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MANAGEMENT SUMMARY  

(1.) 
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 harveàting 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 whieh 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 estimate 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 comparison 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 with the other three . induF; - 

tries and only slightly below all manufacturing. Tie _nduztr.i, 	in 
the poorest positions are Miningand Paper and Allied Products. 

(1) Research sponsored by Science and Technology, Industry, Trade and Commerce. 
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Summary Table 1y-12.  

Average Annual Growth Rates, in percent, 
of various productivity indexes, 

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 	 n.a. 	-.53 	-.40 
Total, weighted 	n.a. 	.77 	.94 

Logging 	• 	Labour, weighted 	4.23 	3.11 	3.29 
Capital 	 -2.88 	-3.68 	-2.49 
Total, weighted 	.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 	.11 	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 productivity 
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. Neither 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, technical, 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 expensabudgets. 

ORGANIZATION POLICY AND STRUCTURE 

- 

As capital intensiveness increases, specialized skills tend to develop 
to aid management to plan, evaluate, and implement new technology, equipment 
and systems. A wide range of specializatioh 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 policy 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 regions 
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 04rcater than the national average (5.61%), Ontario's 
was 4.3% and British Columbia's 3.1% ,  

R.F. Morrison : March 1975. 



viii. 

Table V-1.  

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

Province and Size. 

Size in Value 	 British 
of Shipment 	Quebec 	Ontario  • 	Columbia 	Canada  

A. 4  $99,999 	6.89 	2.59 	0.07 	2.90 

B. $100,000 - $999,999 5.36 	4.39 	1.54 	4.08 

C. > $999,999 	6.60 	3.95 	3.20 	5.68 

Total 	7.10 	4.33 	• 	3.10 	5.57 



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

INDUS TRY  

I. Introduction.  

Technological change may be the most important contributor to a firm, 

industry or nation attempting to compete in world markets and thereby 

achieve economic growth. A change in tèchnology can create an alter-

ation in productivity (the production function) because of four elements: 

1) Better equipment; 2) Improved material; 3) More effective management 

and organization; and 4) New products.
(1) 

A primary component of tech- 

nological change is innovation, the application  of an invention for the 

first time, because it requires an effective combination of two or more 

of the four elements. To study the effectiveness 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 rapidly than non-innovators. (2)  

This report analyzes measures of the average annual rate of product- 

ivity change in the Logging industry from 1963 to 1971 inclusive and com- 

. pares this rate of productivity change to other industries in Canada. The 

industries used for the comparisons are Wood Products, Paper and Allied 

Products, and Mining. In addition, the rate of 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 

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

(2) 
Mansfield, E. Industrial Research and Technological Innovation: 

An Econometric Analysis. 	New York: W.W. Norton & Co., 1968. 



2 . 

both use as inputs the output of the Logging industry, though they have 

very different technological characteristics,Mlning was chosen, although 

it involves the "harvesting" of a non-renewable resource, because the 

capital intensity of this Industry is much higher than the Logging in-

dustpr 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 analyzes 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 some technical criticism by economists. An 

alternative that has been suggested is the use of economètric techniques 

to measure production functions for the various industides. The proposed 

techniques are much more involved and very difficult from a statistical 

point of view. To date, however, it has not been demonstrated that the 

more sophisticated measurement techniques will yield estimates of product-

ivity 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-

ivity change estimated in this report are not directly comparable to estim-

ates in other studies since the variables are measured differently and the 

base periods used are different. 

Economists view the production process as the combination 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 which the inputs are used depends 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 management 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 case 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 of capital, or new capital is 

introduced which not only substitutes for labour but improves capital 

efficiency, then productivity will increase. Productivity is a measure 

of the 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-

iency among different industries. At the level of the individual firm, 

such comparisons may highlight future problems in the firm's operations 

and point the way to remedial action before such problems become evident 

in the firm's financial results. 

Application at the level of the firm is questionable 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 industry. Even the industry figures must be used with 

some caution since small differences in productivity between different 
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industries may not be statistically or operationally significant.' 

Unfortunately there are no statistical tests to apply to these differ-

ences to aid the decision maker in distinguishing significant from ran-

dom differences. 

Other limitations beyond measurement'error which must be kept in 

mind when interpreting productivity measures are: First, in considering 

changes in productivity over time, the analysis assumes that all that is 

changing is the aggregate  amont of inputs and the resulting output. 

However, the 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 capital, do not give an accurate picture of the changes in the 

efficiency with which the inputs are combined. Such partial productivity 

measures may reflect either increasing efficiency in the use of the fac-

tor input in question or the impact Of substitution among different 

factors. (1) Therefore, to obtain an indication of the increasing effic- 

iency of the factors, the productivity index must be one which considers 

ail factor inputs. Such an index is called a mesure of total factor pro-

ductivity. Third, total factor productivity measures provide a measure of 

efficiency in the use of resources but do not allow for changes in the 

degree of utilization of factors. For example, production efficiency may 

be increasing but if there is underutilization of factors, the increase 

in output potential is 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 

(1) 
 This is discussed in more detail in Section 11. 
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efficient capital equipment to meet anticipated increases in demand for 

a firm l s output. Since the capital equipment is purchased for future use 

there is currently some underutilization. If the expected demand in-

creases do not materialize then the excess capacity will 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 large in the paper manufacturing portion of the 
• ,a 

paper and allied products industry, the problem of capacity may be import-

ant. Finally, a distinction must be drawn between economic efficiency and 

productive efficiency and the impact of each on economic welfare. Econ-

omic efficiency is concerned with the way in which resources are allocated 

between industries, rather than with their use within industries. Improv-

ing economic efficiency is important and will increase economic welfare. 

However, productive efficiency is concerned with the use of improved tech-

nology 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 product-

ivity change is discussed. Measures of the input and output variables 

needed for the productivity analysis are presented in Section III. Sec-

tion IV presents the indexes for labour, capital and total factor pro-

ductivity for all industries examined in the study. The annual average 

growth rates in productivity are estimated for three time periods and 

differences among industries in these growth rates are identified and 

analyzed. Finally, Section V calculates pr6vincial labour productivity 

growth rates in the logging industry for firms of diffèrent  size classes. 
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An attempt was made to gather the data essential to developing 

total factor productivity indices for individual logging activities 

so that contrasts among firms could be made. However, sufficient 

productivity data, especially capital series, was available for only 

one firm so this analysis had to be dropped. 

II. General Measurement of Productivity Change. 

Productivity is the relationship of the physical volume of output 

produced to the physical volumè of inputs used for a given firm, indus-

try or the economy as a whole. To perform a productivity analysis, a 

productivity index is constructed starting from a pre-determined base 

period; in our analysis, the base period in 1963. 	The productivity 

index is equal to.an  output index divided by an input index, i.e. if 

Y
t 

and I
t 

are the values of the output and input indexes in period t, 

then the productivity index at time t, i.e. P t 
is defined as 

Pt — 
= t In the base period Yo = Io 

= 1.00. The average annual change 
I t 	 (1) 

in productivity between the base period and period t is defined as 

Average annual change 
1  in 

(
-
11 

in productivity 	tP
o 

where t is number of years between the base period and period t. This is 

the continuously compounded annual percentage groWth in productivity over 

the period in question. 

In order to construct indices for outputs and inputs we face 

problems of measurement for the physical volumes of the inputs and 

outputs. There are also problems in the cOmparability of these physical 

volume measures among different firms and/or industries. 

(1) Assume that P t  = Poegt  i.e, productivity index begins at Po  and grows 

. at an average annual rate of g%. Therefore P t /Po 	e 
p
°
t 
 and 1n(P t /P0 )= gt. 

Thus g = 	ln (P /P ). 
:t 0 
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First, if a firm produces 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 of different 

products to obtain a sensible total output measure unless the products 
_ 	. 	_ 	• 	• 	. 

are homogeneous. 	This aggregation problem becomes even more serious when 

firm outputs are aggregated into an industry outpu.t. 

The comparison of physical output measures between industries which 

produce completely different products is impossible. How can one compare 

the output of the logging industry -- i.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 labour with different skills and 

compare the resulting total to labourdnput in another firm or industry 

where different skill mixes may exist. 

In order to 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 with 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 identify changes 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 the real value of output an output index is constructed which 

has a value in 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 production process must be calculated. The actual 

construction of the real value of inputs is presented in detail in section 

III but may be summarized as follows. 	Consider the labour input first. 

The real physical volume of labour input in each year is man-hours paid 

or man-hours worked.
(1)r

o obtain real dollar value of this input, the 

physical input 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 the 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 wage rate and the physical labour input, 

i.e. man-hours paid (or worked). The real value of labour input in any 

year is not necessarily equal to the real value of the wage bill in the 

same year but reflects the actual input of labour as if it were of the 

same efficiency as the base period. A labour input index is constructed 

from the real value of labour input series with a value of 1.00 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 111 the two will be different. 
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changed. Therefore, increases in the efficiency of the labour input 

are translated into productivity increases. 

A similar technique is used for the capital input. Capital 

provides services in the production process. To remove 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 period, 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 capital input services in any period as if the efficiency of 

capital were the same as in the base period. After constructing a capital 

services input index, the resulting productivity measure reflects the in- 

. 
creases in real output resulting from changes in efficiency for the capital 

services input. 

Productivity measures are of two general types, partial factor pro-

ductivity and total factor productivity. Partial factor productivity 

measures are the most common and measure the productivity of only one in- 

.. 	put, usually labour. If we define the value of the labour input index in 

Y ' period t as L t , then the partial productivity measure in period t is t/ Lt  

and is called labour productivity. Similarly if capital is the only factor 

Y 
considered, then capital productivity is measured as t/K  where Kt  is the 

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  • roduce a given  output  with'a given 



technology a firm can choose one of many  possible  combinations of 

labour and capital. In fact, the firm will choose that combination which 

minimizes its : factor input costs. However, as factor prices change the 

U 
optimal combination of capital and labour will change even though the 

output remains constant. Consider the case where the price of labour in- 

creases relative to the price of capital and there is a substitution 

of capital for labour without an increase in output.
(1) 

If we were to 

measure labour productivity we would find that it has increased, i.e. Y t  

is constant but Lt  is 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 because of the 

use of additional capital inputs. 

If capital productivity were measured in the above example, it 

would show a decrease. The decrease should not be interpreted as a 

reduction in the efficiency of capital inputs, since they are used to 

substitute for labour. 

In order to measure the correct productivity changes for a firm 

or industry, it is essential to adjust for the changing input mixes, 

Once this has been accomplished, changes in productivity will reflect 

increases in the efficiency with which inputs are used and changes in 

technology. 

The partial productivity measure for labour will reflect true 

efficiency changes in labour only if the other factors remain constant, 

or are small relative to the labour input, or if all factors are used 

in fixed proportions, 

(1) Output cri  increase if the firm decides tà increase its scale of oper-
ations but the technology does not change and there is a pure sub-
stitution of capital for labour. 
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In table II-1 we present the capital-labour ratios for the industries 

analysed in this stully as well as for total manufacturing. As can be 

seen  au industries had increasing capital-labour ratios over time. In 

addition, we will show in a later section that the value of the capital 

Input series did not remain constant, nor was it small in relation to the 

• 	labour input. 

Table II-1  

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

Manhours) .  

Logging 	Products 	Products 	Mining 	Manufacturing  

1963 	.693 	1.205 	.722 	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 	.972 	1 0 413 	.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.;].. 	1.086 	. , 5.018 	n.a. 
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To circumvent the problems created by varying input mixes, a total 

•factor productivity measure is used. Define Ft 
the total factor input 

index used in period t e  as the sum of labour and  capital inputs. Where 

there is a pure substitution of capital for labour in a given period, the 

total factor input series will not change. Total factor productivity is 

defined as Yt/F
t 

and resulting changes in productivity will reflect in-

creases in the efficiency with which factors are used. 

In our analysis, total factor productivity is computed for the aggreg-

ate logging industry since capital stock data are available. In 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, however, are difficult to interpret because of 

the impact of capital-labour substitution. 
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•III. Measurement of the Variables. 

1. Output  

In measuring firm or industry output a choice must be made between 

the gpss or net value of output series. The latter concept is measured 

as gross value of output less purchases of intermediate goods from other 

industries. Theee purchases include materials and supplies, fuel and 

electricity purchased etc. The net value of output is also known as 

value added. 

If the gross value of output series are used, inputs must include 

not only the basic factors of labour and capital but also the intermed-

iate produce inputs. To be consistent with the economy output estim-

ates, the intermediate products may be netted out and the value added 

or net output measure used. This enables us to consider only the basic 

inputs of labour and capital. 

Given that value added should be used as the output variable a choice 

must be made between the production only and total activity concepts of 

value added. The former measures the value added generated by production 

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 production activity. 

The purpose of this analysis is to investigate the decisions of log-

ging company management on productivity. The decision to have substantial 

non-production worker activity or not is a management decision that can 

have an important impact on productivity. In fact, there may be some im-

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

production workers. 

• (1) The definition of the variables are lfsted in AppendiX-17---- 

(1) 
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m e 
	between production and total activity is not partic- 

ularly crucial in the logging industry since the non-production activity 

segment is small. However, to be correct the report uses the total 

activity concept to measure value added. 

The ratio of non-production to production workers in the logging 

industry is presented in table III-1. The importance of non-production 

workers increased over time 	they were of small 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 	.118 	.147 

1964 	.116 	.128 

1965 	.123 	.152 

1966 	.137 	.169 

1967 	.148 	• 	.183 

1968 	.163 	• 	.203 

1969 	• 	.173 	.214 

1970 	.166 	.206 

1971 	. 180 	.223 
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Value added can be measured as gross or net. Gross value added 

in any period (GVA t ) is obtained directly from the basic data sources. 

Net  value added in any period (NVAt) is equal to GVA t  less economic 

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 are measuring as an increase in output the economic 

deterioration of the capital input. 

However, despite the theoretical superiority of net value added, 

most studies of productivity measure value added on a gross basis. The 

reason is purely one of ease of measurement. Estimates of economic 

depreciation are very difficult to obtain and accounting measures of 

depreciation may not reflect the true or economic depreciation. 

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

A series for economic depreciation has been constructed but we do not 

place high confidence in this series as a measure of economic deprec, 

iation since it is based on accounting records. 

Value added estimates from the basic data sources are measured 

in current dollars. In order to obtain the rearvalue of output, 

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

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

.G 
period t as y = GVAt where PI

t 
is the value of the logging price index 

nt 
in period t. Real net value added is measured as 

y N NVAt 
	. The actual 
PI t  

values of NVA, GVA,and PI are presented in Appendix 2, Table 1. 
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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 

G G G 

	

Yt 
= YU G 	where yo 

is the real gross value 

	

Yo 	added in the base period. 

Similarly, the index for real net value added is, 

Y
t 	

Yt/ N 
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,by 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 labour is . the wage rate which reflects 

labour's efficiency in the base period; for capital, the rate of re-

turn is the actual rate of return on capital in the base period which 

reflects capital efficiency. 

a) Labour  

Since we are using total activity for the value added series, the 

labour input series must use all workers, both production and non-

production. The easiest method of calculating the labour input is 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-production 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-

ided by the total man-hours paid in 1963.
(1)

This base period wage rate 

is ';'; and is equal to $2.00048 in the logging inchistry. 
' 	0 

In any year, t, there are man-hours paid to production workers, 

MEp,t  and to non-production workers, ME- . 	The total man-hours paid DIP Y t ° 

1111T,t 
is equal to % 1st  ± MEmolt.  The real value of the labour input 

in period t, 9., t , is defined as 

2. 
 t =:0 

NH
Tat 

and the labour input index in year t is 

, 
L
t 

= tao 

Values of ME 
t 

MH
T 	

and P. are presented in Appendix 2, 
2 9

t 
9 

Table 2. 

This labour input index is deficient as 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 does not 

account for changes in the composition of the logging industry labour 

force. To circumvent this deficiency, it is important to distinguish 

between production and non-production labour efficiency. To do this, a 

new labourinput 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 labour. 

(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.benefits whereas man-hours worked 
will not. Thus the average wage rate which reflects economic efficiency is 
measured correctly by using man-hours worked as the laboùr 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 different classes of 

labour reflects their productivity. The value .of the wage rate for 

a specific labour class divided by the average wage 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-production workers, 1.210. Therefore non-production 

workers were more efficient than the average and production workers 

less efficient. 

Another way of interpreting the values of these rankings 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 average man-hour. Therefore, if the num-

ber of man-hours paid in eaCh class in any year is multiplied by its 

ranking in the base period and the product is summed (ever all labour 

classes, the resulting value is the physical labour input adjusted for 

efficiency. This quantity is called total weighted man-hours and is 

defined as WME
T2t 

= 1.21 MHup
et 

+ .975 MH 	To obtain the real 

dollar value of the labour input the weighted man-hours value is multi- 

* — 
plied by the base period average wage, i.e. st,t = wo WMHT,t. The labour 

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

L
t 

=
tie 	

• 

ThevalueofWMR4t and2. t are presented in Appendix 2 e  Table 2, 
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h) Capital  

The capital input in the production process in any year is 

composed of two parts, the return on the real net stock of capital 

1;sed during the period and the value of the capital stock used up, 

i.e. economic depreciation. If the gross value added series is used 

for output then the capital stock services series must reflect both 

parts of capital services; this input series is known as gross capi-

tal services'. If the net value added output series is used then capi-

tal services should not reflect the economic depreciation and the 

capital stock series is net of economic depreciation; this is called 

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

i)  Cross Capital Stock Services Input  

As in the labour input series, the gross capital stock services 

series is the product of the gross real value 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 deflated by an appropriate capital stock price index. 

The rate of return in the base period is equal to the value of output 

attributable to capital in the base year divided by the average real 

value of physical capital in the base period. Since, in the base period, 

the gross value added is equal to the sum of the values of labour and 

capital inputs, the value of output attributable to capital is calculated 

as GVA 	1 
O . 

The real gross value of capital services in any year is defined as 

	

kG 	 G 	G The index constructed for gross capital services input is K
t = 

	

t. 	 t 0. 
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ii) 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 economic 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 

• k
t 

N 
0, 

Note that no adjustment to either capital stock series is made to 

account for the use of new machines that are of different efficiencies 

than old machines. This is deliberate and forces the increased efficiency to 

show up in the productivity indices as a change in productivity. 

c) Total Factor Input  

The total factor input used in any period is the sum of the labour 

and capital inputs. Since there are 2 labour indices and two capital 

indices, there are 4 possible total factor inputs. Instead of consider-

ing each separately we will present the input series for weighted labour 

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

year t is equal to t
t 

+ kG The index of real total factor input is 
t . 

* 	G 

t 
+ kt  

t + k
G 

0 	o. 
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IV. Analysis of Productivity Measures.  

1. Introduction.  

This section 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 

Total Manufacturing will be presented and used for comparative pur-

poses. It is important to remember that the productivity measures and 

the resulting average annual percentage changes calculated for this 

report may not be equal to the statistics calculated by other investi-

gators. The differences are due to different measurement techniques 

and base periods. However, our productivity estimates are useful for •  

ranking the industries investigated into those with high and low 

productivity changes. 

As discussed in a previous section there are two bases on which to 

measure productivity change, i.e. gross or net of economic depreciation. 

Although we present productivity measures based on both concepts, we have 

more  faith in the gross basis. 	 •  

For each industry, both on a gross and net basis, we present two 

tables; the first lists the input-output data necessary to measure pro-

ductivity, in index form. The second presents the productivity indexes 

both 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 measures the productivity change over the entire 

sample period. As can be seen from Table IV-1, this time period covers 

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



Percentage Change  

9.6% 

9.0 

7.0 

2.7 

6.7 

7.2 

-1.4 

6.0 
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first recession period and ends in the first year of the upturn in 

manufacturing activity. The last time period was chosen to permit 

comparisons with some of the other industries. Data on capital stock 

and depreciation 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 

1963 	 1.000 

1964 	 1.096 

1965 	 1.195 

1966 	 1.279 

1967 	 1.314 

1968 	 1.402 

1969 	 1.503 

1970 	 1.482 

1971 	 1.571 

' Source: Canadian Statistical Review, November 1974, 
Selected Economic Indicators. 



23. 

2. Productivity - Gross Value Added Bases.  

a) Total Manufacturing. 

Although we are interested specifically in the logging industry, 

it is useful in the analyses 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-2 it can be seen that over the whole period reai value added 

grew on average by 3.74% per year. 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 whole 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 labour 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 reductions in output are 

obtained by reducing the labour input in proportion. 

The use of capital increased over the two shorter time periods by 

approximately 5.3% and resulted in capital productivity falling at about 

0 45% per year. 

Of major interest is total factor productivity. The total factor 

inputs grew about 4% per year on average, over the shorter sample per-

iods. Total factor productivity until 1968 increased at .77% per annum. 

If the period to 1969 is considered, total factor productivity increased 

by .94% per year. This higher growth rate reflects the increasing utiliz-

ation of capital as the economy continued to move out of the recession df 

1967. 

(1) •  The base period for the study was 1963. The analysis was run using 1965 
and 1967 as base periods. Whereas theresults in Uumerical value were not the 

same, the industries still had the same ranking in terms of rates of 
productivity change. 

(1) 



Table IV-2.  

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

	

Total Labour Input 	Gross 	Index ofIndex of 
Index of Real 	Index 	Total Capital Total Factor Total Factor 
Gross Value 	Manhours Manhours Services Input 	Labour 	Labour 

Year 	Added 	Unweighted Weighted 	Index 	Unweighted 	Weighted  

1963 	1.000 	1.000 	1.000 	1.000 	1.000 	1.000 

1964 	1.080 	1.050 	1.048 	• 1.046 	1.048 	1.047 

1965 	1.159 	1.104 	1.101 	1.131 	1.117 	1.116 

1966 	1.212 	• 	1.155 	1.151 	1.210 	1.182 	1.180 

1967 	1.220 	1.156 • 	1.155 	1.254 	1.204 	1.204 

.4; 
cs, 	1968 	1.276 	1.148 	1.147 	1.310 	1.228 	1.228 

1969 	1.345 	1.169 	1.167 	1.378 	1.272 	1.271 

1970 	1.285 • 	1.137 	1.134 	n.a, 	n.a. 	n.a. 

1971 	1.349 	1.130 	1.125 	n.a. 	n • a . 	 n.a. 

Annual Average 
Change 

	

1963-1971 	3.74 	1.53 	1.47 

	

1963-1968 	4.87 	2.76 	• 2.74 

	

1963-1969 	4.94 	2.60 	2.57 

n.a. 	n.a. 

5.40 	4.11 

5.34 	4.01 

n.a. 

4.11 

4.001 



Table IV-3.  

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

• 	
. 

Labour 	 Total Factor 

	

Productivity Indexes 	Capital 	Productivity Indexes 
Manhours 	Manhours 	Productivity 	Labour 	Labour 

Year 	Unweighted 	Weighted 	Index 	Unweighted 	Weighted 

1963 	1.000 	1.000 	1.000 	1.000 	1.000 

1964 	1.029 	1.031 	1.033 	1.031 	1.032 

1965 	1.050 	1.053 	1.025 	1.038 	1.039 

1966 	1.049 	1.053 - 	1.002 	1.025 	1.027 

1967 	1.055 	1.056 	.973 	1.013 	1.013 

1968 	1.111 	1.112 	.974 	1.039 	1.039 

1969 	1.150 	1.153 	.976 	1.057 	1.058 

1970 	1.130 	1.133 	h.a, 	n.a. • 	 n.a. 

1971 	1.194 	1.199 	- 	n,,a, 	n.a. 	n.a. 

Average Annual 
Change 

	

1963-1971 	2.22 	2.27 	n.aq 	n.a. 	n.a. 

	

1963-1968 	2.11 	2.12 	-.53 	.77 	.77 

	

1963-1969 	2.33 	2.37 	-.40 	.92 	.94 
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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. 

. 	h) Logging.  

. Fer 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 as a whole but the 

value added increase is much smaller than that of total manufacturing 

of 3.74% over the whole sample time period. 

Over the entire period the labour input index has decreased by 

3.43% per annum for unweighted manhours and 3.30%. for weighted man- 

hours. There has been a large decrease in the use of labour in the 

logging industry and a very small substitution of non-production for pro-

duction workers. The reduction in the labour input has some variability 

depending on the measurement period used. In fact, it appears that the 

reduction 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 1V-2). 

The small increase in output combined with a large 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 labour productivity of 2.2% for total manufacturing. 

However, it is not correct to leap to the conclusion that labour in 

logging has become much more efficient than in total manufacturing. In 

Table 1V-4 it is seen that the real  value of the capital services input has 

increased by 3.82% per year over the sample period. This increase is about• 



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 Input 	Labour 	Input, Labour 

Year 	Added 	Unweighted 	Weighted 	Index 	Unweighted 	Weighted  

1963 	1.000 	1.000 	1.000 	1.000 • 	1.000 	1.000 

	

1964 	1.018 	1.032 	1.031 	1.055 	• 	1.042 	1.041 

	

1965 	1.011 	.999 	1.000 	. 1.114 	1.046 	1.047 

• 

	

1966 	1.003 	1.021 	1.024 	1.152 	1.074 	1.076 

	

' 1967 	.992 	.966 	.971 	1.179 	1.053 	1.056 

	

° 	1968 	1.014 	.862 	.869 	1.219 	1.008 	1.012 

	

r. 	 o c4 

	

1969 	1.099 	.894 	.902 	1.276 	1.050 	1.055 

	

1970 	1.041 	.849 	.856 	1.316 	1.040 • 	1.044 

	

1971 	1.078 	.760 • 	.768 	1.357 	• 	1.004 	1.009 

Average Annual 
Change 	- 

	

1963-1971 	.94% 	-3.43% 	-3.30% 	• 3.82% . 	.05% 	.11% 

	

1963-1968 • 	.28 	-2.97 	-2.81 	3.96 	.16 	.24 

	

1963-1969 	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 capital productivity leads one to 

believe that the logging industry has not made any large increases in pro-

ductivity but has been substituting capital for labour without any basic 

change in technology. This is confirmed in Tables IV-4 and 1V-5. Regard-

less of how the labour input is measured, the average annual increase in total 

factor inputs is negligible, i.e. .b 5% to  •11%. The resulting average annual 

increase in total factor productivity is very small, less than 1% per year. 

Therefore, it might be concluded that the logging industry over 

the sample period did not have any major technological advances to in- 

crease overall productivity. The substantial increase in labour product-

ivity occurred due to the substitution of capital for labour. • Thus, 

even though new capital was introduced into the industry, it did not 

increase over-all productivity. Another hypothesis that is consistent 

with the productivity measures is that new technology was introduced 

but was used inefficiently. Unfortunately we cannot determine if new 

technology was introduced since we did not have a description of the 

capital investments made by the logging industry. Because capital inten-, 

siveness increased rapidly (see Table II-1), the latter assuMption 

appears most plausible. 



Table IV-5.  

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

Total Factor 
Labour Productivity Indexes 	Capital 	Productivity Indexes 
.Manhours 	Manhours 	Productivity 	Labour 	Labour 

Year . 	Unweighted 	Weighted 	Index . 	Unweighted 	Weighted 

1963 	• • 	1.000 	1.000 	1.000 	1.000 	1.000 

1964 	 .986 	.987 	.965 	.977 	.978 

1965 	1.011 	1.011 	.908 	.967 	.966 

1966 	 .983 	.979 	.871 	.934 	.932 

. 	1967 	1.027 	1.022 	.841 	•  .942 	.939 a% 
c.i 

1968 	• 	1.177 • 	1.168 	.832 	1.006 	1.002 

1969 	1.229 	1.218 	.861 	1.047 	1.042 

1970 	1.226 	1.216 	.791 	1.001 	.997 

1971 	1.418 	1.403 	.794 	1.074 	1.068 

Annual Average 
Percent 
Change 

1963-1971 • . 	4.37% 	4.23% 	-2.88% 	• 	.89% 	.82% 

1963-1968 	3.26 	3.11 	-3.68 : 	.12 	- .04 

1963-1969 	, 	3.44 	.. ' 3.29 	• 
	

-2.49 	':77 	. 	.68 
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0 Other Industries. 	 •  

The discussion of these industries will be brief since they are 

only used for comparison purposes. 

Tables IV-6 and IV-7 present the growth rates 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 

1.44% 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 grew at a staggering 8.0% per annum. The total factor 

input series also grew at a very large 6.7% rate for the whole sample 

period. This resulted in total factor productivity decreasing 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 labour at a high rate, it experienced reduced overall productivity. 

The interpretation of these results is complicated by the exploitation of 

of lower grade ore. 	 •  

il)  Wood Products.  

The data for this industry are presented in Tables IV-8 and IV-9. 

This industry was not hurt as badly as the other industries investigated 

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  an  upon very hard  tintes in 1969 and 1970. 

Over the whole period gross value added grew at 3.02% and labour input 

grew at .56% for unweighted and .50% for weighted. This implies some sub-

stitution of production for non-production workers as well. Labour productiv-

ity increased by 2.4% for the whole period (2.5% for weighted manhours) but 

there was some variability in this growth rate. 



Table VI-6.  

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

Gross 	Labour Input 	 Total Factor 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 	1.104 	1.016 	1.017 	1.087 	1.070 	1.070 

1965 	• 	1.156 	1.059 	1.062 	• 1.184 	1.153 	1.154 

1966 	1.160 	1.061 	1.072 	1.280 	• 	1.226 	1.229 

1967 	1.242 	1.071 	1.084 	1.396 	1.315 	1.319 

el 	1968 	1.301 	1.090 	1.106 	1.512 	1.407 	1.411 

1969 	1.317 	1.053 	1.076 	1.636 	1.492 	1.497 _ 

1970 	1.456 	1.141 	1.164 	• 	1.755 	1.603 	1.608 

1971 	1.394 	1.122 	1.150 	1.899 	1.706 	• 	1.713 

Average Annual 
, Percent  • 
Change 

1963-1971 • 	4.15 	1,44 	1.75 • 	8,02 	6.68 	6.73 

	

1963-1968 	5.26 	1.72 	2.02 	8.27 	6.83 	6.89 

	

1963-1969 	4.59 	.86 	• 	1.22 	8.20 	6.67 	6.72 



Table IV-7.  

Mining Industry 
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 	Productivitx 	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 	1.089 	.976 	1.003 	1.002 

1966 	1.093 	1.082 	.906 	.946 	• .944 

1967 	1.160 	1.146 	.890 	.945 	.942 

1968 	1.194 	1.176 	.860 	.924 	.922 c; 	
0 en 

1969 	1.251 	1.224 	.805 	.883 	.880 

1970 	1.276 	1.251 	.830 	.909 	.905 

1971 	1.242 	1.212 	.734 	- 	.817 	.814 

Average Annual 
Percent 
Change 

	

1963-1971 	2.71 	2.40 	• 	-3.87 	-2.53 	-2.57 

	

1963-1968 	3.55 	3.24 	-3.02 	-1.58 	-1.62 

	

1963-1969 	3.73 	3.37 	-3.62 	-2.07 	-2.13 



Table IV-8.  

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

Gross 	Labour Input 	 Total Factor 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 	1.056 	1.037 	1.031 • 	1.046 • 	1.041 	1.038 

1965 	1.083 	1.065 	1.058 	. 1.098 	1.079 	1.079 

1966 • 	1.102 	1.059 	• 	1.050 	. 	1.151 	1.098 	1.092 

1967 	1.126 	1.035 	1.026 	1.216 	1.111 	1.106 

1968 	1.217 	1.036 	1.028 	1.231 	1.118 	1.113 

1969 	1.201 	1.058 	1.049 	1.316 	1.166 	1.161 

1970 	1.110 	.995 	.989 	1.421 	1.173 	1.170• 

1971 	1.273 	1.046 	1.041 	1.566 	1.264 	1.261 

Average Annual 
Percent 	 . 
Change 

	

1963-1971 	3.02 	.56 	.50 	. 	5.61 	. 	2.93 	- 	•  2.90 

	

1963-1968 	3.93 	..71 	.55 	4.16 	• 	2.23 	2.14 

	

1963-1969 	3.05 	.94 	. .80 	4.58 • 	• 	. 	2.56 	2.49 



Table IV-9.  

Wood Product5Industry 
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 	1.017 	1.024 , 	.986 	1.004 • 	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 

1963-1971 	. 2.44. 	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 whole 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 of capital 

in this industry. Total factor productivity, however, grew at a very 

low rate for the whole period, i.e. .09% to .11%. This very low rate 

is probably a result of underutilized capacity during the recession in 1969 

and 1970. When the period 1963-1968 is consideredj the growth rate in total 

' factor productivity is 1.7%. 1968 is at the peak of the value added series 

so that this is probably an over-estimate of the long run productivity growth 

rates. A reasonable guess would put the long run growth rate in total factor 

productivity at .6% to .7%. 

Ili) Paper and Allied Products.  

The output pattern of this industry is similar to that of total 

manufacturing with reductions in gross value added in 1967 and 1971. 

The overall annual rate of growth in output is 3.38% (see Table IV-10) 

but this rate reflects the impact of the recession in 1971. The growth 

rate for the period ending in 1969 is 4.63% which is much higher. The 

growth rates in labour input also reflect the impact of the recession. 

Over the whole period (Table IV-10) the growth rate is 1.81% (unweighted) 

and for the 1963-1969 period it is 3.02%. 	From Table IV-11 labour pro- 

ductivity growth 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 

vêry low 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 at approximately 

4.5% - 4.7% depending on the sample period. 

Total factor productivity over the period 1963-1968 fell at an 

annual rate of 1.58% -.1.62%. For the pefiod ending in 1969, total fac-

tor productivity rose at a rate of .07% to .1%. 
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6.18 

5.68 

n, a. 

 4.76 

4.53 

n. a. 

 4.81 

4.56 

Total Factôr Input 
Capital 	Manhours 	, Manhours 
Input 	Unweighted 	Weighted 

1.000 	1.000 	1.000 

1.061 	1.058 • 	1.058 

1.165 • 	1.130 	1.113 

1.258 	1.212 	1.213 

1.309 	1.244 	1.246 

1.362 	1.269 	1.272 

1.406 	1.312 	1.315 

n.a. 	n.a. 	n.a. 

n.a, 	n.a. 	n.a. 

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 
Value 	Manhours 	Manhours 

Year 	Added 	Unweighted 	Weighted 

1963 	1.000 	•  1.000 	1.000 

1964 	1.086 	• 	1.054 	1.053 

1965 	1.122 	1.088 	1.089 

1966 	1.188 	1.156 	1.159 

1967 	1.142 	1.165 	1.169 

1968 	1.173 	1.156 	1.162 

1969 	1.320 	1.199 	1.205 

1970 	1.333 	•  1.180 	1.188 

1971 	1.311 	1.156 	1.163 

Average Annual 
Percent 
Change 

	

1963-1971 	3.38 	1.81 	• 	1.89 

	

1963-1968 	3.15 	2.90 	3.00 

	

1963-1969 	4.63 	3.02 	3.10 



Table IV-11. 

Paper and Allied Products Industry 
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 	1.030 	1.031 	1.024 	1.026 	1.026 

1965 	1.031 	1.030 	:963 	.993 	1.008 

1966 	1.028 	1.025 	.944 	.980 	.979 

1967 	.980 	.977 	.872 	.918 	.967 

eh 	 1968 	1.015 	1.009 	.861 	.924 	.922 

1969 	1.101 	1.095 	.939 	1.006 	1.004 

1970 	1.130 	1.122 	n.a. 	n.a. 	n.a. 

1971 	1.134 	1.127 	n.a. 	n.a. 	n.a. 

Average Annual 
Percent  
Change 

1963-1971 	1.57 	1.49 	n.a. 	n.a. 	n.a. 

	

1963-1968 	.30 	.18 	-3.00 	-1.58 	-1.62 

	

1963-1969 	1.60 	1.51 	-1.05 	.10 	.07 
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d) Summary.  

In Table 1V-12, the annual average productivity charges for all 

industries and the three time periods are presented. For the whole 

sample period, logging had total factor productivity increases greater 

than the mining and wood products industries. For the 1963-1968 period, 

loggirig total factor productivity increased more than the mining and 

paper and allied products and less than the other industries. For the 1963- 

1969 period, total factor productivity for logging increased at a higher rate 

than paper and allied products 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 logging industry displayed total factor productivity growth rates 

inferior to total manufacturing but better than mining and wood products. 

However, the analysis might be more conclusive if the sample period 

could be extended to 1973 and if the missing capital stock series could be -

obtained. 

3. Net  Value Added Basis. 	• 

The basic difference between the productivity growth rates cal- 

culated and presented in this section and those in the previous section 

is that an estimate of economic depreciation in real terms has been 

deducted from gross value added and capital services. 

The tables comparable to those presented in the previous section 

are presented in Appendix 3,but Table 1V-13 summarizes the productivity 

measures on a net value added basis. Comparing Table 1V-13 to 1V-12 we find 

that the subtraction of our estimate of economic depreciation has altered 

the actual productivity growth rates, but not Substantially. However, for 

a given industry, the relationship of growth rates to the sample time period 

has not changed. Also, the position of the logging industry,  vis-a--vis the 

other industries in terms of total factor productivity groWth rates has not 

changed. 
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Summary Table IV-12.  

Average Annual Growth  Rates, in percent, 
of various productivity indexes, 

gross value added basis. 

Time Period  

Industry: 	Pr°ductivi 	1963-71 1963-68 	1963-69  - 

Al].  Manufacturing 	Labour, weighted 	2.27 	2.12 	2.37 
Capital 	 n.a. 	-.53 	-.40 
Total, weighted 	n.a. 	.77 	.94 

Logging 	Labour, weighted 	4.23 	3.11 	3.29 
. 	Capital 	 -2.88 	-3.68 	-2.49 

Total, weighted 	.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 	.11 	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-13.  

Average Annual Growth Rates, in percent, 
of various productivity indexes, 

net value added basis. 

Time Period  

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

All Manufacturing 	Labour, weighted 	n.a. 	• 2.07 	2.30 
Capital 	 n.a. ' 	-.71 	-.47 
Total, weighted 	n.a. 	.75 	.96 

Logging 	Labour, weighted 	3.90 	2.69 	3.00 
Capital 	-2.79 	-4.21 	-2.65 
Total, weighted 	1.18 	.04 	.83 

Mining 	Labour, weighted 	1.77 	2.80 	2.80 
Capital 	-3.95 	-2.81 	-3.53 
Total, weighted 	-2.57 	-1.37 	-1.96 

Wood Products 	Labour, weighted 	2.33 	3.34 	2.15 
Capital 	-3.01 	.16 	-1.37 
Total, weighted 	-.01 	2.07 	.70 

Piper and Allied 
PrOducts 

Labour, weighted 	n.a. 	2.59 	2.97 
Capital . 	n.a. 	-3.92 	-1.52 
Total, weighted 	n.a. 	-2.13 	-.10 



41. 

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 size 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 British Columbia, an inter-provincial analysis 

ha  s resulted in some interesting insights into productivity of the pro-

duction techniques appropriate to different regions. 

Labour, capital, and value added data were requested from Statistics 

Canada for various size categories within each province. The data were 

then aggregated into three size categories (see Table V-1). Unfortunately, 

Statistics Canada did not have the capital stock data, but the labour and 

Value added series for 1963 to 1971 inclusive were provided. Since labour 

productivity only can be calculated from the basic data, limitations are 

introduced in the analysis of total productivity by size .  

The analysis of national data in the previous sections shows that labour 

productivity (Tables IV-3,5,7,9 and 11) increases at the same time as capital 

intensity increases (Table II-1). In addition it can be assumed that for a 

given province the capital intensity increases with the size of the estab-

lishment. Therefore, we would expect that labour productivity should in-

crease as the size of the establishment increases. This is, in fact, what 

happened for the total nation and in British Columbia (see Table V-1). 

Ontario is consistent with this trend, but Quebec was unique since establish-

ment size and increase in average annual labour productivity 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 

Province 
Size in Value 
of Shipments 	Ouebec Ontario  British Columbia - 	Canada  

	

A 	< $99 999 

	

• 	6.89 

B. $100,000 - 

	

$999,999 	5.36 

	

C, 	>$999,999 	6.60 

2.59 	• 	0.07 	2.90. 

	

4.39 	1.54 	4.08 

	

3.95 	3.20 	5.68 

Total 	7.10 	4 0 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 0  Minimum Efficient Size (4.E.S.) 

• Economic theory proposes that increases in output (i.e. size) will 

result in decreasing average unit production costs. This relationship 

will continue until optimal economies of scale are achieved and the aver-

age production costs level off or start increasing again. This point is 

known as the minimum efficient size. Because of competitive pressures, 

firms which are smaller than this minimum size will either grow larger 

or will be driven out of the market. Therefore, for the firms below the 

M.E,S. real output would be expected to be decreasing over time relative 

to the overall output in the industry (or increases at less than the in-

dustry rate). If the firm is greater than the minimum we 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 %) 
In Real Gross Value Added by Size and Province  

Size 	 Province  
Category 	Quebec 	Ontario 	British Columbia 	Canada  

A 	-13.7 	1O.3 	9.4 	-9,6 

	

-10.5 	- 1.3 	.05 	. 	f405 

	

1.9 	1.0 	5,8 	3 0 7 

Total 	- 1.1 	- 0.2 	3.1 	1.5 
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It is clear that for Canada as a whole the M.E.S. is slightly 

greater than size category B. Individuallyj Ontario mirrors the national 

relationship, but in Quebec, the M.E.S. is size category C whereas for 

British Columbia it is category B. These provincial differences may 

reflect different production techniques due to operating conditions 

(B.C. vs. Ontario and Quebec) or management policies (Ontario vs. Quebec). 

Corroborating evidence can be seen in Table V-3 where the percentage 

change in the number of establishments over the period 1963-1971 is pre- 

sented for the three provinces and Canada. •In all provinces and in 

Canada, there is 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. 

Tables V-4, V-5, and V-6 provide details of national and provincial 

labour productivity for size categories A, B, and C respectively. In 

Table V-1 both Ontario and Quebec  firing with less than $1,000,000 in 

shipments had labour productivity growth rates in excess of the average 

for Canada whereas British Columbia was much smaller. 

The low productivity growth rates for British Columbia may be surpris-

ing to some. One possible explanation is that the B.C. logging industry 

has always been more capital intensive than the other provinces due to 

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



Table V-3  

Number of Establishments by Size 
Category and by Province for the years 

1963 and 1971 

PROVINCE 

_ . . Quebec 	: 	.- 	Ontario 	British  Columbia 	Canada  
Size 

Category 	1963 1971 % Change  1963 1971 % Change  1963 -  1971 % Change  .1963 1971 % Change  

A 	394 193 -51.0 	342 	246 -28.1 	825 	538 -34.8 	2116 1376 -35.0 

	

155 	106 -31.6 	107 	134 	25.2 	368 	446 	21.2 	702 	826 17.7 

	

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 



Table V-4  

Labour Productivity, Unweighted 
Manhours, Base 1963 

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

BRITISH 
ONTARIO 	QUEBEC 	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 	Product- 
ar 	Added 	Input 	ivity 	Added 	Input 	ivity 	Added 	Input 	ivity 	Added 	Input 	ivity  

63 	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  

66 	.673 	.696 	.966 	.624 	.447 	1.400 	.624 	.667 	.935 	.647 	.641 	1.009  

67 	.538 	.534 	1.008 	.549 	.402 	1.366 • 	.634 	.709 	.894 	.609 	.590 	1.032  

68 	.534 	.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  

age 
al 	 - 
lot 	-10.3% 	-12.9% 	+2.59% 	-13.7% 	-20.6% 	+6.89% 	-9.4% 	-9.5% 	.07% 	-9.6% 	-12.5% 	2.90% 
7 

,.as 
-191  



Table 7,5  

Labour Productivity, Unweighted 
Manhours, Base 1963 

Size Category C, 
Value of Shipments $100,000 to $999,999.  

BRITISH 
ONTARIO 	QUEBEC 	COLUMBIA 	CANADA  

Index of 	Index of 	Index of 	Index of  

Real Gross 	Labour 	Real Gross 	Labour 	Real Cross 	Labour 	Real Gross 	Labour 

	

Value 	Labour 	Product- 	Value 	Labour 	Product- 	Value 	Labour 	Product- 	Value 	Labour 	Produc 
Year 	Added 	 • In ut 	ivit 	Added 	In ut 	ivit 	Added 	Ineut 	ivît 	Added 	Input 	ivit 

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  

n 

1971 	• 	.902 	.634 	1.421 	.430 	.280 	1.535 	1.004 	.888 	1.131 	.888 	.641 	1.386  

eivera e 	 • 
el.nnua 
i rodust- 

-1.3% 	-5.7% 	+4.39% 	-10.5% 	-15.9% 	5.36% 	.05% 	-1.5% 	1.54% 	-1.5% 	-5.6% 	4.08% 
-%.rity 
ncre se •  • 
963- 971 



Table V,-.6 . 

Labour Productivity, Unweighted 
Manhours, Base 1963. 

Size Category C, 

Value of Shipments e  Greater than $999,999.  

BRITISH 
ONTARIO 	QUEBEC 	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 	Produci 
ïear 	Added 	Input 	ivity 	Added 	Input 	ivity 	Added 	Input 	• ivity 	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  
d 

1965 	.952 	.998 	.953 	1.130 	1.058 	1.068 	1.197 	1.085 	1.103 	1.118 	1.068 	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  

L967 	•  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 	1.669 	1.386 	1.204 	1.347 	.995 	1.354  

L970 	1.058 	.924 	1145 	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  

Wera e • 	
. 	. 

.riri.ua 
›rodult- 	.99% 	-2.97% 	3.95% 	1.9% 	-4.7% 	6.6% 	5.8% 	2.7% 	3.2% 	• 	3.7% 	-2.0% 	5.68% 
Lvity 
Encre se 
L963- 971 	• 



Therefore there has not been as substantial a substitution of capital 

for labour as in the other provinces. For example, for size categor-

ies A and B the labour input for British Columbia was less than the 

Canadian average, but for the largest firms, size category C, the labour 

input series increased 2.7% in contrast to a 2,0% decrease for all of 

Canada. Therefore, without substantial capital substitution'the B.C. 

labour productivity growth rates are very low. •  

For Quebec and Ontario data from Tables V-4, 5, and 6, indicate that 

within each size category the labour input series decreased more during 

the target period than the Canadian average. In fact the decreases for 

Quebec were much greater than for Ontario. One possible interpretation 

is that the substitution of capital for labour was greater in Quebec than 

in Ontario over the sample period. 

In Table V-7 detailed labour productivity for each of the provinces 

and Canada are'  presented. Only Quebec has labour productivity increases 

in excess of the Canadian average of 5.57%. Unfortunately, comparisons 

among the provinces regarding total productivity cannot be made because 

of the lack of capital stock data. 



Table V-7  

Labour Productivity, Mnweighted. Logging Activity 
Manhours, Base.1963 

S 4 ze Category - Total Province. 

BRITISH 
ONTARIO 	•UEBEC 	COLUMBIA 	CANADA  

Index o 	 Index of 	Index of  

Real dross 	Labour 	 Real Gross 	Labour 	Real Gross 	Labou/ 

	

Value 	Labour 	Product- 	 Value 	Labour  • Product- 	Value 	Labour 	Produc 
Year 	Added 	Input 	ivity 	Added 	Input Y 	Added 	Input  • 	ivit 	Added 	Input 	ivîty  

1963 	1.000 	1.000 	1.000 	 1.000 	1.000 	1.000 	1.000 	1.000 	1.000  

1964 	.932 	1.003 	.929 	 1.050 	1.018 	1.031 	1.021 	1.017 	1.005  

1965 	.945 	1.003 	.043 	 1.092 	1.041 	1.049 	1.037 	.995 	1.042  

1966 	1.014 	1.009 	1.006 	 1.026 	.981 	1.046 	1.038 	1.004 	1.034  

1967 	.972 	.937 	1.037 	1.038 	.952 	1.091 	1.033 	.941 	1.098  

1968 	.914 	.820 	1.115 	 1.18• 	.987 	1.201 	1.058 	.828 	1.277 

1969 	.•83 	.884 	1.112 	. 	1.008 	.•81 	1.481 	1.332 	1.113 	1.197 	1.146 	.852 	1.345  

1970 	.••3 	.847 	1.173 	:991 	.615 	1.611 	1.163 	1.022 	1.138 	1.087 	.814 	1.336  

1971 	.•82 	.••4 	1.415 	.914 	.518 	1.765 	1.278 	.997 	1.282 	1.125 	.721 	1.561  

Aver ge 	. 
Annu-1 	-.22% 	-4.6% 	4.33% 	-1.1% 	-8.2% 	7.10% 	3.1% 	-.03% 	3.1% 	1.5% 	-4.1% 	5.57% 
Prod ct- 
ivit) 
Incr ase 
1963 1971 



compensation divided by total manhours paid. 

12. g t : . ., value of real labour services valued at compensation at the base 
period - unweighted,. 

11. 7 ; 	average wage rate in base period (1963). It is calculated as total 
" . • 	. . 

Definition of Variables Used in Productivity Study  

1. GVA •° 
	

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

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

2. NVA'. net value added in period t. This is equal to gross value added 
t °  

minus current economic depreciation (measured via the proxy of 
accounting depreciation). 

3. PI • 	this is a price index deflator to be used on either GVA or NVA PI: 
to obtain the real value of the output series. The Gross National 
Expenditure implicit price index deflator is used for all indus-
tries except loggingwhere a specific logging price index was 
constructed. 

4 , y
G
t : 	real gross value added in t 

= GVA
t
/PI

t 

5. y
N 
t °  

6. Y : 

real net value added in t 
= NVA /PI 

t 	t 

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. ,G 	G i  G 

= Ye Y1963. 

7. YN . 
t °  

8. MIL 
t

i Labour input equal to manhours paid, production workers - from 
• r' 

Statistics Canada. 

9. Mflup,t ; Labour input, manhours paid, non-production workers - from 
Statistics Canada ,  

10. MET, t : total manhours paid = Mllp,t  MENp,t  

Index of real net value added and is constructed as in (6) above. 

13.  L:  t 

i .e. 	' ‘,7c, 

index of real labour services where L
t 

= 54.
t 

1963 



16. L • 
t ' 

17. k
G

: 

18. Kt 

19. k
N

• 
t' 

* 	G 
g , 	k 
.t 	t g 	k

N 
or 	t 	t 	or 	  F

t 

ApPendix 1 ,  

14. 

15. it • 
t i  

20. xN :  

21. F 

tptal manhours in period t, weighted 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 weighted labour services valued at compensation 
at the base period, 

lee.
t = w 
 • 

o 
W.MH

T,t 

index of real weighted labour services where L
t = t/ o

* 
"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. 

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 capital services where 

K
N kt  
 = 

- t 	N k
1963 

index of total factor input in year t. This is calculated 
as the sum of the real value of labour services (either weighted 
or pnweighted) and the real value of capital services (either 
gross or net) all divided by the sum of the labour and capital 
input measured at the base period, 1963. For example, 

G 
kG 

index of real gross capital services where K
t 
- - 

k
G 
1963 

G 
e1963 k

1963 e 	kN l963 	1963 

22. 	: PT,t Total factor' 
as the index 

by the index 

productivity index in year t. This is calculated 
of real value added (either gross or net) divided 

N'  
=t of total factor input. For example, P 

T t 
F
t 



Appendix 2. 

Table 1(a) 	(e) Gross value added (GVA
t
) 

Net value added (NVA t ) 

• Price index deflator (PI t ) 

Table 2(a) - (e) Labour input, production workers (141L_ ) 
P,t 	- 

Labour input, non-production workers (el _ 
--e,t) 

Total manhours (14H
T,t

) 

Unweighted value of real labour services 

(1.414n ,t )  

Weighted value : of labour input (9, t ) 

(tt) 

Total weighted manhours 

Table 3(a) - (e) 	Capital services input data 



Appendix 2  

Table 1(a) - Logging  

Basic data to calculate real value of output series  

Real GVA
(1)  Real NVA

(1) 

	

($000) L 	(000
•1963 	' 	466,267 	419,967 	100.0 

	

' 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 	472,978 	417,199 	138.6• 

	

1969 	• 	512,340 	. 453,509 	145.8 

	

1970 	485.317 	425,109 	143.8• 

	

1971 	502,620 	440,792 	138.8 

.(1) Logging statistics from Statistics Canada, #25-201, table 1, deflated by 
logging price index. 

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

Jet i 	be product category (e.g. logs and bolts, etc.). 

Q be quantity in thousands of cubic feet solid wood of product i. 

V
i 

be value of shipments of product i. ' 

1r4  

F = 	be average price of product i 
Q 

• 
be weighting for product type i 

then W = 	= average price of product type i 
V
i averaeé total price = 

Qi 	• 	• - 

For each succeeding year, the weights Wi  are applied to the quantities of wood 

chipped by their corresponding product category i. Summing these 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 legging 
indu.stry price index. 



Appendix 2  

Table . 1(b) - Mining Industries  

SMines, Quarries and Oil Wells)  

Basic Data to calculate real value of output series  

(1) 

	

Real GVA, 	Real NVA (1) 

	

($000) - 	($000) 

1963 	2,055,552 	1,793,352 	100.0 

1964 	2,268,795 	1,983,581 	102.5 

1965 	2,376,436 	2 9 065,584 	105.8 

1966 	2,383,837 	2,048,910 	110.6

•  1967 	2,553,874 	2,190,166 	114.9 

1968 	2,674,680 	2,281,392 	118.6 

1969 	2,708,081 	2,283,059 	123.9 

1970 	2,993,737 	2,539,666 	129.5 

1971 	2,866,115 	2 9 377,007 	133.5 

(I) Deflated using G.N.E. Implicit price index. 

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



Appendix 2  

Table 1(c) , Wood Industries  

Basic Data to calculate real value of output  eries  

(1) Real GVA 	Real NVA
(1)
t 

 

$000 t 	$000 

1963 	. 	. 586,681 • 	553,781 	. 	100.0 

1964  . ; 	619,258 	584,729 	102 5 5 

	

, 1965 . • 	' 	635,227 	598,708 . 	105.3 

1966 • 	• 	' 	646,789 	608,816 	109.6 

1 	
. 

967 	660,471 	. 	620,234 	' 	113.7 

.1968 	-. 	- 	714,075 	673,283 	127.4 

	

. 1969 	, 	704,613 . 	660,986 	136.8 

1970 	651,331 	‘ 604,185 	• 	123.1 

1971 	746,665 	694,503 ' 	136.2 

(1)Deflated using price index for wood industry.  •  

(2) Wood Industries price index. Source - Prices and Price Indexes, 
Statistics Canada, 62-002. 



Alipendix 2  

Table ,lçd) - Paper and Allied Products  

Basic Data to calculate real value of output series  

	

( 	 (2) 
Real GVAt

1) 	Real NVA
(1)
t 	P.I. t  

($000) 	($000) 

1963 	1,193,397 	1,062,397 	100.0 

19e4 	1,295,537 	1,153,852 	101.4 •  

1965 	1,339,174 	1,183,072 	101.9 

1966 	1,417,584 	1,248,690 • 	104.2 

1967 	1,362,815 	1,188,315 	107.0 

1968 	• 	1,400,441 	1 P  219 P  667 	107.6 

1969 	1,574,930 	1,389,258 	111.0• 

1970 	1,591,057 	n.a. 	114.2 

1971 	1,564,339 	n.a. 	• 	115.3 

(1)Deflated:using price index, P.I. 

(2)Paper and Allied.Industries price index. 



Appendix 2  

Table 1(e) - Manufacturing  

Basic data to calculate real value of output 
series 

- 	Real GVA

(1)  
Real NVA(1)  

($000) t 	• ($000) 

1963 	12,875,073 	• 	12,089,073 

1964 	• 	13,899,692 	13,069,930 

1965 	. • 	14,919,954 	14,018,727 

.1966 . 	15,606,018 	14,637,097 

1967 	15,708,998 	14,698,534 

1968 	• • 	16,428,005 	15,371,353

• 1969 	• 	17,317,414 	. 16,202,817 

1970 	16,538,802 	n.a.

•  1971 	17,369,199 	non. . 

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



Appendix 2  

Table 2()  - Logging  

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

'- 	*(3) (2) 
• map,t 	

NH 	1: 	
MH

Tet 	
SG
t
(1)

•  WMHT e t 	14  t 
(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 

. 1966 	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 	18430 	123,076 	246,211 . 	124,260 	248,580 

1970 • 	100,235 	16,645 	116,880 	233,816 	117,870 	235,796 

1971 	88,740 	15,942 	104,682 	209,414 	105811 	211,673 

(1) 	= MR 
T 
 times average 1963 wage of $2.00048 

t 	,t 

() W/IHT .,t = 
 f975  x 

NH_r,E 
 „_4. 1.210  MHPt  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) 	= WMHT,t times average 1963 wage. 



(2) 
WMH

T,t 
(000's)  

204,055 

207,448 

216,717 . 

218,745 

221,205 

225,698 

219,630 

Z37,495 

g34,715 

Appendix 2  

• Table 2(b) - Mining  

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

x .(1) 

	

MHP,t 	• leiNP ,t 	MH T,t 
• (000's ) 	.(000.'s) 	(000's) 	- ($000)  

1963 	154,823 	49,232 	204,055 	508,816

• 1964 	157,227 	50,170 	207,397 	517,149 

1965 	162,542 	53,610 '216,152 	538,980 

1966 	158,156 	58 9 250 	216,406 	539,614 

1967 	159,182 	59,432 	218,614 	545,119 

1968 	160,346 	62,088 	222,434 	554;644 

1969 	151,072 	63,896 	214,968 -536,028 

1970 	164,835 	68,060 	232,895 	580,729 

1971 	158,835 	70,115 	228,950 	570,892 

* (3) 
g
t 

($000)  

508,816 

517,277 

540,389 

545,446 

551,580 

562,783 

547,653 

592,199 

585,267 

(1)  £t: = MH 	times the average 1963 wage of $2.49352 
T,t 

(2)
WW1Tpt 

= .906506 x MHF,t  + 1.29402 x %pet 	The average wage rates for 

1963 were $2.26039 for production workers and $3..22666 for non-production workers. 

(3) g*  - WMH t 
 times the 1963 average wage rate. t 	T. 
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Table 2(c) - Wood Products  

Basic data for calculation of labour input 

series for Man-hours pàid  

* (3) 

	

stt
(1) 	(2) 

	

le  r p t 	MHNP e t 	
MH

Tet 	
WMH

T,t 	2't 

	

(000's) 	(000's) 	(000's) 	11000)_. 	(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 	165447 	26,306 	191,453 	353,113 	189,953 	• 350,346 

1969 	168,589 	26 9 786 	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 

(1 1/4
t 
= MH

T,t 
times average total wage in 1963 of $1.8444 

(2) 
WMHT,t =  19404 x Mlippt  4. 1.3169 x MUNP t . The'average wage rates for 1963 

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

(3) 
t WMET,t 

times the average 1963 wage. 



eppendix  2 

Table 2(d) - Paper  and  Allied Products  

easic data for calculation of labour input series 
usin: Man-hours .aid 

* (3) 

	

(1) 	(2) 
' 	. 	1411P ,t 	-141INPt 	NETe t 	2'. t 	

11MB_, 

	

u: t 	g t 

. 	MO's) 	(000 9 s) 	(000's) 	($000) 	(000's) 	. ($000) 

1963 . 	169,733 - 49,581 	219,314 	•541,195 - 219,314 	541,195 

1964 . 	17940 9. 	51,817 	231,126 	570343 	230,-962 	• 569,93e 

-1.965 	184,072 	54,467 i 	238,539 	. 588,636 	238,742 	589,137 
' 	1 

'• 1966 • 	1944400 	59,126 	253,526 	625,619 	254,208 , 	627,302 ' 
i 

.1967 	194,857 	60,565 ' 	255,422 	630,298 	256,484 	632,918 

1968 	192,309 	- 61,133 ' 	253,442 	625,412 	254,886 - 	628,975 

1969 . 	- 200,019 	62,941 	262,960 	648,899 	264,274 	652,142 

' 1970 	. 195,536 	63,234 	258,770 	638,559 	260,551 	642,954

• . 1971 	191,811 	61,616 	253,427 	625,375 	255,054 , 	629,390 

(1)
t MH

T,t 
times 1963 average total wage of $2.4677 

(2).. .91494 x MHp9t  + 1.2912 x %pot  The average wage rates for 1963 e"T,t 

were $2.2578 fo .4. production workers and $3,„1863 for non-production workers. 

(3)£
t 
 * = WME 	times Ow average total wage in 1963. T,t 



977,471 	.3,427,529 

958,036 	3,406,455 

A2222.1112L1 

Table 2(e) Total Manufacturing  

BaSio data for calculation of labOur input series 
using Man-hours 'aid. 

1963 

1965 

.1966 

1967 

1968 

1969 

1970 

1.971 • 

MHNP,t 
(000's)  

877,498 

902,210 

945,167 

984,008 

	

2,478,916 	1,007,086 

	

2,458,791 	1,002,822 

	

2,515,183 	1,009,726 

2,450,058 

2,448,419 

(000's)  

	

3,015,475 	6,495,289 

3,167,398 .6,822,529 

	

3,329,169 	7,170,981 

	

3,482,020 	7,500,220 

7,508,797 

7,456,264 

7,592,602 

7,382,847 

7,337,454 

* (3) 
WMH

T,t
(2)

t 
(000's) 	($000)  

6,495,289 

6,806,533 

7,151,613 

7,476,235 

7,502,753 

7,452,539 

7,579,452 

7,366,490 

3,393,807 7,310,211 

(000's)  

2,137,977 

2,265,188 

2,384,002 

2,498,012 

0 (I ) 

"Yt 

( $ 000 ) 

3,486,002 

3,461,613 

3,524,909 

3,015,475 

3,159,972 

3,320,177 

3,470,885 

3,483,196 

3,459,884 

3,518,804 

3,419,935 

(1) = MH
T,t 

tiffies average total wage rate in 1963 of $2.15399 ' 	. 	t 
(2) 
: WmHT,. 4  = .88942 ]ç MHp,t  + 1.2694 x MENp,t 	The average wage rates for 1963 

. were $1.91579 for production workers and $2.7343 for non-production workers. 

W
T,t 

MH 	times average 1963 wage. 



Capital Services 
Input in constan 

1963 	$000 

k
t  

1963 

1964 

1965 

1966 

. 1967 

1968 

1969 

:1970 

1971 

804,400 

848,938 

896,052 

926,395 

- 948,446 

980,198 

1,026,296 

1,058,916 

1,091,550 

190;792 

201,356 

212,531 

219,727 

224,958 

232,489 

243,423 

251,159 

258,900 

470,900 

494,332 

527,272 

552,454 

567,567 

.577,121 

596,389 

610,755 

617,83Q' 

144,492 

151,682 

161,789 

169,516 

174,154 

177,085 

182,997 

187,405 

189,576 

n-n 

eppendix 2.  

Table 3(a) - Logging.  

Basic data  • to obtain real value of 
Capital  Services Input  

(2) • 	(3) 	(4) 
) 

Value of Gross
(2 	

Value of Net (3  )* 	 Value of Net
(4 

Capital Services 	Stock of Capital 
Input in constant in constant 1963 

1963 $000 • 	$000 •  

G k
t  

(1) 

Value of Gross 
Stock of Capital 
in constant 1963 

$000 

(1)
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, 1/ 62-002, Table 20. 

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

real GVA,,„ - labour value in 1963 . 466267-275475 . . 2372 

real value of gross stock of phys- 	804400 
.ical capital in 1963 • 

(3)  The real value of net stock was obtained by subtracting from column (1) the real 
value of economic depreciation in each year. 

'(4) 
Column (4) waà obtained by multiplying column (3) by the following ratio: 

real 
NVA1963 

- labour value in 1963 419967-27547
5 = .30684 , , 

1963 va
._
lue of net stock of physical 	470900 

capital 	. 

( 2 ) 

• 



•(1) 	(2) 

Value of Cross (1) 	
Value of Gross

(2) 

Stock of Capital 	Capital Services 
in constant 1963 	in constant 1963 

$000 	$000 
PS.nnn•:1MN•31¢. 

Appendix 2.  

Table 3(b) - Mining.  

Basic data to obtain real value of 
Capital Services Input 	 

1963 

1964 

1965 

1966 

.1967 

1968 

1969 

1970' 

1971  

6,637,700 

7,215 0 755 

7,858,868 

8,497,564 

9,263,787 

10,035,399 

10,859,122 

11,647 0 532 

14602,849 

1,546,736 

1,681,436 

1,831,296 

1,980,127 

2,158,674 

2,338,478 

2,530,424 

2,714,142 

2,936,752 

(3) 

Value of Net (3) 

Capital Stock 
in constant 1963 

$000  

4,676,800 

5,019,135 

5,404142 

5,824,556 

6,350,744 • 

• 6,847,727 

7,360,880  

• 7,855,958 

8,497,442 

(4) 

1,284,536 

1,378,562 

1,484,309 

1,599,780 

1,744,304 

1,880,806 

2,021,749 

2,157,728 

2,333,919 

Value of Net
(4) 

Capital Services 
in constant 1963 

$000 

(1) See footnote (1),Table 3(a). 

(2) Capita1 services is obtained by multiplying column (1) by the value of 
.233023 (see footnote (2), Table 3(a)). 

(3) See footnote (3), Table 3(a). 

(4) Capita1 services is obtained by multiplying ' column (3) by the value of 
.274661 (see footnote (4), Table 3(a)), 



Basic data to obtain real value of 
Capltal  Services Input 

(2) (1) (4) (3) •  

(2) 	. 

• 

• . 	• 

(1) 
See footnote (1),  Table 3(a)0 

• 
ices is ob .tained by multiplying colw 
:footnote (2), Table 3)). 

3, Table 3(a). 

• 
ices is obtained by multiplying colw 

-footnote (4), Table 3(a)), 

.. Capital services is ob .tained by multiplying column (1) by the value 
,270941 (see 'footnote (2), Table 3)). 

(3) See footnote 3, Table 3(a). 

(4)
Capita1 services is obtained by multiplying column (3) by the value - 
.4014189:(see -footnote (4), Table 3(a)), 

Aependix  2. 

Table 3(c) - Wood Industries 

Value of Net
(4) 1) 

Value of Gross (  - 
Stock of Capital 

constant 1963 
$000  

• 

Value of Gross
(2) 

Capital Services 
in constant 1963. 

$000  

Value of Net (3) 

Capital Stock 	• Capital Services 
in constant 1963 •  in constant 1963 

$000 	$000  

1963 

1964 

' 1965 

1966 

1967 

.1968 

1969 

1970, 

1971 

907,700 

949,7§Z 

' • 996,677 

1,045,191 

1,103,644 

1,117,803 

1,194,508 

- 4289,393 

4421,599 

245,933 

257,335 

270,041 

283,185 

299,022 

302,858 

323,641 

349,349 

385,169 

530,700 

553,136 

580,341 

600,496  

634,307  

639,780 

688,180 

757;090 

846,703 

213,033 

222,039 

232,960 

241,050 

254,623 

256,820 

276,248 

303,910 

339,883 
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Table 3(d) - Pater and Allied Products 

Basic data to obtain real value of 
Capital  Services_Input  

	

(1) , 	(2) 	(3) 	(4) 

Value of Gross (1) 	Value of Cross (2) 	.Value of Net (3) 	Value of Net 

	

Stock of Capital 	Capital Services 	Capital Stock 	Capital Services 

	

in constant 1963 	in constant 1963 	in constant 1963 in constant 1963 

	-e°00 	$000 	$000 	$000  
• 

	

1963 	3 ,683,000 	652,202 	2476,000 	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 e 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, 	• 	n.a, 	n.a. 	n.a. 

	

1971 	• 	n.a0 	n.a, 	n.a. 	n.a. 

(1) See footnOte '(1), Table 3(a)0 

(2) Capita1 services is obiained by multiplying çolumn (1)-by the value 
.17768 (see footnote 2, Table 3(a)). 

(1) See footnote . 3, Table 3(a). 

(4) 
Capital services is obtained by multiplying coIumn (3) by the value 
.23952 (see footnote (4), Table 3(a)). 



(4) 

Value of Net
(4) 

Capital Services 
in constant 1963 

$000 

5,593,784 

5,851,349 

6,343,076 

6,821,211 

7,086,172 

7,372;356 

7,716,284 

n,a. 

(1)
See foo 

(2)
 Capital 

.280307 

(3)See foo 

Apundix 2.  

Table 3(e) - Total Manufacturing 

Basic data to obtain real value of 

(1) 

1963 	22,760,000 

1964 	23,800,238 

1965 	25,737,110 

1966 	27,541427 

1967 	2835,219 

1968 	29,806,593 

1969 	31,358 -,031 

1970 . 	ni a.' 

1971 	. nqa. 

Capital Services Input 

(2) 

Value of Gross
(2) 

Capital Services 
in constant 1963 

$000  

6,379,784  

6,671,370 

7,214,288 

7,719,967 

7,998,617 

8,354,992 

8,789,871 

1117à0 

noa.  

(3) 

14,022,000 

14,667,641 

15,900,258 

17,098 0 805 

17,762,985 

18,480,366 

19,342,494 

n.a, 

noae  

Value of Gross
(1) 

. Stock of Capital 
• in constant 1963 
• ' 	$000  

Value of Net (3) 

Capital Stock 
In  constant 1963 

$000 

tnote (1), Table 3(a) 0  

services is obtained by multiplying column (1) by the value 
(see, footnote (2), Table 3(a)). 

. 	. 

tnote .(3), Table 3(a). • 

• 
. (9Ùgp1ta1 services is obtained by multiplying column (3) by the - value 

.398929 (seefootnote (4), Table 3(a)) 0 	 • 
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Table 1.  

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

Net 	Index of 	Index of 
Index of Real 	Total Capital . 	Total Factor 	Total Factor 
Net Value 	Services Input 	Labour 	Labour 

Year 	Added 	Index 	Unweighted 	Weighted  

1963 	1 0 000 	1.000 	1.000 	1.000 

1964 	1.081 	1.046 	1.048 	1.047 

1965 	1%160 	1.134 	1.118 	1.116 

1966 	• 	1.211 	1.219 	1.185 	• 	1.183 

1967 	1.216 	1.267 	1.207 	1.207 

1968 	• 	1.272 	1.318 	1.227 	• 	1.226 

1969 • 	1.340 	1.379 	1.266 	1.265 

1970 	n.a, 	n.a, 	• 	 n.a. 	n.a. 

1971 	• 	n.a. 	n.a. 	n.a. 	n.a. 

egrsge Annual 
Change 

1963-19/1 

1963-1968 	4.81 	5.52 	4.09 	4.08 

1963-1969 	4.88 	5.36 	3.93 	3.92 

CM,  



•=• 
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Table 2. .  

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

' 	Labour Productivity 
Productivity Indexes 

Indexes 	Capital 

	

'Labour 	 • 	Labour 	Productivity 	Labour 	Labour 
Year 	Unweighted 	Weighted 	Index 	Unweighted 	Weighted 

1963 	1.000 	1.000 	1.000 	1.000 	1.000 

1964 	1.030 	1.031 	1.033 	1 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 • 	1.108 	1.109 	.965 	1.037 	1.038 

1969 	1.146 	1.148 	.972 	1.058 	1.059 

1970 	n.a, 	n.a. 	n.a. 	n.a. 	n,a. 

1971 	n.a. 	n.a. 	n.a. 	n.a. 	n.a. 

Average 
Annual 
Change 

	

1963-1971 	- 

	

1963-1968 	2.05 	2.07 	-.71 	• 	.73 	.75 

	

.1963-1969 	2.27 	2.30 	-.47 	.94 	.96 

Total Factor 
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Table  3. 

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

. 	 Index of Total Factor Inputs 

Real Net Value 	Real Net Capital 	Labour 	Labour 
Year 	Added Index 	Services Index 	Unweighted 	Weighted  

1963 	1.000 	• 	1.000 	1 0 000 	1.000 

1964 	1.012 	1.050 	1.038 	1.038 

1965 	.997 	1.120 	1.041 	1.041 

1966 	.986 	1.173 	1.073 	1.075 

1967 	.973 	1.205 	1.048 	1.051 

1968 	.993 	1.226 	.987 	.991 

1969 	1.080 	1.266 	1.022 	1.028 

1970 	1.012 	1.297 	1.003 	1.008 

1971 	1.050 	1.312 	p .950 	.955 

Average Annual 
Change 

	

1963-1971 	.61% 	•3.39% 	-.64%  

	

1963-1968 	-.14 	4.08 	-.26 	-.18 

	

1963-1969 	1.28 	3.93 	.36 	.46 
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Table 4 • .  

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

Base = 1963. 

Labour Productivity 
Total Factor Productivity 

Index 	Capital 
Manhours 	Manhours 	Productivity 	Labour 	Labour 

Year • Unwelghted 	Weighted 	Index 	Unweighted 	Weighted 

1963 	1.000 	1.000 	1.000 	1.000 	1.000 

1964 	.981 	.981 	.964 	.975 	.975 

1965 	• 	.998 	.997 	.890 	.958 	.958 

1966 	.966 	.963 	.841 	.919 	.917 

1967 	1.007 	1.002 	.807 	.928 	.926 

1968 	1.153 	1.144 ' 	.810 	1.006 	1.002 

1969 	1.208 	1.197 	.853 	1.057 	1.051 

1970 	1.193 	1.183 	.780 	1.009 	1.004 

1971 	1.381 	1.366 	.800 	1.105 	1.099 

Average Annual 
Change 

	

1963-1971 	4.04% 	3.90% 	-2.79% • 	• 	1.25% 	1.18% 

	

1963-1968 	2.85 	2.69 	-4.21 	.12 	.04 

	

1963-1969 	3.15 	3.00 	-2.65 	.92 	.83 



• Year 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

Average Annual 
Percent 
Change 

7.46 

7.62 

7.56 

6.09 

6.19 

6.00 

6.03 

6.12 

5.91 

ependix 3.  

Table 5.• 

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

Base = 1963. 

Net 
Value 
Added 

1.000 

1.106 

1.152 

1.143 

1.221 

1.272 

1.273 

1.416 

1.325 

Capital 
Input 

1.000 

1.073 

1.156 

1.245 

1.358 

1.464 

1.574 

1.680 

1.817 

Total Factor 

Manhours 	Manhours 
AlmiÈhted Weinhted  

1 0 000 	1.000 

1.057 	1.057 

1.128 	1.129 

1.193 	1.196 

1.277 	1.280 

1.358 	1.363 

1.426 	1.433 

1.527 	1.533 

1.620 	1.628 

	

1963-1971 	3.52 

	

1963-1968 	4.81 

	

1963-1969 • 	4.02 



Table 6.. 

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

Base = 1963. 

• • 

	

Labour Productivity 	• 	Total Factor 

Manhours 	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 

3,966 	1.077 	1.066 	.917 	.958 	.955 

1967 	1.140 	1.127 	.899 • 	.957 	.954 

1968 	1.167 	1.150 	.869 	.937 	.934 

1969 	1.208 	1.183 	.809 	.893 	.889 

1970 • 	1.241 	1.217 	.843 	.927 	.924 

1971 	1.181 	1.152 	•  .729 	.818 	.814 

Average  • Annual 
, Percent 

Change 	• 
• 

1963-1971 	2.08 	1.77 	 -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 
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Table 7.  

Wood Products  Indus  try  
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 	1.071 

	

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 	1.161 	1.157 

	

1971 	1.254 	1.595 	1.258 	1.254 

Average Annual 
Percent 
Change 

	

1963-1971 	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 
Productivity Indexes, Labour, Capital, and 
Total Factor, Net Value Added Basis: 

Base = 1963. 

Labour Productivity 	 Total Factor 

Manhours 	Manhours 	Manhours 	Manhours 
Year 	Unweighted 	Weighted 	Capital 	Unweigbted 	Weighted 

1963 	1.000 	1.000 	1.000 	1.000 	1.000 

1964 	1.018 	1.024 ' 	1.013 	1.016 	1.020 

1965 	1.015 	1.022 	.988 	1.005 	1.009 

1966 	1.039 	1.047 	.971 	1.012 	1.017 

1967 	1.082 	1.091 	.937 	1 0 019 	1.026 

1968 	1.173 	1.182 	1.008 	1.104 	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 

Average Annual 
Percent 

Change 

	

1963-1971 	2.28 	2.33 	-3.01 	• 	-.04 	 -.01 

	

1963-1968 	3.19 	3.34 	.16 	1.98 	2.07 

	

1963-1969 	2.02 	2.15 	-1.37 	.62 	.70 
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Table, 9.  

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

Net 

	

Value 	Manhours 	Manhours 

	

Year 	Added 	Capital 	Unweighted 	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 	• 	1.175 	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 	n.a. 	n.a, 	n.a. 	n.a. 

	

1971 	n.a, 	n.a. 	n.a. 	n.a. 

Average Annual 
Percent 
Change 

1963-1971 	n.a. 	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% 

Total Factor 
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Table 10.  

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

Labour 	 Total Factor 

Manhours 	Manhours 	Manhours 	Manhours 

	

Year 	Unweighted 	Weiehted  • Capital 	pnweighted 	Weighted  

- 

	

1963 	1 0 000 	1.000 	1.000 	1.000 	1.000 

_ 	
1964 	1.054 	1.053 	1.022 	1.026 	- 1.026 

	

1965 	1.081 	1.082 	.949 • 	.986 	.986 

1966 • 	1.143 	1.146 	.917 	.965 	. 963

•1967 	1.142 	1.145 	.830 	.892 	.890 

	

1968 	1.131 	1.138 	.822 	.901 	.899 

	

1969 	1.188 • 	1.195 	.913 	.996 	.994 

	

1970 	n.a. 	n.a. 	n.a. 	n.a. 	n.a.•  

	

1971 	n.a. 	n.a. 	n.a 	n.a. 	n.a. 

, Average Annual 
Percent 
Change 

	

1963-1971, 	n.a. 	n.a. 	n.ae 	• 	n.a. 	n.a. 

	

1963-1968 	2.46% 	2.59% 	-3.92% • 	-2.09%  

	

1963-1969 	2.87% 	2.97% 	-1.52% 	-.07% 	-.10% 



ORGANIZATION FACTORS AFFECTING INNOVATION 

IN THE FOREST HARVESTING INDUSTRY.  

Mansfield's
1 research into technological change and innovation has 

• 

'considered several facets. The first is the use of total factor pro-

ductivity indices to measure the effectiveness of innovation for an 

industry.  •  Total factor productivity considers the change in  output in 

relation to the total input comprised of both labour and capital. The 

report entitled, "Total Factor Productivity as a Measure of Innovation 

in the Forest Harvesting Industry", indicates that the Logging industry 

may not have been very effective in obtaining a reasonable return on its 

investment in capital equipment as capital has been substituted for labour, 

Since the rate of substitution of capital for labour was high between 1963 

and 1971, the logging industry's effectiveness in increasing productivity 

was nearly zero, considerably below that of total manufacturing in Canada. 

The second facet introduced by Mansfield is composed of the environ-

mental influence on the industry. These consist of the labour supply, 

legal constraints, quantity and quality of capital equipment available 

from manufacturers, the market structure, governmental and other public 

influences, the resource base, and the amount of research and development 

conducted in universities and other external agencies. The industry can 

interact with and influence directly the amount of research and develop-

ment conducted outsidepits labour supply and the quantity and quality of 

equipment available from manufacturers. 

"Mansfield, E. The Economics of Technological Change. New  York: , 

W.W. Norton., 1968. Mansfield; E. Industrial •rd Techrn1. ,-4 rnl 

Innovation: An Econometrl.c Analysis. N.Y.: W. W. orton, 
Rapàporè, à., Schnee,  J. Wagner, S., & Hamburger, M. Research and  

Innovation in the Modern Corporation.  N.Y.: W.W. Norton, 1971, 
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However, the industry needs to place primary emphasis on adaptation 

to governmental, public and legal constraints and a changing resource 

base. The market structure for the logging industry as an external in-

fluence would appear initially to fit the latter or adaptation - category 

since logging feeds directly into two primary manufacturing industries, wood 

products and paper and allied products. However,. the logging industry is 

becoming increasingly integrated into both the wood products and paper 

and allied products industries so that changes in one interact directly 

with the others and can produce improved productivity across all three. 

The third facet which Mansfield postulates as affecting technological 

change is composed of factors internal to the organization. These include 

the organization structure, management systems (decision processes, style 

and characteristics), and employee characteristics. Legendre
2 

summarized 

many of these internal factors in a paper suggesting changes in organiz-

ation structure, leadership style and compensation. 

Contemporary organization theory combines the analysis of the inter-

nal environments by relating it directly to the external environment. 

For example, centralization, standardization, and formalization as 

organization structure variables are taken from Weber's Theory of Bureau-

cracy, but these are primarily internal structural considerations. 

Thompson3 and Lorsch
4 

relate internal segments of the organization to 

2
Legéndre, 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. 

3 
. Thompson, J.D. Organization in Action.  New York; McGraw Hill, 196 7 

4Lorsch, J.W. Prodùct Innovation and Oranization.  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 Lorsch
5 
 use the 

term differentiation to describe the identification of a functional group 

(department) which must be developed to work with a segment of the en- 

vironment which is of primary importance to the effec'tiveness of the 

organization. When there is little change in the external environment, 

the organization interacts with it in a very simple, routine manner, but 

as the external environ nent becomes more and more dynamic, the organiz-

ation must develop increasingly flexible and sophisticated means of 

interaction
6

. In logging, equipment manufacturers progressed slowly 

during 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 fashion. Suddenly equipment development activities mushroomed 

to introduce many new machines and methods of harvesting wood. Whether 

the logging industry has changed its organization structure and manager-

ial methods sufficiently to adapt effectively to innovation in logging 

equipment is a question not fully answered by the industry data provided 

in "Total Factor Productivity as a measure of Innovation in the Forest 

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

- 5
Lawrence, P.R. and Lorsch, J.W. • Organization and Environment: 

ManaginglUfferentiation and Integration.  Boston: Harvard University, 1967. 
6
Burns, T. and Stalker, G.M. The Management of Innovation. London: 

Tavistock Publications, 1961. Lynton, R.P. Linking an innovative sub-
system into the system. Administrative Science Quarterly, 1969, 14, 398-414. 
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input has not been substituted effectively for labour input. 

For a pilot comparison of the structures of innovative and less in- 

novative logging organizatiàns, the division of labour (specialization) and 

centralization variables of Pugh and his associates
7 
were included in struc- 

tured interviews which also involved the capital investment decision pro-

cess of the firm. Concurrently the logging organizations were asked to 

provide the labour and capital input and output data necessary to develep 

a total factor productivity index for each firm as a measure of that firm's 

effectiveness in innovation
8
. 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 the BC. 

firms could be used in the analysis. 

I. INNOVATION IN FOREST HARVESTING 
FIRMS 

An invention has no significance until it is applied
9

, and the initial 

application, an innovation, is expensive and time•consuming. However to 

compensate for the inconvenience successful innovators grow faster than 

less innovative firms as a result of innovation
10 

 . Thus investment in new 

technology appears to be worthwhile. To study what constitutes effective 

7  
Pugh, D.S., Hickson, D.J., Hinings, C.R.,.and Turner, C. Dimensions 

of Organization Structure. Administrative Science Quarterly, 1968, 13 , 
65-105. • 

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

9
Mansf1e1d, et al, op. cit.  

10Mansfie1d, E. Industtial Research and Technological Innovation.  op. cit. 
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innovation in new forest harvesting systems, equipment, and methods, it 

was assumed that effective innovation would create a growth in productiv- 
. 

ity equal to or greater than that for total manufacturing in Canada. For 

1 
iexample, 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 individual firm, but  two references were available. 

Craig and Harris
11 

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.  011ey
12 

compared Bell Canada with selected industries to support its brief to the 

Canadian Transport Commission that Bell's over-all productivity was in-

creasing. Both assumed that management was equally  effective in using 

the various inputs while the interpretation of our data is that the 

Logging industry has not been as effective in utilizing its capital as it 

has been in managing its labour input. It is inferred that the limitations 

in managing the capital input are the result of ineffective processes for 

managing innovation. It was not feasible to develop total factor product-

ivity indices for each firm because only four of our sample of fifteen 

wereable to provide adequate capital services data as requested (see 

Table I-1). 

Future work will include the development of substitute measures of 

innovation such as the following: 

11
Craig, C.E. and Harris, R.C. Total Productivitv'Measuremenr at the 

Firm Level. Sloan Management Reviel,i, 1973, 14 (3), 13-29. 
12 
011ey, R.E. Application to  Canadian Transport.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 
your firm for the period 1963-1971. Annual breakdowns are necessary. 

1) Physical quantities (by type of proàuct, 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 crintract carriers. Include revenue from 
repair 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 
own work force for own use; (b) revenue from sale of purchased 
wood residue (wood chips, etc.). 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 logging 
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 
(i) number of employees 
(ii) total salaries and wages 

7) Inventories: 

(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) Fixed Capital: 

(a) Year-end Gross Fixed Capital Stock 
• (b) Yearrend Net Fixed Capital Stock 

(c) Capital Comsumption Allowance 
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1, Identification of those firms which: 

a. At least partially funded the research and devel- 

opment of a new harvesting machine or system. 

b. Cooerated with equipment manufacturers in the test 

of a prototype. 

c. Were first in evaluating/acquiring an invention. 

d. 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 appear to be available on the leasing and purchase of new equipment 

by forest harvesting organizations
13

. 

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 Appendix 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 

13
Silversides, C.R. Personal Communication. 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 modifications are made to existing equipment. The amount of effort 

' 
Matsnormally small enough that the cost is absorbed as a part of budgeted 

maintenance expense. In isolated instances modifications were done again 

• and again until a relatively new piece of equipment evolved. Eleven com-

panies reported this kind of activity, and there were no regional differ-

ences. 

Several firms also considered the lease and trial of new equipment 

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

and development activity if it affected the harvesting system. Some  firme  bud- 

geted for this activity on a project basis, others absorbed it in their 

general operating budget. Such projects were usually assigned to a super-

intendent to be tried as part of his usual day-to-day operations, but 

speclal assistance was not made available to him. 

All seven Eastern firms reported cooperation with equipment eval-

uation studies by the Pulp and Paper Research Institute of Canada or with 

manufacturers. Three of these reported that funds were provided to PPRIC 

for research and development. 

Two Western firms identified ad hoc projects which were extensive 

enough systems changes or machine designs to be considered as research. 

In each case the projects were promoted and followed-up at the woodlands 

executive level. 

It appears that not only is the financial investment in research 

and development small, but the effort is not a continuing one as re- 

quixed to achieve results in such long . range activities. Develep.--L 
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and experimentation activities receive a limited amount of management 

attention because responsibility foi the activity is divided amongst mainten-

ance expenses, staff personnel (Logging Development 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 manage effectively increasing amounts of capital equipment and 

to contribute innovative ideas for capital expenditures. 

III. THE CAPITAL INVESTMENT PROCESS  

Fifteen firms, eight headquartered in British Columbia (West) and seven 

in Ontario and Quebec (East), participated 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 potential capital investments 

and deciding which ones to fund. Section 5 describes the methods used for 

implementing the decisions while section 6 describes the evaluation of the 

decisions after implementation. 

This aspect of the pilot study was difficult to analyze since 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 or systems. 

1, Developing Capital Investment Ideas.  

Most capital investment 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 

representatives. Some reference was also made to trade journals, trade 

fairs and industry meetings, but the major secondary source was visits 

to other companies. 	 • 
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At times there were speciallied 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 or capital investment was 

involved. 

No firm had access to its own research or advanced development tech-

nology. In the East there were several references to the Lobging 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 such an activity. 

2. ngsgloping_p_papital  Investment Proposal, 

Capital investment requirements14  a
ppeared to be typically based on a 

logging plan, i.e. the volume to be produced, 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 goals. In many firms 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 requests for replacements and additions. 

For those firms using contract logging as well as those using their 

own equipment, requests for capital investments on total new equipment 

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

middle management or executive level. Typically a Maintenance Superintendent, 

-----14 
Firms that leased equipment prepared capital budgets in a similar 

manner to those who purchased it. 
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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 three firms to aid in proposing new capital'equipment pur- 

I 	• 
,chases.' 

Since the primary source of capital investment proposals was lower 

level field supervision,who were. expected to concentrate on short-term 

operating problems andwere limited in their authority to initiate capi-

tal expenditures, innovative proposals for equipment are limited. Lower 

level personnel in most organizations are not aware of corporate prob-

lems, impact or capability. In addition, when support to implement new 

technology is not present, operating supervisors will limit the risk in 

developing capital proposals by concentrating on familiar equipment. 

The final proposal for woodlands capital expenditures was compiled 

at the executive level in the woodlands division and submitted to an 

appropriation committee, chief financial officer, and/or chief execu-

tive officer of the firm for review prior to formal approval by the 

Board of Directors. No firm reported that 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 comMent was 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 although two firms reported a five year plan, two others prepared 

three 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 ey'.r- 

ment manufacturers could not specify a delivery date for new equipment, 
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it 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 Pro.osals. 

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 finis by a middle 

management team of operating mànagement, technical support and accounting 

personnel. A sixth firm used a middle management team of operating man-

agement and accounting without technical support staff. Five 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 any differences 

according to region or size of firm. Every firm used financial anal-

ysis with several reporting a special concentration on new equipment. 

Smaller firms tended to use payback period analysis and return-on-

investment while larger firms reported using a discounted cash flow 

method, often supplemented by ROI and possible payback period. 

Secondary criteria are often good indicants of the problems faced , 

by a firm in achieving the economic performance required 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) 

Regio , n 

Criteidon 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 

Ecology 	 1 	4 

Replacement 	 4 	1 

Operating Conditions 	4 	0 

Supplier Service 	1 	1 

Quality of Output 	1 	0 

Company Image 	 0 

Total 	 30 

(average = 4.20/co.) 

33 
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firms considered manpower requirements and social factors as an import-

ant criterion. Usually this was reflected as a turnover-type problem 

in which morale, satisfaction and insufficient 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-

ment. 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 sufficient numbers 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 thi's category. Since many firms initiated 

the capital investment proposal to meet a logging plan, this criterion 

wasprobably underestimated as a factor in the decision process. The im-

portance of this criterion Probably wasindicated more accurately by one 

woodlands executive when he stated that the mills had materially over-

estimated their requirements for four years over the objections of the 

logging division. Logging was required to meet the mill forecasts, 

forcing 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 keep the milla adequately supplied. 

Regional differences became very noticeable when secondary criteria 

were identified. Eastern firms stipulated the importance of supplementary 

cost criteria such as replacement, cost improvement, and equipment standard- 

ization to meet financial objectives more than did Western firms. Western 

f,i.rms demonstrated a high awarenesS of governmental regulatory statutes 

by including safety-health and ecological criteria. ' Eastern firms also 

.reflected a greater sensitivity to operating conditions although Western 



firms referred to these often under ecological criteria. 

Supplier service was not brought out in the interviews as often as 

had been expected. This could be because there are no problems assoc-

iated with it, there aren't sufficient differences 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 learning 

curve costs associated with the acquisition of new types of equipment or 

changes in their system of logging. This reference involved the training 

of operators without reference to training maintenance personnel, in-

creasing spare parts inventories, increasing technical support personnel 

and systems, and initially low productivity and availability. In a log-

ging system the latter problem can curtail total output if there is no 

standby equipment or interim inventory to provide for sustained output 

from the other components of the system. Field operations managers 

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 referred 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 
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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 

investment in logging equipment was essential to keep the wood supply 

flowing to the mills seemedsufficient to the boards of directors of 

the firms. Most interviewees reported that they were not aware of 

how the corporate officers apportioned the available capital across 

the various functional groups though one reported that logging received 

two-thirds of the capital available to his firm in 1974 and 1975. 

4. gapital investment Budge_t_Appmva.L.  

The formal approval authority for the annual 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 level such 

as executive vice president, subsidiary president, 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 through a re-evaluation at 

the time the expenditure was requestecC Most firms had clearly identified 

limits of authority in dollar terms for each level of management within 

the oreanization, including woodlands. The limits for approved budget 

items 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 largar firms, $15,000 or less: 



5. Implementation of the Capital Investment Decision. 

The implementation of the capital investment decision was controlled 

in different ways by firms and by regions. Four Eastern and two Western 

firms requiredapproval by someone outside Woodlands operating management 

like Purchasing, Finance or an officer of the firme The remaining cor-

porations usedfinancial limits allowing different levels of operating 

management to approve expenditures so that only major items were re-

analyzed by executive personnel after the capital budget had been approved. 

The amount of planning 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 similar types. The designation 

of a specialized individual or team of individuals to assist operating 

managers through the start-up and evaluation phases for new equipment was 

reported by just four firms out of fifteen. 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 superintendent just couldn't handle it 

along with his normal operations. Only three firms acknowledged any 

special consideration for an increased inventory of spare parts and other 

supplies 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. Four in-

cluded it as either a routine part of their plan or did so for all major 

special projects. Eight firms. did no personnel planning for their own 

new equipment nor did they ensure that their logging contractors did so. 

Since the proportion of non-production personnel within the industry 

has not been increasing as fast as the capital intensiveness, there may 

have been extreme pressure on the same operating management to manage 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. Evaluation of the-Effectiveness of Capital Expenditures. 

Fourteen of fifteen firms kept records of their capital investment 

decisions and recorded operating data for possible use in evaluating the 

decision and its implementation. Two of the fourteen maintained such 

records only on new equipment or special projects. 

Financial and productivity post-investment analyses of equipment 

were done by seven firms. Four did a fCalow-up on ail equipment while 

three concentrated on items which might have major. impact (financial or 

wide application) upon the firm or had been marginal in the first place. 

Four firms made a partial analysis of equipment by concentrating on cost 

figures alone. The remaining four firms did not do any systematic, 

quantitative post-investment analysis even though two'of them had policy 

statements requiring it. One firm used the Workmen's Compensation Board 

and Council of Forest Industries inspe'ctors to evaluate its investments 

intended to improve operating safety. The same firm questionned employees 

to evaluate the impact of its investment in health and working conditions. 

There • was no separation of start-up costs from normal operating costs 

in past investment analysis reported by any firm. The data also 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 information on standardization of procedures, i.e. how standardized 

or routinized are the firms activities, but there was not sufficient time. 
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Specialization is important because it appears that specialized 

techniCal expertise is critical to the effectiveness of technological 

, 
 change
15. 
 . Centralization is important because 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 responsible for maintaining 

contact with the external environinent, then the effectiveness of dec- 

- isions and actions may be limited. 

1. Centralization. 	 • 

Twenty three decisions (see Table IV-1) were investigated in the 

interviews with fourteen firms to measure how centralized (the extent 

to which decision-making authority is delegated) decision-making is within 

logging organizations. To obtain the measure the basic question was, 

"Who is 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 response was coded as follows: 

Chief Operating Officer and above - 5 
Executive Vice President and Vice President - 4 
Middle Management - 3 
First two levels of supervision - 2 
Worker - 1 

Items 4 and 5 relating to the expenditure of unbudgeted and un-

allocated funds, could not always be scored according to the above scale. 

Several companies had delegated authority by establishing limits for 

approving different amounts at various organization levels. The data 

on these limits were compared among 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. 

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

Change to Electronic Data-Processing Equipment. Administrative Science  
Quarterly, 1960, 5, 217-256. 
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2.50 
3.57 
3.71 

3.54 

3.29 

4.36 

4.21 

2.50 
3.93 
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TABLE IV-1. 

Centralization - Decision  Items '  and 
Categories.  

Average 
Score 

Manpower: 

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. 	 4.43 

6. Spending of unbudgeted or unallocated money 
on revenue items. 	 3.93 

7. Price of output (delivered cost of wood) 	3.79 
8. Costing: i.e., to what costing system, if any, 

will be applied. 	 4.00 

Operations: 

9 0  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 responsibilities 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 (functional specialist or 
line, of any status, probably signified by a new 
job title). 

2.79 
3.71 
3.57 
3.43 

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. 

1Pugh et al, op. cit. 
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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 
factors in inspection so there appears to be few decisions 
to be made -- just regulations to be applied. 

Item 20 Buying Procedure. Decisions on buying 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 
Itcustomer" (mill). 

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

Item 23 - Welfare facilities to be used. The terni  "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  items  were then available to provide an over-all 

score for centralization. 

To make the analysis more meaningful, a group of five judges were 

asked to categorize the 18 items into sub-groups. Sixteen were grouped 

with 90% agreement among the judges (Table IV-1) into Manpower, Finan-

cial, Operations, and Organization decisions. The remaining two were 

classified with only 60% agreement so they were not included in any 

category. 

The most decentralized decisions involved Equipment (average = 2.50), 

Training (average = 2.50), Workers (average = 2.79), and Methods (aver-

age = 2.93) applied directly to logging work. The most centralized dec-

isions involved capital expenditures (average = 4.43), creating a new 

department (average = 4.36) or job (average = 4.21), and determinir-.: the 

cost system to be used (average = 4.00). 
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Differences among the categories (Table IV-2) were highly signifi-

cant with Organization and Financial decisions centralized. These decis-

ions were centered at the executive level of the firms. Manpower and 

operating decisions were more decentralized with the centre of those dec-

lisions at the middle management 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 maximum was 80. The range for the 

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

TABLE IV-2.  

Average Centralization Item Scores for Regions and Categories
1

. 

.Regio n
2 

Category3 	West
4 

East
4 

Total  

Manpower 	3.75 	3.00 	• 3.38 

Finance 	4.11 	3.96 • 	4.04 

Operations 	3.21 	3.14 	• 	3.18 

Organization 	3.93 	3.82 	3.88 

Total 	 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 difference between Regions (F
1,12 

= 1.52) nor the Regions 

by Categories interaction term (F3,36  = 2.12) were significant. 

3. The differences among the four Categories weresignificant at p:S.001 
(F
3,36 

= 13.36). 

4. The differences among the Firms within each Region were significant at 
p.5.001  (F12168 =  5.02), but the interaction with Categories was not sig- 

nificant  (F 168 	1.31). 
36,168  
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Capital investment decisions appeared to be made at the executive 

level of the firme but the data od'the evaluation of equipment was not 

c adequate to indicate the locus of these decisions. Training and em-

ployment-decisions appeared to be quite decentralized, which was probably 

appropriate for standardized operations.. However, during the innov-

ation period such personnel decisions often become more centralized 

in,a specific project manager. 

2. Specialization.  

In the study of "Total Factor Productivity as a Measure of Innov-

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 f is a limited amount of specialization within the 

logging industry. The study of total factor prodiattivity also indicated 

that non-production workers were more efficient than:production workers 

and the capital intensiveness of the industry was increasing rapidly. 

r  SpeCialized •activities (those performed by someone with that particular 

function and no other) may be required to support managers and pro-

duction workers in the effective evaluation and use of new equipment 

within the harvesting system. 

More specific information about specializatiàn was developed from 

the interviews conducted with the participating companies. The eighteen 

items representing specialization are shown in Table IV-3. 

The items covered fourteen different functions with personnel sep- 
. 

atated into five subgroupings. Since the.personnel-activities were over 

emphasized by individual items, a single representative.score for these 

. functions was used  to present the level of specialization for that 

activity within each firm. Twelve of the fourteen functions were 

clustered into three-groups, Administrative Support, Technical Support and 

• Operations. Public Relations (Item 13) and Organization and Methods  (Item 14) 



2.00 

2.00 

3.64 

0.57 

0.07 
0.64 

0.36 

0.29 

1.36 

1.64 
2.43 

2.36 
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TABLE IV-3  

SPECIALIZATION: Intérview Items
1

.  

Average 
Score 

Administrative Support: 

1. Personnel (Employment, training, labour relations, 
compensation, and benefits-medical-safety) 

2. Purchasing 
, 3. Accounts 

4. Legal 

Technical Support (Process and-Product): 

5. Production control 
6. Quality control 
7. Production methods 
8. Equipment design and development 

Operations: 

9. Sales 
10. Transportation 
11. Maintenance 

_12. Equipment operations 

Other:, 

13. Public relations 	 0.43 

14. Organization and methods 	 0.36 

Ï.  Items were 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 head office 	4 

	

>1 	>1 • levels 	 4 



25. 

were dropped from the analysis because there was very little specializ- 

ation in those functions within any firm, and the analytical methods required 

the same number of items within each category. 

The items were coded 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 actiYity is accounting which is highly segmented 

at both field and corporate levels. The average score for the 14 firms was 

3.64 (Table IV-3). 

Some specialization was present in Maintenance (average = 2.43), 

Equipment Operations (2.36), Purchasing (2.00), and Personnel (2.00). The 

only other activities which averaged a single specialist or more were trans-

portation (1,64), and sales (1.36). 

Differences among the categories were highly significant with a high 

concentration of specialization in the Administrative Support (2.05) and 

Operations (1.95) activities as shown in Table IV-5. Very little special-

ization was present in Technical Support activities (0.32). 

There'was no significant difference between the two regions, British 
• 

.Columbia and Ontario-Quebec, but there were differences among the firms 

within each region. The minimum total score obtainable for the 12 items 

scored on specialization was zero (0) and the maximum was 48. The range 

for the 14 firms was 3 to 25 with an average of 16.79. 

The individual items which consider activities directly related to 

innovations in forest harvesting are production methods and Equipment 

Design and Development. There is less specialization in these two activ7 

ities than in any others yet the growth in capital 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
1

.  

Regio n
2 

Category 	West
4 

East
4 Total 

Administrative Support 	2.29 	1.82 	2.0$ 

Technical Support  • 	0.25 	0.39 	• 	0.3Q 

Operations 	2.32 	1.57 	• 	1.95 

Total 	 • 	1.62 	1.25 	1.4Ji 

1. A mixed design ANOVA was used for the analysis 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 Organization and Methods items were not included. 

2. The difference between Regions was not significant (F1,12 
= 1.14), as 

was the interaction between Regions and Categories (F
2 24 

= 2.81). 

3. The differences among the three Categories were significant at p< .001 
(F2,24  = 50.99). 

4. The differences among Firms within each Region were significant at 

P'e l°°1 (F12,126 = 3'45) but the 
interaction term with Categories was 

not  (F2426.-  0.76). 
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v. CONCLUSION  

one factor in accounting for the decrease in productivity related to 

capital input from 1963 to 1971. 

Administrative support systems and general management policies and 

piocedures may have generic applicability across various functions in a 

multi-function, integrated firm if the external environment for each 
• 

function has characteristics similar to the others
16

. However, the tec 

nical knowledge and skills applicable to forest harvesting operations 

appear to be different from that required within saw mills and pulp and 

paper operations. Thus it appears that if increasing capital investment 

in the form of innovation and technological change is to be developed, 

acquired and used effectively, forest harvesting functions must develop 

the essential specialized, technical support personnel and organization 

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

16
Duncan, 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. 
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Appendix 1.  

Research and Development Expenditures in Forest Harvesting 
Interview Outline 

a. How do you distinguish between research activity and development 
activity? 	 ••  

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

c. How are decisions made on the allocation of funds to specific re-
search and development projects? 

d. Whay  type of research is undertaken? 

e. Whay type of development work is undertaken? 

f. Describe the organization of your logging research and development 
activity. 



29. 

pendix 2  

The Capital Investment Process in Logging 

Interview Outline 

A. Developing 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 0  Who is responsible for maintaining contact with equipment 
manufaCturers? 

B. Developing a Capital Investment Proposal 

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

5. What procedures are followed in developing an investment proposal? 

6. How long does it take to develop your capital investment proposal? 

7. What time period does it cover? 

C. Evaluation of the Capital Investment Proposal 

8. Who is responsible for analyzing the proposals? If it is a team, 
what functions are represented? 

9. What criteria are used to assess a proposal? 

10 0  What 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? 

D. 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? 

E. Implementation of the Capital Investment Decision 

14. How 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 functions are represented 
on a team? 



.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 

16. What records are kept of the evaluation of capital proposals? 

17. Describe the system used to collect information about capital 
expenditures. 

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

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

• 
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