 n.a, ’ : Ned, ‘ n.a, N,a.
1971 nﬂaﬂk . .neao - noau nqau
() S
'"“See footnote (1), Table 3(a).




Appendix 2,
Table S(e) ~ Total Manufacturing

Basic data to obtain real value of
Capital Services Input

@ @) (3) %)

Value of Gross(l) Value of Gross( ) ~ Value of Net(B)A Value of Net(a)
Stock of Capital Capital Services Capital Stock Capital Services
in constant 1963 in constant 1963 in constant 1963 in constant 1963

1968

__$000 $000 $000 $000

1963 22,760,000 6,379,784 14,022,000 5,593,784

1964 23,860,238 6,671,370 14,667,641 5,851,349

1965 25,737,110 7,214,288 15,900,258 6,343,076

1966 27,541,127 7g719,967 | 17,098,805 6,821,211

1967 28;535,219 7,998,617 17,762,985 7,686,172

29,806,593 8,354,992 18,480,366 ?,372;356

1969 © 31,358,031 8,789,871 - 1903429494 7,716,284
1970 nal . : nla. . nea
1971 " nea. _ n.a. ' f>' | n.a, ’ n.a,

,'jc)

B See footnote (1), Table 3(8)0
4 (2 )Capital services 1s oEtained by multiplying column (1) by the value
' «280307 (see, footnote (2), Table 3(a)). w

3)
()

Seé‘foofnote 3), Table 3(a).

Capital services is obtained by multiplylng column (3) by the value
2398929 (see footnote (4)9 Table 3(a)).
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Net Value Added Basis Iables




Aggendix 3.
Table i._

Total Manufacturing Industries
Indexes of Value Added, Capital and Total
Factor Inputs, Net Basis: Base = 1963.

Index of
Total Factor

Labour
ﬁﬂeighted

o Net Index of
Index of Real Total Capital . Total Factor
_ . Net Value Services Input . Labour
XSEE, Added __Index - Unweighted
1963 . 1.000 1.000 1.000
1964 1.081 1.046 o480
1965  1.160 1.134 - 1.118
1966 - 1.211 1.219 1.185
1967 - .- 1,216 1.267 . 1.207
1968 3 1.272 1.318 1.227
1969 1.340 1.379 1,266
1970 o . Mea, noa, _ o noéu
'1971 o n.a. ' n,a,- »FA :fnoao
.’Aﬁeragé'Annual |
Change A
19631971 e e
| 1963-1968 4,81 ~ 5.52 4.09

' 1963-1969  4.88 5,36 © 3,93

1.000
- 1.047
1.116
1.183
1,207
1.226

1.265

4,08

3,92



Appendix 3.
Table 2.
Total Manufac:uring Industries

. Productivity Indexes, Labour, Capital and Total
‘Factor, Net Value Added Basis: Base = 1963,

Total Factor

Labour Productivity Productivity Indexes

‘ Indexes Capital
_ Labour _ Labour Productivity Labour “Labour
Year Unweighted » Welghted Index Unweighted Weighted
. 1963 1.000 1.000 1.000 1.000 | 1.000
1964 1.030 1.031 1.033 . 1.031 1.032
1965 . 1.051 1.054 1.023. 1.038 1.039
1966 1.048 1.052 993 1,022 | 1.024
1967 - 1.052 - 1.053 .960 1.007 . 1.007
1968 - 11,108 1.109 965 1,037 1.038
1969 1.146 : 1.148 .972 | 1.058 ©1.059
1§70 ' n,a; n.a.. _ n.8, - - - n.a. N.a.
1971 n.a. ‘Mo, n.a. _ n.a. » nea.
Averaée °
Annual
Change
© 1963-1971 - - - -
| 1963-1968 2.05 2.07 -, 71 s .75

.1963-1969 2,27 12,30 —o 47 . .94 .96



Year
1963
1964
1965
1966
1967
1968
1969
1970
1971

A&érage Annual
- Change

1963-1971
1963-1968

- 1963-1969

Appendix 3,

Teble 3,

" Logging Industry

Factor Inputs,

Net Basis: Base = 1963.

Indexes of Value Added, Capital, and Total

Real Net Value
Added Index

1.000
1.012
. 997
<986
.973
<993
10080
1.012

1.050

«61%
-'014

1.28

Real Net Capital
Services Index

laOOO
1.050
1.120
1.173
1.205
i¢226
1.266
1.297

. 1.312

3.39%
4.08

3.93

Index of Total Factor Inputs

‘Labour

Unweighted
1.000

1.038
1.041
1.073
1.048
.987
1,022
1.003

", 050

-.647
"'026 7

<36

Labour
Weighted

1.000
1.038
1.041
1.075
1.051

.991
1.028
1.008

.955

-.58%
-.18

- 46



Total Factor, Net Value Added Basis:

Appendix 3.

Table 4.

Logging Industry
Productivity Indexes, Labour, Capital, and

Base = 1963.

Labour Productivity

Manhours
Year: Unweigh;ed
1963 1.000
1964 981
‘1§65 998
1966 966
1967 1.007
1968 1,153
1969 1.208
1970 1.193
»1971: 1.381
Ayéf&ge.Annﬁal
Change..
1963-1971 4,04%
. 1963-1968 2.85
3.15

1963-1969

Manhours

Weighted

1.000
.981
-997
2963

1.002

1.144

1.197
1.183

1.366

3.90%
2,69
3.00

Capital: Total Factor
Productivity Labour -
Index Unweighted
1.000 1.000
.964 975
- .890 958
. 841 .919
.807 ,928
. 810 1.006
.853 1.057
. 780 1.009
.800 1.105
-2.79% 1025%
=4.21 .124
=2,65 .92

Productivity

Labour

Weighted
1.000

<975
.958
<917
<926
1.002
1.051
1.004 .

1.099

1.18%

.83



Appendix 3.
Table 5,
Mining Industry

Indexes of Value Added, Capital, and
Total Factor Inputs, Net Basis:

Base = 1963,
Net Total Factor
: Value Capital Manhours Manhours
_ © Year Added Input ‘Unwelghted Weighted
. 1963 1,000 1.000  1.000 7 1.000
1964 1.106 1.073 1.057 1.057
1965 1,152 1.156 1.128 1.129
1966 ©1.143 1.245 | 1.193 1.196
1967 ©L.221 1.358 1.277 1.280
1968 = 1.272 1.466 11.358  1.363
1969 1.273 1.574 1.426 1.433
1970 . 1.416 1.680 o 1.527 1.533
1971 _1.325 1.817 1.620 1.628
Average Annual |
Percent .
Change ]
1963-1971 3.52 7.46 . 6.03 6.09
1963-1968 . 4.81 - 7.62 o 6.12 6.19

1963-1969 4.02 7.56 ‘ 5.91 6.00



Appendix 3.
Table 6. .

Mining Industry
Productivity Indexes, Labour, Capital, and
Total Factor, Net Value Added Basis:

Base = 1963.
Labour Productivity . ‘ Total Facfor
Manhﬁurs | Manhours ' Manhours Manhours
Year Unweighted Weighted Capital ~ Unweighted Weighted:
1963 1.000 1.000 1,000 - 1.000 1.000
1964 1.088 ~ 1.088 1.031 1,046 1.046
1965 1.087 ©1.085 .997 1.021 1.020
1966 1,077 1.066 .917 .958 ~ 955
1967  1.140 1.127 899 L9057 .954
1968 1.167 1150 .86 .937 .934
1969 - 1.208 1.183 .809 .893 .889
1970 C1.261 1.217 .843 .927 .924
1971 1.181 1.152 - .729 .818 .814
:Average'Annual
Percent
Change
1963-1971 2.08 1.77 S -2.51 ~2.57
1963-1968 3.09 2.80 ~2.81 ~1.30 ~1.37

1963-1969. 3.15 2.80 ~3.53 - -1.89 ~1.96



Appendix 3.
Table. 7.

Wood Products Industry
Indexes of Value Added, Capital, and Total
Factor Inputs, Net Basis: Base = 1963.

Net Total Factor

Value Manhours Manhours
Year Added Capital Unweighted Weighted
1963 1.000 1.000  1.000  1.000
1964 1.056 1.042 1.039 1.035
1965 1.081 1.094 1.076 . L.071
1966 | 1.099 1,132 1.087 1.081
1967 1.120 1.195 1.097 1.091 -
1968 1.216 1.206 1.101 1.096
1969 | 1.194 © 1,297 1.150 1.144
1970 - 1.091 1.427 - l.161 1.157
1971 1.254 1.595 1.258 1.254
Average Anﬁual ° |
Percent
Change
11963-1971 | 2.83 5.84 2,87 2.83
1963-1968 3.91 3.75 1,92 1.83

1963-1969 2.96 4.33 2,33 2,24
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. Table 8.
Wood Products Industry _ L

Productivity Indexes, Labour, Capital, and
Total Factor, Net Value Added Basis:

Base = 1963,
‘ Labour Productivity : . Total Factor
Manhours Manhours Manhoﬁrs Manhours
Year Unweighted Weighted Capital Unweighted Weighted
1963 1.000 1.000 1.000 1.000 1.000
1964 1.018 1024~ 1.013 1.016 1,020
1965 1,015 1,022 988 1.005 1.009
1966 1.039 1.047 971 1012 1.017
1967 1,082 1.091 937 1,019 1.026
1968 . 1.173 1,182 1.008 ~ L.104 1.109
1969 - . 1.129 1,138 .921 ~1.038 1,043
1970 1.097 1.103 .765 .940 .943
1971 1.200 1.205 .786 » .997 .999
'Aéerége Annual .
Percent
(Change |
1963-1971 2.28 2.33 301 -0k -.01
1963-1968 3.19 3.34 .16 | ©1.98 2.07

1963-1969 2.02 2.15 ~1.37 .62 .70.



Appendix 3.
Table 9.

Paper and Allied Products Industry
Indexes of Value Added, Capital, and Total
Factor Inputs, Net Basis: Base = 1963.

Total Factor

Net
Value . Manhours Manhours
Year _ Added Capital - Unwelghted Weighted
1963 1.000 1.000 1.000 1,000 -
1964 1.086 1.063 1.058 1.058
1965 1.114 1.174 1.130 1.130
1966 1175 1.282 1.218 1.220
1967 1.119 1.349 1.255 1,257
1968 1.148 1.396 ' 1.274 | 1.277
1969 1.308 1.432 ©1.313 1.316
1970 _ Nea. N.a. . n.a. n.a.
1971 n.a. n.a. n.a. N.a.
‘Average Annual |
Percent
Change
1963—1971 ) . Mea. - N.a. n.a. N.a.
1963-1968 2.76% 6.67% - 4, 85% 4,.89%

1963-1969 4.48% 5.98% 4.54% 4.58%



‘Paper and Allied Products Industry

Apgendix 3.
Table 10.

Productivity Indexes, Labour, Capital, and Total

FaqtorlfNet Value Added Basis:

Base = 1963.

, Labour
Manhours Manhours
Year v.Unweighted Weighted
11963 1.000 1.000
- 1964 1.054 1.053
1965 1.081 1.082
1966 1.143 1.146
1967 | 1.142 1,145
1968 1.131 1.138
1969 1.188 1.195
1970 Nodo N.a.
‘ 1971 . C Ned. Nod.
,_Average,Annual'
Percent
Change
1963-197], n.a. n.a.
1963—1968, 2.46% 2.59%
1963—1969 2.87% 2.97%

Capital
1.000

1.022

.949 -

917
.830
.822
.913
N, a.

N.a.

N: a8,
-3.927

'”lﬂ 52%

Total Factor

Manhours

Unweighted

1.000
1.026
.986
<965
.892
..901
.996
n.a.

N.a.

Manhours
Weighted:

1.000
1.026
.986
.963
890
. 899
.994

N.a.

—y




ORGANIZATION FACTORS AFFECTING INNOVATION
IN THE FOREST HARVESTING INDUSTRY. ’

Mansfiéld'sl»research into technological change and innovation has

P
|

fcqnéidéred several facets. The first is the use of total factor pro-
Aductivity indices to measure the effectiveness oﬁ innovation for an
industry.' Total factor.productivity considers the change in’ output in
.feiation to the total input comprised.of both labour and capital. The
feport entitled, "Total Factor Productivity as a Measure of Innovation
in the Forest Harvesting Industry", indicates that the Logging industry
may not have béen very efféctive in obtaining a reasonable return on its
investment in capital equipment as capital has been substituted for 1abouf.
Since the.rate of substitutiﬁn of capital for labour was high between 1963
and 1971,1§he 1oggiqg industry’'s effectiQeness in.increasing productivity
was nearly zero, considerably below that.of total manufacturing in Canada.
fhe_second facet introduced by Mansfield.is composed of the environ-
mental influence on the industry. These consis;ﬁof the labour supply,
legal constrainﬁs, quantity and qualify of éapital equipment available
from ménufacturers,'the market structure, governmental and other public
influences, the resource base, and the amount of.reséarch and-development.
conducted_in universities and other external agencies. The industry can
interact witﬁ and.influence directly the amount of research and develop-
ment Qonducted outside; its labéur supply and the quantity and qﬁality of

equipment. available from manufacturers.

1Maﬁsfiéld, E. The Economics of Technological Change. Mew York: .
W.W. Norton,_l968. Mansf{ield, E. Industrial Resenrch ard Technala-iecnl

Innovation: An Econometric Analysis, N.Y.: W.w. lorton, ivod. |, caasticld,

E.,'RapOport, J., Schnee, J., Wagner, S., & Hamburger, M. Research and
Innovation in the Modern Corporation. N.Y.: W.W. Nortom, 1971.

KT
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However,Athe industry needs to place primary emphasis on adaptat;On
fto governmental, public and legal constraints and a chaﬁging resource
base. The market structure for the logging industry as an external in-
fluencé woﬁld appear initially to fit the latter - or adaptation - category
since loggihg feeds directly into two priméry manufagturing industries, wood
products and paper and allied products, However, the logging ihduétry is
”becoming increasingly integrated into both the wood productslggg‘péper
Avand allied products industries so that cganges in one interact directly
with thg.éﬁhers and can produce improved productivity acréss‘all thrgg.
_The third>facet which Mansfield postulatés as affecting technological
‘change.ié composed of.factors internal to:the organization. Theée include
tﬁe organiZétién structure, management syétems (decision proéesses, style
and.qhafacteristics), and employee characteristics. Legendre2 summarized
fmany of these internal factors in a p;per suggesting changes in organiz-
" ation structgre; leadership styie and ;dmpepsation,
'.Contempbrary organization theory combines the analysis of the inter-
nal environmments by relating if directly to the external epvironment,
.For examﬁle,:centralization, standardization, and formalization as
organiiation structure variables are takep from Weber&s Theory of Bureau-
Cracy,'but these are primarily internal structural considerations.

3 . ' AP
Thompson™ and Lorsch4 relate internal segments of the organization to

2Legendre, C. Improving productivity: expensive hardware, better

. qualified workers, how about organization? Paper presented at the 54th
Annual Meeting of the Woodlands Section, Canadian Pulp and Paper Association,
Montreal, Quebec, March 18-22, 1973. '

-3Thompson, J.D. Organization in Action. New York; McGraw Hill, 1967

4Lors_ch, J.W. Product Tnnovation and Orcanization. New York:
Macmillan, 1965.
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segments of the external environment. As any segment of the external
environment, such as harvesting equipment manufacturers, becomes more

and more critical.to the operation of the.organization, the organiz-
ation must develop an increasingly effective ability to interact effect-
ively with thataspect of the environment. Lawrence and Lorschs use the
term differentiation to describe the identification of a functional group
kdepartment) which must be developed to work with a segment ef the en~-
vironment which is of primary ;mportance to the effectiveness of the
ofganization. When there is little change in the external enviyronment,
the organization interacts with it in a very simple, routine manner, but
as the external environment becomes more and more dynamic,‘the organiz-
ation must develop increasingly flexible end sophisticated means of ﬁ
vinteraction6. In logging, equipment manufacture:s progressed slowly
dufing the 1950s to introduce the skidder,as a simple replacement for a
current method. This did not force the’ harvesting system to change.

Thus logging organizations could respond in a simply structured, decen—
tralized fashioet Suddenly equipment development activities mushroomed
to introduce many new machines and methoes of harvesting wood. Whether
the logging industry has changed its organization st;ucture and manager-
ial methods sufficiently to adapt effectively to innovation in logging
equipment 1s a question not fully answered by the.industry data provided.
in "Total Factor Productivity as a measure of Ineovation in the Forest

Harvesting Industry". The data in that report only indicates that capital

5Lawrehce, P.R. and Lorsch, J.W. Organization and Environment:
Managing Differentiation and Integration. Boston: Harvard University, 1967.

6Burns, T. and Stalker, G.M. The Management of Innovation. London:
Tavistock Publications, 1961. Lynton, R.P. Linkinz an innovative sub-
system into the system. Administrative Science Quarterly, 1969, 14, 398-414.




U

input has not been substituted effectively for labour input.

For a pilot comparison bf’the structures of innovative and less in~
novative logging organizations, the division of labour (specialization) and
cent:alization variables of Pugh and his assoéiates7 were included.in étruc—
turg&xinterviews which also involved the capital investment decision bfo—
ceés of the firm. Concurtently the logging organizations were asked to
provide the labour and capital input and outpuﬁ data necessar& to-develbp
a total factor productivity index for each firm as a mgasure‘of that firm's

: . . . 8 ; . . P
effectiveness in innovation . Nine firms involved in logging in Quebec and

' Ontario offered to cooperate with our research,and data from seven of these

were used in our analysis. Eight British Columbia firms participated along

with two from the northwestern United States, Only the data from theiB.C.

firms could be used in the analysis.

I. INNOVATION IN FOREST HARVESTING
FIRMS ‘

An infention has no significance until it is appliedg, and the initial
Vapplication, an innovation, is expensive énd time consuming. However ﬁo
qompensate for the inconvenience successful innovators grow faster than
less innovative firms as a result of innovationlo. Thus investment in new

technology appears to be worthwhile. To study what constitutes effective

7PUgh, D.S., Hickson; D.J., Hinings, C.R.,.ahd Turner, C. Dimensicns -
of Organization Structure. Administrative Science Quarterly, 1968, 13 ,
65-105." '

8Mansfield, E. The Economics of Technological Change. op. cit.

9Mansfié1d, et al, op. cit.

lOMansfield, E. Industitial Research and Technological Innovation, op. cit.
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innovation in new forest harvesting systems, eqyipment, and methods, it
was assumed that effective innovation would create a growth in productiv-
ity equal to or greater than that for total manﬁfacturing in Canada. For

1.
|
.example, the capital input must not increase as rapidly as the output when

the labour input relationship is constant or labour input should not be

displaced by capital input on a one to one ratio.

Few attempts have been made to develop a total factor productivity in-

dex at the level of the indiyidual firm, but two references were available,

Craig aﬁd Harrisll proposed using total productivity measurement as a
means of evaluating trade~offs between various inputs such as better mater-
ial for less labour, etc. to show a 'return on invested capital. Olley12
compared Bell Canada with selected industries to support its brief to the
Canadian Trgnsport Commission that Bell's over-all productivity was in-
‘creasing. Bpth assumed that management was equally effective in using

the various inputs while the interbretation of our data is that the
Logging industry has not been as effective in utilizing its capital és it
has been in managing its iabour input.- Itiis inferred that the limitations
in managing-the capital input are the résult of ineffective processes for
managing innovation. It wés not feasible to deveiop total factor product-
" ivity indices for each firm because only four of our sample of fifteen
wereable to provide adequaFe capital services data as requested (see
. Table I-1). .
Future work will include the development of substitute measures of

s

innovation such as the following:

11 .
Craig, C.E. and Harris, R.C. Total Productivity Measurement at the
Firm Level. Sloan Management Review, 1973, 14 (3), 13-29,

12011ey,-R.E._ Application to Canadiah\Trénsport\Commission. Part B.

February, 1974,
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TABLE I-1, .

DATA REQUIRED FOR PRODUCTIVITY ANALYSIS
OF LOGGING OPERATIONS

The following data are required for the logging operations managed by
firm for the period 1963-1971. Annual breakdowns are necessary.

1) Physical quantities (by type of product, in cunits, is possible)
of shipments of goods of own production.

2) Value of shipments of goods produced, net of allowances, sales
taxes, excise taxes and duties, and charges for outward trans-
portation by common or cbmntract carriers. Include revenue from
repalr work and amounts received in payment for work done on
materials owned by other establishments.

3) Non-logging revenues (a) depreciable fixed assets produced by
owvn work force for own use; (b) revenue from sale of purchased
wood residue (wood chips, etec.). Exclude non-operating revenue
such as real property rentals, dividends, interest.

4) Laid down cost of fuel and electricity, and materials and sup-
plies purchased for logging operations only. This should in-
clude maintenance and repair supplies not chargeable to fixed
assets accounts, and any amounts paid to others for logglng
work done on a contract basis.

5) Costs of non-logging commodity inputs such as cost of goods
purchased for resale and cost of materials and supplies used
in the performance of repair work or work done on materials
for other establishments.

6) Employees:

(a) Production and related workers - logging activity
(i) Number of employees
(ii) Manhours paid
(iii) Wages in dollars

(b) Total employees
(1) number of employees
(ii) total salaries and wages

7 Inventéries:

(a) Goods produced ~ value of inventories of wood produced
in Canada; opening and closing figures.

(b) Goods purchased for resale - value of inventories of
goods purchased for resale; opening and closing
figures. Inventories owned in Canada only.

8) TFixed Capital:

(a) Year-end Gross Fixed Capital Stock
(b) Year-end Net Fixed Capital Stock
(c) Capital Comsumption Allowance



1. Identification of those firms which:

a,

b.

At least partially fgnded the research and devel-

opment of a new harvesting machine or system.

Cooperated with equipment manuf;cturers in the test

of a prototype;

Were first in evaluating/acquiring an invention.

First evaluated/acquired an invention which became success-

ful in contrast to those who evaluated/acquired an invention

" which phased out of existence before it was financially success-

ful.

2. The amount of time and/or money used to '"debug'" an innovation, i.e.-

when it achieves its optimum achievable output.

3. The per cent availability of present equipment.

4. The change in capital investment for forest harvesting equipment

and systems.

"Data appéar to be available on the leasing and purchase of new equipment

by forest harveéting organizations 3.

II. ‘RESEARCH AND DEVELOPMENT IN LOGGiNG
EQUIPMENT AND SYSTEMS.

Eight British Columbia based and seven Ontario and Quebec forest product

firms were interviewed about their research and development budgets and

activities (see Appehdix 1 for the interview outline). One executive indic-

ated that no research was being done in Canada By forest products firms.

This statement might be construed as true if the very small investment in

13811versides. C.R. Personal Comnnmunication. February 20, 1975.
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‘Research and Development is compared to total output or even capital

.. investment.

‘The principle effort was in applied development activities where
,.minor médifiqations are made to existing equipment., The amount of effort
{wésﬁormélly small enough that the cost is absorbed as a part of.budgeted
méintenance expense; In isolated instances modifications were done again
~ and again Qntil a relatively new piece of equipment evolved. Eleven com-
panies reported this kind of activity, and there were no regional differ-

ences. ” .
. VSeveral firms also considered the lease and trial of new equipment

and rélated economic studies as experimentation -- a type of research

and development activityvif it affected the harvesting system. Some firms bud-~

geted for this activity on a project basis, others absorbed it in their
generai operat;ng.budget. Sugh projects were usually assigned to a super-
intendent to be tried as part of his usual day-to-day operations, but
special assistance was not made availabie to him, |

All éeven Eastern firms reported cooperation with'equipment eval-
uation studies by the Pulp and Paper Research Institute of.Canada oxr with
manufacturers. Three of these reported that funds were provided to PPRIC
for research and development.

Two westerﬁ firms identified ad hoc projects which were extensive
énough sysﬁems‘changes or machine designs to be considered as research.
In each case the projects were promoted and followed-up at the wood;ands
éxegutivg level.

It éppears that not only is the financial investment iﬁ research
and dévélopment small, but the effort is not a cbntinhing one as re-

quired to achieve results in such long range activities. Develono. ot
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and experimentation activities receive a limited amount of management
attention because responsibility for the activity is divided amongst mainten-
ance expenses, staff personnel (Logging Deveiopment Manager), and all levels
of operations while the latter must also spend full time on normal operations.
Under such circumstances it is difficult to develop the technical skills
essential to Qanage effectively increasing amounts of capital equipment and

to contribute innovative ideas for capital expenditures.

Y

III, THE CAPITAL INVESTMENT PROCESS

Fifteeﬁ firms, eight headquartered in British Columbia (West) and seven
in Ontario and Quebec (East), participatéd in complete interviews involving
~ the process'used to decide upon, implement‘and evaluate capital investments
(see Appendix 2 for the interview outline). Sections 1 through 4 describe
the process used in developing ideas about pbtential capital investments
and deciding which ones to fund. Section 5 describes the methods used for
implementing the decisions while section 6 descfibes the evaluation of the
decisions after implementation.

This aspect of the pilot study was difficult to analyze sincé many
firms were systematic in developing and implementing replacement and
additions like their present equipment but were not systematic in devel-
oping proposals for new or innovative equipment ér ;ystems.

1, Developing Capital Investment Ideas.

Most capital inveétment ideas came from lower level operating
personnel looking at short-term operating problems. Their emphasis was
on replacement and additions (for expansion) of present equipment. These in-
dividuals obtained ideas from site visits made by equipment manufacturing
representativés. Some reference was also made to trade'journals, trade
fairs and indus;ry meetings, but the major secondary source‘was visits

to other companies.,
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At times there were speclalized personnel who appeared to be clearly

responsible for new ideas and maintaining contact with manufacturers, but

the responsibility was normally very diffuse. Executive level personnel

entered the process when a major system change 5: capital investment was
involved.

No firm had access to its own research or advanced development tech?
nology. In the East there were several references ﬁo the Logging Oper-
ations Group (LOG) committee of the CPPA, manufacturers trade fairs and
industrial association meetings.

The development of innovative ideas appears to be a weak area.within
the capital investment decision process without research, development, or
high technology personnel directly responsible for eUCh an activity.

2. Developing a Capital Investment Proposal.

Capital investment requirement514 aﬁﬁeared‘to be t&pically based on a
logging plan, i.e. the volume to be prpduced, derived from a combination
of mill (customer) requirements and the allowable cut (foresters). Using
current productivity, equipment availability and maintenance costs, the
field personnel developed a replacement'schedule with cost estimated.
Additional equipment, similar to that.already in use, was also included
to achieve required productivity goéls. Id many fifms the lower level of
supervision was also expected to propose expenditures for new equipment
which would be compatible with the present system,but this step at the
camp level primarily produced ;equests for replacements and additions.

| For those firms using contract logging as well asbthose using their
own eﬁuiﬁmemt, requests'for capital investments onlfotal new equipment

and/or those requiring changes in the system of logging occurred at the .

middle management or executive level. Typically a Maintenance Superintendent,

14Firms that leased equipment prepared capital budgets in a similar
manner to those who purchased it. .

st
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Equipment Coordinator or Logging Development Manager was expected to

aid operations middle management or executives in proposing new equip-

~ment. Special project teams to evaluate new systems or new equipment were

_set up‘in only th?ee.firms to aid in proposing new capital'equipmeﬁt pur-
{chaseSJ

Since the primary source of capital investmént proposals was lower
level field supervision, who we:e\expected to coﬁcentrate on short-term
operating problems éndwerelimited in their authority to initiate capi;
tal expendifures, innovative proposals for equipment are limited. Lower
level personnel in most organizations are not awére of corporate prob-
lems, impact or capability. In addition, @hen support to impiement new
technology is not present, operating supervisofs will limit the risk in
developing capital proposals by concentrating on familiar equipment.'

The final proposal for woodlaﬁds capital expenditures wés compiled
at the executive level in the woodlands division and submitted to an
appropriation committee, chief financial officef, and/or chief execu-.
tive officer of tﬁe firm for review prior tq‘formal approval by the-
Board of Directors. No firm reported thaf.the-capital expenditures pro-
posal had been returned to the woodlands executive level with a request
that it be cut back. In most interviews the commenf‘ﬁas made that the
executive level above woodlands was composed of non-woodlands personnel
so they could not evaluate the proposal effectively anyway.

The time interval covered in the capital budget was primarily one
year aithough two firms reported a five year plén, two.others prepared
ﬁhree year plans and one handled each acquisition on an ad hoc basis..
The amount of time taken to prepare the capital investment plan was
one to six months with most firms using three months. Because eqin=-

ment manufacturers could not specify a delivery date for new equipment,

Y
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i1t was impossible for the firms to describe a "typical" length of time
between the initial proposal for the purchase of equipment to the time

of delivery.

3. Evaluation of Capital Investment Proposals.

The initial evaluation of a capital investment proposal (an aggreg-

ate of all proposed equipment purchases for the coming year completed as

part of the annual budgeting process) was done in five firnis by a middle

management team of operating management, technical support and accounting

personnel. A sixth firm used a middle management team of operating man-
Agement and accounting without technical support staff. TFive additional
firms also used a team approach, but employed personnel from the top

management level within woodlands and the purchasing function. Eastern

Canadian firms tended to convene the evaluation team at a lower level than

did the Western firms. The remaining four firms used an individual,
sequential approach starting with operating management and ending with
financial management. One firm used technical support to assess new

equipment only.

Multiple criteria for evaluating prbposed capital investments were used by

every firm with the average being 4.20 and the range from three to

six (see Table III-1). There did not appear to Be aﬁy differences
according to region or size of firm. Evéry firm used financial anal-
ysis with several reporting a special concentration on new equipment.
Smaller firms tended to use pa&back period analysis and return-on-
investment while larger firms reported using a discounted cash flow
method, often supplemented by ROI and possible payback pefiod.

Secondary criteria are often good indicants of thé problems faced
by a firm in achieving the economic performance require& to stay in

business. For example, all Western firms and the majority of Eastern

[
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TABLE III-1.

Criteria for evaluating Capital Investment Proposals

(N = 15)
Region

Criterion Category East West Total
Economic Factors;

Financial 7 8 15

Cost Improvement - 4 0 4

Availability of Capital 0 1 1
Manpower Requirements 4 8 12
Mill Demand 4 4 8
Regulatory Requirements:

Safety 0 5 5

Ecology 1 4 5
Replacement 4 1 5
Operating Conditions 4 0 4
Supplier Service 1 1 2
Quality of Output 1 0 1
Company Image 0 1 1
Total _ 30 33 63

(average = 4.20/co.)




14,

firms considered manpower requiréments and social factors as an import-
ant criterion. Usually this was reflected as a turnover-type problem

in which morale, satisfaction and insuffigient-numbers were specifically
noted. However, two firms indicated problems of quality of manpower by
referring to the availability of skills to operate or maintain the equip-
ﬁent. This may be an important reason for making the industry more
capital intensive although one firm also referred to it as a deterrent.
This firm did not have suffic;ent numbeps of skilled operators to run
the more sophisticated equipment at a profitable level of two shifts per
day.

The third primary criterion was mill demand with eight of fifteen
firms specifically identifying this category. Since many firms initiated
the capital investment proposal to meet a logging plan, this criterion
wasprobably underestimated as a factor in tﬁe'decision process. The im-
portance of this criterion'Probably was indicated more accurately by one
woodlands executive when he stated that the mills had materially over-
estimated tﬁeir requirements for four years over the objections of the
logging division. Logging was required to meet tﬁe mill forecasfs,
forecing logging operations to shut down in mid-year until wood inventories
were reduced to an acceptable level. Another indicated that the return on
investment in logging was less than in the mills, but logging got the
capital to keeb the mills, adequately supplied.

Regional differences became very noticeabieAwhen secondary criteria
were ldentified. Eastern firms stipulated the importance of supplementary
cost criteria such as replacemént, cost improvement, and equipment standard-
ization to meet financial objéctives more than did Western firms. Western
firms‘demonstrated a high awareness of governmental regulatory statutes
by including safety-health and ecologicai cri;eria. " Eastern firms also

.reflecte@ a greater sensitivity to operating conditions although Western
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firms referred to these often under ecological criteria.

Supplier service was not 5rought out in the interviews as often as
-had been expected. This could be because there are no problems assoc-
iated with it, theére aren't sufficient differencés among the equipment
manufacturers to make it an effective measure or logging firms tend to
stay with those manufacturers which have supplied them in the past.

Only one firm made direct reference to any start-up or learﬁing
curve costs associated with the acquisitiqn_of new types of equipment or
changes in their systém of logging. This reference.involved the training
of operators without reference to training maintenance personnel, in—_
creasing spare parts inventories, increasing technical support personﬁel
and systems, and initially low productivity and availability. In a log-
ging system the latter problem cén curtail fotal output if there is no
standby equipment or interim inventory ;o.provide for sustained output
from the othér components of the system. Field operations managérs
must then concentrate on replacing present equipment with known items rather
than innovative ones.

To apply their criteria the decision makers appeared to use two
‘types of information; quantitative, developed from their own records
emphasizing age of equipment, costs, and availability,'and qualitative,
developed from judgments about the accuracy of suppliers' data, the ex~
perience of other firms, employees' comments and estimates of personnel
problems. Eastern firms often réferred to their contacts with and through
the Canadian Pulp and Paper Association, especially the Woodlands Division
LOG committee, as good sources for qualitative information to help in
decision making. One firm's procedure for developing a capital invest~
ment proposal stipulated five criteria. Thus.the proposal included-in-
formation for each criterion, and the decision makers primarily evaluated

the adequacy of the information supplied and emphasized personal

,‘”.

4
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references less than in most other firms.

The majority of the interviewees felt that the logging activity
got its fair share of the funds available to the total firm for capi-
tal investment. None reported getting a capital project turned down
once it got to the top level within logging. The justification that
investmeﬁt in logging equipment was essential to keep the wood supply
flowing to the mills seemed sufficient to the boards of directors of
the firms. Most interviewees reported that they were not.aware of
how the coréorate officers apportioned the available capital across
the various functional groupé though one reported that 1ogéing received
two-thirds of the capital available to his firm in 1974 and 1975,

4. Capital investment Budget Approval.

The formal approval authority for the aﬁnual capital expenditures
budget was normally the board of directors or owners of the firm in
the fourteen firms using this procedure. However, most firms found
that when the proposed budget had been approved at a lower 1e§e1 such
as executive vice president, subsidiary prgsident, president, or an
appropriations committee, it was approved for all practical purposes.

This step was not the final step to obtain approval for individual
expenditures. Each individual expenditure went éhréugh a re—evaluation at
the time the expeﬁditure was requested. Most firms had clearly identified
limits of authority in dollar terms for each level of management within
the organization, including woodlands. The 1imits for approved budget
ltems were‘typically higher than for unallocated ones as referred to in
the organization structure section on centralization. Smaller firms had
lower limits, approximately $2,500 or less, for middle management approval

than did larger firms, $15,000 or less.

S
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5. Implementation of the Capital Investment Decision.

The implementation of the capital investment decision was controlled
in different ways by firms and by regilons. Four Eastern and two Western'
firms reqUirédapproval by someone outside Woodlands opefating ﬁanagement
like Purchasing, Finance or an officer of the firm. The remaining éor— .
porations usedfinancial limits allowing different levels of opera;ihg
management to'approve’expenditures so that on1y>maj6r items were re~
analyzed by executive personnel aftef'the capital budget had been approved.

The amount of blanning which went into the implementation of capital
investments was limited, possibly because the primary effort was in re-
placing current equipment with the same or similaf tyées,A The designation
of a specialized individual or team of individuals to assist operating
managers through the start-up and evaluafion phases for new equipment was
reported by just four firms out of fiffeen. One firm reported that a pro¥
ject leader had been assigned to a new piece of equipment recently for the
first time because the regular superiﬁtendent~just couldn't handle it
along with his normal operations. Only three firms acknowledgéd‘any
special consideration for an increased invéntory of spare ﬁarts'and“other
éupplies‘and materials during the start-up of new equipment.

There was at least some acknowledgment of the need for selecting
and training personnel for the new equipment by seven firms, TFour in-
cluded it as either a routine part of their plan or did so for all major
spécial.projects. Eight firms did no personnel planning for their éwn
new equipmenf nor did they ensure that theif logging conﬁractors did sd.

Since the proportion of non-production personnel within the industry
has not been increasing as fast as the capital intensiveness, theré may
have been cxtréme pressure on the same operating managcﬁent to.manége more

and more equipment. This may cause less efficient use of the equipment than
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is optimum, leading to the industry decrease in capital productivity
reported during the 1963-1971 period. |

6. FEvaluation of the Effectiveness of Capital Expenditures.

Fourteen Qf fifteen firms kept records of their capital investment
décisioﬁs and recérdéd operating data for possible use in evaluating the
décisiOn and its implementation. Two of the fourteen maintained such
regords only on new equipment or special projects. |

Financial and productivity post-invéstment analyses of‘equipment
were done by seven firms. TFour did a follow-up on all equipment while

-~ three concentrated on items which might have major. impact (financial or
wide application) upon the firm or had been marginal in the firsﬁ plaée.
Four firms made a partial analysis of equipmenﬁ by’concentrating on cost
figures alghe. The remaining four firms-did ﬁot do any systematic,
quantitative post~investment analysis even though two'of them had policy
statements requiring it. One firm used the Workmen's Comﬁensation Board
and Council of Forest Industries inspectors to evaluate its)investments
intendéd to improve operating safety. The saﬁe firﬁ qﬁestionned employees

: to evaluaﬁe the impaét of its investment'in health and working conditioms.

Thereiwas no separation of start—uphcosts from normal\cperaﬁing costs
in past investment analysis réported.by any firm. :The data aiso did not
identify any regional differences, but:smaller firms used less complete and

systematic procedures in general.

. IV, ORGANIZATION STRUCTURE FACTORS

‘Because of the necessity to limit interviews in the pilot stages of
research only two aspects of organization structure could be analyzed.

These were centralization and specialization. An attempt was made to -

~ collect inforwmation on standardization of procedures, i.e. how standardized

_ or routinized are the firms activities, but there was not sufficient time.

R
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Specialization is important because it"appeers that specilalized
technical expertise is critical to the effectiveness of technological
chaegeli{ Centralization is imﬁortant becauée_it measures the level
at which decisions are made. If the level at which‘decisions are made
is not congruent with the level which is respbneible for maintaining
contact Wlth the external env1ronment, then the effectiveness of dec~-
isious and actions may be limited. |

1. Centralization.

Twenty three decisions (see Table IV-1) were investigated in the
interviews with fourteen firms to meaeure‘how centralized (the extent.
to which decision-making authority is delegated) decision—making is within
logging organizations. To obtain the heasure the basic question was,
- "Who i1s the last person whose assent must‘be~obtained before legiti-
mate action is taken - even if others have‘subsequently to confirm the
decision?". The answers to each firm's reSponee was coded as follows:

Chief Operating Officer and above -~ 5

Executive Vice President and Vice President - é

Middle Management ~ 3

First two levels of superv1sion - 2

Worker - l

Items 4 and 5 relating to the expenditure of unbudgeted and un-
allocated funds, could not always be scored éccordiﬁg to the above scale.
Several companies had delegated authority by establishing limits for
approving different amounts at various organizatidn.levels, The data
on these limits wete compated emong companies'in the sample, and the
degree of centralization rated on the five point scale in terms of a)

the limit of approval at the middle manager level and b) the range of

approval at levels above that of the middle managers, .

15Mann, F.C. and Wllllams, L.K. Observations on the Dynamics of a

Change to Electronic Data—Proce551ng Equipment Administrative Science
Quarterly, 1960, 5, 217-256. '

. s
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TABLE IV-1.

Centralization ~ Decision Itemsl and
Categories.

; Manpower:
i~

1. Appointments to jobs in logging operations
' (direct worker jobs)

2. Number of supervisors

3. Promotion of supervisory staff

4., Dismissal of supervisor

Financial:

5. Spending of unbudgeted or unallocated money-
on capital items. -

6. Spending of unbudgeted or unallocated money
on revenue items.

7. Price of output (delivered cost of wood)

8. Costing: i.e., to what costing system, if any,
will be applied. .

Operations:

9, Methods of logging operations to be used (not
involving expenditures).

10. Machinery and equipment to be used for a job.

11. Selection or type or brand of new equipment.

12. Delivery dates or priorities of orders.

Organization

13. Altering reSpon31bllities or areas of work of
functional specialist departments.

14. Altering responsibilities or areas of work of
line departments. '

15. Creation of a new department (functional
specialist or line).

16. Creation of a new job_ (functlonal specialist or
line, of any status, probably signified by a new
job title).

Other:

17. Training methods. ‘
18. Salaries of supervisory staff.
-19. Inspection.

20. Buying procedures.

21. New product or service.

.22. Suppliers of materials to be used.
23. Welfare facilities to be used.

Lpugh et a1, op. cit,

Average

Score

3.54
3.29

4.36

4.21

2.50
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Five items (see Table IV-1) were eliminated from analysis for the

following reasons:

Item 19 - Inspection. Government regulations are primary

o factors in inspection so there appears to be few decisions

- to be made -~ just regulations to be applied.

Ttem 20 =~ Buying Procedure. Decisions on bﬁying procedures

"vary from level to level according to the type and quantity
of items. Interviewers tended to dwell on actual purchases
rather than decisions on the procedures to be used.

Item 21 - New Product or Service. Responses were inconsistent
since respondents felt a new product would also affect the
operating system. The decision could also be made by the
"eustomer" (mill). :

Item 22 - Suppliers of materials to be used. See Item 20.
The items are interdependent. : '

Item 23 - Welfare facilities to be used. The term "welfare"
appears to be inappropriate in North America. The relevant
terminology, employee benefits and services, covered too broad
an area from camp facilities to pension programs, to be inter-
preted and scored.

The remaining 18 ifeﬁs were then availaﬁle to provide an over-all

scdre for centralization.

‘To make the analysis more meaningful, a group of five judges wgre
asked to'éategorize_the 18 items into sub~é¥oups. Sixteen were grouped
with 90% agréement among the judges (Table IV-1) into Manpower, Finan-
cial,~0pefations, and Organization decisions. The.remaining two were

"classified wigh only 607 agreement so tﬁey were not included in any
category.

The most decentralized decisions involved Equipment (average = 2.50),
Tfainiﬁg (average = 2.50), Workers (average = 2.79), and Methods (aver-
age'=‘2.93)wapplied directly to 1ogging work. The most centralized dec-
isions involved capital expenditures (average = 4.43), creating a new
department (average = 4.36) or‘job (dvernge = 4.21), and determinics the

cost system to be used (average = 4.00). '
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Differences among the categories (Table.IV-Z) were highiy signifi-
cant with Organization and Financial decisioms centralized..ffhese decis-
lons were ceﬁtered at-the‘executive level of the firms. Manpower and
operating decisions were mofé decentra1ized with.the céﬁtre bf those dec—
isions at the middle managemenf level.

'There was no significant difference between the two regions, British
Columbia and Ontario-Quebec, but there were wide differences among the
firms within each region; The minimum obtainable total score for the 16

items on centralization was 16 and the méximum-waSHSO. The range for the

- 14 firms was 50 to 75 with an average of 57.86.

TABLE IV-2.

Avefage Centralization Item Scores for Regions and Categoriesl.

R e g io n2
3 ' 4 4
Category ; West East Total
Manpower ' 3.75 3.00 . 3.38 .
Finance ‘ S 411 3.96 4.04
Operations - - - 3.21 3,14 -0 3,18
Organization o 3.93 3.82. 3.88
Total o 3.75 3.48 3,62

1. A Mixed Design ANOVA was used for the analysis with firms nested within
regions. Categories and Regions were treated as fixed variables and Firms
and Items as random. Data from seven firms within each region and four
items within each category were used. Training Methods and Supervisory
Salary items were not included. ‘

2, Neither the differencé between Regions (F = 1.52) nor the Regions

. 1,12
by Categories interaction term (F3 36 2.12) were significant.
. s

3. The differences among the four Categories weresignificant at p=< .00l

'(FB 3 = 13.36).

o 3 ' .

4, The differences among the Firms within each Region were significant at

p=< .001 (F12 168 = 5.02), but the interaction with Categories was not sig-
. * A . o

nificant (F 1.31).

36,168
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Capital investment décisions appeared to be made at the executive

level of the firm, but thé:data on’ the evaluation of équipment was not

adequate to indicate the locus of these deéisid#s. Training and em-
~:ployment-decisions appeared to be quite decéntfalized, which was probably

aﬁpropriate_for standérdized oﬁerations; However, during the innov-

ation'perio& such persomnel decisions often become more centralizéd

'1n~aispécif1c project manager. | ‘ s

<

2, Specialization.

In the study of "Total Factor Productivity és a Measure of Imnov-
ation in the Forest harvesting Industry" the non—production‘labour-por~
tion of the labour input to the industry was quite small. This would
indicate that there is a limited amount of specialization within the

:1ogging industry. The study of total factor proéﬁttivity also indicated
that non-production workers were more efficient ;hanfproduction workers
and the capital intensiveness of the industry wa#'?ncreasing rapidly.
-_ Sbeéializedzactivities (those performed by soﬂepne with that pérticular
function and no other) ﬁay be required to support managers and pro-
 duction workers in the effective evaluatiog and use of new equipment
within the harvesting system.-

More'specific information about specializatibﬁ'was developed from
the interviews conducted with the participating'éo@panies. The eighteen
items representing specialization are shown in Table IV-3,

The items covered fourteen different functions with personnel sep-
~arated into five subgroupings. ' Since the>personngl‘activities were overy
emphésized by individual items, a.single representative. score for these

functions was used to present the level of speéializatioﬁ for thatA
activity within each firm. TweLve of the fourteen functions were
clustered into thfee.gfoups, Admimistrative Support, Technical Supporf and

'_Operations. Public Relations (Item 13) and Organization‘and Methods (Item 14)
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TABLE IV-~-3

SPECTIALIZATION: Interview Itemsl.

Average
Score
Administrative Support:

1. Personnel (Employment, training, labour relationms,

' compensation, and benefits-medical-safety) 2.00

2. Purchasing ' : : 2.00

3. Accounts : 3.64-

4, Legal : ‘ 0.57

 Technical Support (Process and+Product) :

5. Production control - , 10.07

6. Quality control : 0.64

7. Production methods 0.36

8. Equipment design and development ’ Q°29

l Operations:

9. Sales : 1.36
10. Transportation ' 1.64
1l. Maintenance : 2,43

.. 12, Equipnent operations ~ 2.36
Other: | _
13. Public relations ‘ 0.43
14. Organization and methods 0.36

1. Itemsiware adapted from Pugh et al (op. cit.), but categories were
developed as part of this research.,

TABLE IV-4

Specialization - Code for Scoring Interview Responses

Number of Specialists
at Organization Level

Field  Head Office Description - Score
0 0 No specialists : 0
1 0 One specialist at local level or 1
0 1 one at Head Office 1
1 1 " One specialist at each level 2
>1 0 More than one specialist at one 3
0 >1 level or the other 3
-1 >1 - More than two specialists split 4
>1 1 between local and hecad office 4
>1 >1 ~ levels ' 4
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were dropped from the analysis because there was very little snecializ—

.- ation in those functions within any firm, and the analytical methods requiredﬁ

the game nnmber of items within each category.

' The:items were cbded as shown in Table IV—4._ It-was assumed that the
logging function of an integrated firm would not borrow specialists from
other functional groups but Would have its own or obtain services from the
corporate level of the-firm.

The most specialized activity is aecounting whieh is highly segmented
at both field and'cerporate levels. The‘average score for the 14 firms was
3 64 (Table IV—3)

Some speciallzation was present in Maintenance (average = 2.43),
_Equipment Operations (2.36), Purchasing (2.00), and Personnel (2.00). The
only other activities which avetaged a single specialist or mere were trans-
- portation (l 64), and sales (1.36). |

‘Differences among the categorles.were hlghly significant w1th a hlgh
'concentration of specialization in the Administrative Support (2.05) and .
Operations:(l.95) activities as shown in Table IV-5. Very little special;

ization was present.in Technical Supnqrt activities (0.32).

There‘nas no significant difference betﬁeen‘the two regions, British
,Columbia_and Ontario:Qnebec, but there were differences among the firms
witnin.qach region. The minimum total score_obtainable for the 12 items
scored en snecializatiqn was. zero (0) and thejmaximum was 48. The range
for the 14 firms was 3 to 25 with an average of 16.79.

The indlvidual items wh1ch consider activities directly related to
' innevations_ln forestjharvesting are production methods and Equipment
Design and’bevelopment. There is less,specialization in these two activ-
ities than in any others &et the gtowth in capitai investment directly

- related to new equipment and methods has been very rapid. This may be
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TABLE IV-5

Specialization: Average Item Scores for Regions and Categories .

Regio n2 - !

4 L4
Category West East Total
: Adminiséfetive Support 2,29 1.82 2.0$
‘Technical Support 0.25 0.39 : 0.3?
_ Operations , 2.32 1.57 - 1.95
Total o 1.62 1.25 1.4h

|

1. A mixed design ANOVA was used for the analyeis_with firms nested within.. '

‘Regions and Items within categories. 'Categories and Regions were treated
as fixed variables and Firms and Items as random. Data from seven firms
-within each region and four items for each category were used. Public
‘Relations and Organlzatlon and Methods items were ot included.

1,12 =1, 14), as
2,24 2.81).

3. The diffexences among the three Categories we11331gn1ficant at p<.001’
(F2 2 ° = 50.99).

4, The differences among Flrms within each Reglon were significant at

2. The difference between Regions was not significant (F

was the interaction between Regions and Categories (F

ps,001» (F12 126 = 3.45) but the interactlon,term with Categories was

eet‘(an 126 = 0.76).
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one factor in accounting for the decrease in productivity related to

capitallinput from 1963 to 1971.

V. CONCLUSTON

i

i Administrative support systems and general management policies and
[ } ) ’

procedures may have generic applicability across various functions in a
multi~function, integrated firm if the external enviromment for each

function has characteristics similar to the otherslG. However, the tech-

nical knowledge and skills applicable to forest harvesting opérations‘

appear to be different from that required within'séw mills and pulp and
'paper operations. Thus it appears that if inb?eaéing capital investment
in the form of innovation and technological change is to be developed,

acquired and usedieffectively, forest harves;ihg functions must develop
the essential specialized, technical support personnel and organization

structure required to assist operating management in its efforts to do so.

_ 6Duncan, R.B. The Implementation of Different Decision Making
Structures in Adapting to Environmental Uncertainty: An Expansion of
Contingency Theories of Organization. Proceedings of the Academy of
Management, 1971, 39-47. Lawrence, P.R. and Lorsch, J.W. op. cit.




Appendix 1.

Research and Development Expenditures in Forest Hafvesting
Interview Outline

How do you distinguish between research activity and development
activity? '

What general guidelines do you use to determine your research and
development budget? .

How are decisions made on the allocation of funds to speC1fic re-

" search and development projects?

Whay type of research is undertaken?
Whay type of development work is undertaken?

Describe the'organization of your logging research and development
activity. :
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Aggendix 2

The Capital Investment Process in Logging

Interview Outline

.Deveioping Capital Investment Ideas
1. What are the sources of ideas for new equipment and construction?
2. Who is expected to come up with such ideas?

3. Who is responsible for maintaining contact with equipment
manufacturers?

Developing a Capital Investment Proposal

4. How and by whom are capital investment needs identified?~

5. What procedures are followed 1n developing an inves;ment proposal?
6. How long does i; take to develop your capital investmentvproposal?
7. What time period does it cover?

Evaluation of the Capital Investment Proposal

8. Who is responsible for analjzing the proposals? 1If it is a team,
what functions are represented? : '

9. What criteria are used to assess a proposal?

. 10. Whét kind of information do the assessors seek to aid them?

11. How are capital resources allocated to logging in relation to the
other functional groups in your firm? :

Capital Investment Budget Approval

12. Who, or which group, makes the final decision on the proposed
capital expenditures?

13. How do you differentiate between major and minor capital expenditures?

Implementation of the Capital Investment Decision

‘14,'H§w are budgeted and unbudgeted capital expenditures controlled?

15. Planning Implementation

a. Is a project leader or team assigned to a project during
its start-up phase? If so, what fuuctions are represented
on a team?
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17.

18.

19.

"b. What planning is done for spare parts, support equip-
ment, materials and supplies during start-up?

c. What planning is done regarding personnel selection and
‘training during start-up?

:F.‘-Evaluation of the Effectiveness of Capital Expenditures

What records are kept of the evaluation of capital proposals?

Describe the system used to collect information about capital
expenditures. : ~ :

How do you monitor the productivity of capital (leased)
equipment? '

How, and how often, do you compare actual performance with
the pre-investment proposal?
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