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ABSTRACT 

Three central considerations form the basis of the present thesis: 

Th! first of these concerns the effects of technique choice on emp10yment 

pftterns in the Canadian pulp ind _pa~er inv~ustry over the period 1951 to 

/~973., The second relates to tl'te fundamental determinants ~f technique y. 

choice of the same period. The final deals w~th the prediction of changes 
"-' 

in employment patterns related to changes in,~echnique choice, over the 

next decade. 

The theoretica1 specification, used in the ana1ysis of the technique 

choice effects on emp10yment patterns, represents a departure from the 

Neoc1assica1 analyses of productivity and employment det~rmination. 
, 

lSpecifically, the rœthodo1ogy and assumptians u,tilized avoid the, major 
.. \ r 

t~eoretical and empirical problems which are embodi~d~in'the Neoclassical 

analysis. 

Tlle basic predictions resulting from the theoretica1 and empirical 

analysis of the employment pattern affects of t~chnique choice could be 

summarized as follows. At t~~ national level, ~ much faster decline, 
,-

relative to the 1951 to 1973 period, seems quite likely over the next 

decade. fhe trend in employment per unit output, will moreover involv~ a 

compositional.shift to relatively h1gher ski"ed employment. At the regionaJ 
, 

level, the'pa~t emplOy~nt~per unit.output, level and structure differential, 

between the eastern an&lwestern sectors, will be reduced. 'A relatively 

",t faster decli,ne in employment per unit output, accompanied by a rfDre ~rked 
shift to higher skil'ed employment, in the easte~n sector underlies this 

predicti on. 
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PRECIS 

Trois considérations nous ont portés 3 cette étude. D'Abord, nous avons 

~xpliqué C0l11l1emt, dans l'industrie canaaienne de la pate a papier èt du 

papier f la structure techni~ue détermine'celle de l'emploi, pQur la période 
~ , ~ 

de 1951 3 1973. Ensuite, nous avon~ voulu indiquer les détermin~nts 

fondamentaux de la structure technique. En dernier lieu, nous avons tenté 

de prévoir les modifications dans la structure de l'emploi qui sont 

directement 1ieés aux changements dans la structure technique. Ces 

prédictions ont envisagé la décennie 3 venir. 

Afin d'analyser les effets que l~ structure technique a eu:sur la structure 
, 

de l'emploi, nous nous sommes éloignés de la démarche néo-classique concernant 

la dHermination de la prQductivi~é et de l'emploi., En d'autres "termes, notre 

méthodologie et nos hypotM!ses ont ~u pour but d'éviter les problèmes 

théoriques et empiriques qu'incarne 1 ',analyse néo-classique. . .. 
Nous avons résumé les prédictions qui résultent de notre analyse ( 

théor;i.que et empirique de là façon sui.vante. Sur- le plan national, nous 

_ avons prévu un decli,n dans la proportion entre emploi et production beaucoup 

plus rapide que celui qui s'est produit dans la pédode de 1951 ,a. 1973. . ' 

De plus, cette nouvelle orientation nous a semblé manifester un Jll)uv~ment vers\< 
" /" 

une plus large compêtence technique dans la composition de l'emploi. Sur 

le plan rêgional. nous avons vu que les di ffêrences d'&tls la proportion 
1 

entre emploi et production seraient réduites entre les ~'secteurs dé l'est 

et de l'ou~st. Ce,la eÙ a cause d lun dêcl in relativement' plus rapide dans 
" 

le secteur de l'est dans la proportion entre emploi et production, accompagn~ 

d'une orientation prononcêe vers la compêtence technique. 
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Th~ee cen~ral considerations forln the 'basis of thE( present thesis. 

, , 

;'The' first Of:these concerns the effect~ ot technique choice1 on employlnent 
• 0 ~ ~ • J ~ 

patterns 1n ,the, Canadiao pul p and paper industry over th~ p~riod 1~5l to 

1973. Th'e sët:ond.relat~ to the fundamenfa} detenna:.nants of technique 
- t \. \ li Q 

'choice over the same periode The final, and most in.."teresting, dea1s 

with ttte pre~iction Df changes in EJI1ployment, patterns rela,ted to changes 

in technique 'tl1oice, over the next decade. 

The exam1nation of:employment'''Patterns .ànd t~eir determinants solely 
, ' . 

at the nati~l .Jevel \>/oul~ a'lmost 'cèrtainly r~sult in the derfvation of 
.. ' '.' 

rather limited cORelusions. During the courSe of the s'tudy, it should . , 
become evident that the ana lysi s must a 1s,o di ffereri'tiate betweèn the eastern 

'>- ÇI 4" ". 

.. and west~rn sectors of the i ndustry t d,ue to 'the markedly d~fferent structural 

and technical. characteristics of theS'e se~tors .. În the analy~is, the 
J ' , 

p' • • ~ 

e9stern 'Sector, ,;'5 d,efined to, include ~.u.ebec" Ontarip ',and the Mari~ime 

pr9vinces and the ,western sector ta 'èon$.'is-t of Britîs~ Coll11lbia and the 
, . 

Pr.ai r' ~ provi,hces. ',' 
~#. . ,.'~ {' , . . " \ 

. ' '\d:.~ 
~he ~fundamental differ,ences ex1st1ng in the respecti ve sectors of ~'he .' , , , 

,indu~~r:y :are pr.-imar1)y relat,ed to var1atio.ns, in product-structures 1 cost-
, " ' 0 , \ : 

revenue" structures and , , i·n age structures of m1lls and mach1nery. In\te~ of . \ 
\, 

, 

,-1 Tec.lmique éhoice 1S her~ defin~d ta include -bot~ the deêision to 
impl'ernent 'and the actll.al implementat ion of a cet'taih technique or process of 
produçtion. A 1'10re comprehens1 ve ,h..'fin1tion of the. term technique will b~,~ 
given at a later-1191,nt in ,the 1nboductioh. . " 

. . ," 

. ' 

. , 

,.., 

" , , 

. , 
l' 
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"the differences in product structure, the eastern sector of the industry 

tends ta concentrate on the production of mechanical pulp (for shipment 

to other mills in Canada and/or for export abroad) and mechanical pulp related 

papers and paperboards, such as newsprint and qroundwood printing and 'speclalty 

papers. On the other hand, the wes tern sector of the indus try tends to 

produce more chem1cal pulp and chemical pulp related pa pers and paperpoards. 

Second, as regards the respective age structures of mil1s and machin~y, 

the western sector of the 1ndustr'/V tends ta consist of newer and hi~er .. 
capac1ty mi1ls and, cQnsequent1y, utilites rmre modern techmques of 

• j 

production. 2 Finally. revenue (demand) and cost patterns have produced 

a relat1ve1y more expansive situation in the western sector of the industry, 

which wou1d tend ta 1mply d1fferences ln lnvestment and technique chaice 

patterns between the two sectors of "the industry. In light of the above 

consl4eratians. we mlght expect rather rmrked differences ln both the type 

of techniques used ln mills and in the type and size of mills ln the 

respective sectors of the lnd'ustry and, consequently. ln the respective 

employment structures. Therefore. to the extent that the requi red data are 

available, the employment pattern of the eastern and western sectors .. 
of the industry will be examined. 

In light of the above stated obJectives of the study. we can speculate 

on sorne of the practical deductions that result from the analysis. First 

sorne understanding will derive as ta why employment in the,Ca~dian pulp 

and paper industry has been increasing at relatively slower ratés in the 

1960'5, as compared to the pre-1960's periods, and has even been decreasing 

-,~ 
• 2 The te"rms technique of prodflction and production process are defined 

in the broad sense ta include tilt Jpecific machinery. employment. matenals 
and organization used to produce a glven type of output. 

i 
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in the 1970'5. The two important questions, here, are re1ated to the 

technlque choice effects on employment patterns and the sectoral composition 

characteristics of these effects. These would appear to be rather important 

questions gl ven the fact t~at the pulp and paper lndustry has traditionally 

been considered a leading emp10yment sector ln Canada and especially in , 

Quebec and Ontarlo. Second, in a~tlcipating changes ln technique choice over ~ 
the next decade, sorne insight may be offered as to whether the prevalent 

emp10yrnent patterns of the 1951 to 1973 perlod may be expected to continue 

over thl s perlOd. 

The speciflc ana1ysis is carried out in flve basic sections. The 

first and second sections briefly discuss the necessary deflnitlOnal. 

historical, lnstitutional, structural and teehnlca1 background materia1 

to be used in explalmng and predicting the employrnent pattern effects of 

techmque choiee. Sectlon l offers a deflnition of the relevant product 

sector and a discussion of the product and organizational structure of 

the industry and of the labour organizations within the lndustry. The 

second section deals primarily with the teehniçal structure within the 

industry and its implications for the employment structure. First, it. , 
offers a brief description of the existing techniques of production (and 

the related machinery or equipment) available to produce the various types 

of output. Second, it out li nes the roore fundamenta 1 c.banges that ha ve 

taken place in the basic techniques and machinery over; the ,period 1951 to 1973. 

Moreover, various changes that have not yet been implemented on a 

cOlT11lerc;a1 and/or large sca1e basis in the industry, but that are anticipated 

to have a potentia11y important r01e over the next decade, are also 

considered in this section. Finall)", the section discusses the re1ated 
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employment structure of the various techniques, dea1ing specifically-with 

the extent arrd nature of employment offered by each technique of production. 

Section III exp1ains the employment pattern effects of technique 

choice in the Canadian pulp and paper industry, over the period 1951 tO" 

1973, primar11y on the basis of the materia1 presented in the first two 

sections. First, a hypothesis is presented and its relation to exi~ing 

theories of employment determination is discussed. Second, the basic aspects 

of the national and regional employment per unit output structures 3 are 

analyzed ln terms of this hyp6thesis. At both the national and regional 

levels, the secu1ar and cyclica1 patterns in emp10yment per unit output 

are considered. MoreDver, at the regional level, differences in the 1eve1s 

of employment per unit output are analyzed. 

Next, ln section IV, we will fdentify the fundamental explanatory 

variables or determlnants of technique choice over the period 1951 to 

1973. In this section, the analysis will tend to re1y more heavily on 

theoretica1 considerations re1ating to decisions concerning technique 
• 

choice and investment. However, institutional, historica1 and industria1 

structure factors play an important role, here, too. In this section, 

as in section III, the ana1ysis will be carried out at both the national 

·and regional 1eve1s of the industry. 

Finally, in section V, an attempt will be made "to utilize the various 

relationships developed in sections III and IV in order to anticipate 

changes in employment per unit output structures related to technique choice, 

3 As will become clear in thf' analysis. th~ variabl~ employment per 
unit'output is used in orde~ to III able to fsolate the effects of technique 
choice on employment patterns from the effects of output changes. 
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over the next decade. Again, at'both the national and regional levels of 

analysis. the secular and cyclical patterns in employment per unit output 

will be considered. r-breover. at the regional 1eve1. the trend in 

the sectora1 difference in the level of employment per unit output will 

a1so be examined. Unfortunate1y. the analysis must be carried through 

using alternative assumptions about trends in demand or output growth. 

si nce an ana lys i 5 of the determi nants of demand woul d run beyond the 

bounds of the present study. This section will a1so serve as a summary 

and conclusion of the thesis. 
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1. THE PRODUCT AND ORGANrZATIONAl STRUCTURE 

The first two sections of this thesis basically present relevant 

~ackground material necessary to analyze employment per unit output trends 

in terms of their determinants and changes in these determinants. In 

this section specif;cally, the organizational, historical and product 

structures of the Canadian pu1p and paper industry will be discussed, 

both at the national and regional levels. first. a definition of the 

relevant product sector will be outlined. Second. a historical and product 

examination of mills in the industry will be presented and existing mi1l­

firm structures will be discussed. Finally. a description of the degree 

of unionization and of its organizationa1 structure will be outlined .. 

1. Defi ni tian of the Product Sector 

The relevant product sector must be defined in order for the structural 

j 
1 . 
; 
l 

1 

, 
, 
, . 
l 

limits of the analysls to be made clear. The definition of the product sector .! 

for the purposes of this study, is derived directly from the Standard 

Industrial Classification (s.I.e.) 271 category. listed as Pulp and Pape'r 

Mills. As it i5 described in Statistics Canada publications. 4 

"The Pulp and Paper Mills Industry includes pulp mills 
producing chemical and mechanical PU1Pi and combined 
pulp and paper mills and paper mills manufacturing newsprint, 
book and writing paper, Kraft paper, paperboard and building 
and insu1ation board. Il 

A complete detailed listing of the relevant pulp, paper and paperboard products 

4 Statistics Canada. Pulp alld Paper Mills, Cat. 36-204 (Annual). p. 1. 
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appears in Tab1.e 1. Exc1uded from this definition are a11 forestry and 

paper converting operations, such as Aspha1t Roofing Manufacturers, 

Manufacturers of Fol di ng Cartons and Set-Up Boxes, Manufacturers of 

Corrugated Boxes, Paper Bag Manufacturers and Miscellaneous Paper Convertefs, 

a11 of which are included in the Paper and Al1~d Industries Classification, 
" 

S.I.C. 510. This specifie classification was selected for two interre1ated 

reasons, one substantive and the other practical. On the one hand, during 

the period under consideration, it appears that employment structures 

resul!ing from specifie techniques used have differed, and are expected 

to differ, most drastical1y in pulping and related ~tivities (specifica1ly 

the wood room operatio~s in mil1s), as opposed to th~~paper and paperboard 

manufacturing activities. As such, in attempting to analyze the employment 

effects of technique choice, this area of the pulp and paper industry is 

the oost interesting and relevant one. However, in terms of reporting 
'. 

establishments, the S.I.e. 271 category represents the smallest or most 
, 

basic unit for which the rel evant data on emp10yment and severa1 of itS 

determinants are available and, therefore, sets the_practical limit to 

which the analysis is tied. 

Within this specific product sector, we can proceed to examine the 

product, organizational and, "to a certain extent, historical structure of 

the Canadian pulp and paper industry. Given the importance of the sectoral 

composition and its implications for the national .structure, the analysis 

will a1so exa'mine the various relevant sectoral structural characteristics • 

• The discussion will serve ta set the basis for the ana1ysis of arganizat'ional 

behaviour factors related ta technique chaice, such as the degree of 

vertical integration of mi11s, tht~ average size of mills (relat.ing to the 

'-. 
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TABLE 1 

PULP, PAPER AND PAPERBOARD PRODUCTS COMPRISING THE 
s.I.e. 271 CATEGORY; PULPAND PAPER MILLS 

A. Pulp 

1. dissolving and special alpha 

2. sul phate paper grades 

- bleached s-oftwood 
- bleached hardwood 
- semi - b 1 eached 
- unb 1 eached 

B. Newsprint 

1. s~andard 

2. muti 1 ated 

C. Paper 

1. book, writing, and oth~r pr1ntin~ 
paper 

- groundwood printing and 
spec i a 1 ty papers 

- hanging, not printed 
- paper for ,pri nti n9 
- writing and reproduction 
- base stock for coated < 

printing paper 
- fi ne paper, 

2. tissue paper, excep~ sani tory 

3. sani tary paper 

3. sulphite paper grades 

- bleached 
- unbleached. strong 
- unbleached, news grad~ 

4. mechani ca l (groundwood; sem; .. 
chemi ca-1 ) 

.. bleached 

.. unb 1 ea ched 

5. other pul ps 

.. screenings 

.. defibrated/exploded 

4~ 'wrapping paper 

- bleached sulphite and 
sulphate 

.. unbl eacned sul phite and 
sulphate 

.. miscel1aneous furnishes 

.. wrapping 

5. waste paper 

'. 

, 

'. 
\ 

" .' 
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1. 

2. 

3. 

4. 

5. 
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TABLE 1 (continued) 

rboard (inc l udin9 bu; lding board) 

liner board 

cob ta i ner board 
\ 

0 

sol d bleached and 
boxt) ard 

folding 

\ 
\ 

< 6. 

7. 

8. 

9. 

10. 

11. 

'> 

Source: Statist1cs Canada, 
~~~~~~~~ 

1 
J 

rigid insulation board 

hardboard 

buildi n9 board 

wet machine board 

roofi n9 and bui 1 di ng, paper 

asphalt shingles 

'-, , 
\,\ 

\ , 
çat. 36-204. " 

1 -

o 

\ , 

Il 
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nature of investment decisions) and the pattern of researcb and development 

and the resulting technjcal change. These variables and their effects 

on employment per unit output patterns will be analyzed in detail in 
~ 

sections III and IV. 

2. The Product Structure 

A proper discussion of the product structure in the Canadian pulp 

and paper industry would require a consideration of the relevant trends 

in both' the number of firms andJor~ills~producing the basic output types 

in the various re9ions and the relative levels of production of the basic 

output types in the various regions of ~he industry. In this subsection, 

the former trends will be considermin greater detai1. The trends in the , 

relative levels of production of the basic output types will be considered 
.' 

roore explicitly in section III, where- the determinants of employment per 

unit ~utP1lt patterns will be analyzed. In this subsection, we will only 

outline the more fundamental conclusions that will be derived from that 

.J 

analysis. The lreason for considering only;;one aspect of the product structure, 

her~, is that W9, are inter~sted in1tially ,in understanding the h~5torical 

and regional growth of the industry in te~ms of the nuJJb~r and type of 

firms and/or mills. 

A second prelimfnary note relates'to the reievant periods of analysis 

to be used in thts subsection and in subsequent sections. In the analyses 

concerning the national level of the i,nèlustry, the relevant period 1s 

1951' to 1973. " However, due to var10us data constraintsS, the longest period 

'br 

5 Specifically, the data thdt are not readily available prior to 1961 
are the raw 'data, for sorne prO'fl Ih .. t!S, to ca leul ate output and the data 
relating t6 output comp,osition by province or sector. The importance of 
these variables wiU beeome evident in Section III. 
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for which all the relevant data are avai1ab1e for the eastern and western 

sectors of the industry is 1961 to 1972. Therefore, although the relevant 

product structure data (and various other data to be used) are availab1e 

for years prior to 1961, they will not be ana1yzed in this study. 

Tab les 2 and 3 present a breakdown of pul p, pu1 p and paper, -and paper 

produc i n9 mi 11 s for the ent ire indus try and for the eas tern and wes tern 

sectors, respective1y. Unfortunate1y, comprehensive and reliable data 

are only available at the mill level and not at the firm level, where output 

structure decisions would tend to originate. Although this does present 

difficulties, an attempt will be made (later in this sUbsectian) ta 

~ 

examine mill-firm relationships in the industry, in order to be able to 

better undirstand the nature of output structure decisions at the mill 1eve1. 

From the data in Table 2, the basictrends in the growth i.n the null'ber and 

type of mi11s at the national 1evel can be derived. These results are 

summarized in Table 4. First, in terms of the total number of mi11s in the 

industry, the relative increases were greatest in the 1970'5, (i.e. 1969 to 

1973) and wère greater in the 1960's (i .e. 1960 ta 1969) than in the 
-4 • 

1950's (i.e. 1951 to 1960). The average annual percentage ;ncrease over 

the period 1951 to 1973 was 0.93%. In comparison ta this. the increases 

for the periods 1951 ta ~960, 1960 to 1969, and\1969 to 1973 were 0.16%, 

,'0.78% and 2.25% respectively. Simtlar results a~e derived if the average 

number of mills per period. are considered, in each of the'four periods. 
, , 

Second, with respect to the o~tput composition of m111s, several ~pnclusions 

-can, be drawn. Over t'he entire period, 1951 ta 1973, pulp and paper producing 

mil1s, represented the 1argest proportion of mil1s by a .substanti~l margin. 

An e~amination of the average nUlllber of !TIi11s by product type, over this 

... '. 

-~ ........ '"_ .. -....~ __ .1_ .. --- ~ -- -~ ------.--------~'L::"'"'7"------""'" ..... · ... _-..... _FIIlIIMI •• nlltl'.u •• ' ••• liIIr.n.m .''.1'_.''''';.l1lili», 
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TABLE 2 

MILL LOCATIONS BV OUTPUT TYPE AND REGION (CANADA) 1951·1973 

~ Pu1 p .and Paper Paper Total 

19~J 34 66 26 126 
1952 34 &8 26 128 
1953 34 69 24 127 
1954 31 69 25 125 
-1955 31 69 25 125 
1956 31 70 25 126 
1957 31 72 25 128 
1958 30 74 24 " 128 
1959 .'27 74 26 127 
1960 25 77 26 128" 
1961 27 74 24 125 
1962 28 73 24 125 
1963 ;8 74 24 126 
1964 31 75 25 131 
1965 29 74 29 132 
1966 30 78 28 136 
1967 31 79 28 138 
1968 33 79 27 139 
1969 35 7.1 31 137 
1970 37 71 32 1-40 
1971 31 1 83 29. 143 
1972 34 78 32 144 
1973 36 82 37 155., 

1 

Source: Canadian Pul.p and Paper Associat!on, Reference Tables (Annual): - '. 
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TABrE 3 

MILL LOCATIONS SV OUTPUT TYPE AND REGION (EAST-WEST) 1961-1972 

1961 
1962 
1963 
1964. _ 
196~ 
1966 
1967 
1968 
1969 
1970 
1971 

'1972 

1961 
1962 i 
1963 
1964 
1'9'65 
1966 
1961' 
1968 
1969 

# 1970 . , 
1971 

.. 1972 

Èas1; 

P,u1p P",lp. and faper 1 

19 
20 
20 
23 " 
20 
20 
21 

. ·20-­
, -22 ~ 

23 
20 
19 

Pulp 

8' 
8 
8' 
8 
9-

10 
10 
13 
13 
14 

, 1 r ' 
15 

~-" -
62 . '. 
61 

. 62-"~ 
63 
63 
64 
66 

. 66 
- .. ~­

. ,- 59 

67 
" :--64-

West 

puTè and PaEer 

12 
12 
12 
12 .' 11 
14 
13 
13 
12 
12 
16 
14 ~ 

-, 
'Paper Total 

23 104 ", 
23 104 
23 ç105 
24 110 
27 110 
26 110 
26 113 
25 111 
28 109 
29 111 
26 113 
30· 113 

Paper Total -
1 21 
1 21 
1 21 
1 21 
2 22 
2 .26 
2 25 
i • 28 
3 " 2B 
3 2g 

- 3' 1 1 30 
• 2 31 

Source: Canad1an Pu1p and Paper Association, Reference Tables (Annual). , 
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TRENDS IN MILL LOCATION ~y OU~PUT ~VP.E (CANAD~) f951-1~73 . " Il 
~ 

• "1 v 

III ' 

Period Pulp 

1. Average Annual 
~Perc-entage Change 

1951-1973 0.37 
_' 1951-1960 ... 2.95 

r. 1960-1969 2.79 
~96g-.19n 2.22 

2. - Mean (Number 0& Mill s) 

1. 

1951 :"1973 
1951-1960 
1960-1969 
·1969-1973 , 

Proportion in 
Total MOls 

'- 1951 
1973 • v 

Mean 1951-1973 
Mean 1951-1960 

"Mean 1960-1969 
~Mean 1969-19I3 

"'i< 

.. -

\ -

"!'l 

,~lf 
J~ 

:\ .' .... 

31.22 
30.80 
29.70 
-3~OO 
-,\. . 

'\y-

26.98 
23.2l 
23.63\ 
24.·2~· 
22:'55 
24~O6 
, l 

" 

( 

- '\. 

~ 

pulp and Paper' paper 

1.06 1-.78 
,J .56 0.08 
-0.32 2.0l' 
1.18 .... 6.92. 

73~~7 27.04 
70.80 25.20 J 

75~40 26.60 
77.00 32.~O 

52.38 20.64 
52.90 23.87 

:55.91 20.46 
55.84 19.87 
57.25, ,. , 

20.20 
" 53.55 22.39 

1 ". 

\ 
\ 

/ 

" 

l 

Tot~J . 

~-

\ 0.93 
\0.16 
\0.78 
~.25 

\ 

\ 

132-.13 
1i6.~O 
131: ,0 
14'3.80 

.\ 
\ 

\ 
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, , , 
périod, indic tes tt:\..at' 55.91% di' totafmi11s were pu1p and paper ,productng" 

~j \ , \. 

,,~iÙs wh'ile 23 63% and', 20.46% wer'è.. pu1p pr~duc~ng an_d' paper pro~ucing . ", -

mills, respe'cti e1y. Howev~r, i~ tei'ms of"·r'e1atiye growths of mil1s by 
) 

output type. ove' this. same period't p'ulp a'6d paper prodtlciJ1l!J mi 11 s' ra/ilked 

s etond' to paper 'p ""d~d n g ln;) 1 s • Thé a v~ra ge . an~iJa 1 pert e "ta ge i ne re.\ •. s 
, ~..... \ 

were 1.78%, 1.06% nd .0.31%'in ~aper prpducin9.. pulp and paper p,roducing, 
".. ~. . ~ 

and pulp producfng il1s, ~espective1y .. Simi1ar res4lts ar-~,der;ved by 
~ , r~ 

comparing the pr.opor ion of each mil 1 type in 1973 to their propqrtl0ns 
.. 

in 1951. The growth ~ttern of each mi 11 typ~ were t however, qui t,e di fferent ' 

ov~~ the speci fi ~ subp riQds. Ovet the peri od 1951 "to 1960, the greates t 

re-là,tive increases wère in the pulp ar<ld paper- producing mi_lls, fo11owed 
\ , 

by t~e paper produéin9 m 115. The average annual percentage increases 

\'Iere 1.56% and 0.08%, res ective1y. Pulp .. producing mills actuaHy decline~ 

this ,period at ,an average an~ual rate o,f 2.95%. Over 

the perlod 1960 ta 196~J pul praduc-ing mills in~rt!ased at the""fastest rate, 

. fOll~~ed\bY paper prod
n

uc1.ng -'11s: ,The average ànnu~r percen~age increases 
• 0 

were 2,.79% 'and 2'.03%, respec.ti Ely. Pulp and p\per prodlJ.Ci~9 mil 1 5 

declined ~~ '~n aver~Qe annllal r te of 0.32%., Sirnjlar patterns, 'for ttii~ 
. • ! 

period, -è'à~~b~' dèri~~'~ by a 'COJll> rison of th'e avera~e nunb~r of mi11s"'and/or 

the pro~~!t~,~n'.of ei1C~~il1 t~pe 'n tot~~ ~1\i11S o~,~r, the pert~d~ 1951 ta ~960: 
an~, 1~?0 ~~Q ~ 96~:.· F~ na\ ly J,- ~ver t e IIlC1s~c.recerit p~riod ,1969-197i_ paper , 

producingmills exhitiit~~ the great st inçreasE, 'folroWed by,pu,lp 

prOdUC~ng\':'and pu1p and ]\\f;r Pi'Od~c1"g,mills~ 'The average annua1 percentage d' 

in!=reases ~ere 6.92%,-2. ~\% and 1.18 J'respe~tive1y. ~in, siinilar patterns 
1 l ," 1 

\ \ ......... , 
are evident\ in a coll1laris r\ of th,e av rage ritiJd>er of mills and/or the 

\ " \\ 
1 • • 
\ \ 

6 The ;~e~:ifiC SUb-pe)~\~dS were selected due to their relation to the 
cyclica1 patterh i'in oiftput i,n, the indus ry." As will be seen in section III, 
the p'er~Ods 1951, '0 1960.and\ 19,p? to 19 9·compri~e tw~ cycles each, while' 
the p~r'Lod 1969 ,t~\,1973 1S comprlsed of 'ne cycle. Over the. period 1951 to 
1973'. the ave.r~ge lewlth ôf dy~Tes wa\ a pro Xj, JJ}i\ tel y five years. , 
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ptoportion of each mill type in total mills over the periods 1960 to 1969 

and 1969 to 1973. 

The basic trends in the growth in the \nunber and type of mi11s in 

the eastern and western sectors of the industry are sUl!1Tlarized in Table 5. 

First, in terms of the total number of mills, the eastern sector of 

the industry represented a marked1y larger proportion than the western 

sector, in the total mllls in Canada. Over the perlod 1961 to 1972" 

the average number of mills per year in Canada was 134.66. Of these, 

109.41 were located in the eastêrn sector and 25.25 in the western sector. 

However, the western sector expanded relative1y much faster than the 

eastern sector over this periad. The average annual percentage increase 

in Canada wos 1.00% between 1961 and 1972. In comparison, the western 

sector lncreased at an average annua1 rate of 3.45%, while the eastern 

sector expanded on1y at a rate of 0.40%. Second, wlth respect to the 

output compositlOn of mills, pu1p and paper produclng mills represented 

the largest proportion of total mflls in bath sectors, however, their 

share in both sectors decreased o'ler the period. In the eastern sector, 

the average annua1 nurmer of pu1p;a~d paper producing mills over the 1961 

ta 1972 period was 57.58. Com/'lared to this, the average annua1 number 

of paper produclng and pu1p prodùÇing mill s was 23.61 and 18.81, respecthe1y. 

In the western sector, the average a'flnual nunber of pu1p and paper 

producing mills was slightly lower, at 50.50. t-'oreover, on the 

avera~e. pu1p producing mills were marked1y rrore prevalent than paper 

produc~ng mills. The average annua1 number of pu1p producing and paper 

producing mills was 41.94 and 7.56 respectiv~ly. \l!n terms of the secular 

patterns, the greatest expansion III the eastern sector was in the nunt>er of 

o 
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TABLE 5 

TRENDS IN MILL LOCATION BY OUTPUT TYPE (EAST-WEST) 1961-1972 

Period and Region ~ Pul ~ and Paeer Paper Tota 1 

'.' 

.~ 
f' 

1. Avera ge Annua 1 

1 Percentage Change 

Canada 

1961-1972 2.87 0.30 2.04 1.00 
,If 

\ 

East l 
1961-1972 -0.09 (J.27 2.15 0.40 

1 West 

1 1961-1972 11.35 0.B9 5.56 3-.45 t 
< 

2. Mean (Number of Mill 5) 

Canada 

1961-1972 31 .17 75.75 27.75 134.66 

East 

1961 -1972 20.58 63.00 25.83 109 .. 41 
" 

West 

1961-1972 10.59 12.75 1.91 25.25 
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" e TABLE 5 (continued) 
. 
;-
}.~ ;. Period and 'Regi on ~ Pul ~ and Pa~er Pa~er Total -I~ 

, 

~f ... 3. Proportion in 
Tota 1 Mi11s 

r 

;; Canada 

1961 21.60 59.20 19.20 

1972 23.61 54.17 22.22 

Mean 1961-1972 23.43 56.04 20.53 

East 

1961 18.27 59.62 22.11 (83.20) 

1972 16.81 56.64 26.55 ( 78.47) 

Mean 1961-1972 18.81 57.58 23.61 (81.25) 

West 
-

1961 38.10 57.14 4.76 (16.80 ) 

1972 48.39 45.16 6.45 (21. 53) 

Mean 1961-1972 41 .94 50.50 7.56 (18.75) 

" 

(.. 

Note: Bracketed figures relate the proportion of total mills in the 

- east a~d/or west to the total mil1s in Canada. 
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paper producing mills, followed by the pulp and paper produçing mil1s. 

The average annual percentage incre.ases were 2.15% and 0.27%, respective1y. 

Pu1p producing mills decreased at an average annua1 rate of 0.09%. 

The trends in th~ western seetor were quite different. The number of 

pu1p producing mills exhibited the greatest increase, followed by the 

paper producing and the pu1p and paper produeing mills, respectively. -r/,e 
re1ated average annua1 pereentage increases were 11.35%, 5.56% and 0.89%, 

in each case. Simi1ar secu1ar trends can be derived for the eastern and 

western sectors by comparing the proportions of each mi11 type in total 

mills in 1961 and in 1972, 

In considering the product structure in terms of the relative 1eve1s 

producti on of e(lch output type. the prOduct bre~kdown mus t become more 
, 

specifie.? The reason for this is re1ated to the technical and employment 

structure of the industry, which will be discussed in detai1 in section II. 

Moreover~ the relevant data are available on1y at the national level and 

a proxy variable is used for the sectora1 analysis. The basic trends 

at the national level are derived from Table 10. First, over the period 

1951 to 1973, the ratio of chemical pulp and predominant1y chemica1 pu1p 

using paper and paperboard production to totaJ production increased markedly. 

Second, this ratio increased at an increasing rate over this periode 

With respect to eastern and western sectors of the 'industry, the relevant 

data are presented in Table 19. Over the period 1961 to 1972, the 

western sector produced re1atively more chemica1 pu1p and predominantly 

chemical pu1p using paper and paperboard, whi1e the east~rn sector 

7 The two basic product clas',ifications, here, are chemical pu1p and 
predominantly chemica1 pu1p usin" prlper and paperboard production,an,d 
groundwood pu1p and predominant1y Qroundwood pulp using paper a~d paperboard 
production, which inc1udes newsprint production. 
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concentrated a relatively greater proportion of production on groundwood 

pu1p, groundwood printing and specia1ty papers, and newsprint. 

3. The Age ~nd Size St.ructure 

In proceeding to the age and size structure of the Canadian pulp and 

paper industry. it should be noted that very little specifie description 

is 'possible. In terms of-the age structure, the data on the type and 

age of machinery, although available to sorne extent,8 are not comprehensive 

and detailed enough to render mean1ngful results. The only inference 

that could be made, from the data available and from a general understanding 

of developments in the industry, is that the western sector of the industry 

had developed more recently than the eastern sector and, as such, ,would 

tend to consist of newer and more automated mills and machinery. 

With respect to the size structure of the Canadian pulp and paper 

industry, no comprehensive and reliable data on productive capacity exist 

for the eastern and western sectors of the industry and data only from-
,-' 

the late 1960's and onwards are available at the national level. Héwever, 
/ 

Tables 13 and 21, which relate average production of mills at the national 
\ J 

and regional 1eve1s respecti~ely, can be used as proxy variables in 

attempting to understand the size structure of the industry. Although 
\ 

the data in these tables will be ana1yzed in section III, certain conclusions 

can be discussed here. First, at the national level, Table 13 indicates 

that average production per mill increased substantial1y over the period 

1951 to 1973. ftbreover, ':the ra te of growth for the peri od 1960 to 1969 
'<-

'" was markedly greater than the rate of growth for the period 1951 to 1960, 

8 National Pulp and Paper Directory (Annual). 
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while the rate of growth for the period 1969 to 1973 dropped below that 

of the period 1951 ta 1960. Second, at the regiona1 level, it is clear from 

the data in Table 21 that the average production of mi11s in the western 

sector was higher than that of the eastern sector, over the period 1961 to 

1972. Moreover, absolute differences in average proddction tended to 

increase, albeit sllghtly, over this same periode The basic e~planation 

that can be given for these patterns is again--re1ated to the more recent 

deve10pment in the western sector. Simply stated, newer mil1s have tended 

to imply newer techniques and mach1nery which, in turn, have tended to 

imp1y higher capac1ty techniques and machinery. However, it is essent\al 

. \ to remember that relati vely'more favourab1e economie conditions are the 

underlying ass'umption in the latter explanation, 1nsofar as they are the 

basic determinants of changes in investment and technique chaice. 

4. The Organizational Structure 

Most of the discussion ta this point has been at the mill'level. 

However, as was mentioned earlier, 1t is felt that the various relevant 

decisions tend to be more centralized, along firm lines ratherthan along 

miJl 1 ines. Gi ven the fact that JOOst of the relevant data in sections III 

and IV are also available only at the mill level, an ex~inationl of firm-mill 

relationships would appear ta be necessary in order to better understand 
b 

the nature of these basic decisions àt the mill level. More specifically, 
, . 

it is felt that an understanding of concentration in the indu~try will 

give sorne insight into the relation between ~he firm and mill levels of 

analysis • 

. In terms of the pUblished data .• concentration data'are available 

, . 
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for employment structures only at the mill 1evel.9 The basic problem 

with the data is that they do not give an indication of the concehtration 

of control of employment decisions and other fundamental decisions, such 

as thos.e related to product structure, extent of vertical integration in 

mills. inves.tment and technique choice, a11 of which can affect the, 

emp10yment structure. 

However, the National Pulp and Paper Directory10publishes capacity, 

figures in tons, annually, for over ninety per cent of the mills in the 

industr.y and, furthermore, 1ists these mil1s by firm. By a~gregating 

the data across firms, a rough measure of capacity concentration a10ng 

firm lines can be derived. Several problems do however exist in this 

measu~e of concentration. First, ,the resu1ting data represent only 

concentration of productive capaefty in tons and nct of the value of total 

sales or the implied value of total capacity. As such, the priee differences. 

to whatever extent they exist between product types and between firms. are 

not considered. Second, the product breakdown (with meaningful results) .. 
is restricted to pulp; paper and paperboard; and total pulp, paper and paperboard 

production. This is due to the fact that in ma~y cases no distinction is 

. ~de between newsprint, fine papers and paperboards in the reporting of 

productive capacities àf mil1s •. Third, the prevalence of inter-regional 

firms limits the usefulness of the resulting data ta the national level 

of analysis. Moreover, the data are only available between the period 1961 

and 1973. Finally, a different pl"OPortion' of mills and firms represents 

the reportfng unas in the two samp1e years. 1961 and 197.3. Although 

• 9 Statistics Canada. I1.J?!yt Organization and Size of Estabj ishment, 
Cat. 31-210 (Annua1). -- fi , 

10 Nation.l Pulp and Paper Dfrectory (Annuall. ,~ 
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these probl ems do exi s , i t i s fel t that they do not substanti vely affect 

the results and that he resulting data do, in fact, give a rough indication 

of the concentratio of decision making structures in the Canadian pulp 

and paper industry 

The concl s ions' to be deri ved concern the 1 evel of concentration 

in the Canadia pulp and paper industry and the secu1ar patterns in 
1 

1 

terms of con~ntration. For the year 1961, 45 pulp producing and 50 paper 

and papetb,qird prOduc;~n!Î~~ represented the repoiting sample. In 

terll]s of total firms reporting, the number was 73. {1 The pulp and 
• 

paper and paperboard producti ve capacity of these firms was 7,953,150 and 

11 ,971,720 tons_, respective1y, and the total productive capacity was . -

19,924,870 tons. With respect to the pu1p producing firms, the top 

5% of the-firms (i.e. the 3 largest) represented 29.97% of the total 
l' 

pu1 p producti,ve capac i ty. The top 10% (i. e. 5' fi rms) represented 41.10% 

of productive capacity. Fina11y, the top 25% and 50% of the firms 

(i.e. 12 and 23 firms) represen.ed 68.03% a'nd 88.09% of productive capacity, 

" respectively. In terms of the paper and paperboard producing firms, the 

concentration figures are somewhat higher. The top 5% and 10% of the 

firms (i.e. 3 and 5 firms) represented 33.77% and '46.06% of total paper and 

paperboard productive capacity, respectivelY. The top 25% and 50% of 

firms (i.e. 13 and 25 firms) represented 72.89% and 93.83% of productive 

cap~city, respective1y. Finally, in ter ms of total productive capacity, 

the top 5% and 10% of firms (i.e. 4 and 8 firms) represented 34.04% and 49.2Q% 

11 In many cases, an individudl ffrm produces both pu1p and paper and 
paperboard products. 
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of productive capacity, while thè top 25'; and 50% of firms (i.e. 19 and 

37 f'irms) represented 75.05'; and 91.30% of total productive capacity, 

respecti vely. 

0' 
In 1973, the nurrber of reporting firms decreased in each of the 

basic product c1assificatipns. This fact was basically due to an increasing 

tre"d towards mergers aroongst fi rms in the i ndustry. Forty-three pul p 
, 

producing firms and forty-eight paper and paperboard producing firms 

co'tnprised the reporting samp1e in the latter year. This represented 

a total of 70 reporting firms. Pulp productive capacity in this year 

was 12,287,520 tons whi1e paper and paperboard productive capacity was 

17,872,310 tons. Total productive- capacity in the industry, therefore, 

was 30,159,830 tons. The top 5% and 10% of pu1p p-roducing firms (i.e. 
\ 
\ 
\ 

the 3 and 5 largest) comprised 24.35% and 34.78% of total pulp productive 

capacity, while the top 25% and 50% of these firms represented 56.84% 
, 

and 8p.73% of productive capacity, respectively. In terms of paper and 

paperboard production, the top 5% and 10% of firms (i.e. j and 5 firms) 

represented 35.63% and 51.1 ~% of total paper' and paperboard producti ve 

capac ity. The top 25% and 50% of fi rms (i. e. 12 and 24 fi rms) compri sed 

76.21 % and 81. 92% of productive capacity, respecti vely. Finally, as 

regards total producti ve capacity. the top 5% and 10% of firms (i-.e. 

4 and 7 firms) comprised ,31.33% and 46.09% of total 'productive capacity. 

while the top 25% and 50% of firms (i.e. 18 and 35 firms) represented 

65.86% and 89.55% of productive capacity, respective1y: 
o 

Several conclusions can be drawn from the preceedin9adata. First, 

fair1y high leve1s of concentration of productive capacity were évident 

in 1961 and in 1973, for all basiL classifications discussed. Second, 
, 

in terms of the secular patterns, the changes havè been rather slight", 
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in both directions, in the three basic product classifications. The 

greatest decrease in the concentration of productive capacity occurred 

in the pulp producing firm groups, where each group in the top 50% of 
, 

firms suffered decreases in, concentration. In the paper and paperboard 

group, the top 25% of the firms increased their share slightly and the 

bottom 50% of the f1rms increased- their share at the expense of the 

middle 25% to 50% of the firms. Finally, the. total productive.capacity 

data show that each rel evant centile group suffered a s l1'ght decrease 

in its share of total producti ve capacity. 

Before 1eaving the discussion on mill-firm relationships, we m-ight 

point out that similar evNence- of high concentration in the Canadian 
, 

pulp and paper industry is presented in a doctoral thesis by J.M. MacFarland,12 

The discussion. here, basically concerns the 01 igopol istic structure and 

behaviour of the newsprint, fine papers and paperboard sect6rs of trye 

industry.13 Specifie reference is made to the anti-trust case brought 

against the fine pa pers sector of the industry in 1962.14 

5. The Labour Organization Structure 

The Tinal aspect of the non-technical structure of the Canadian 

pulp and paper industry that must be considered 1s the degree and nature 

of unionization in the industry. The discussion, althou,gh quite cursory, 

stresses an important institutional variable that must be considered in 

attempting to predict employment pe~ unit output chang~s. More specifically, 

"12 MacFarl and, J. M. 1 Li nder and oeÎnand-Led Theori es of the Pattern 
of Trade: A ReV';'ew in the Capadia!l çontext, MêGill University (Ph.D. thesis), 1971. 

13 . - c, 

~,,_PP. 2Q6-27~. 

14. Ibtd., p. 245. . 
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the nature of the job security clauses in collective bargaining agreements 

in the various sectors in Canada cou1d affect the direction and extent 

of change in employment in a very definite way. 

Current1y a1most 100% of production and office workers in the Canadia~ 

pu1p and paper industry are unionized. 15 The office w()rKers prfmarily 
~ 

belong to the Office and Professional Employees' International Union 

(O.P.E.I.U.). With respect to the production workers, the basic unions 
.. 

are the Canadian Paperworkers Union (C.P.U.), the Confederation of National 

Trade Unions (CoN.T.U.) and the Pu1p and Paper Workers'of Canada (P.P~W.C.). 

Regionally, the menbership is sp.lit roughly equally between the C.P.U. and 

the CoNoT.U. in the eastern sector of the industry, with the C.N.T:U. 

being more prevalent in Que~eco ln the western sector of the industry, 

the ·C,P,U. accounts for roughly 80% of the production workers, while the 

P.P.W.C. represents the remaining 20%. 

~ 

The nature of collective barga1ning in the industry iscbasically 
, 

that of pattern bargaining. Tr~ attitudes, ~owever, with respect to job 

security differ quitè markedly amongst the various unions and even amongst 

the various locals regionally. To this date, this fact has not had important . ' 

implications. given the relative insignificance of job securi~y clauses 

in the collectiv.e bargaining agreements. The implications of this prevailing 
1 

attitude will be discussed_when the employment per unit output predictions 

are cons i dered in sect; on VI. 

15 The following information was obtained primarily from discussions 
with,officials at the Canadian Papl'Iworkers' Unio~ and individuals at Domtar 
Ltd. in Montreal. 
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II. THE'TECHNICAl,STRUCTURE 
D 

Section II presents the relevant technical characteristics of the 

Canadian pulp and paper industry. First, it relates the product structure , 

discussed in the preceeding section to the avàilab1e techniques of 

production and the re1ated rnachinery. In order to facil Hate thi~ discussion., 

the basic input-output relationships are described for the relevant 

product classificatio"ns. Second, it delineates the major changes in 
'r 

the techniques and rnachinery over the period 1951 to 1973, and discusses 

the potential or anticipated changes over the next decade. Finally, it 
:! 

relates the techniques (and th'e changes in the techniques) to the nat.ure 

and exten\ of emp.1oyment offered by each. 

The specifie product classifications used in section 1 were usefu~ 

for definitional purposes anGfor understanding the organizational structure 

of the industry in relation ~o employment patterns. How~ver, as was mentioned, 

a different product classification 1s relevant in discussing the technical 

structure of the .industry in reU'tion to eJ1l)loyment patterns. Employment 

per unit output patterns, in this context, are pri marily re1ated to the 
- , 

type of pul p produced and/or used 1n the produ~tion of paper and. paperboard. 16~ 

As such, the JOOst relevant product distinction sho'uld be between chernical pulp 

and predominan~ly chernical pulp us1ng paper and paperboard production, 

on the one hand, ànd groundwood pulp and predominant1y groundwood pulp 

16 This is the basic technical characteristic to be 111ustrated 
by the material presented in thi'. :,ection. 
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using paper and paperboard production, on the other hand. In terms of 
" 0 

,the available data. the two product classifications can, be further bro.ken 

dowl1, as fo11ows. First, the chemical pulp and predominantly chemical. 

pulp using paper and paperboard production is defined to include all 

types of sulphite and sulphate p,ulps. refiner pulp', and all paper and 

paperboard production using at least fifty percent chemical and/or refiner 

PUI p. Although refi net' pul p 'is basically a mechanical pul ping technique, 

it will become evident that it should be included in thfs classification, 

due to the nature of its employ~nt structure. Secohd, groundwood pul p 

• and predomi nantly groundwoorl pul p using paper and paperboard i ncl udes 

all types of groundwood pulp and all paper and pa'perboard production using 

at least fifty percent gr~undwood pulp. In the latter case, the two 

basic products are newspri nt and groundwood printi ng and spe,c ia lty papers'. 

Newsprint production involves app~ximately 80% groundwood pulp17 while 

groundwood printing and specialty paper production is defined as paper' 

production using fifty percent Or more gr~undwood .pulp.18 

1. The Input-Output Rel ati onsh,ips 

The description of the technical structure of the,Canadià'n pulp and 
1 

paper industryîs greatly·facilitated by an understandi\ng of the basic input-

oûtput relationships for each;, product class,; fication. 19 The nature of 
1 

these relationships i~ closely rélated to'the nature and sequence of the 
1 
1 

. -. 17 Refiner pulp could al SQ be used in newsprint prqduction, although 

o 

,thi) has nct been the case to any great 'extent over the ~'951 'to ,1973 
p'eriod. However, as will be seen in section III, the i'mp~i(:ations Of~finer 

". -_ ~ulP use in newsprint pr?duction for-employ~nt patterns: a~e ,~ui;te i ortant. 

1.8 Statistics ',Canada. Pulp all~ .~aper Mi11s, Cat. 36-204 ,(~nnua,l). 
, . ,". 

". Î '19 'The discussion will offer ~ome understanding of ~he ra~' 'ma~erial 
(specifica11y 'Wood type) requirements ,in the production df the Ivarious pulp 
types and of the relationship 0' .tItese basic pulp types to .cH,ff~rént paper 
and.,p~perboard classifications. .,' ,"" 1:, . , , 
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basic techniques, ~~ed'\in miTÙ. In",essen e,', the' ki-nd 0,' paper a-nd/or, 

paperboard de~ i red\ .f,un~amenta,11y de~~rm; n~ the type of pul p reqlli red. 
, \.. j ~ ~ 

The pul p type t to a l es~e'r ex~ent, d,~'~er"}i ~es' ,the nature of the materi al 

input (i .e. wood o~ o~her type' of C'e,\"l·ds~ fibres) to be- use~. 20 In e~ch 
• \ ,\ ~ '1 " \ 

case, the relevant pro~e~~ies ar~ rela'ted t.~ sorne aspect·(s) ofstrength, 

téxture and yield orl cost., 
, . 

Although cellulose (tH-e basic 'mat~ria 1. ~nplJt in the production of 

paper and paperboard) can: b~ obtained t'rom -v~rious types of rags and straw, 
1 _ _ ~ 

theprimary source is' wood fibres. Wood fibres are derived from hardwoods' 
1 

such as pop1ar and asp~n ard softwQods, such as spruce, balsam, jack pine 
, j ~ 1 • 

and hem1ock. In ge'neral, s-oftwoods produce s~perior fibres in term~" of 

s trength and texture. The, fi bres a re longer ~nd ~herefot:'e s tron ger an4 
1 

they exhibit a finer and densel" texture than hardwoods do. 21 • Moreover, 

des.cription can be 

Pub Hsh i n9 Co., Wi scons i.n, : . 

less techni ca 1 descr i pt i consulted iniormâtion 
pallllh 1 ets : 

Gal1adian Pu1p and P per As.sociation, From W to Wiltermark, 
'Montreal, 1974, p . '5-11; , .. 

Dotntar Pu1p and Pap r Ltd., (Howard Smith 0 vision) .. Pa'permaking, 
Montrea 1, pp. 3-4 - , • ~. 

de ltlntigny, R., la Fabrication'du Pa' ier, 1 Institùte Ca~adien 
de Recherche s ur es a es. ~~ ap' ers, 0 n te 'Cl ai ra, ,p~. 9~45. 

. . , ' , " ~ 

, ,21 In actual fact, he length of fibres is ffec,t~d byt~él a.ge, 0; ~ . 
the wood and its texture is determihed by climatiè: factors .. : in the case df 
bath hardwoods and s·oftw ods. longer fibfes are ~bta.lned 10'.to ZO· f.eet· 

. above the ground. Finer and denser f.ibre~ are obta.ined from dry" and cold 
. çl1mates, whi1 e tlarmp-r a d moister cl imates fi'nd to produce, coarser llrcf rrore 

hrittl e fibres. _' ' ; l ,'" ':':" < 
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.." 
softwoods produce a higher yield of cellulose per weight and exhibit a 

higher density per cord of wood. As such, they tend to be JOOre eeonomieal 

than hardwoods. A final important quality of material inputs is 
.. 
bleachability. Here, the re~evant distinction is between specifie wood 

types. The most bleachable wood types are spruce and poplar, while the 

JOOst diffieult wood to bleach is balsam. In conclusion, softwoods tend 

to be more useful than hardwoods ln the production of paper and ~perboard. 
\ 

beeause they can be used in a11 processes. As will be seen, hardwoods 

are not conducive to groundwood pulping processes, due to the shortness 

and brlttleness of the fibres. Moreover, softwooj1s offer a higher quality 

and lower cost wood flbre than hardwoods do. 

Historlcally, the tendency had been to utilize softwoods predominantly 

due to their relatlve abundancy as compared to hardwoods. However, the 

IOOre recent trend has beM towards the increasing use of nardwoods, for 

.. a nurrt>er of reasons. Flrst, the increasing relative shortage of softwoods 

has presented a natural constraint. Second, the consequent technical 

changes have made the use of hardwoods i ncreas; ng1y IOOre economical. 

In describing the relevant properties of wood pulp, the distinction is 

made between chemical and mechanica1 pulps. The terminology relates to 

the manner in which the wood fibres are separated. Chemical pulps include 

all types of sulphate and sulphite pulp and alpha and dissolving pu1p. 

Mechanical pulps ,eonsist of groundwood and refiner pulp. The relevant 

properties are again retated to the strrength. texture and yield or cast 

of the specifie pulp. In describing these general properties, however, we 

must remenber that the nature of the speci.fic pul p produced is substanti vely 

affected by the type of wood USt'd. ~rst, as regards the relative strengths 

'--
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of different pu1p types, chem;cal pu1ps are markèdly superior ta mechanica1 

pu1ps.22 AlOOngst the chemica1 pu1ps, sulphate ptlping produces a fair1y 

stronger and more elastic fibre than does sul phite pulping. in general. 

However, the strength, quality and yièld of the various processes ;s 

affected by the nature of the cooking process and by the cooking time 

allawed. In the case of mechanical pu1p, refiner pulping tends to yield 

slightly stronger fibres than does groundwood pulping. Second, chemical 

pu1ping genera11y yields a much higher quality of pulp than does mechanica1 

pu1ping. However, specifie pu1p types embody different qua11ty re1ated 

charaeteristies. Dissolving and special alpha pulps are exceptionally 

pure grades of bleaehed sulphite and sulphate pulps. Sulphlte pu1ps, 

in general, are of a higher quality than su1phate pu1ps. They a~ 

charaeterized by a higher pliabllity of fibres and a lighter, purer and 

rrore brillant texture. Moreover, su1phite pu1ps are relatively more 

readily bleaehable than are sulphate pulps. Meehanical pulps are noted 

primarily for their opacity, high fibre damage and low purity or high 

lignin content. These properties are rrore evident in groundwood pulp 

than in refiner pulp, which tends to be of a slight1y higher quality 

and more easily bleachable. Finally, in terms of yield and/or cost, 

mechanical pulping is much more irtexpensive than chemical pulping. 

Groundwood pulping yields (i.e. approximately 95% of the original wood 

weight) are roughly double those of sulphaté and sulphite pulping. 

Refiner pulping produces high yields, but slightly 10wer yie1ds than 

22 The relative strength and yields (discussed below) of the 
different pulp types is great1y affected by the type and age of the specifie 
technique u5ed in each case. As such, data on absol ute differences 
in strength and yield vary accordinq to th~ period discussed. Contained 
in the references cited in the fIl ,t partClf footno-t:e· 20 are the specifie 
data and genera1 description on the.,e dif~erences for various periods 
between the early 1940'5 and the late 1960'5. 
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those obtained from groundwood pulping. Moreover, chemical pulping 

entails relatively hlgher ,osts in production. First. more energy 1S 

required in the wood preparation stage ta chip the wood inputs. 23 Second, 

high costs are involved in the upkeep of large chemlcal plants, in terms 

of both initial and maintenance costs. In the case of sulphate pulping, 

how~ver, marketable by-products such as methyl alcohol and resins are 

deri ved. 

, 
Finally. the relevant inputs in the production of specifie paper and 

paperboards can be considered in light of the properties of the various 

pulp types. For the technical and data constraint reasons stated above, 

the basic classifications are newsprint. qroundwaod printing and specialty 

paper, and other paper and paperboard production. Newsprint production 

requires a relatively inexpensive and bulky pulp input. Furthermore, it 

necessitates properties such as high opacity and good ink absorption. 

Mechanical pulp is most suited to producing these prope.rties. In the 

production of newsprint, anywhere between 80% and 90% of the pulp used 1s 

mecharical pulpe Depending on the strength and quality of the mechanical 

and chemical pulp, more or less chemical pulp is added. Groundwood 

printing and specialty pa pers are distinguished by the fact that they consist .. 
of a greater proportion of mechanical pulpe Again, their primary property 

is their relative inexpensiveness, lack of strength, and low quality, in 

terms of colo,ur and texture. As in the case of newsprint production, 

varying degrees of c:hemical pulp are added in àccor.dance to the desired 

strength and/or quality Qf~the chemical pulp, mechanical pulp, and of the 

specifie paper or paperboard being produced. Included in this elass of 

23 This is also the case in refiner pulping. 
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paper and paperboard ar9 cheap book, catalogue, rotogravure, magazines. 

cheap drawing, toilet tissue, toweling and hanging stock papet:'s, and 

cheaper grades of wall and paperboard. In contrq;;t to groundwood printing 

and specialty pap'ers, other paper and paperboard production inc1 udes 

speci fi c paper and paperboard types that are composed of relati vely greater 

proportions of chemical pu1p. Where brightne-ss and high quality texture 

are the required properties, dissolving and special alpha, and sulphite 

pulps are used. This class of paper production tends to be the most 

expensive. If high strength and relatively lower quality paper and/or 

paperboard is desired, sulphate pulp is the most appropriate input. 

In both cases, the quality can be varied either by bleaching or by the 

addition of fillers, s'Uch as clay, to the finish of the paper or paperboard. 

r-breover, the strength and quality of specifie paper and paperboards can 

be affeeted by altering the proportions of chemical and meehanical pulp 

used. The range of productsincluded in this eat~gory is delineated in 

Table 1, under the paper (excluding groundwood printing and specialty 

papers) and paperboard headings. 

2. The Techniques of Production 

. The discussion of techniques used in the production of pul p, paper and 

paperboard i s carried out on two levels. First, the possible range of 

techniques or • f d . . processes 0 pro uctlon l S examined at the mill 1 evel. The 

term 'mi 11' , in thi s context, represents the range of techniques necessary 

to produce a certai n type of pulp and/or paper and/or paperboard. fiowever t 

the same term i s used in a different context to represent a di s ti nct set 

of techniques or processes, withi n the broad range of techniques. Where 

the term is used in the latter cOlltext, it will be prefaced by the type of 
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• techniques described e.g. saw ,mi 11 , sulphite mil 1. .. etc .•• Second, the 

specifie machinery used in each technique will be considered. This will 

be done in the next subsection. 

• A classification or categorization problem exists in the description 

of techniques related to the basic product classifications. Generalizations 

must be made, with respect to the type of techniques and related machfnery 

(and to the na ture and extent of changes in these techni ques and mac~i nery), 

for a nurmer of reasons. Fi rs t, ; n the engi neer; ng sen,se, the techni ques 

and machfnery are quite complex. References will however be made to 

t~chnlcal texts describing these techniques and their re1ated equipment 

in a detailed manner. Second, in the appl1ed sense, the specifie mill 

processes and machinery in the Canadian industry are considerab1y 

hetj:!rogeneous. 

The production of different classes of pulp and/or paper and/or 

paperboard is related to distinct types of mill scenarios. In order to 

delineate the more relevant possible mill 1ayouts, the descriptiOJ\of . 

-''" a fu11y integrated mill (able to produce a11 types of pu1p, pape-r "and 
~ 

paperboard) ;s necessary. The operations in the saw mill .represent the 

initial set of processes in such a situation. Here, the 10gs are ~auled 

into the mill and cut into blocks of required length. using variou~ types 

of sawing methods. The wood from the saw mill 1S then either carried 

direct1y on eonveyers to the wood room, or e1se, stored in large piles 

untl1 it is used. In the former cise, the wood is treated in the wood 

room before it is converted into wood pulpe If mechanical pu1p is being 
f_ 

manufactured, the wood blocks must be cleaned and must haVe' ~heir barks 

rerooved. However, where chemical ~ulp 1s being produced~· th~ c.~aned and 
.-- ,Al. -. 

'i 

1 



f 

1 

D 

. ~. 
, ' 

~ 35. -

debarked blacks must be chipped into appropriately sized pieces. These 

~ 'chips are screened for sawdust and chips that are tao large and are 

placed by means of a conveyer 1nto a chip bin. The wood blocks or 

chips are then reduced into mechanical or chemical wood pulp, respectively. 

The former process is carried out in a groundwood mill and the latter 

either in a sulphite or sUlphate mil 1. In the groundwood mi 11 , the 

pulp is screened and thickened before being placed in a stock chest. 
t 

In the sulphite or sulphate mil1s, the pulp is washed and screened before 

being placed into a stock chest. Sorne ancillary processes that might 

exist in the pulp1ng mills are those related to the bleach plant, the 

acfd plant and the recovery plant. These processes invol ve the 

bleaching of mechanical and chemical pulps and the manufacturing and 

recovery of solutions required in chemical pulping. At this stage, the 

di fferent pul ps are tran'Sported from the 5 tock or s torage ches ts ta the 

stock preparation mill. Here, the different pulps are blended or proportioned 

and fillers and colours are added (if necessary) to produce the required 

type of paper or ~perboard. The fibres are then refined or brushed and 
" washed to remove any residual dirt. The resulting pulp is transported 

to the paper mi 11 where the actua' paper and paperboard .are formed, dri ed. 

given a smooth finish and eut to various width requirements. The 

resulting paper reÇU 1s then eut, counted, trinrned, sorted, wrapped and ... .,. 

loaded in the finii·hing room. 
'<Ç. 

The extent to whieh any of the preèeeding basic techniques or 

processes would exist in a given mi11 would de pend on the type of output 

produced and on the extent of vertical integration in the mill. In terms 
- 0 

of the most genera1 product ela~', 1 ficatfon, il paper producfng mill would 

consist of a stock preparation mOl, a paper mill and a finfshing room. 

• l' .' -
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() A pulp producing mill would have wood s'torage facllities. pu1ping processes 
1 

necessary to produce any given pulp types, pu1p forming and drying 

facilities and a finishing room, at minimum. In the case of mechanical 

pul p production, complete vert; cal i ntegration would necessi tate saw 

mi11 and wood room operations. More6ver, if bleached pulp was being .. 
produced, bleaching facilities would have ta exista Complete vertical , 

integration in chemical pulp production would require saw mi1l, wood room, 

acid plant and recovery plant operations. Again, if bleached pulp was 

being produced, bleach plant facilities would be necessary. Finally, 

in the case of pul p and paper produci ng mil 1 s, the same two determi nants 

are relevant. At minimum, wood storage facilities, pulping operations, 

a stock preparation mi 11 , a paper mil l , and a finishing room must be 

present. The existence of any remaining processes is determJned by the 

desired degree of vertical integration and the type of paper and/or 
..-

paperboard produced. Newsprint and groundwood printi ng and special ty 
• paper production woul d requi re relati v.ely larger groundwood mi 11 operations • 

• 
The production of other paper and paperboard would require the existence 

of relative]y larger sulphite and/~r sulphate mills. Saw mi 11 , wood room, 

b1each plant, acid plant, a~d r.ecovery planl operations, in the case 

of where theyare relevant, wou1d· be a question of desired vertical 

i nfégrati on. " 

,3_ The Machinery 

The second level of description concerns the s~ecific machinery 

that compr·ises the bas.ic techniques discussed above. Here only those 

o machines that contribute consfderahly to the employrnent in mi 11s will be 

considered. -f.t>reover. only the "ost basic characteristics of these machines 

.- ---- .......... -,_._-
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will be outlined, due to the existing categorization problems, set out 

in the preceeding subsections. 24 The specifie arder ta description will 

follow that of the techniques in the preceeding subsection. The discussion 

will begin with the saw mill operations and end with the finishing room operations. 

Saw mill operptions require the two basic types of machinery. One 

of these is the log haul-up or jack ladder, which transports the 10gs 

into the saw mill from the stock pile or river. Pollution 1egis1ation 

has resu1ted in overland transportation rep1acing river f10ating as 

the primary méans of transporting 10gs to the mil1. As a consequence, 

:~rane operations have become necessary in saw mil1s to place the incoming 

wood onto the stock piles. The second major type of equipment in saw 

mills are the saws, themse1ves. The two chief type~ are slashers and 

swing saws. The former are used on long logs of nearly uniform length, 

while the latter are emp10yed on 1095 of extreme length and/or of varyfng 1ength5. 
1 

The 10gs are u5ually eut, in either case, into two to four foot long blocks. 

In terms of the Canadian,industry, swing saW5 tend to predominate in 

24 Technical discussion on the machinery of the entire range of 
techniques or proceS5es outl ined in the followi n9 paragraphs can be found 
in the following consulted references: 

Ainsworth, J.H ot Paper, Thomas Printing and Publishing Company, 
Wisconsin, 1967; 

Casey, J.P., Pulp and Paper, Volumes 1 and 2, Interscience Publishers, 
New York, 1960; .. . 

Witham, G.S., Modern Pulp and ,Paper Making, Reinhold Publ ishing 
Corp., N,ew York, 1942; 

de Montigny, R., La Fabrication du Papier, L'Institute Canadien de 
Recherche sur les Pa'tes et Papiers, Pointe Claire. 

Technica1 discussion on the maehinery Of the more important specifie processes 
can be found in the foll owi n9 consul ted references: 

Gavel in, N., Sciences and Teclmology of Mechanical Pu1p Manufacture, 
. Lockwood Corp., New York, l ~66; 
Wenzl, F.J., Kraft Pulping - Th~ory and Practice, Lockwood Corp~. 

New York, 1967; 
-----------, Sulphite Pulping Technology, Lockwood Corp.,'New York, 

1965. ~ 
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the western sector, 'where the logs are much longer, white slashe'rs 

tend to be ~re cotmlOn in the eastêrn sector. 

As in the saw mi1l, wood room operations require" the use of cranes 

and conveyors ta transport the wood blocks from the stock pile into 

the wood room. Inside the woodroom, 'the types of machines used is 
\ 

dictated by the type of pulp being produced. In all cases, either a 

barking machine, or n'Ore cOllllOOnly, a barking drum is required to debark 

the wood blocks. Where either chemical or refiner pulp is being produced, 

the wood blacks must be reduced ta chips 1/8" to 1/4 11 in thickness and 

1/2 11 to 1" in length. From the barker, the b10cks are carried by conveyer 

to the chipper which reduces them to chips of appropriate size. The chips 

are then sc.reened to remove chips th'at are oversized or undersized and 

sawdust. The aversized chips are returned ta a reclipper, w~i1e the , 

acceptable chips are trapsported by another conveyer ta chip bins 

located above the digesters. The capacity of the chip bins must be 

regulatet 50 as ta provide for the desired charge of the digesters and 

for the f1 uctuations in chip production in the wood roam. 

The next set of processes deals with the various forms of mechanical 

and chemical pulping. With respect to the chemica1 pulping processes. 
-
the basic machinery 1s ta some extent similar. In both sUlphite and 

su1phate pulping, the wood chips are fed into large pressure cookers 

ca11eq digesters, which are large cylindrical vessels of steel. Th~ 

sulphite process employs a solution'which is derived fram adding cooled 

sul phur dioxide gas ta wâter and 1 imestone, in an acid tower. The 

sulphate process uses a sol ution of sodium l1ydroxide (causti,c sOda) 

and sodium sulphide. Two basic ty~es of digesters exist. One type p~oduces 
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pu1p in batches and the other produces pulp as a continuous process. 

The wood chips, in both types of digesters, pass directly from the chip 

bin to the di gester, where the wood fibres (cell ulose) are separated from­

the 1;gn1n in cooking. The cooked chips then pass into a blow pit or 

tank where large steel plates reduce the chips into virtually pure cellulose 

fibres. The fibres are then washed and possib1y bleached by slight1y 

different processes in the sulphite and in' the sulphate processes. 

The resulting pulp is filJally placed in large storage éhests,. before 

passing into the stock preparation mill. Re1.ated to the sulphite process 

is the acid produeing process which consists of an entire set of equipment 

to produce and transform the relevant gas into the required sol ution. In 

the sul phate process, var;ous types of rnachi nery are used to recover 

the spent 1iquid. whiçh is treated and used again in the -digesters. 

However, a more specifie description of the relevant machinery in the 

acid and recovery plants does not seem necessary. sinee it would not 

contribute much to an understanding of the basic processes and their 

relation to employment structures. 

The groundwood pulping process. and its related equipment, differs 

quit~ drastically from the chemical pulping processes. The essential, 

charact~ri,uic of the process 1s the placing of the debarked and washed 

wood block under. pressure, agail1st the surface of a revol ving stone. 

The basic equip~nt that performs this task is appropriately called a 

grinder. Th\ two basic types of grinders that exist are the pocket or 

hand-fed gtinders and the maga'2ine charged grinders. The most cOlTlOOn 

hand-fed grinder îs the three-pocket grinder which, as its name would 

o imply, has three openings through I/tlich wood blocks are mal1ually inserted'. 
, 

Magazine aharged grinders vary in terms of the degree of manual operation 

, ____ .• d_'. __ !ido.....,.J ___ I~-. ---r;:-r.---'" -- ..... -
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that is involved (i.e. eontinuity of proeess) and in terms of productivè 

eapacity (by proeess type and not by specifie machine make). However. in 

all cases, the productive capacity is higher in magazine charged grinders 

than in hand-fed grinders. One of the reasons is th~t relatively larger 

wood blocks can be used in magazine-charged grinders. Another reason 

is that more of the grindstone (also larger) surface is usefully employed 

in the latter equipment. Once the pulp is produced, it is passed through 

equipment that screens_and thickens it. The pulp is th~n transportèd 

to a stock or s torage chest. 1 f requi red by the type of paper produced, 

the pulp can also be bleached before being placed in the storage chest. 

The description of the screening, thickening and bleaehing equipment 

does not contribute much to the understanding of the basic processes 
., 

'-and their relation' to employment structures • 

. ~ 
Final1y, refiner pulping and its more recent derivative thermo-mechanieal 

pulping can best be described as a mixture of chemieal and mechanical pulping 

processes.. However, the greater part of the pr~cess must be categorized as 
, 

mechanical. On the one hand. the ~ood 1n the form of ehips is subjected 

to the'millstone-like action of rotating discs and is in one sense grinded. 

The wood chips. h6wever, are chemically treated to loosen the cellulose 

fi bres from the li gn; n before be i n9 gr; nded. As s uch, the fi bres tend to 

be pi.eked-off rather than grQI,.md-off in the.. pr-ocess. An important difference 
- - ... 

fram groundwood puipingi~ ~h~t nardwouds'ean be used in this process, 
.. ... . - - ~ , . 

as a consequenc~ of the .naturê of the grinding. 
r ' - ~ - . . - - .- - . - .. ...~ 

In d1scussing the 'machinery in the rema,ining' basic proc~sses or 
.. - ..' ~.,/ . 

. techniques, 'the descrjptiofl fs quite br.ief for â 'numbe~ 'of réasons. 
• ~ - • # • • if· ' 

First. ,., 

each of ~~ese' 'procésses i 5 rel att!J- to the paper and/or paperboard produc1ng 

section of the mil-l·.-- As ~il1 b~ se'~n, 'thé'differerit tèchn;ques 'and 
~ 1 -- .. / . , 
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machi nery used to produce alterna ti ve types 0 f paper and paperboard do 

not substantively result in differing employment patterns. Second, it 

will also be seen that technical changes in these techn~ques have not 
Q 

fundamenta 11y a ffec;ted the extent of employment offered. However, ~Q 

the extent that techni ca l change has i ncreased the producti ve capaci.ty 

of these teahniques, they have affected the e,mployment per unit-output 

patterns in the industry. 

The two major types of machinery in the s~ock preparation mill are 

the pulpers and the beaters. The pulpers are basically steel vats i.n 
, 

which di fferent pulp types are blended or proportioned and/or supp1errented 

(i.e. with filters, colours, etc ... ) to produce different paper and paperboard 
) 

types. The pulper is connected to the various pu1p storage chests, which 

provide the pulp inputs. The beater is very much like the pulper. The 

only basic difference is that the beater is used in pap-er producing mills 

where the required pulps are purchased (already formed and, dried) and not 

produced. The various pulps are liquified in the beater and then transported 
j 

to the paper mil 1. In many .cases, refiners (described above) are a1so 

used in stock preparation mills ta brush certain pulp mixtures that 

are used in the prod\Jction of fine papers. 

From the sto~k preparation mill, the pulp mixture passes on to a 

paper machine. ' Three basic types of paper machines can be distinguished; 

tne Fourdrinier, the cyl inder machine and, IOOre recently, the twin-wire , , . 
former. In a11 cases. the basic pr1nci.p1e 1s' the same. An even 1 ayer 

1 

of pulp mi xture i s placed on ,a screen 'that permits much of the water to 
J 

drain. The rest of the water i~ relTOved by pressure and heat, c~using 

the fibres tô band and becorœ a (.()rrtpact sheet. Moreover, thé same general 

/ functional components are evident in e.ach type of machine. The head box. l 
____ --- 1 
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delivers an even layer of 'pulp mixture to the JOOving wire sereen. The .- , , 

wet end of the paper .~chine. basicafly forms the sheet and draws àway a large 

p'ilrt of the water from th,e p~lp mixture. This is done by means of table 

rol1s. hydrofoils and suction boxes a10n9 the w-tre(s) and by fœtal 

cylinders, equipped with Vaccuum boxes, called suction couch rolls. The 

sheet then passes on to th~ dryer s~ction and ta the dry end, which sroooths 

the surface of the paper and cuts and rewfnds the sheet. This is done by a 

set of large dryers, a calendar stock, and a slitter and rewinder respectively. 

In a cyl inder machine, the operations on the wire di ffer from those 

described above. The sheet is formed by combinirig a nunbér of layers 

of P~P. The wire consists of! a series of cylinder molds which revolve 'in 

separate vats containing mixtures of pulp and water. A f~,1t passes by 

each roold, picking up each layer of pulp in turne In the twin-wire former, 

the nature of the wet end of the ITt\chine is aga;n di fferent. The sheet 

is forlTMMd between two travelling wires and water is rerroved from bath 

sides of the sheet ~imultaneously. The resu1t 1s sheets with more 

uniform surfaces and production at relatively higher speeds. Whereas 

, the Fourdrinier and twi n-wi re machines are used predomi nantly in the forming 

of pUlp and paper, cylinder machines are usually enployed-in the production 

of paperboard. 

~, '-"FfMa,1"l y, the formed s heets pass on to the fi ni sh i ng room wh~re they 

are eut. trirmœd, counted. wrappecland loaded. The extent of mechanization 
. , ~ " , 

in ali the latter processes varies by mi11. However, various types of 

machinery are available to, perform each of the above functiori'$. At minimum, 

f1ni~hing rooms in al1 mills are equipped with sorne kind of cutting and 

tr.ilTllling faci'lities • 
...... .:f­

'!].-
• 1 

Before. pY'Oceeding t~ .the di scussions ~f the 

, . 

.n 

techn1cal changes in and 
" 

l' 

,-

o 



Ci 

, . 

" r •• 

,. 

" 43 -

, , {J 

1 [ 

the employme~t ~tructures o~ the various ~rocesses, some indication can be 

given of the prevalence of the more reTev~nt types Of ~chinery in the 
[ , : 

Canadian pulp and pape}:' ind~stry. Tables 6 and 7 present the· data 'for 1961 
l '-J 

: and 1972, the ,first and lasly~ar,~ of the Iperio~, for which data are avai1able. 
, 

The figures in the br~ckets irepresent the !share of each technique in the 
; 1 l' 

total t in each year and in 1ach reglon. The data represents a rough indication 

of the technical structure for a number of reasons. First, the technical 

structure i5 discussed only ~with rtespect to the nùm~er of mil1s employ11)g 
i 1 

a cgiven tethni que and relat~d equipment •• ~o inferen~es can be drawn . 

concerning changes within specifie mills, ;changes in the number of machines 

and/or changes in the make and si ze of machi ne"s. Seclo,nd. the data reportings 

arre far from being comprehe~sive and reliéible. Some,miHs in a given je-ar· 
""" i 1 

and/or region do not report; their equipment. Othè~ mills submit on1y partial 

reports. As a result. two important pieces of data become even more 

unreli'able. On the one hand, the nature and exten't of;woodroom operations are 

usually not set out cl earl,Y enough. On the other hand, ~I'fe reportings 'of . " 

--- refiners ts ambiguous. This' fact ar1~es from the possible use of refiner.s as 
l ') 

1 

a means of produc1ng mechanica1 pu1p and as" a mean5( of 'refinin~'chemical 

pu1~' m;xtur~s. In the above data, h is obvious that we are intere-s!ed in 

refiners as proQucers of mechanlcal pulpe 
\ 

... 1·- '. 
Several -conclusions can be dra~n fram t~e daja. lf~r t~~ .jn~~stry as' a .. 

~ho'le and f9r the reg!onal sectors. First, j.lt the/,na,iona1 1eve,l t there was 

a,. slight in,creasè in the percentage of p~lp and ~ape~ producing mills that' 
... 1 . ' 

, : i ' 
empl10yed woodrooms ooly as storage fatil ities over the period 1961 to 

.. o· • ~ • 1 _' Il • ~' ù .--., 

1972. Regiona 11y, the percentage change was the samé in bath tbe eastern 
'l' ~. ~r 

, 'and western sèctors. Second t the, li end in the-1·~dustr.y was towar'ds. a 
, l ' 
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TABLE 6 

BASIC TECHNIQUE UTILIZATION (CANADA) 1961,1972 

Total Nurrber of Mills 

1. Woodroom Operations 

- storage only 

2. Chemical Pulping 
, 

batch dl gesters 

continuous digesters 

, 
3. ~chanical Pu1ping 

.. , 

grinders 

.....; pocket 

' .... magazine charged 

refiner 

- thermo-mechanical 

1961 

Nurmer of' 
. Mil"1s 

101 

28 

68 

64 

""4 

107 

69 

29 

40 

38 

0 

Percent of 
Tofai Mi 11 5 

100 

28 

68 

64 

4 
4" 

~ 107 
( 

69 

29 

40 

38 
" 

0 

~-

Number of 
Mi 11 s 

112 

32 

87 

55 

32 

92 

49 

7 

42 

43 

a-

National P~lp and "Paper Dire~torY. 1961-62; 1972;..73--
~ 

~, 

1972 

Percent of 
Total Mi 11 5 

100 

29 

78 

49 

29 

82 

44 

6 

38 

38 ' 

D 

Note: 1. The total number of mills exc1udes paper producing mil1s since 
. woodroom and pulping 0i" ratJons are not present in the ~at~~r. 

2. Percent~ges' may exceed 100 since one mill.can use chemica1 as 
.\o/ell as mechanical pulpillg techniques and can a150 employ 
different types of chemica1 and/or rœchanical processes simultaneously. 
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TABLE] 

BASIC TECHNIQUE UTILIZATIOl1 (EAST-WEST) 1,961. 1972 

Total Nuniler of Mills 

l. Woodroom 

- storage only 
(excluding paper 
mi1ls ) 

2. Chemical Pu1eing 

- batch digesters 

- continuous digesters 

3. Mechanical Pule;ng~ 

• - grinders 

- pocket 

- magazine charged 

- refiner 

- thermo-mechanical 

1 
/ 

.> 
/, 

/ ' 

East 

NulTt>er of 
Mi l1s' 

81 

24 

55 

53 

,2 / 

v 
94 

60 

24 

36 

34 
.. 

.U 
1 r---
~ 
t 

i 
\ 
'\ 

\ 

1< 

'. \ 

1961 

Percent of 
Total Mills 

o 

• 100 

30 

68 

65 

"'2 

116 

74 

30 

4~ 

42 

0 

" 

- -----~ ......... -.:..~ .... : \ .' 

West 

Nurrber of 
Mi 11 s 

20 

4 

13 

11 

2 

13 

9 

5 ' 

4 

4 

0 

Percent of 
Total Mills 

100 

20 

65 

li< 
55 

10 

65 

45 

25 

20 

20 

0 

• 

J 
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(TABLE 7 (continued) 

C~ 1972 . .; 
East West 

Numer of Peroent of Number of . Percent of 
Mills Total Mi l1s Mi 11 s Total Mill s 

Total Number. of Mills 83 100 29 100 

'" l. Woodroom 

- stQrage on1y 26 31 6 21 
(exel udi ng paper 
mil 1 s l 

2. Chemic~l Pul~in9 59 71 28 97 

.. ba tch di ges ters 46 55 9 31 

- continuous digesters 13 16 19 66 

3. Mechanica1 Pu1ping 80 96 12 41 

- grinders 43 52 6 21 

- pocket 5 6 2 7 

- magazine charged 38 46 4 14 

- refi ner 37 45 6 21 

- thermo-mechanical 0 0 0 0 

• 

Source: National Pulp and Paper Directory. 1961-62; ·t9-7l-73 • 
• o Note: See notes 1 and 2 in T"LJle 6 • 

. ,.~ 
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greater use of chemical pulping techniques, as opposed to mechanical pulping 

techniques. This trend proceeded at a relatively faster rate in the western 

sector of the industry. Third, at the nation~l level, a relatively higher 

proportion of continuous digesters and magazine charged grinders and refiners 

were employed in chemica1 and mechanical pulpfng, respectively. The changes 

within chemica~ pu1ping techniques were re1ative1y more evident in the 

western sector, while the changes within mechanical pulping techniques were 

more prevalent in the eastern sector. 

4. Technica1 Change in the Industry 

Having described the basic technical structure in the industry, we can 

proceed to discuss the more fundamental changes that have taken place in 

these techniques and in the re1ated equipment over the period 1951 to 1973. 

The changes to be considered are those most affecting èmployment and 

productive capacity.25 

A number of important changes have occurred in the saw mill and woodroom 

operations since t'he early 1950'5. However, even more relevant changes appear 

on blueprints for adoption over the next'decade. Since the mid - 1950's 

a prevalent trend (espesia11y in the western sector of the industry) ha~ been 

the integration of sawmill and woodroom operations. This trend 1s primar11y 

a res~lt of the 1ntegration of lumber and pulpwood production. In this 

situation, tree 1engths are hauled from the forests' to the woodroom. The 

pr~cess involves modern sawing techniques~(1.e. chip and saw) which produce 

both lumber and woodchips for pulp production. The import~nt implication, here, 

25 The following information was obtained thro-ugh discussions 
with engineering specialists at the Domtar offices ln Montreal and at the 
va r fous mi 11 s observed. Moreover., the fo 11 owi ng reference wa s consu lted i 
International Brotherhood of Pul Pt !)ul ph1te and Paper Mill Workers, Automation; 
1964 t Append,1x G t pp. 450-452. 

-- ..... ---,..---..---_ .... _. -
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i5 that employment i5 5hifted from the woods to the mill. Two other important 

changes have taken place over the 1951 to 1973 period. First, barkfng 
" ~ 

techniques have increased in speed as a result of their ability to handle 

greater log lengths. Second, crane operations have become more prevalent, 

as a result of pollution control legislation which has greatly decreased 

the extent of river floating as a means of transporting logs ta mills. The 
, 

most relevant change, however, has yet to be implemented on a large scale. 

commercially. This process relates specifica11y ta chemical and refiner 

pu1ping and involves the chipping of pulpwood at the forest. The wood 1s "~ 

eut, delimbed, debarked and chipped and. then, transported ta the mill 

woodroom for storage. As a result of the marked technical improvements in 

foresting operations, this process would decrease labour requirements in 

general and, especially, in the woodroom. A major problem that still exists. 

is that the debarking process 1s not as thorough in the forests as ft is in 

the woodroom and the exi5ting woodchip using téchniques have difficulties 

pulping this type of wood input. However, research 1s presently befng carried 

out to improve the barking operations and ta adapt the various pulping 

techn i ques. 

With respect to the pulp mills. few substantive changes took place during 

the period 1961 to 1~73. The basic techniques and related machinery were 

d1scussed in the preéeeding paragraphs. The more relevant technical changes 

were in the productive capacit1es of the chemical pulping techniques, arising 

from the increased size of digesters and from changes in cook1ng techniques 

used. Over this same period. the productive capac1ty of new batch and 
<> , 

cont1nuous digeste~s increased sUbstantially. Mo~eover. in batch digest1ng. 

(J changes relating to the automation df blow1ng processes (i.e. the plac1ng 

• 
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~ . of chips into digesters) occurred. With resp~ct to the mechanical pulping 

processes, the most drastic changes have yet to be implemented on a large 

scale commercial basis.The changes in ground wood pulping processes and in 

the re1atedmachinery were minimal over thfs period. The more fundamenta1 

change occurred in the refiner pulping prQcesses and, specifically, in the 

related technique of thermomechanical pu1ping. Although the latter techniq~e 

has existed on b1ueprints since the 1930's, it never received serious . 

consideration unti1 the early 1970's, as a result of the increasing use of 

.. 

o 

refiners to produce mechanica1 pu1p. Although different systems do exist, 

the thermo-mechanical process is functional1y a1most identical ta the refiner 

process described above."As a result of the superiority of t~ermomechanical 

pulp (relative to groundwood pu1p), the possibi11ty arises that newsprint 

production cou1d emp~oy 100% thermomechan1cal pu1p. 

Technica1 ch~nges in the paper mi11 affected both the qua1ity of paper 

and paperboard produced and the productive capacity of paper machines. Here, 
. 

we are primari1y concerned with the changes in productive capacity. The most 

relevant change was the consideration of twin-wire formers in the 1970's. 

The speed of this type of paper machine is almost twice that of the 

canventional single wire machines. Other basic changes over th1s period 

1nvolved the 1ncreased speed and 1Dnger runn1ng t1me (i.e. up-t1me) of the 

paper machines. The use of hydrofoils instead ef table rolls along the wire,' 

was primar11y respansib1e for thé much increased speed~ of the paper machines 

produced in the 1970'5 as compared tô those produced 1n the 1950's. With 

respect to 1ncreases 1n runn1ng t1me, down-t1me on paper machines was decreased 

qu1te marked1y, over th1s per1od. This represents a considerable equivalent 

() 1ncrease in productive capac1ty, c, ince an average w1re and fel t change involves 
~ 

• 

1 
.1 l' 
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roughly four hOurs of down-time per machine. The increased running time of 

paper machines was primarily a result of improved wires, felts, couch rolls 
1 

and cleaningimethods. 
i 
1 

Finally, several important technical changes took place in the finishing 

room over the 1951 to 1973 periode These changes re1ated prim'arily to the 

various cutting, sea1ing, wrapping and loading operations performed. 

Although varying degrees of automation developed in each of the operations, 
. 

they tended ~o be incorporated more quickly into the newer mil1s in the 

industà. Even by the early 1970's, a sizeable number of mills (predominantly 

in the eastern sector of the industry) had not converted to automated 
; . ,. 

proc~sses in the finishing room operations mentioned abovè. 

5. The Employment Structure of Technigues 

The final part of this section deals with the employment structure (and 

shanges in the latter) that is related to the technical structure described 
( , 

lin the preceeding subsections. First, the nature and relative extent of . 

,1 employment offered by each basic process will be considered. In discussing 

skill requirements, here, the distinction made 1s between less than one 

year experience and more than one year's experience requirements. The latter 

case 1s 'seen' to imply a~ detailed kno~led.ge of the specifie technique(s) on the . .~ 

p;~t of,the employe.e. 26 Second. the relative employment structures of the 

basic pulp, paper and paperooard product clas~ifications (spec1fied at the 

out~et of this section as be1ng relevant to the technical structure) will be 

26 The sktll raqujrement data was derived from job evaluation studies 
don~ by the Can'adian Paperworkers' Union for selected m111 s. Thé employme~t 
structure data was obtained partly, From the latter source and partly· from 
informatipn provi~ed by the Canadian Pulp and Paper Association. 

• 
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comparèd. Due to the existing differences in mi1l structures and mach1nery 

types, the discussion in both cases must be in fa1r1y genera1 terms. 

The operation of the saw mill and woodroam require a sizeable number of 

employees. The primary functions performed relate to the storfng, barking, 

washing, reclaiming and chipping (in the case of chemical and refiner 

pulping) of wood and ta the maintenance of the saw mill and woodroom. 'The 
1 

related employment can be broken down into two categories. The relatjve1y more 

ski11ed employees are the foremen in each operation and the crane, ~ulldozer 
1 

and other heavy equfpment operators. The 1ess skilled employment ;1ategories 

incluJe the conveyormen in each operation, stackermen, sorters, kruckdrivers, 
1 

sawyer, barking drum operàtor, ehipperman, axeman, chip bin oplrator and 
, 

labourer,s.,with no specifie ski11 requirement. In m1l1s where /a11 of the 
, / 

above operations are performed, the employment in the chipp ng operations 

would represent rough1y one-fifth of the total emplo~ent offered in the 

saw mi11 and woodroom. The employment changes over t~ 1 51 to 1973 period 

have basically been related to the increasing use of cr nes and conveyers 

for un10ading and transporting purposes. The more impo tant changes" however, 

would arise in the situation where the chipping of wc d was carried on in 

the forests. Except in the ease of groundwood pulpin , the entire operation 

at thè mill would be restrieted to the storage of c ips, which would require 
, 

two or three employees2~ to monitor the un1oading, oodpile and blowing 

processes. 

In terms of the pulp mills, the groundwood pu ping processes are 

.... !"a .... r_k_e_d_l y_ril_or_e_,_a_bo_Ju_r_i n_t_e_n_s i ve tha n the chemi ca 1 :"1 ref i ner pu lp t ng' proce s ses. 

27 Any specifie figures used are on a per shif ba~is. A seven day 
operation would involve four times the figure speci 1ed plus an additional 
emp'oyee as a switehman. 1 

! 1 
1 

l 
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Moreover, they require a relatively much greater pfOportion of unsk1lled 

employees. The two relatively skilled employees are the foreman and the 

stonesharpener. The less skilled employees 1nclude the grindermen and the 

grinder changers. Each grinderman js responsible for roughly ten stones. 

The number of changers per grinder usually varies between one and three, 

depending on the equipment used. In general, hand-fed grinders involve 

more labour than magazine charged grinders. In the situation where 

thermomechanical pulping processes were used, the reduction in the required 

labour would be quite drastic. The process would re~uire a foreman and one 

or two unskilled employees for roughly every six refiners. The resulting 

pulp production is'roughly comparable to that obtained fram 6 grinder lines, 

employirig between six and eighteen charger's. Obviol,Jsly, the scale factors 

become very important with respect to employment in such a situation. The 

possible reduction in employment is increased to an ev en greater extent, if 

the fact is recognized that saw mill and woodroom oper~tions could 

conceivably be eliminated under such a process. 

In contrast to the employment structure in the groundwood pulping 

process, the chemical pulping processes utilize much less, but higher skilled, 

labour. In sulphite pulping, the relat~vely skilled employees are the cook 

(d1gester r'oom) and the acid maker and the sulphur man (acid plant). The 

relatively less ski"lled employees include the cook's helpers (from,one' to 

three depending on the type, size and/or number of digesters), blowp1t man, 

stock runner, and a towennan (in the acid plant). The sulphate process' 

involves a s11ghtly larger number of empioy~es. Âs in the sulphite process, . . 
the cook, helpers and a blowpit man are required. In the recovery.roôm, 

f' \ • ~ , 

the relatlvely more skllled emplQYI!<!s include the evaporator operator,:' 

rec~very operator, lime kiln operator and the assijtant lime kil~ operator. 
" ,t'l;" 

.' 

- ---~.· ______ 'k 
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The relatively less skil1ed employees are the two or three helpers te the 

above opera tors. 

In bot~ chemical and mechan1cal pulping, a certain amount of employment 

1s offered in the related screening, washing and bleaching operations. The 
, . 

screening room requires a skilled head 'screenerman and relatively less 

skilled first and second screenermen, oiler and cleaner. The employees 

of the bleaching room are all highly skilled and include an operator, 

c hemi ca 1 prepa rer a nd tester. 

The employment structure in the stock prepar~tion mill is quite similar 

for both pulper and beater operations. The relatively more skilled employees 

are the beater (pulper) engineer, paper inspector and broke beater (pulper}. 

The less skilled employment requirements are a beaterman (pulpenman) and one 

or two stock runners. 

The extent of employment in the paper mill varies according to the type 

of machine used and the kind of ~aper and paperboard produced. 'In all cases, 

a machine tender and back tender, bath highly skilled, are required. The 
.. 

other pOSSible employees are the third up to seventh hands, sorne of which are 

relatively more skilled, and the wet machine man, cutter and balerman. The 

larger paper machines are, the greater the number of hands required. Also, 
~ 

fine paper production usually requ1res on~ more hand than do es other paper 

and paperboard production . 

. The employment structure is most variable between m11ls in the finishing 
'. -----
ro~m op~ra.tions. As was already mentioned th1s 1s a direct ~=-~~-tne------',-

--~ 

differ.ing degrees of ~xisting automation that preYâII~n the various mills. " - - ~ - -

The ipecif1c employment relates tu the various functions performed in the 
, ' 

finishing,,~oom, wh1ch were discussed above. The relatively more skilled 

1 
/ 

-- -
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employees include the foremen, the head finisher and the marker, weigher 

and checker~ where they exist. The other employees are the roll pushers, 

finisher, wra~plng machine operator, breaker headerman, core preparer and 

helper, truckdrivers and car preparers. Several basic techniéal changes 

have affected the employment structure over the 1951 to 1973 period. First, 

marker and weigher functions have been replaced by automated computèr 
, 

operations. Second, these same operations have reduced checker employment 
, 

by roughly one-fifth. These changes have resulted in the potential reduction 

of skilled employment in the finishin'g room. Th..ird, various types of cutting, 

trimming, wrapping, sealing, carrying aod loading machines have served toI 

potentially reduce·the~number of relatlv~ly less skilled employees. 

Finally, a large amount of overhead _or indirect employment exists in 

various foms in mills. 28 These funct'ions range from supervisory, maintenance, 

and quality and production control operations to the operations of steam 

genera~ing plants, in primarily the medium and larger sized mil1s. In a1most 

all cases, the employme~t requires highly skilled personnel. The employment 

categories include pul.p and .paper testers, lab helpers, pollution control 

researchers, water treatment operators, foremen, head steam operators and 

assistants, firemen, pumpmen, filtermen, mechanics and helpers, painters and 

helpers and various specialist plant and mill engineers and their assistants, 

amongst others. 

The preceeding discussion on the.emplo~ent structure 1s both far fram 
1 

1 

complete and not relevant to any one specifie mill. Moreover, the actual 

chang~s in employment structure described for the per10d 1951 ~o 1973imight 
\ 

have also arisen fram improved orq,tnizatian and structure of mills as;well as 

i. T 
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from changes in the techniques and related machinery. 

The most relevant method ta summarize the above employment structure 

data ,is ta examine the relative employment structures of the various types 

of pulp. paper and paperboard producing mills specified above. In this discuss­

ion. we will abstract from the general classes of overhead or ind~rect labour 

which were described'above. First, as regards pu,}p producing mills. chemical 

and refiner pulp producing mills would tend to offer markedly less employment 

than groundwood producing mills. Under similar saw mil1 and-woodroom , . , 

operations, ~hèmical and refiner pulp pr~ducing mills would require a slightly 

greater amaunt of employment. How,ever, the employment differences in the 

pulp mills would more than compensa te for this difference in the saw min 

and woodroom operations. Moreover, 1n the case of refiner and, to a 

greater extent, chemical pulp producing mills, the proportion of relative 

higher ski11ed employees ~uld be·much greater. Second, 'in pulp and paper 

producing mills, similar employment structures woulà tend ta exist. In the 

predominantly chemical pulp using paper and paperboa~d,production, relativel~ 

less employment would be, offered. Furthermore, a higher proportion of ~he 
/" 

emplayment would be higher skilled. Canversely, newspri.n't and grou'ndwood 

printing and spec1alty producing mUls. would involve relatlvel'y.less and -, . 
relatively l~iwer skilled employment. Finally"O the erTlpldyment structure of 

paper producing miH s would no't tend ,to vary drasti~ally between t'he various 
.. .... • • J. \ - .. • 

types of paper: produced since' -the wtIodpu1ps. are .purchased, al1d not produced 
l ' 
~ .. 

in the mills. ln all of the above classif1cat1on~, the employment structures' . . . . , ~ 

of speC;if1c !p1l1s would obviously, a1so vary accord1ng to the size. a'~d type of 

machi nery employed';' 

" 

1 
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III. THE'EMPlQYMENT PATTERN EF~ECTS OF TECHNIQUE CHOleE 

""1 " This section will consider the basic det~rmtnant~ of the employment 

per unit output structure in the Canadia~ pulp and paper industry over 

the period 1951 to 1973. ln derivil19 these detSrminants, it will'draw 

upon the structura 1 and te~hni ca 1 cha.racterï sti ës of th,e indus try, 

discussed in the pre.ceeding sections. First, the rélevant hypothes1s 
" 

will be presente~ and its relation to existinf;theorfes of employment 
, .. 

~ ~eterminatfon will be discussed, Second, fhe basic aspects of the 

national and regional-employment per unit oU~Rut structures ~/ill b~ 

analyzed in' terms of this hypothesis', At the national 1evel, the secu1ar 

and cyclica1 pattérns in em~i~yment per unit output will be examirie~ for 

the p~riod 1951 to 1973. ln the examinatio{l orthe ~ecul,ar pattern, the 

,tr'ends' in total emp 1 oyment perlun; t outp:t -~.Ii-ll--\ be co'ns i d~red, In the 
. , \~. 

'ana1y~is of the cyc1ical patterns of to~al ~yment poer--ufl.l~ output, . 
-----... ~ 

'reference' ~i,ll aho be made tq the chan!ting composition of ~mplo'yment~-- ___ _ 
- 0 • -

Spec1fically, the type of employment offered and the related ski11 ,requirements . , 
, ,-

-of each emp10yment type will be lexamined. At the regiona1 level, data 

limitations r~strict the analysis to the.period 1961 to 1972. As fn t~e, 

analysis at the national leve~, the ~ecular and cycli'èal patterns 'of 
, 0 

total .. employment per unit output wfll be consit1ered. However, the analysis . . 
heri will ~1so ~explain differences in the level 015 total employment per 

10 .,... .. -:-~ / ~ • ~ 

unit o.~tPu~ brWéen the eastern an~ west~n -s~~s of th'e .industrY"~ .. The 

l' 

a"àlysis ,at jhe regional l.evel will be le~s rigorous t~an the an41ysis at , . 
~ . t· . 

the'nationa~ level. The unavai1abi lit Y of' certain.key data at, the provi'f1~ial 
\ 
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. 
or regional level necessitated"the use of possiQly inaccuroate proxy variables 

in the antITysis. In addHion, the period of analysis, at the regional level, is 

, ~lang enougi. ~~.allow an ex,minotian. a~ seeular and eyelieal' pa\terns 

, of employment .per unit output over individual or specifie cycles. 

1. The Hypothesis . ' 
~ , 

In consideriflg the rele'l(ance of the existi'iïg emp~oyment and productivity 

and technical change analyses, the critical evaluation w1ll be both . , ,',' 
'gèneral an~ ecledic in nature. On the one hand, the basic'assumptions • 

, -
. and method9l09y used ; n these ana lyses are qui te si mi 1 ar '; n mos't' cases. 

Therefore, in~tead of refering tO'each apalysis individual1y, the discussion 
. , 0 

,Wi.11 der;ve primarily fr~o sur.vey artk1,e~, one by C.J. Roberts 29 and 

the other by M.nL Nad; r; .30 The C.J." Robe'rts survey. arti-cl e reprOduèes 
~ 0 ~ " • tIf 

~he major employmen~ mOdels,up ,to.l972 under various classifi,cations and 

~haly;e{)tr: assumpUon; an'~ methodo1ogyemployed in eaCh case. 31 Given 

. 'the emPlloJ~nt -reTationships , ~h~ deter~it1ants ~f employment per unit outp'ut 
1/ ( or 

can be ~erived. The M.!. Nadiri article' con'siders the a?sulPptions and 

~~thodO lb~j of' the ~xi st; ng procÎucii vlty and tèch~ i ca l cha_!lge an~ lyses c" 
• l ' 

These analyses ar.e Quite rel~vant to the prcesent study, since. the produèti'vity 
a " 

.. 

f 
L-j 

! 
1 

~ \ 

• 1 .,. .. ~ ~ 1 

"" measur~s a~alyzed are c10sely !,elated to eI')P10Yl,11ent per,'yrtit output variaple .. 
, . ' , " 

Q. 

't, 

f 
Î r 

. . 
he employment an'd prOductivit1 an~lyses aJl'e a1'1 basically Neoclass'ical 

l 
1:-

~ "-' ~ t 
, ,'tg Roberts, .C.J. , liA Survey of Etnpl€lyment Models:' Centre for Industrial 1 
and Business Research, Univer~ity of. Warwi,ck. Coventry 19?2 ·(Working paper). .,,: 

3Ù Nadiri ,.1 M. 1., "some Approaches to the Theory and Measurement of '1 
Total Factor Producti vi ty: Ij Su.rvey. Ir Journal of Economie l iteY'at,ur~t 1970', i 
pp, 1137-77.. ' .' ' ) .• _l' 

31 The C.J. Ro'berts (sur~ey ~Y'tlcle to~'side~s short and' 10ng~,ru~---"''''----T"-' -'--~----'!­
emp,lotment modéls. Gi ven t~e nature of thi,s stutty, only the long-run models 

-are rele,vant. here. ~ . ' . 
1 
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o 
in terms of the ass~mptions and methodology uSed. First. the assumption 

of profit-maximizfng or cost-minimizing firms is made. Several variations 

in the àssumption. in the C.J. Roberts article, allow for cost minimizing 

over tillJ8 and' for cos~ minimizing in caSes of vpriable capital stock 

utilizatiofl. However. Ùl each,case tHe minf~ization relates to empleyment 
o 

co~ts \'/Ïth the aggregate capital stock given exogenously in the short­

period and, often, in successive short-periods. The cost-minimization or 

profit maxfmization. moreover, is carried out with given wage rates 

relati 'lé to capita l costs. 

$econ~ an aggregate production- functionis specified. using 
" 

labour and capital .as inputs to~product;on.·to represent the technical 

possibilities at'a given point in tiJœ. In most cases. sOtlle form of a Cobb-
.-

Douglas specif;cati,o.,n~with its associated unitary elasticity of substitution 

is employed. for the pro~uction, function. Several noteworthy assumptions, 

a~d t~eoretical ~e~hniqUeS are ;fmplidt in this typ~ oi specification. '. 
. . . 

These assumptions and technique~ are also ";'mplicit in other neoclassical 
,'!' ~ " 'io 

production functions' (i .e. C.LS.) and their ~onsequenc'es Cfre often more 
- I~-

marked in the,latter specifica"on-s. 
, c 

10 illustrate the relevant assumptions and theoretical techniques .• 

we cari use 'the example of the Cobb-Oouglas production function .• 32 

o 

" 

j 

, 
1 

-where Q represents the '\Ievel of output .• K the site of the capital stock. .if 
""'"' 1 

r: 

gnd L the 1evel of employment. a11 measured in physical uni'ts (or represented 
/. l ~ ?i 

byan index). 'The symbol t represents a time trend. A,1s a constaht, and 

32 The p.foperti es of the Cobb-Doug1as production funct10n arè descri bed 
general1y in ... the Jot,I. Nadir; artic.l .. Moreover. the Cobb-Douglas, production ' 
function. in this ~pecific form. I~ used by R. Solow in the~an'alysis of product1-
vit y and technicaV chilnCJ~ Solow, R., "Technical Change and the Aggregatê 
Production Functfon" ',vlew of ECOI).QI!!1L.i'1ud,b"·'l ~ 1957. pp. 312-'20. 
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rela~nShfP, we ca. solve for, e 15 the base of the natu.ral log. 
ç 

From the above 

\ 
\ 

\ 

Moreover. in terms of employment per unit output, we get, 
~ 

\ 

" \ 
\ 
\ 

In each of the above equations, the values for three variables are\ unknown. 
\ 
\ 

\ 

These are À. ex ·and 13. The theoretical foundat1on of a simultaneous\estimatioJ\ 
" \ 

of th~se three variables, using the single equation 15 quite tenuoUsl 

As such, two assumptions are made. First, the v~lues of Cl and 8 are (:onstrained 
\ 
\ 

to equal unit y representing the a'ssumption of constant returns to scal~. 

Second the assumption fs made that the rate of profit and the real wag~ 

are equal to the marginal prodtJcts of capital and labour, respectively.\. 
1 

in equil ibrium. The result of these assurnptions i s that the ratio of t~e 

labour and capital elasticities of output, a/B. is made equal to the rati\o 

of the distributive shares of labour and cap'ital. The above problem 

and the consequent manipulation are illustrated quite clear1y argebraical1y. 

'From the initial Cobb-Oouglas specification (equation ~l», we see that, ': 

(4) a/a. (L/K}(aQ/aL)/(3Q/aK) 

In'order to obta1n values for' ex ~nd a (or 0./13). values for aQ/aL and 

aQ/-al< mus t be obta i ned Hhé values of K and ~ are 'those tha tare used . 
in the pr~duction funttion). However, these variables are not observable 

33"This relat10nship 1s derived in the follow1ng manne;': 

aQ/aL = Ae ÀtKSalo.-l where 9,Q/àL equals t~e narg1nal product of labour ' , 
and, aQ/aK. Ae>.t6~a-lLa where' :'ll/aK equals the marginal product of capital 
therefore. aQ/al:./aQ/aK • a/a. KIL· ' • , ' 
or. a/a,. aQ/al/dQ/aK .' ,L/K ~ jt. 
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and their values, therefore, cannot be obtained directly, as are the K 

and L variabl~ Wlues. As such, the assurrption of the equality of the marginal 

products of cap;tal and labour to the rate 'of profit and real wage, 

respectively, is made. The values for the real wage (w) and the rate of 

profit (r) can, be observed directly and a value for Cl/a is ther~fore derived 

which 1s equal to the ra tio of distributive shares of labour to capi tal 

('l.e. wL/rK).34 Therefore, given the values for Cl and a, only À or' t'he 

rate of 'a'utol'lOlTOus ~r di serrbodied technical advance. needs to be estimated • 
• 

Several characteristics of the neoclassical employment and productivity 

analyses can be deduced from the above specifications. First, the possibility 

of input suhstitution, with a given set of machinery and equipment, exists 

at any one point in time, under the conditions of diminishing margina) 

productivity of each input. The concept of malleable capital is therefore 

implicitly used in these production functions. Second, the effects of capital 

and technical change on output (and/or on employment) are treated as being 
~ 

independent of each other. The effects are represented by B the capital 

elasticity of output, and À. the "rate of technical change. Il A further 

characteristic of this assumption 1s 'that the relaiive~ and absolute effects 

of capital and technical change on labour productivity (or on employment 

per unit output) are quite sensitive to the specifie elastfcity of substitution 
, . 

implied by the production function used. Different results are obta1ned . ' 

if a Cobb-Douglas specification, w1th an e1asticity of substitutiop equal 
, 

to unit y, or a"C.E.S. production function, witt; an estimated constant 

... 
34 Giv:n equation (4) and the marginal product1v1ty determ1nat1on of 

factor returns. a different speci f1cat1 on for a Cobb-Oouglas product ion funct10n 
could be derived by replacing l/f( 1,'1 a/a· r/w in the equations: ' 

L • (Q/AeÀt )l/aK-tVa or L/Q: (Ql-a/Ae>.t)l/~K-a/a 

which are tliemselves der1ved directly fromequat1on (1). 
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elastiC1ty of substitution, are used. f.t>reover, the specifie elast1city 
, the 

of substitution, implied bY ... production funetion used, also determines the 

degree of complerœntarity that exists between the capi tal and techn1cal 

change inputs. The degree of comp1ementarity between capi tal and techn1cal change 

15 represented by the residual measure of the total change in labour product1v1ty 

(or 1 n emp 1 oyment per uni t output) whi ch resul ts a fter the separate contrf­

butiarls of capital and technica1 change on labour productivity (or on 

elTPloyment per unit output) are calculated, The relative contributions of 

capi tal (or technical change) are defined as the percentage of the total 

change in labour producti vit y (on employment per unit output) that would have 

occurred if only capital (or technical change) hâd changed, The degree of 

complamentarity increases as the elasticity of substitution declines and 

is non-existent only in the cas'e of a linear production function with an 

iJlf1nîte el asticity of substitution. 35 Third, the contribution 'of capital 

to output (or employment) in the Neoc1assical production functions is 

dictated by the relative distributive share of the capital input. As we 

have already seen, this is 50 because of the Neoclassical assumptiôn that 

the rate of profit 1s equal ta. the marginal product of capital 1n 

equflibrium. For exalTl>le, g1ven the assumption that the real wage 
'\ -and the rate of profit are equal to the marginal products of labour and 

capital, the ratio of output elast1citfes of labour to capital equals the 

ratio of distributive shares of labour to capital in the Cobb-Dougras . , 

specif.1cation. If we take the distrf-.bu~1ve.shares of labour and capital ta 

35 This character1st1c of Neoclass1 cal pro~uct1on functions is c1early 
illustrated in, Daveoport"P., The Sources of Economie Growth in Twent1eth 
Cen tury Ca nada, Mc Gi 11 Un hers 1 t)' t ( Mi meo) pp. 3 .. 14. A paper _presented to 
the ~eventh Confere'nce on Quantit JUve Methods in Canadian EcoflClmic History, 
Guelph, February 28. 1975. The ld~e of the Cobb-Oouglas rroduc::tfon 
fut'!ction 1s dealt with specifically~tn; Davis, L.E.J'et a " American Economie., 
GrQwth: An Economist's H1story ot'tlle' United States, Harper and Row, 
New York, , 972. . , 
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equal 0.75 and 0.25, respectively, equation (2) becomes • 

L : (Q/AeÀt)473Kl/3 

As such. these assumptions dictate a priori that a reduction of labour 

byone half would require the capital stock to be increased eight-fold. 

other things being equal. Fourth, capital stock or investment dec1sions 

in the Neoclass-ical production functions (with equations (2) and (3) as 

exaJl1)les) are not related explicitly to erll>loyment or employment per unit 

output decisions. This fact arises from either of two assumptions used. 

In some cases. the capital stock 1s assumed f1xed in the short-period and 

investment decisions are not considered expl ici~ In other cases, 

the tapital sto€k is assumed to grow at an exponential rate and 15. therefore. 

seen to be exogenous over successive short-periods. The use of these 
• assumptions is quite evident in the employment models surveyed by C.J. 

Roberts. The final salient feature of the Neoclassical analysis of employrrent 

and productivity 1s the autonorrous technical change effects on output (or on 

employment) are represented by some form of time trend factor. In the 
4 

Cobb-Douglas speci fi cation, tech~ical change is seen tCi> proceed at an es,timated 

rate. À.36 

Based on the above discussed assumptions and theoretical techniques 

of the neoclassical analyses, employment can be se~n to be some funct10n of 

, 

the level of output and/or the s1z~ of the- capital stock, the extent of autonomous .. 
or di,sembod1ed techn1cal change, and the relative input priees (i.e. the 

wage-rent'al ratio.) The if11)l1ca.t10n, therefore. for employment per unit 

output 15 that it 15 ~ffected by the size of the capital stock, e1ther by 

1tse~f (i.e. equation (3)) ôr relative to efYl>loyment (i.e. see footnote 34). 

36 The properties of the C.E.S. production function are descr1bèd in 
detail in the M.I. Nadiri survey al ticle, pp. 1151-56, and the above discussed 
character1stics can be seen in the description. ' 
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the extent of autonomous techn1cal change, and relative input priees. 

Sèveral basic problems are, however, ev1dent in the Neoclass1cal 

analyses, discussed above. ,First, the high levels of aggregation evident 

in the productio'n function specifications are definitely inadequate for 

the analysis of employment per unit out'put at the industry level (and, most . ~ 

11kely, at the sectoral or national levels of analys1s). At the 1ndustry 

level, a proper analys1s of a multi-product 1ndustry should take into 

consideration the product structure of the industry and its related 

techn.ique and machiner! structure. As such, it should consider the , 

nature, as well as the size, of the existing capital stock. The important 

point, here, ls that the pattern of demand can independently affect the 

nature of t~chn1ques used ln the industry. This situation is quite different 

from the one where new techniques of production are adopted on the bas1s 

of cost-revenue considerations, given the product to be produced. Second, the 
, . , 

• 
separa te speclficatiun of the\relat1ve input priee, capital stock, and 

autonomous technical change variables presants a problem insofar as 
... II 

technique choice and i~yestment dec1sions are treated as being independent 

of each other. As wa(already noted, an important implication of this 

type of specification i~ that capital stoek or investment decisions'are 

not explicitl;r r.el~~ed t~ employment decisions. Third, the neoclassical 

analyses do not take ·into account qrgan1zlltioMl factors that might 
o • 

affect employment and employment per unit output. Instead, these factors 
1 • 

, , 11 

(and probably the composition of output factor) are re1egated to a trend 
1 

/ 

variable that 1s left unexpla1ned, for the most par~.The latter technique 

15 quite unsat1sfactory. 1n view of the fact that ~ecular changes-in 
/ 

employmént and in employment per unit output Ar$' being analyzed. F1nal1y. 
, 1 
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the emp1 rical val idity of several of the neoclassical assumptions need 

to be questioned. More spec1fically, the assumption of the rate of profit 

and the real wage equall1ng the marginal products of capital and labour, 

in equilfbrium. appears to be suspect. 37 Moreover, the substitutab11ity 

of inputs and the related dfm1nfshing margf na 1 productivity assumptions need 

al50 to be exam1ned at the emp1r1cal lavel. The most important question here 

, concerns the nature of the average product of labour (which can be observed 

directly) an~ whether it is constant or rising over d1fferent levels of 

production. up to productive capac1ty of a given set of m~chinery and 
.. 

equipment. If this 1 s the ca se, then the marginal productivity and sub-

stitutabfl ity of input ~ssumPtions woul.d rest on very tenuous grounds. 38 

In 11ght of these shortcom1ngs of the traditiona1 analyses, a different 

methodo.logical approach compris1ng an alternative set of assumptions will 

be postulated. Thi~ approach will e1iminate the basic problems impl1cit 

in the neoclassical analys1s of employment per unit output structures . 

. 
The analysis begins by assuming that firms in a mUlti-product 1ndustry 

produce a desi red leve1 of output a~ least cost. The determinants of output 

and prfcing decisions can vary between industries given structural and 

historical conditions. F1rms in an 1ndustry do not necessari1y max1mi,ze profits 
J 

in a given short-periode No behav10ural assumpt10ns are spee1fied· he~e s1nce 
J 
1 

the ana1ysis of output and prfc1ng dee1s1ons lies beyond the scope of the 

37The theoret1cal val1dity of this assumpt1on' 1s questioned in the 
fo11owing sources. Samuelson,c P.A •• liA Summing Up," uarterl Journal of 
Economies, 1966, Robinson, J. and Nagv1 t K.A., "The Ba y Be ave ro uetion 
Function," Quarterly Journal of Economies, 1967. pp. 579-91-

. 38 The use of a constant margInal cost. 1mplying a constant average 
product of labour. appears in the jullow,1ng analysis, Kaleek1, M •• "The 
Supp1y Curve of an Industry Under I111perfect Competition," Review of Economie 
Stud1es, 1939, pp. 91 .. 109. 
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c~ present study. The fil:'ms, in producing the desired level of output, can 

operate one or more plants or mills in any given short-period. The finms, 

moreov~r, are faced with 'â set of given input p ices and have at the1r 

disposal a finite set of linear production pro esses or techniques of 

production with wh1ch ta produce each produc type. These producti.on 

processes are well defined in tenns of thei productive capacities and 

their required labour and non-labour input, in both the qualitative and 

quantitative sense. In any given short-pe iod, the teèhniques of production 

1n a specifie mill are given by the 1nvestment decisions undertaken in 

previous short-periods. Ta produce a given output type and quantity, a 

specifie process or linear comb'ination of several processes (where several 

processes exist in a mill) can be used. In successive short-periods, the 

potential range of linear production processes may be expanded through new 

fnvestment embodying the technical ~hanges of that period. Whether the new 

techniques of production are actually finplemented depends on a number of 

factors, such. as the relative costs of the new and old technfque$ of 

production arid the confidence that the firms have in the new techniques of 

producti,on. These factors will be examined in greater detail in section IV. 
/" . 

Alternafive1Y, the investment decis'ion of the given short-period m1ght 1nvolve 

hfgher capacity existing techniques. Howeve,r, once the investment decisfons 

are 1mplemented in any'given short-per10d. the available production 
. ' , 

proeesses are dictated by the nature of these and past 1nvestment decisions 

undertaken. Finatty, related to the operation of the specifie techniques 

and of the m111s t in general, the f1rms are faced w1th a given organizational 

structure in the short-period. wh1ch dfctates the indirect, variable or 
, 1 

-... . 
~() overhead labour requirements and the relative efficiency of the finn in tenns 

-..,./ 
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of employment allocation and utl1 ization. As a result of these conditions. 

the firm and consequently the industry are faced with a specifie employment 

per unit output structure in the short-period. 39 

The actual specification of the determ1nants of the employment per 

unit output structure is, specific to the Canadian pulp and paper 1ndustry 

in this case. However, the variables are descr1bed in a general enough form 

so 'that they may al so be useful in explain1ng and predicting employment per 

unit output patterns in other lar~e multi-product industries. ln general, 

three basic determinants are seen to be relevant in explaining employment 

per unit output structures. The first variable is the product stru~ture of the 

industry, reflecting the alternative employment requ1rements of the techniques 

or processes used to produce each prOduct type. The second determinant 1$' 

the degree of vertical integration of miHs in the industry. This variable 

relates primarily to the organizational structur~ in the mills and, 

-consequently, in the industry and has important implications for the extent 

of overhead or indirect variable employment and for the proportion of skilled 

""'i:L,to non-sk1)led employment that 1s offered. The above organizational and 

product structure related variables serve to expla1n a certain part of the 

'autonomous or trend technical changes, in employment per unit output 

structures, of. the Neoclassical analysis. The final determ1nant, of 
1 

employment per unit output structures is the level of gross 1nvestment per i . ' 
employee. This variable serves to represent 'the effects of investment and 1 

1 

techn1cal change (or -changes in both the level and the nature of the..ocapitay 
" 1 1 ) 1 

stock) on employment per un,it output structures. As was ment10ned earl1er, j 

1 

. 39 Two other variables that IIl1ght affèCt emplo~nt per unl~.eutPUt J 
- structures are the quality of the mater.dal inputs and of the labour inputs! through 
education and training. These varidldes are d1fficult ta quantify and analJ}'ze 
and are, a s a consequenc e, ne:c t~n th 1 s, as wen a s 1.:,_t~adn 1 onal ,;nal ys 1 s. 
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.,. 

the effects of these two factors cannot be legitimately separated. sfnce 

technical changes are implemented." for the most part, through investment in 

new machinery and equipment. The specifie theoretical construction reflects 

the assumption of the existence of linear production processes and 

represents a weighted average of al1 such processes across the various mi11s 
" 

in the industry. The use of gross investment per employee rather than capital 
\ 

per employee (as in the Neoclassical analysis) is a result of two 

considerations. The first of these is the problem of the measurement of a 

heterogeneous capital stock, ex ante and independent of the distribution 
• < 

of incarne, at a given point in tirne. Specifical1y, the pfob,1em is one of 

arriving at a value for the capitai stock in an initial period. s'Ince 

consequent additions to this measure reflect accumulated investments 

measured at eost and, therefore. do not present a problem. The second 

consideration r,elates to the greater su1tability of the gross investment 

per employee, as- a theoretical as well as empirieal measure of the nature 

of technique choice decis10ns in the industry. The argument for the use of 

gross 1nvestment per employee as the appropriate variable 1s stated clearly 
• 

and effectively by W.E.G.'Salter, 

Because technique decisions relate to additions or replacements 
to the pre-exist1ng capital stock, the appropriate means of 
measuring capital in the production function irs in terms of 
real 'investment. and there is no need to consider directly the 
c~p1~al equipment already in existence.40 

As specified therefore, the gross investment per employee variable would 

serve to represent various effects, related to technique choice, on 
" 

employment per unit output structures. First. ft would 1ncorporate the 

40 Salter. W.E.G ... Productivity and Technica 1 Change. Cambridge. l ~69. 
p. 26 
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" \ 
effects of qhanges in technique choice (through investment), other than 

those related to the co'!'pos1t1on of output (i.e. changes in the techniques 

of production available ta produce' a given output type). Second, it \'iould 

reflect changes in the productive capacities of the various machinery, . 

related to a given· technique and employment structure. More specifically, as 

the capac1ty of a given piec~ of equipment in a given technique of production 

was al tered, the level of inveS'tment per employee would vary proport1onally..... h, 
'with the' level of employment per unit o~tPut. Finally, it would incorporate "-"(~ 

" 
any econom1es of scale effects that m1ght accrue through changes ·1n 

investment. The important consideration, here, is the changes in the 

maintenance, repairs,' etc ... requirements of the specifie technique of 

product ion. 

Algebraically, the alternative sR~cification, embodying the 

assumptions and methodology described above can be stated as, 

(4) Q = YL or 

('5) L/Q" lly 

where y "'\!presents a constant in a ,given short period. Changes in a, over-
~ , ., 

successive short p.eriods, are conditioned by the equation, 

where C, Di and IlL represent some fonn of cOI1lPosit'1on of output, degree'of" , 

vertlcaf 1ntegration of m111s and gross investment per employee variables, 

respectively, and : al. a2 and 83' represent the1r respective coefficients! 

In the case, of the Canadian pulp and paper 1ndustry. the above variabl'es 

~---_, ...... ----- ,"',", , 
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can be cast in a more spec-ifiC fonn. 41 A'S il meaSure of the composition of 

output, the most appropr,iate v,ariable that could be tlsed would be some· . .' 
measure of the ratio of grou~dwood pulp production .to total."pulp production. 

In describing the tec'hnical structure oin section II, we SflW that th~ 

employment and employment per unit outpu~ struç:tures,~i.ffered most 

drasticalTy between the'meehanical pulping \n~t including refiner pu]ping) , 

and chemicaLp~g techniq~tMr-things being equal, groundwood. 

pulp anC! predominantly groundwood pulp related paper and paperboard 

produ'cing mills would requ1re relatively more labour than chemcial pulp 

and predominantly chemical pulp related paper and paperboard producing ), R· 

mills. Moreover. giv.en th~.extent of emploYll)ent offere,d in ~ach case, 

chemical pulp and predominantly chemical pulp related paper and paperboard 

producing mil1s would require a higher 'proportion Of skilled to non-skilled 

labour and of non-production to production-related employment. As such, 

several implications can be drawn about the resulting employment.,.per unit . 
output structures, given alternative trends in ~he ratio of groundwood 

pulp and predominantly groundwood pUlp using paper and paperboard 
" 

production to total production. First, in terms of the level of employmen~ 

" 

per unit output, a lower ratio would tend to implya lower level of employment 

per unit output, other th1ngs being equal. Seco,nd, as regards the secular' 

pattern of employment per unit' output, a ,relative~y mor,e quickly etec11n1ng 

ratio would tend to result in a relatively faster dec'Hning employmènt per 

unit.outp'ut, other things being equal. Finally, with respect 'to the cyclical 

pattern of employment pe'r unit output, a lower and/or relatively more qu1ckly 

41 The actual data for each variable, f1)r the nat10na 1 and regioriâ~;-. 
leyels, will be discussed in the lIext subsection~ 
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decl ining ratio would tend to implj. a mq,re volatife ,pattern of empl'oyme.nt 

per unit ·output. again,. other things being equal. The justification, here, 
, 

1s 'behavioural as well as technical. Over any given cyc1e.' the higher ,the ' 
'. 
skilled to non-skilled (and, to a lesser eitent the ,nol1'.:.production to .. ' 
productionLemplo~eFlt ratio. the greater would'tend to .bé the mlllber of 

'n 'a ,d9wnturn and the smaller·~uld tend to be the 

number of employees hireâ or~reh the upswing,,:"ihe efore, given the , \ . .. ~ 

'. variation in outpùt over a cycle, employment per unit tput would tend to' 
1 

be more volatiie in this case where employment 1s les volatile. 42 

\ 

The 'degree of vertical integration -in the ~anadiân pulp and paper 

inêfustry may. bé ,rep~esented by either' of two variabi~. The firs~ of thes~ 

1s some fonn ofl the ratio of productiot:l° of 'paper (an paperboard) produeing 
,,' , 

mills to the total mills in the' indüstry. Th'e second is some form of the 

ratjo o.f production of pulp produc1ng and paper pr ucing mil1s to the . 
--~ - 0 • f 

'. , 

tota 1 m'if.l s in the industry. In the' first ... .case, t~e specifie nature of the' 
/ ,,' - . , 

demand struct~re of the Can~dfan pulp and paper' l~dustrY-1S taken . .into' . , . 
~- . ~ \ .... 

. aecounll explicitly. Given the fact'that both pulp and paper production in 

the C~nadian"fndusiry 1s geàred pr1mar:il~ to for~i9n market demands, the 
~-----'" , -- ' , 

.' 
, ~ 1 

o 

" A ____ _ 

proportion ot pulp producing mills 'to t~tal ~iùSlOf any-g'iven sf~eTn---~ - , 

terms of product-i ve eapae i ty) i s d1cta~ed to a great extent by the structure 

of th15 forei,rn demande As such,' the O~lY '~ub~tantive Chang~S in the degree .... 

of vertical integration that can take place in the'short-run concern' t'he 

, prGportion of paper prodùcfng mins 'to 'the, total numbel" of m111s in the 
,.. '. 

indostry. o'n the other hand, the se~~nd ~pecifi'~~tion of the d.~g~ee of 

, . 
" 

42 Offsetting this cycl\ical ;Jldttern.~ to a certain'''exte~t', 15 the fact 
that the rel'atively less efficterü workers would be.laid-off and h1red or 
rehired over the'cycle. As such,"'the fluctuations in output ténd to also 
be dampened. in a relative serse. 
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vertical 1ntegrat1on. 1s much more flexible. In this case, the structure 

of demand 1s at;.lywed to change between pulp ~nd paper and paperboar~. Such • 

changes would tend to occur over relatively lO,nger periods of ~ime ,and . 
wo'uld tend to exhibit relatively mor,e irreçÙJlar.patterns. given the multitude 

• , Ç> 

of Y)1r1ables' that 'can affect the ,foreign' demand structure. 43 ,In elth,er case. 

a substantia 1 decrease in employme'nt would tend- to accompany a shift to 
, D " ., 

integrated pulp and,-,a-per mi 115 from pulp producirig and/or paper producing 
1 

min s, other things be1ng equal. p's was seen il'l section, II, a decrease in· 

~he proportion of ~aper pro~u~ing ~ills to total mills, 'would e<iminate" 
c( f) 

f' " " 

the employment prè~io~sly exiSting in, the" béater room" fi"nishing room 
J r' '" ,'0 

and steam plant (where it exists) of the p~per. n'till. Moreover. il certain 
\ 

amount of overhead labour,rel.ated to maintenance .. ·engineering and supervision, 
~ 

wou1 d be el iminated. A decrease in the p~opôrtion of ~ul p productng, mi 11 s 
" 

would, at minimum, eliminat~ .employme.nt in the finishing room and in the 
, 

wood .. oom and s~ean1 pla'nts (where the 1atte~ e~istéa).oMoreover, in the' cilse 

of chemical pulpi,ng, acid and/or recovery plants in the pulR mi1ls would be 

el1minated. f"inally, as in the c~se of the 'pape,r pr-oducing mi11s, various 

types of overhead lal:)our wO\Jld' ter,d ,to be eliminated in the pulp producing 
Q , 

mill. As 'such. ~1ternativ~ trends and/or patterns in the aforementiotled ~atios 
! , Q, ; 

, ", - , , , 71 
wou1 d-tend-to affec~ the-.diff.erént, employment per unit output patterns, ln 

~ t ~ - ~ 

various wa~s.' .. First" in tenns of. the level o,f émplo~Èmt per unit output, 
" ~I .• : • • ~ J ' 1 J. 

, l'ower rat1os, '~ould 'tend io im~ly a 16wer empl~yment' për 'unit outpu~ l evel.', 
" 

Second, as regards the secular pattern in emplo~ent per' unit out'put, relat1ve1y' .. , ' " ' . . , 

,more quickly decreasing, ratios would tend to imply a rel atively faster 
• ~ ~ (\ 1 l , 

declining employment per unit output. F1nally, with resJlect<to ,the cyc1ical " '. 
i ' 

, 43 Ev1den~"e of ii h1gher variability ïn the ·first ratf6, relatJive' te .th~ 
second, can be' seen Dy cOJ}sfdering the standard deviations from thernean' value 
for the',l951:tç 1973 period. The 5t.jnd~rd dev,fation5 are ~.6B% and,5.54% ' 
f9r tM f1rst and second ratio, respective1y. " ' 
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pattèrn of employment per unit output, the effects of d~cre~sing ratios is 

not as cl~ar' as it was in the case of the product structure variable. 

J However, gi~en the employment structure described in section II, som~ 

evidence appears to exist to support a more volatile emp~oyment per unit 
~-

output pattern. The greatest proportion of the employment 'decrease would be 

in the woodroom and/or finishing. room and most of the employment i~ these 
, 

areas te~s to involve relatiyely unskilled labour. It should be noted that 
• 1 

the ratio of pulp producing atrd paper. producing mills to total ~il1s 1s used 
- 1 • :: 

to represent the degree of vertical integrati~n of mills variable in the 

following analysis. However, the ratio of paper producing ta total mills 
. 

i~ also referred ta, in order!t~ d1stinguish the relat~ve importance of the 

shprter and Tonge~~term effects ~f the degree of vertical integration of 
" ., .. -

mil1s variable over the period'under consideration. 
1 

The final determinant of employment per unit output, related to 

teC'hF'Iique cho1çe, i~ th~ level of gros9' investment per empioy~~. Two types 

of specification were attempted. The first specification was the ratio of 
J 

r' 

aggregate gross flnvestment to th~ number of employees, in a giv~n year. 
• 1 \ , v .....M-... .... . 

The, ~econd specification different1ated between const~uction inyestment and' 

1nvéstment'tn machinery and equipment an~e;Plicitly ~onsidered diffe~ences 
<J , • • ' • • 

'. 

i~ cons~ruct1on and implementat.1on 1ag5 that might ex1st between the two 

typés' of inves'tment. 44 Based on technical considerations. the variable that 
w ~ ~A (' 

. was se1ected. represented the ratio of the sum of -the average of construction 
< 'ô ' • 

.. ... 

•. 1n'Jestment· in the cur~e"t and prev10us two yearS"" and of machinery and equiPment 

in~éstment in the ~urr@nt year tO/t~e 'number of e~P10y~eS 1n Jhe, ~~rr~nt 
,~ 1 

" 
, 0 . " 

~ ... " '" 7 • t '1 

-" 44 'Othêr fonns $lf d'1saggregd.t~d and/or 1agged variables were attempted ~ 
. '(s~e Appendix ,A) and used in a reuression analysis. HoweYer. the specifitat10nS , 
. presented above appear to represent (in an aggregated and d1~ggregated form) 
" ,the structural parameters of the 'iltJustry most closely, based on the results 

\ .' .of Append,i.x A ~ , 
,JI' ,1 
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year. Algebraical1y, the first specification could be written as IlL, 
1 . ' 

whlle ~he"~econd specification could' be represented by Ic
2

n1L, where 

sUbscripts c and m represent construction and machinery and e~uipment 
1 • 

invest~ent, ,respectively, with the appropr1ate 1ags. In eit~er~form, the 
f "',p. 

gross investment per employee variable, 1s re1ated to specifi~ ~ariges in 

technique choice previously outlined in t'his section and, described in detail 
'0 • ' 

in sect},on II. These would include changes in technique cho,ice in the 

woodroom and finishing room opérations and changes in the productive 
••• 

capacities of the various machinery and equipment, such as in the grinders, 
[) '! ,~. 1)" 

dig~st~rs, beaters, paper maldng,and paper dtying machines. In order to· . ~ ~ 

understand tee directihn of the relationship betweén gross 1nvestment per 
.' , 

employee and"~inpl()ymen't per unit output', several theoret1cal considerations 

m~st b,a' exam1ned. The 'the~retical sc~narié5 involves a cross-sect1o~ 
of ml1fs in an industry. The m111s Rave béen constructed at var10us dates 

\ _ .... r 

and ~onsist of different rates of normal outP~t (or different capac1tiés) 
.,.. , 

and dif.ferent average values of gross investment per emproyee\ comprising 
( , 

macn1nery and equ1pment 'of different" types, and age. ln -the case of 'the 
. , 

Canadian pulp and paper industry, severa\.such scenarios., each produci~g a ~. 

~1fferent type ?f output, would const1tute t~e:1ndustry as a whole. The 
, . 

, ' ___ l , ~ 

weighted average of a1l.orIn .gross investment --per employee values wou1d 
, ~- , 

represent the-rë1'év~nt 1ndustry v.alue. Also related to every mill wou~d be 

',a certain employment per unit output structure and the weighted average of 
~ , 'J# r • 

~hese st~uctures ~uld represent the. relevant 'emplo.)Ql1en"t per unit output 
'" 1. r f i/ f' l 'J ' 

" value for the 1~du~try. Given 'th~;.rî\te of ~ét,,~9ical chenge and' tnvestment 

Î .. 

. 45 'r~~1s' type of th'eoretical '"nalyS1s 
pp •. cit. t pp. 48-64. . , 

L 

\ 

1s ,derived fro~ W.E.G. Saltér. 
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criteria (analyzed in section IV) the changes in the gross 1nvestment per 
, 

employee ratios in new mills (or in old mills implemehting new mach1nery and 

equipment) and the scrapping of obsolete mil1s (or obsolete machinéry and' 
~ -

equipment in operating mills) determine the new value for the industry 

gross invastment per employee value and' in the industry (and mill) 

employment per unit'~utput values. The direction of the relationship.between 

gross investment pe~ 'employee, and employment per unit output t -therefo're. depends 

on the nature of the technic~l ~hange. From the techn1cal description in 
o 

section II, we can conclude that v1rtually al1 past and a~tic1pated . " ", 

technical changes were of the labour saving variety. c,aus1ng gross -

investment ~er employee ta incrèase ~ith 1,nvestments 1n, new te.chn1ques of ; 

production. 46 Moreover"W.Ë.G. Salter presents,two reasons ~hy this might , 
"' be the case in general. : 

It should be noted that there is~no a priori reason why younger 
,plants should have the lowest unit labour requirements: But 
there are two strong reasons why any other situation would be rare: 
first, few technical advances do not save· labbur absolutely~' < 

and secondly. the pressures for substitution geherated by 
technical progress'in the capital goods industrieS

4
;erid t~ 

encourage progr-essively:greater savlngs of labour. -

As such. the bas1c effects of ehanges 1n gross 1nvestme~t per employee on 
, . 

the level and the secular patterns of employment per unit output would be 

8,S fol1ows. F1rst;: a higher value 0,' gross 1nvestment per employee would 

tend to be assoc1a~ed w1th a ·lower em))loyment per un1-t outPLtt level, other 

th1ngs b~ing equal. Second. a relatively faster grow1ng gross 1nvestment 

per employee variable would tend to be related to a relat1vely more qufckl;y,. ~ 
~ Ir 

........ _---- rr 
ri 
Ir , 

• _ ~~ _/J A ...,J \ 

46 This conclusion would 8150 r~fer to 1nvestm~l'lts'1n~ h1gher capac1ty \ 
mach1nery and equ1pment. ., 

47 
S~lter., WJ~!G.!.._ QRI._~t •• , p. 53. 
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~~i dec11ning employment per ~nit output, other th1ngs being equal. 

" 

J 
or·' . " 

A specifie element Il.f the gross investment per employee variable 1s the 

economies of scale that might accrue to an ind1v1dual mill with the 

expansion of prdduct1ve càpac1ty~ Although these economies ~f scale are not 

evident exp11c1tly in the gross investment per employee variable due to its 
- -, -,- p 

aggregate nature (i.e. valued at the industry level), they"can be seen 

through a consi~eration of sorne fonn of an average ,productive capcity 

(pe~ mill) variable. The economies of scale that we are concerned with. here. 
, 

relate specif1cally ta the relative emplayme,nt reduc~1on of indirect var1a~le 

or overhead ,àbour, as average productive capac1ty 1ncreases in the 1ndustry. 
, " 

First,ow1th resp~ct ta the leve~ of employment pe~,ûn1t outpüt, a higher 

average product1vl! capac1~y would tend to be associated w1th a lower 

employment per un1~ output level, other things being'equal, Seéond, in terms ' 

of the .secular pattern, a relatfvely faster grow1ng average productive 
" \ 

capac1ty would·tend to be,related to a relativ~ly more quickly declin1ng 

e~p'oymènt per unit output, other thtngs being equal. Final1y. as regards 

the cyc11cal pattern of employment pero unit output. a h1gher and/or 

relatively more qu1ckly grow1ng average produc1tve capac1ty would t~nd to 
. . 

. , imply a less volatile 'employment per unit output', This wçuld der1ve from \ 
1 

tne technical1y observed fact that the greater proportion of overhead labour 
. , -

tends to be relat1ve~y more sk1lled, as was·seen in section II. As such •. 
~ .. ... 

~ , ~ . -, - . 

a h1gher and/or more rap~dl.y increas1ng average productive- capac1ty wo~Jd 
. , 

be 8ssoc1ated with a relat1vely lower proportion,of skilled to non-sk11led 

employees. 

In the follow1nl1 sections, we will r~1ate ùiè above spec1f1e~-~~- -­

determ1nants to the employm~nt per unit o~~put structures, at the national 

l ' 

• 

• 
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and regiona1 levels. However, the analysis wHl be complete only after the, 

determ1nants of the aforementioned var1ables are considered in section IV • 

2. The Data 

Prior to ana.lyzing the employment per unit output trends, we must 

examine the nature of the specifie data used in the fol10wing analyses. As 
, 

will be seen, certain data problems do ex1st tn attempt1ng to quant1fy 
, . 

the var10us theoret1cal relationships outl1ned in the ~~potheses. The, 

problems relate both to the unavai1abi1ïty of certain requ1red,d'ata and'to the 

. ,nature of the relevantl,..data aval1ab1e in the var10us statist1cal sources. As 

such, we win .col1sider the 'specific quantitative nature tnat the basic 

theoret1cal variables must necessar11y assume in the ensu1ng analysis. 

Moreover, the description will d1fferent1ate between th~ national and sectoral 

data, g1ven t~e ava1lab11ity of different type of da~a at these two regional 

levels . 

The first variable that must be cons1dered 1s ~mployment per unit 
. ' . ~ \ 

ovtput. In a11 cases, th1s,variable represents the rat10 of the total . ~ .~,. . ~ 

" ,.;':~ " number of employees ta total production. e'S1ven the bas 1c object1.,ves of this 

,' . 
. () J • 

r, ~. ~ 

-~studY. the' number of employees, and not the number of maR-hours worKed. 15 , 

the ~e1evant employment variable to~be,us8d. However, the fact that changes 

in the' average hours worked pe~employee trend affèct~ the actual number . ' . 
, , 

employed'over t1me cannat be den1ed. Short-per1od changes in the average 

number of hours worked per employee 'does'not Stem to preseot mucry 01 a . " 

prop1em because the analy~es dea1 w1th per10ds of ti~.equivalent'to a 

speé1f1ed cycle or a number of consecutive cycles. Over per10ds ~f th1s 

length, overtime pract1ce effect~, ~ither do not va~y s1gn1fic~ntly, or more 

" 
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realist1ca11y, average 0 oyer upsw1ngs and downturns. The more ser10us 

problem concerns the end nature of average hours worked per employee 

owh1ch are affected by fnst1tut1o~a) and béhav10ural factors. such as part-t1me 

employment trends, and collective barga1ning agreements. The per10d being 
.1 

exam1ned (1951 to 1973) 1s def1n1tely long enough for a downwar~ tr.end to~ 
/ 

,be app'aren~l/However. in terms of the analys1$, 1ittle c~n be done 'te> isolate 
/ 

and eff;;t1velY 1n~orp~rate ~h~s~ effects. Al~ that can be sa1d 15 that. 

w~ere the5e changes in average hours worked' per employee have occurred, they 
/ ' -

woul~ tend to increase the level of employment offered, 'given a certain 

level of output. As such, in these instànces the employment per unit output \ 

. variable would have been lower than the one that actually ex1sted 1n that 
/\ 

periode Moreover, over"time, the decrease in the,employment ~r 'unit output 
" ~ 

trend would have.been greater had the changes in average hours worked per 
• ÇI ~ ,,: • 

employee not taken place. W1th respect to the output,variable, total 

production is' the appro~r1ate measure ta be used. S1nce we are dealing w1th 

an 1ndustry that produces the basic input (i.e. pulp) as well as the final 

product (i.e. paper and paperboard). the value of shipments or sales is not 
'. 

as comprehensive a measure of output as is total production. 
• 0 , 

The employment data f.or the national and regional, levels appears in 

Appendix A, Tables 3 and 9, re·spect1vely. The· figures reported in these 
. " 

tables r~fer to the total number of employees annually. Tâbles 15 and 24, , , 

in thfs sectio~, provide a compositional breakdown of total employment 1nto 
.r 

pro~uct1on, procfuction and' related, administrative, and 'sal,es~related 

employment. The distinction between production and product1on and related 
1 1 

actfv1ty "15 that used,~Y Statist1cs Canada. Production and related act1vity 
l ,. 

employmel)t, as distinct from prorlult1on ernplayment. 15 ·def1ned ta 1nclude. 
! ( 

i 
.. 

1 '" 
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" • .-stor1ng, inspecting, handling, packing, warehousing, ••• maintenance, , 

repa1r, janit~rfal, watcmen services, .•• (and) working foremen. ,,48 The 
. , 

distinction can ,roughly correspond to that of direct as opposed to indirect 

variable employment. 

. 
In deriv1ng the output or'production data, the'ideal measure would have 

been ~ weighted avetage of the production of each output type, wfth 'the . . 

weighting fact~r being the priee or average revenue of each produet. 49 Gross 

production DfigUrèS are ava11able at the national 1evel. 50 Howevet. 1n6ustry 
" 1 

sel11ng priçe 1ndicfes are calculated only for the years 1956 to 1973. 51 

As such, an alternative method had' to be used ta ealculate production data 
. ~ 

at the national and r:egfonal levels". At the national level, total production 
, , 

represents a weighted av~rage of the six ,basic product classifications set· 

out in section II. The annual production'and weighted priee, leve1s for these 

product class1ficat1on,s a~e presented in ~ables , and 2, respect1vely, in 
, : 

Appendix A. G1ven the nature of the analys1s, these seemed the most 
. \' 

appropr1ate product distinctions to be used. At the regional level, this ' 
, 

type of breakdown 1s nct possible. The only distinction that can be made 1s 

between pulp, and paper a.nd paperboard production. Moreover, the ~r1ce 

., .... 

data us~d are ava11able only at the national level. The pro1uet1on and 

~eighted priee level data are presented in Tables 7 and S, respect1vely, in 

Appendix B. Several implications can be dràwn'" à'Hout the resul.t1ng wetghted J 

4S"Statist1cs Canada, Pulp and Pape~ M1l1s, Cat •. 36-204 (Annual) 

49' " n n' 
Algebra1tal1y, th1s measurè can be spec1f1ed as ! A.R i 'Qi / ! A.R1~where 

1 represents the specifie product type. 1'"' 1-1 
50 Canad1alf- Pulp and Paper Ib',oc1ation, Reference Tables, (Annual) 
51 Stat1st1cs Canada, Pr1ce~ .!nd Priee Indexes, Cat. 62-002, (Monthly) 
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<=, production data, given the various raw data problems at the regional level. 
\ ... ...,1 

First, as a result of national priees be1ng used, total comb1ned production 

o would tend to be biased downwards. The rationale, here, 1s that weighted 

pUlp, and paper and paperboard priees would tend to be hfgher in the western 
1 

() 
U 

sector, given the greater proportion of higher priced chemical pulp and 
" . 

predomfnantly chemfcal pulp related paper art:! paperboard. Second, due ta the 

different product c~tegor1es used. the absolute total weighted production 

data in tne eastern and western settor 1s. not comparable to the same data at 
'" , -the national level. However. the cyelical and secular trends, between the 

·two sectors, can be compared in a more mean1ngful manner. 
"'- ' , 

The second var1a~le that must be considered is the composition of 
'" output, as ft reflects the various techniques of productiQn and the related 

, 

employment structures o,f the relevant product types. As was lJ1entioned in the 

prev1bus subsect1on, the appropriate measure ta represent the composition of 
. . 

output var1able 1s the ratio of groundwood pulp production te total pulp 

production. The specfff~atfon 1s based on the observation that the employment 

an~ emp~9yment per unit output structures differed most drastically between 

the mechan1cal pulping (not 1nclud1ng refiner plllp1ng) and the "'c~emical 

pulping techniques: Moreover. g1ven the fac~ that production data (rather 

than ~alue of shipments) 1s beJng used. the proportion of predominantly 

groundwood pulp to predomfnantly chernical pulp us1ng paper and paperboard 

production need not be cons'idered. s1nce the pulp production data 1nclùdes . . 
~ • - 1 _ ' 

the proportion of pulp used in paper and paperboard production (1,e. not 

. exportea .dfrectly), As such. if the ratio ~f groundwood pulp and 

predominantly groundwood pulp using paper and paperboard production to chemical 

~ulp and predom1nantly chemieal pu Ip us1ng paper and paperboard 'product1on 

• 



" 

() 

/ 
- 80 -

were used, the problem of double counting would be present. The raw data 

for the composition of output variable is presented in Append1x B - Table 4. 

At the regional level, however, production data for the above product groups 

cannot be issued by Statistics Canada. As such, the only available proxy 

mea5ure 15 the ratio of groundwood pulp producing to the total number of 

mills, in each sector. The raw data are presented in Appendix B - Tables 
J ' 

'10 and 12. The obvious prob1em, heret 1s that the relative sile of the 

different mill types 15 unknown. 

The th1rd variable that ,must be considered is the degree of vertical 
o 

integration of mflls in the industry. The basic problem iS that the required 

data, at the national and regional levels, are ava1lable only in terms of the 

number of m1l1s produoing pulp, pape~ and pulp and pap~r and not in terms of 

the relative production levels of these types of mil1s. The lfmitàtfon of 

this situation 15 ident1cal to that discussed in the previous paragraph and , ' 

need not be repeated here. 

The final two variables ta be consfdered are the level of gross 

investment per employee and the average mill productive capacitYt ~roviding 

~ measure of economies of scale. Two specifications of the gross 1nve'stment 

per employee .are used in the analysis and these were dis'cussed in the 
ü 

previous subseêtion. Both of the specifications are derived from the raw 

data in Append1x B - Table 5, for the nat1qnal levél, and Appendix B -

Tablé ,11. for the regional Jevel. Sinçe the nature of the employment data was 

already discussed. only the gross fnvestment data need be cons1dered, here. ' 

First. the gross 1nv~stment data represents the reportedJ costs of total 

fnvestment outlays' U .e. new and replacement investment less scrapping) 

during the 'calendar year. Second. 'd constant 1961 dollar;ser,fes was used. 

" 

\ 
! , 
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.. 
since a11 other variables in the analysis were specified in real' terms. The 

specfficDdeflator, used by Stat1stics Canada in constructing the series. 

was a provincial investment goods price deflator. Fi~ally, 1t should be 

noted that the sum of o the regi~nal total component values for gross 

investment in any given year does not usually correspond to the national 
a ' 

value for the same year. This is because a revised data series was made 

available during the course of this study. The·revised data. however. had 

not been broken down on aoprovincial basis. In terms of the average mill 

productive capacity. variable, comprehensive data are not available at the 

national and reg10nal levels. Instead, average mill production will be used 

as a rough proxy in this situation. The implicit assumption 1s. that 

ut11izatfon rates across m111s are roughly equal, in any g1ven year or over 

any given cycle. Given the variabiflity, from year to year, in the productive 

capac1ty of the relalively less efficient m1l1s, this assumption m1gh~ 
l , 

present a problem on an annual bas1s. However. over a cycle, the variabil1ty 

would tend to average out, making the assumptfon somewhat less suspect. 

3, The National Analysis 

The analys1s at the national level will dea' w1th the per10d 1951 to 
-

1973t Ov~,r th1s per1od. both the secular and cycl1cal patterns in emploYl)1ent 

per unit output will be cons1dered. In the' secul~r analysis. the two relevant 

statistical measures that will be employed are the compound annual rate of 

growth and the average of annual' percentage changes. The analys1s will-

111ustrate the var10us relationsh1ps that eXisted, over var10us per10ds of 

t1me, between the afore~ent10ned measures re]ated to employment per unit 

[;) 0"iput and tho,e r~1ated to thQ b,,,ic determ1nants. Although both measures 

• 

, 1 
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provide an indication of the trend growth or dec,l1ne of the specifie variables, 

the average annual percentage.change 1s a more appropr1ate measure because 

it explicitly takes into account'the year to'year variability in the levels 

of the variables. 52 As such',only the average of annual percentage changes 

measure will be considered explicitly in the analysis. Moreover, for th~ 
, \ 

sake of brevi ty, it wi 11 be referred to as the trend rate. However, where 

drastic differences are evident', in a specifie period, in the two relevant 

measures, they will both be cited and ana1yzed. 

The analysfs will first eo~sider the absolute trends fn employment 
a , , . 

per unit output and its basie determinants over the entire period 1951 to 

1973. Second, the latter period will be broken down into the 1950'5 and1960's 

de~ade5 and into the early 1970'5 period and the re!ative trends in 

emp'loyment per unit output and its determfnants wl1l be examined. I~ the 

case of the two decades, we shall see that they each cons1st of two cycles, 

which average five years in length. Finally, .the 1951 to 1973 pèriod will 

be further broken down into its f~ve component cycles and the relative 
, , 

trends 1n employment per unit ôutput and its determ1nants will be anaJyzed 

in each cycle separately. The rationale for analyzing the d1fferent sets 

of periods 1s that the relative effects of the variables over the 1951 to , . 

1973 per10d will 'be better understood and the var10us relat10nships will t 

therefore, 'have beeh more thoroughly examined. 

In terms of the cyclical analys1s. the relevant measure of variation in 

52 G1ven th~: ~'t'hod of çalculat10n of th1s measure, 1t should be noted 
_~. t~at'a upward bias eX1s~s (relative to a more' accurate· indication of the 

actual growth trend). That 1s, given 1dentical changes 1n the level of a 
variable over two periods of tilll' , but in opposite directions, the perç:entage 

, increase resu1ting in one period will be greater than the p~rcentage decrease 
in the other period. As such. the resu1 ting average annua 1 percet\.t.aie change 15 ' 
positive ~here in fact the level 1)/ the variable 1s unchanged, ov.,e~.,:th~OdS 
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employment per unit output 1s the standard deviation from the meaQ or average 

level of employment per un~t output, 1n a g1ven periode This measure 1s 

represented as a percentage of the mean value. The period~ to be examinea 

are the same as those in the secular analysis and the rationale for their 

analysis is identical to that presented in the ppreced1ng paragraphe As was 

mentioned in the hypotHesis, we will relate the cyc;ical pattern i~ employment 

per unit output to the mean values of those varia~les which Can affect the 

skill composit\io~ of employment and the proportion of indirect to direct variable 

employment. 

One implicit limitation of this type of statistical analysis-tç-tnat 

-the exact magnitude of the_ various' relationships between employment per 4nit . ' 

output and its basic determinants 1s not established in any absolute sensé. 
. . 

This basitally results from the fact that sever-al explanatory variables are 

being examined simultaneously: To alleviate this problem, a' regression 

analysis is presented' in Appendix A, involving the most relevant explanatory 

variables, ~his analys1s derives sorne absolute measure of the relative impacts' 

of the various explanatory variables on the employment per unit outpu~ variable. 

Moreover, it confirms the direction of the various relatio~ships, tpe 

}~ explanatory signif1cance of eacn of the independent variables and, finally, 

the1r abl1ity to explain between them the employment per unit output trends', , 

Aee~mpanying the analysis 1n Append1x A will be a discussion of its 

var10us limitations, 

Table 8 and G~aph 1 present the secular and cycl ical -patterns in the 

comb1ned ~utput va~~ab~e at ~hè national lèvel. The.specifie trends will be 
< ' 

anal;zed 1n detail 1n the ensuing ctnalysis of this subsection. The reaso~ 
à 

that they are presented here 1s tu d1scern the various cycles over the 

• 
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TABLE 8 . 
o 1> , 

COÎomINEO (WEIGHTED) OUTPUT (CANADA) 19" 1-1973' 

" 

po 

1951 
,~1952 
: 1953 
1954 
'1955 
1956 
,1957 ' 

'1958 
1959 
196U .6 .... , -. 1961 {. '" 
1962 .. 'V 

1963 
1964 
1965 
1966 
'1.967 
1968 . 
1'969 ' Of' 

1970' 
1'971 
1972 

,1973 

o ' 

i' 

Source: $tàt1st1cs Canadà • 
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1951 to 1973 perlod Measured from peak to peak, five basic cycles can be 

observed These are related \0 the periods 1951 to 1956, 1956 to 1960, 

1960 to 1966, 1966 to 1969, and 1969 to 1973. The first two cycles can be 

seen to comprise the 1950's decade while the next two cycles can be seen to 

make up the 1960' 5 decade These cycl ical periods ln combined output establ i sh 

the settlng ln WhlCh the technlque cholce effects on employment per unlt 

output can be analyzed at the natlonal level 

Tables 9-13 present the annual values for employment per unlt output 

and lts baslc determlnants over the 1951 to 1973 perlod. The speclflc nature 

of the data and thelr theoretlcal Justlficatlon were dlscussed ln the 

preceedlng subsectlOns of thlS section. lncluded ln these tables are the 

annual percentage change values, WhlCh are represented by the bracketed 

flgures The relevant cycl1cal and secular charactenstlcs of these variables 

are sUl1111anzed ln Table 14 for the 1951 to 1973 perlod and for the varlOUS 

reference cycles and groups of cycles. The ensulng analyses at the nat10nal 

level w111 refer to the data presented in the latter table. 

The secular relationshlps between employment per un1t output and its 

basic determinants will be examined first. Over the entire 1951 to 1973 

period, employment per unlt output declined at a trend rate of 2.04%. Ouring 

this period, the composltion of output varlable also showed a declining trend 

rate of 1.52%. Bath the gross lnvestment per employee varlables exhlbited 

an increasing trend. In terms of the trend rate, the aggregate speclfication 

proceeded at a slightly faster rate of 5.43%, as compared to 4.67% for the 

disaggregated and lagged specification. However, the growth rate measures 

indlcated a relatively faster ;ncrp~se for the disaggregated and lagged 

-~~~~~-~--------------_...& , 
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TABLE 9 

EMPLOYMENT PER UNrT COMRrNED OUTPUT (CANADA) 1951-1973 

l' 
\> 
,\ 

Â ( n urroer emp 1 oyed per ,000 tons) 

1951 22.763 
1952 23.775 ~ 4. 45) 
1953 23.435 -1 .43) 
1954 23.210 (-0.96) 
1955 22.237 ( -4.19) 
1956 1 

21 .134 (-4.97) 
1957 21 .763 (2.98) 
1958 21. 562 (-0.92 ) 
1959 20.530 ~-4.79j 
1960 19.624 -4.41 
1961 19.278 ( - 1. 76 ) 
1962 18.633 ~ - 3.35 j 
1963 18.313 -1.72 
1964 17 . 289 (-5.59) 
1965 16.829 ( - 2.66 ) 
1966 16.287 (-3.22) 
1967 16.355 (0.42) 
1968 15.543 (-4.96) 
1969 14.731 ~-5.22) 
1970 15.645 6.20) 
1971 15.396 ( - 1 .59) 
1972 14.632 (-4.96) 
1973 13.608 ( -7 . 00) 

, 

! 
Source: Statistics Canada, Pulp and Paper Mil1s, Cat. 36-204 (Annual). 

(1 
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~ 
~ TABLE 10 

j l 
~ 

i 
~ 

~, (CANADA) 1951-1973 COMPOS ITION OF OUTPUT BV TONNAGE 

1 
t. 

~ 
t Ratio of Groundwood Pu1p 

Productlon ta Total Wood • , 
" 

Pu1p ProductlOn 
~ 

1 
1951 0.5553 

i 

1952 0.5771 ~3.93) 
1953 0.5643 -2.22) 
1954 0.5518 (-2.22) 
1955 0.5386 (-2.39) 
1956 0.5332 (-1.00) 
1957 0.5347 (0.28) 
1958 O. 5303 (- a . 82) 

l' 195.9 0.5221 f-1.55~ 
1 1960 0.5131 -1.72 

1961 0.4990 (-2.75) 
1962 0.4856 (-2.69) 
1963 0.4689 (-3.44) 

, 
1 

"----' 1964 0.4688 (-0.02) t 
1 

1965 0.4796 (2. 30) 
1966 0.4716 ~-1.67~ 
1967 0.4572 -3.05 
1968 0.4 358 (-4.68) 
1969 0.4131 (-5.21) 
1970 0.4178 /1.14) 
1971 0.4061 -2.80) 
1972 0.3992 (- 1 .70 r 
1973 0.3939 (-1.33) 

Source: Statistics Canada, Pulp and Paper Mills, Cat. 36-204 (Annual) . 

.. 
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TABLE 11 .. 

EnENT OF MILL l NTE GRA TI ON (CANADA) 1951-1973 

Paper Producing Mi11s As A Pu1p Producing and Paper Producing 
Percentage Of Tota 1 Mi 11 s M111s As A Percentage Of Total Mi11s 

1951 0.2064 0.4762 
1952 0.2031 ~ -1. 56) 0.4688 ? -1. 56 ~ 
1953 0.1899 -6.97) 0.4567 -2.57 
1954 0.2000 (5.83) 0.4480 ( - 1 .90) 
1955 0.2000 (0.00) 0.4480 (0.00) 
1956 0.1984 (-0.80) 0.4444 (-0.79) 
1957 0.1953 ( - 1 .56 ) 0.4375 ( - 1. 56) 
1958 0.1875 (-4.00) 0.4219 (-3.57) 
1959 0.2047 ~9.18) 0.4173 ~ -1. 08 ~ 
1960 0.2031 -0.78 ) 0.3984 -4.52 
1961 0.1920 (-5.48) 0.4080 (2.40) 
1962 0.1920 (0.00) 0.4160 ( 1 .96) 
1963 0.1905 (-0.78) o .4127 (-0.79) 
1964 0.1905 (-0.16) 0.4275 (3.58 ) 
1965 0.2197 (15.15) 0.4394 (2.79) 
1966 0.2059 (-6.28) 0.4265 ( - 2.94 ) 
1967 0.2020 ( - 1 .46) 0.4275 (0.25 ) 
1969 0.1942 (-4.29) o .4317 (0.96) 
1969 0.2263 (16.53) 0.4818 (11.61) 
1970 0.2286 (1 .02) 0.4929 (2.31) 
1971 0.2028 (- 11. 27) 0.4196 (-14.87) 
1972 0.2222 (9.57) 0.4583 (9.24 ) 
1973 0.2387 (7 .42~ 0.4710 (2.76) 

Source: Canadian Pulp and Paper Association, Reference Tables (Annual). 
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1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

Source: 
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TABLE 12 

GROSS INVESTMENT PER EMPLOYEE (CANADA) 1951-1973 

1 n ves tirent Per 
Employee 

Disaggregated and Lagged 
Investlreot per Employee 

($,000 constant 1961) 

2.782 
2.840 (2.08) 
2.265 (-20.25) 
1.647 (-27.28) 
2.587 (57.0l) 
4.527 (74.99) 
4.348 (- 3.95 ) 
2.047 (- 52.92) 
2.022 (-1.22) 
2.484 (22.85) 
2.448 (-1.45) 
2. 581 (5.43 ) 
3.034 (17.55) 
4.497 (48.22) 
5.249 (16..72) 
6 • 370 (21. 36 ) 
5.342 (-16.,14) 
3.170 (-40.6,6) 
3.968 (25. 17), 

'5.276 (32.96)', 
5.313 (0.70) \ 
4.217 (-20.63) 
3.326 (-21.13) 

2.547 
2.849 
2.440 
1. 754 
2.463 
3.910 
4.341 
2.560 
2.185 
2.414 
2.365 
2.538 
3.011 
4.208 
4.822 
6.088 
5.523 
3.607 
3.864 
5.041 
5.261 
4.355 
3.618 

( 11 .86 ) 
(-14.3 ) 
(-28.11) 
(40.42) 
(58.75) 
(11:02) 
(-41.03) 
(~14.65) 
(10.48 ) 
(-2.03) 
(7.32 ) 
(18.64 ) 
(39.75) 
(14.59) 
(26.25) 
(-9.28) 
(-34.69) 
(7.13) 
(30.46) 
(4.36) 
(-17.22) 
(-16.92) 

1. Statistics Canada, Pu1p and Paper Mi11s, Cat. 36-204 (Annual). 

2. Unpub1ished data obtained from Mr. P. Koumanakos, Chief Capital 
Stock, Construction Ulvision, Statistics Canada (revised). 
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TABLE 13 

AVERAGE MILL O~TPUT (CANADA) 1951-1973 

(,000 tons) 

1951 19.V51 

" 
1952 18 • 9943 (- 4 • 91 } 
1953 1 9 . 5531 (2. 94 ) 

• ~ 1954 20.9696 (7.24) 
) 1955 22.3790 (6.72) 
1 

~ 1956 24.7800 ~10.73~ , 
1957 23.9037 -3.54 

1 1958 23.4447 (-1.92) 

1 
1959 25.1909 (7.45)' 

1960 26.6006 (5.60) 
1961 26.6229 (0.08) 

1 
1962 27.8586 (4.64) 

1963 .. ~8.1864 (1.18) 
1964 "29.9041. ,6.0~) 

l, } 

'-- 1965 • 31.4652 '(5.22) 
l , 1966 33.4281 (6.24) 

1967 33.01.83 ~-1.23) 
1968 34.5170 4.54) 

1969 37.3736 (8.28) 
1970 36.9574'(-1.11) 
1971 36.3156 (-1. 74) 
1972 '38.0083 ,(4.66) 
1973 41. 7400 (9.82) 

l. 

I 
1 

'''' 

, 
; 

Source: Statistics Canada, pulp and Paper Mi11s, Cat. 36·204 (Annoal). 
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i TABLE 14 

SECULAR AND CYClICAl PATTERNS IN EMPlOYMENT PER UNIT 
OUTPUT AND ITS DETERMINANTS (CANADA) 1951-1973 

1951-73 1951-60 ~960-69 1969-73 

Emp10yment Per Unit Output 

1 ( 1 ) -2.31 -1.64 -3. 14 -1.96 
i 

g~ -2.04 -1 .58 -3.12 -1.83 
16.85 5.77 8.96 4. 12 

COl11>osit;on of Output 
i 

• , (1 ) -1 .55 -0.87 -2.38 -1 .18 1 
(2) -1.52 -0.86 -2.35 -1 . 17 

1 t (4 ) 0.4877 0.5421 0.4693 0.4060 

, J Degree of Vertical 

1 
, , Integration of Mi11s 1 
i 

"---' (1 ) -0.05 (0.66) -1.96 (-0.17) 2.13 (1.21) -0.56 (1.35) 

1 
.1 (2) 0.08 (0.96) -1. 95 (O. 12) 2.20 (1.51) -O. 14 (1.68) 

(4 ) 0.4400 0.4417 0.4269 0.4647 
J 

Gross Investment Per 
Employee 

(1) " 0.82 -1.25 5.34 -4.32 
1 (2 ) !:i.43 5.14 8.47 -2.03 
'. 1 
l ~ 

~ Disaggregated and lagged 
Gross Investment Per .. 

1 ... ~ ' .. 
Employee 

0' 
1 

(1) , 1.61 -0.82 5.37 -1.63 
(2 ) f 4.67 3.81 7.52 0.17 " 

" f 
Average Mi 11 Output / of 

(1) 1 3.41 3.23 3.85 2.80 

f~~ 1 3.38 3.36 3.89 2.91 
28.75 22.57 30.90 38.08 

( Note: fl~ a~nual compoun ra te 0 f growth 
2 average of ann al per~entage changes 

{3} standard devia ion a', d percent of me,,'n value' 
(4) mean value 
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TABLE 14 (Continued) 

1951-56 1956-60 

Employment Per Uni t Output 

(1) -1.47 -1.84 

g~ -1 .42 -1.78 
3.57 3.73 

Composition of Output 

(1 ) -0.81 -0.96 
(2) -0.78 -0.95 
(4 ) 0.5534 0.5267 

Degree of Vertical 
Integration of Mills 

(1) -1 .37 -2.69 
( -O. 78) (0.59 ) 

(2) -1 .37 -2.68 
(-0.70) (0.71 ) 

(4) 0.4571 0.4239 

Gross Investment Per 
Employee 

(1 ) 10.23 - 13.93 
(2) 17.32 -8.81 

Disaggregated and Lagged 
Gross Investment Per 
Employee 

(1 ) 8.95 -11. 36 
(2 ) 14.11 -8.55 

Average Mi 11 Output 

(1) 4.41 1.79 
(2 ) 4.54 1.89 
(4) 21 • 11 24.78 

Note: (12) annual cOlll>ound rate of growth 
( ) average of annua1 percentage changes 
(3) standart! deviation as d percent of mean 
(4) Iœan v~ue 

1960-66 1966-69 1969-73 

-3.06 -3.29 -1.96 
-3.05 -3.25 • -1.83 

6.49 4.20 4.12 

-1.40 -4.32 -1,.18 
-1.38 -4.31 -1.17 
0.4838 0.4444 0.4060 

1. 14 4.15 -0.56 
(0.22) (3.20) (1. 35 ) 
1.16 4.27 -0.14 

(0.46) (3.60) (1.68 ) 
0.4184 0.4419 0.4647 

16.99 -14.60 -4.32 
17.96 -10.54 -2.03 

16.67 -14.06 -1.63 
17.42 -12.28 0.17 

3.88 3.79 2.80 
3.91 3.86 2.91 

29.15 34.58 38.08 

value 
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specification. This discrepancy is basica11y the result of the markedly 

greater variability of the aggre~ate data (see' Table 12) and the upward 

bias implicit in the calculation of the trend rate (see footnote 44). 

During this period, the economies of scale variable also showed an 

increasing trend rate of ~.38%. With respect to the degree of vertical integ­

ration variables, a slight pasitille trend rate of 0.96% was evident in the 

ratio of paper producing to total mills (in brackets in Table 14). The 

ratio of pu1p producing and paper producing mi11s ta total mi11s showed an 

even sl ighter ~rend. The growth rate was -0.05%, while the trend rate was . 
0.08%. The implication wou1d appear to be that the secu1ar trend 1n the 

number of paper producing mills wou1d have resulted in a relatively slower 

dec1ining trend rate in employment per unit output than was the actual case, 

given the trends in the other basic determinants. However, the effect was 

partial ly or totally cancelled out by the implicitly decr~asini secu1ar 

trends in the number of pul p produci ng mi 11 s. The net effect of the trends 

in the latter va~iab1e on the trehds in emp10yment per unit output appear to 

have been negligible in either the negative or positive direction. 53 

Summarizing the basic relationships1 we see that the trends in the com­

position of output and in the gross ~nvestment per emp10yee, and the re1ated 

economies of scale, variables contributed positively ta the declining trend 

in employment per unit output over the 1951 to 1973 period. The other 

technique chaice variable, the degree of vertical integration of mills, had 

a neg1igib1e influence on emp10yment per unit output trends over this period. ~ 

In contrast to the re1ationships derived for the periûd 1951 ta 1973 

in its entirety, we can examine the relative secu1ar trends in employment 

per unit output and in its basic "derminants for the 1950's and 1960's 

53 Given the arithmetic naturp of the average annua1 percentage cha:ge 
measure (see footnote 44), it is qUlte conceivable that a negative or decreasing 
trend was actually thp case in the degree of vertical integration variable. 
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decades and for the early 1970'5. During the 1951 to 1973 period, employment 

per unit output dec1~ned at a trend rate of 1.58%. The composition of output 

variable over this period exhibited a'similar dec1ining trend. The actual 

rate of decline was -0.86%. The. gross investmen~ per employee variables 

exhibited opposing trends, depending on the measure of growth used. In 

terms of the trend rate, the aggregate and disaggregated and lagged 

specifications showed increasing trends of 5.14% and 3.81%, respective1y. 

However, the corresponding annual compound rates of growth for the two 

specifications showed a declining trend of -1.25% and -0.82%, respective1y. 

Again, the corresponding trend rates are relatively muc~J higher, in both the 

specifications, due ta the high variabi1ity in the variable and the upward bias 
~ 

of the trend rate calculation. This difference will be seen to exist in al1 
'! 

the subsequent periods which will be examined. Hawever, in this specifie 

period, it is difficu1t to deduce the true direction of the gross investment 

per employee variable trend, since the extent of the upward bias of the 

trend rate measure is not known. The average mill output variable, indicating 
; 

" 

the extent of the economies of scale effects, increased at a trend rate of 

3.36%. Finally, with respect to the degree of vertical integration of 

mills variable, the two ratios showed opposite trends. over the 1951 to 

1960 period. The trend rate in the ratio of paper producing mills to total 

mil1s was 0.12% while the rate for the ratio of pulp producing and piper 

producing mills to total mills was -1.95%. This would imply that the decline 

in the number of pulp producing mil1s was great enough to offset the increase 

in the number of paper producing mills over this period. As such, it would 

appear that the basic technique choice related causes of the declining trend p 
~ 

in employment per unit output over the 1951 to 1960 period were t~e declin~g 

" . 

1 
1 
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trends in the composition of output and in the ratio of pu1p producing 

and paper producing mills ta total mills and the increas1ng trends 1n 

average mill output. The effects of the gross investment per emp10yee 

are uncertain during this period. If the trend rates are seen ta be 

variable 

appropriate. then the gross investment per em~loyee variable contributed 

positively to the declining trend in employment per unit output. Moreover. if 

the annua~ompound rate of growth is taken to represent the more accurate 
, 

measure, the declining trend i~ the gross investment per employee variable 

would have resulted in an increasing trend in emp10yment per unit output, 
, 

other things being constant. The final decison depends on the extent of t~e 

upward bias in the trend rate measure, which results fram the fact that 

the variability in the variable is being explicitly considered by the latter 
\ 

growth measure. 

Employment per unit output declined at a faster rate over-the 1960 to 

1969 period, relative to the 1951 ta 1960 period. The trend rate during this 

period was -3.12%. Simi1ar1y, the composition of output variable dec1ined at 

a relatively faster rate of -2.35% over the 1960 to 1969 period. The gross 

investment per employee variables increased at a relatively faster rate in 

terms of the trend '~ate. The aggrégate, and disaggregated and- lagged specifica-
'1, 

tions proceeded at rates of 8.47% and 7.52%, respectively. Moreover, the 

annua1 compound rates of growth were alsG positive for bath specifications 

during the 1960 to 1969 period. Similarly, the economies of scale variable 

increased at a faster rate of 3.89%, <f.elative to the 1951 to 1960 period. ,. 
Final1y, as regards the degree of vertical integration of mi11s variable, 

bot~ ~atios exhibited increas!ng trends relative to the 1951 to 1960 period. 

( , The trend rates were 2.20% and 1.~:1% in the ratios Qf pulp producing and 
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, 
paper producing mills to total mi1ls and paper producing mi11s, 

respective1y. This wou1d imp1y a relatively faster increase in the number 

of pulp producing mills, as compared to paper producing mills. In summary, 

for the 1960 to 1969 period, the relative1y faster dec1ining trends in 

employment per unJ t output resulted from the more quickly decl ining trend 

in the comp~iXion of output variable and from the relatively faster 
, "' 

increaSingjtrendS i~ th? gross investment per emp10yee and ecoJlomies of 
. ! ~ -

scale var~ab1es. The degree of vertical 'integration of mills variable, 

over th!s period. served to Pl~n upward pressure on employment per unit 

output, other thil19s bei ng constant. 

Over the 1969 to 1973 period, employment per unit output dec1ined, 

but at a much slower rate relative to the 1960 to 1969 period. The trend rate 

over thi 5 period was -1.83%. The composition of output variable exhibited 

a similar relative trend this period, with a trend rate of -1.17%. Similarly, 

the gross investment per employee and economies of scale variables exhibited 

slower rates of increase (or even of decJine) during the 1969 to 1973 

period, relative to the 1960 to 1969 period. The trend rates for the aggregate 
" 

and disaggregatg~ and 1agged specifications of the gross'invesbment per 

employee variab1es'We.re -2.03% and -0.17%, respective1y. The economies of 

scale vari~ble proceeded at a trend rate of 2.91%. Finally, as reg~rds the 

degree of vertical integration of mi11s variables. the ratio of l>aper 

producing mill s to total mil l s exti1bited a relatively higher trend ~ate of 

1.68% during the 1969 to 1973 period, compared ta the 1960 to 1969 period. 

However, the ratio of pu1p producing and paper produc1ng Illills extit~-ite~ a" 
-

declining trend of -0.14%, as compared ta the 2.20% tre'nd rate of~the 1960 
" ' ~'J '" 

~ 1969 per1od. The implication of the two ratio trends 1s that th'fi! relative 
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dec1ine in the number of pu1p producing mi11s during the 196~ to 1973 

p~~iod, as compared, to th
4
e 1960 to 1969 period, was great enough to of{set 

the relative increase in the number of paper producing ~i11s. In summary, we 

see that the preva1entre1ations of the 1969 to 1973 period were identical to 

those of the 1960 to 1969 period. The basic contributors to the re1atively 

s10wer decreasing trend in emp10yment p~r unit output were the re1ative1y 
1 

slower declinit:lg trend in the composition of-output variable and 'the 

re1ative1y slowe~' increasing trends in tl'œ grôss investment per employee 

and economies of scale va~ab1es. The degree of vertical integration of 

mil1~ variab1é trends, on the other hand, would have r:esulted in a relative)y 

faster dec1ine in the oomposition of output variable, other things being 

coniitant. 

Finally, the secular relationships between employment per unit output " 

and its basic determinants can be exam'Îned on a cyclical basis. For the period 

1951 to 1956, employment per unit output dec1ined at a ttend rate of -1.42%. 

The composition of output variable a1so showed a dec1ining rate of -0.78%. 
o ' 

The gross investment per employee var.iab1es increased at trend rates of 17.32,% 

and 14.11%, in terms of the aggregate and disag9regated and lagged specifications, 

respectively. Moreover, the economies of scale variable irtcreased at a trend 

rate of 4.54%. Finally, the degree of vertical integrati,on crf m1l1s ratios 

both showed decl ining ,trends. The t~end rate' .. ,;n the ratio of pulp 
. 

producing and paper producing mills ta total mills, of -1.37% was greater 

than the correspond;ng rate of -0.70'% for the ratio of paper producing mi 11 5 

ta total mi11s. As 5uch, the relative decline in the number of pu1p \ 
" ,\ 

producing mil1s was greater than the r~lative decline in the number 01 
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paper produclng mllls ln 5 ul1111ary, the baslc contrlbutors to the dec1ining 

trend ln employment per unlt output, over thlS perlod, appear to have been 

the dec1lnlng trends ln the compositlon of output vanable and in the degree 

of vertlca1 lntegratlOn of ml11s varlab1e and the lncreasing trends in 

-
the gross lnvestment per employee and economles of sca1e variables. 

Re1atlve to the 1951 to 1956 perlod, employment per unit output 

exhlb,ted a more qUlck1y decllnlng trend of -178% between 1956 to 1960. The 

composltlorr of output varlable decreased at a relatlVely faster rate of 

-095%, as compared to the 1951 to 1956 perlod. Cantrary ta the 1951 to 

1956 perlod, the gross lnvestment per employee varlables exhlblted a 

dec1lnlng trend over the 1956 to 1960 perlod. The trend rates for the 

aqgreqate and dlsaggregated and lagged speciflcations were -881% and 

-8 55%, respectl'v'ely ~Ioreover, the economles of scale varlab1e increased 

at a much slower trend rate of 1.89%, relatlve ta the 1951 to 1956 perlod. 

Flnal1y, the degree of vertical lntegration of mills ratlOs exhlblted 

oppOSlng trends over thlS perlod. The ratio of paper producing mills to 

total ml1ls lncreased at a trend rate of 0.71%, as campared ta the trend rate 

of -0.70% durlng the 1951 to 1956 period. However, the ratio of pulp 

producing and paper producing mills to total mills decreased at a relative1y 
'. 

faster rate of -2.68%, relative to the 1951 ta 1956 penod, offsetting the 

relative increase ln the number of paper producing mills. In summary. the 

basic contributors to the relatively faster dec1ining trend in employment 

per Unlt output were the relatively more quickly declining trends ln the 

compositlOn of output and degree of vertical integration of mills variables. 

The decreasing trends ln the gross investrpent per emproyee variables and the 

relative1y slower lncreasing trend 111 the economies of scale variable 
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wou1d have resulted in a re1ative1y slower dec11ne (or even an increase) 

in emp1oyU1ent per unit output. other things being constant. 

The ana1ysis of the 1951 to 1956 period, indlVidually, produces a more 

thorough understanding of the results derlVed from the ana 1YS15 of the 

1951 to 1960 perlod, ln lts entirety. The re1ationships between emp10yment 

per un l t outpu t and the compas il ion of output and degree of vert i ca 1 

lntegratlOn of mll1s variables were Slmi1ar ln the ana1ysis of the 1951 

ta 1956 and 1956 to 1960 periods, separate1y, and in the analysis of the 

1951 to 1960 period, in lts entlrety. However, whereas the effects of the 

gross lnvestment per emp10yee variables on emp10yment per unit output 

were lnconc1uSlVe in the ana1ysis of the 1951 to 1960 period, the effects 

were ldentlfled in the analysis of the 1951 te 1956 and 1956 to 1960 

perlods. Moreover, the analysis of the 1951 te 1956 and 1956 to 1960 

perlods, showed Opposlte re1atlOnships between the economles of sca1e 

variable and emp10yment per unit output in each ef the two periods, while 

the ana1ysis of the 1951 te 1960 period brought out on1y the net resu1t. 

During the 1960 to 1966 period, employment per unit output declined at 

a faster rate, relative to the 1956 to 1960 period. The trend rate was 

-3.05%. Similar1y, the trend rate of dec1ine ef -1.38% in the composition of 

output variable was relative1y greater than that of the 1956 to 1960 

period. The gross investment per employee variables exhibited increasing 

trends during the 1960 to 1966 period, contrary to the decreasing trends 

of the 1956 ta 1960 period. The aggregate and disaggregated and lagged 

specifications indicated trend rates of 17.96% and 17.42%. respectively. 

Moreover, the economies of sca1e v.lriab1e increased at a much faster rate, 

" 

, 
} 

., , 

, 



t ,. 

'. t f· , . . 
1 ~ 

<, 

! 

1 

( 
V 

- 100 -

relative to the 1956 to 1960 period. The trend rate was 3.91%. Finally, 

the degree of vertlca1 integration of mi11s ratios exhibited opposing relative 

trends during the 1960 ta 1966 perlOd. The ratio of paper producing mills to 

total mills increased at a relatlvely slower trend rate of 0.46%. The ratio 

of paper producing and pu1p producing mi11s to total mil1s. on the other 

hand. exhibited an increasing trend of 1.16%. as compared to the decreasing 

trend of the 1956 to 1960 penod. As such, the increase in 1"he number of 

pu1p producing mllls was markedly greater than the increase in the number 

of paper producing mills, during this period. In SUfl1Tlary, the basic 
(") 

contributors ta the relatively fas~ declining trend in employment 

per unlt output, dunng the 1960 ta 1966 period, were the re1atively faster 

decl1ne ln the composition of output vanable and the increasing trends in the 

gross investment per emp10yee and economies- of scale variables. The increasing 

trends ln the degree of vertical integration of ml11s vanab1e would have 

resulted in a relatively slower decl ine in employment per unit output, 

other things being constant. 

1 

Relative ta th~ 1960 ta 1966 period, employment per unit output 

dec1ined at a faster trend rate of -3.25%. aver the 1966 to 1969 period. 

Similar1y, the compo,sition of output variable declined at a relativ'ely much 
1 

faster rate of -4.31%. The gro5s investment per employee variables exhibited 

'dec1ining trends, contrary to the increasing trends of the 1960 to 1909 

period. The aggregate and disaggregated and lagged specifications decreased 

at trend rates of -10.54% and -12.28%. The economies of scale variable 

increased at a 51 ightly slower rate of 3.86%, relative to the 1960 to 1966 

period. Finally. the degree of vertical integration of mi11s ratios exhibited 
1 

relative increasing trends durinq the 1966 to 1969 period. The trend rates 
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in the ratio of paper producing mills to total mills and in the ratio of 

pu1p producing and paper producing mills to total mi11s, were 3.60% and 

4.27%. Given the trend rates for the 1960 to 1966 ratios, the conclusion that 

fo11ows is that the relative increase iA the number of non-integrated 

mills was brought about, almost entire'~y, From the increase in the number 

of paper producing mills. In surnnary, the basic determinant of the relatively 

faster declining trend in emp10yment per unit output over this period was 

the re1atively much faster decl ine in the composition of output variable. The 

latter relative dec1ine was great enough 50 as to offset the trends in the 

other determinants, which served to place an upward pressure on employment 

per unit output, other things being egual. 

In re1ating the analysis of the 1960 to 1966 and 1966 to 1969 periods 

to the ana1ysis of the 1960 to 1969 period, severa1 conclusions can be 

drawn. First, the composition of output variable trends ~ere a contributing 

factQ.f' to the relative d-ec1ining trends in emp10yment per unit output over 

bôth the 1960 to 1966 and 1966 to 1969 periods. Second, the relative tN!nds 

in the gross investment per emp"loyee variable were a contributing factor 

only over the 1960 to 1966 period. However,. the net effect of the gross 

investment per employee trends over ~ 1960 to 1966 and the 1966 to 1969 

periods was such that the latter variable trends contributed positively 

to the relative1y faster dec1ine 1n employmént per unit output over the 

1960 to 1969 period, as compared to the 1951 to 1960 period. Moreover, ttris 
\~ 

same pattern applies to the econom1es of scale variable, in its relationship 

to employment per unit output trends. Third, the degree of vertical 

integratiùn of mill variable trends tended to place an upward pressure on 

employment per unit output trend". ln each of the 1960. to 1966 and 1966 to 
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1969 periods. 

Ouring the most recent cycle. the 1969 ta 1973 per1od. employment 

per unit output declined at a slower rate, relative to the 1966 to 1969 

period. The trend rate of decline over this period was -1.83%. A similar 

trend was exhibited by the composition of output variable over this same 

period, w1th the trend rate at -1.17%. The gross investment per emp10yee 

variables exhibited opposing trends, over the 1969 to 1973 period. The 

aggregate specification dec1ined at a trend rate of -2.03%. The disaggregated 

and 1agged specification increased at a trend rate of 0.17%. However. 

relative to the corresponding trend rates of the 1966 ta 1969 period, both 

specifications represented increasing trends in the 1969 to 1973 period. 

The economies of scale vanableincreased at a relatively slower rate over 

this period, with a trend rate of 2.91%. Finally, in terms of the degree 

of vertical integration of mills ratios, the ratios of paper producing mills 

to tata l mil l s and of pu1 p produc i ng and paper produc i ng mill s ta total mi 11 s 

proce'eded at trend rates of 1.68% and -0.14%, respective1y. The impl ;cation 

of these trends 1s that the decline in the number of pulp producing mills was 

great enough to offset the increase in the number of paper producing mi11s. 

As such, over the 1969 to 1973 per1od, the basic contributors to the 

relative1y slower declining trend in emp10yment per unit output were the 

trends in the composition of output and in the economies of scale variables. 

The gross investment per employee and the degree of vertical integration of 
c 

mills variables, other things being constant. tended to promote a relatively 

faster decreasing employment per unit output trend. 

In examining the cyclical pattern of the employment per unit putput 
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trend, we will relate the standard dev1ation of the emp10yment per unit 

output variable (as a percentage of i ts mean value over a specifie 

period) to the mean values of the composition of output. 'he degree of 

vertical integration of mills and the economies of scale variables. As wJs 

already discussed in the hypothesis, the trends in these determinants 

affect the ski 11 composition and the direct to ;ndirec~ variable employment 

composition. which affect the variability of the emp10yment per unit output 

trends. The periods to be examined are those considered above in the 

secu1ar trend anplysis. However, s;nce we are interested in the relative -. 
changes ;n the variability between periods, reflecting changes in the skill 

and employment compositions, no conclusions can be derived from an ana1ysis 

of the 1951 to 1973 period in its entjrety. As such, we will first considèr 

the relative change in variability between the 1950's and 1960'5 decades 

and then examine the relative changes in variabi1 ity between the various cycles 

individua 11y. 

Thè--var..iabiTity in employment per unit output was higher in the 1960 to 

1969 period than in the 1951 to 1960 period. The standard deviation of the 

employment per unit output variable was 5.77% in 1951 to 1960 and 8.96% in 

1960 to 1969. The basic cause of th1s increasedvariab.ility in the latter, , 

period appears to have been the lower value of the composition of output 
~ 

variable in the 1960 to 1969 period, compared to the 1951 ta 1960 period. 

The,mean values for the composition of output variable were û.542l and 

0.4693 in the 1951 to 1960 and 1960 to 1969 periods, respectively. Moreover, 

another important determinant of the higher variability was the higher value 

of the degree of vertical integration variable in the 1960 ~o 1969 period, 

compared to the 1951 to 1960 period _ The mean value in the earl ier period 
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the degree of vertical integration variables, tended to promote a relatively 

10wer variabi 1 ity in the 1960 to 1969 period, as compared to the 1951 to 

1960 period. The mean values for the 1951 to 1960 period and for the 1960 

to 1969 period were 22.57 and 30.90, respective1y. 

Similar effects, in terms of the cyc1 ica1 patterns of the emp10yment 

per unit output trends, are derived from the ana1ysis of the relative changes 

in variabil ity between the individua1 cye1 ica1 periods. Two basic patterns 

are distinguishab1e here. First, the variability in emp10yment per unit 

output increased between the 1951 to 1956 and 1956 ta 1960 periods and 

between the 1956 to 1960 and 1960 to 1966 periods. The standard deviations 

over the three eye1 ical periods were 3.57%, 3.73% and 6.49%, respective1y. 

Over the same periods the composition of output variable contributed to 

the increased variability in the emp10yment per unit output variable. The 

mean values in the composition of output variable deelined in each period, 

from 0.5534 in the 1951 to 1956 period, to 0.5267 and more drastically to 

0.4838 in the 1956 to 1960 and 1960 to 1966 periods, respectively. Simi1ar 

trends were exhibited by the degree of vertical integration variable. The mean 

lIa1ues decreased in each of the periods. In the 1951 ta 1956 period, the 

mean value was 0.4571 while in the 1956 to 1960 and 1960 to 1966 periods, 
.> 

it was 0.4239 and 0.4184 respective1y. As in the comparison of the 1951 to 1960 

and 1960 to 1969 periods, the economies of scale,variable trends tended to 

promot~ a lower variabllity in emp10yment per unit output, other things 

being constant. The mean values were 21.11,24.78 and 29.15 over the three 

periods, respectively. 
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Second, the variability in ampl ent per unit output decreased between 

the 1960 to 1966 and 1966 to 1969 perf~ds and between 1966 to 1969 and 
. 

1969 to 1973 periods. The relevant standard deviations, here, were 6.49%, 
\ 

4.20% and 4.12%, respectively, over the M60 to 1966, 1966 to 1969 and 

1969 to 1973 periods. The basic determinants of the declining trend in I:p 

variability were the trends in the degreeof\ vertical integration and the 

economies of scale variables. Contrary to th~ pattern over the first three 

cycles, the degree of verticat in~egration va'riable increased between the 

1960 to 1966 and 1966 to 1969 peri ods and between the 1966 to 1969 and 1969 

to 1973 periods. The mean values were 0.4.84, 0.4419 and 0.4647, respectively, 

over the 1960 to 1966, 1966 to 1969 and 1969 to 1973 periods. The economies 

of scale variable continued to exhibit an increasing trend. The mean values 

for the three relevant periods were 29.15,34.58 and 38.08, respective1y. 

The composition of output variable continued to decline over this period, 

tending to promote a higher variabllity in employment per unit output, other 

things being constant. The mean values were 0.4838, 0.4444 and 0.4060, 

rèspectively for the 1960 to 1966, 1966 to 1969 and 1969 to 1973 periods. 

In Table 15, the emp10yment composition data for the national leve1 

are presented for the 1961 to 1972 period. 54 From the analysis of tlile previous 

section, we saw that the variabi1ity in employment per unit output dec1ined 

between the 1960 to 1966 and 1969 to 1973 data. This fact would tend to 

implya decreasing proportion of relatively more skilled to less skil1ed 

individual s and/or of direct to indirect variable emp1oyment. Specific skill 

data are not available, however, the data in Table 15 tends to support the 

fact of a decreasing trend in the proportion of indirect to direct variable 

production employment. Over the 1'162 to 1972 perjod, the ratio of production 

54 These are the only years flJr which this type of data is available. 
o 

\ 
• ~ ,~I' _ ..... ~ .. , .. _~ ... - ~ 

j 
1 
i 

1 
1 
1 

j 
1 
1 
) 

i 



_/} __ ............ !44'. 4 i"":;::,h Si'i J (Il AP ..... "~ .... ,..~l...-........... ~, "',,""" .. 1' .... 

" 
C'~' ( (-; 

TABLE 15 

DISTRIBUTION OF EMPLOYMENT (CANADA) 1961-1972 

Admlnlstratlve and Offlce Employees Sales and Distribution 
Production Horkers as a Percentage as a Percentage of Total Employees as a Percentage of 

of Total Ac~ivity Emp10yment Activity Emp10yment Total Activlty Employment 
(1) (2) 

1961 83.28 N.A. N.A. N.A. 1962 82.83 84.93 14.76 0.31 1963 83.00 84.82 14.88 0.30 ,~ . 
83.32 85.08 14.56 0.36 I:lV-

i96S 83.09 85.17 14.62 0.21 0 
0"1 1966 82.79 84.67 14.99 0.34 1967 82.77 84.25 15.35 0.40 1968 82.04 83.62 15.88 0.50 1969 82.61 83.89 15.70 0.41 1970 77 .17 78.50 , 20.44 1.06 1971 77 .37 78.59 ;. 20.26 1. 15 1972 77 .49 78.56 20.26 1.12 

Note: (2) includes indirect variable or overhead e~ployment as well as production emp1oyrrent. 

Source: Statistics Canada, Pulp and Paper Mil1s, Cat. 36-204 (Annual). 

--~---'"'" ..... _ .... - .... _-.... ---- 1 _ ............ >a."V!< ....... '~~_·_lC->"""b * :loI -, l1 .. ? lit .............. - .... ,,--_ .... ,. ---" - ------ .. -"' ........ -,--- ..... m' if 1%.- "'O"'aw*w( ' ..... ~;;.,. v ... "1.o..Af ......... !~~~~. f ,. hlW»~1 WOli!tftzü'lïttet _t~ . ...-.~--- ._. ... .. 



} 
• 
j 

1 

1 

j 

- 107 -

emp10yment ta total employment decreased by 6.45%. Over the same period, the 

ratio of production and related emp10yment to total emp10yment (which 

includes overhead labour) decreased at a faster rate of 7.50%. 

4. The Regional Analysis 

As was discussed at the beginning of this section, the regional 

analysis of necessity is less rigorous and covers a re1at~ve1y shorter period 

of time than the national analysis. The level and secular and cyclical 

patterns of emp10yment per unit will be examined over the period 1961 to 

1972 in terms of the trends in the basic determinants. Moreover, the analysis 

will deal with differences in the trends in the eastern and western sectors 

rather than over specific periods of time or cycles in each sec'tor. The 

latter type of analysis would not seem ta Qffer any fruitful conclusions 

given the relative length of the period for which data are available. Tables 

16 ta 21 present the data for the relevant variables over the 1961 to 1972 

period. 

The differences in the level of emp10yment per 'unit output will be 

examined first. Table 22 summarizes the basic differences in the mean or 

average values in emp10yment per unit output and its basic determinants 

over the 1961 to 1972 period for the eastern and western sectors. The mean valuè 

for emp10yment per unit output over this period was higher in the eastern 

sector than in the western sector. ln the former sector the mean value was 

5.738 and in the latter sector 1t was 4.830. A basic contributing factor to 

this difference was the re1atively higher value of the, composition of output 

variable in the eastern, as compared to the western sector. The gross 

investment per emp10yee v~r;able W.I::' another important factor in accounting' 
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TABLE 16 

COr.eINED (WEIGHTED) OlJTPUT (EAST-WEST) 1961-1972 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 

\ 

East 

B, 307 .73 
8,462.53 (1.86) 
8,651.56 (2.23) 
9,482.45 (9.60) 
9,900.67 (4.40) 

10,797.03 (9.05) 
10,504.20 (-2.71) 
1 0 , 700 . 61 ( 1. 8 7) 
11,685.34 (9.20) 
11,752.52 (0.57) 
11,374.59 (-3.22) 
12,082.18 (6.22) 

__ ---Jf 
~7 

(,000 tons) 

West 

1 ,814. 16 
1,922.48 (5.97) 
1,993.99 (3.72) 
2,273.94 (14.04) 
2,613.87 (14.95) 
2,880.01 (10.18) 
2 ,942. 20 (2.16) 
3,201.84 (8.82) 
3,658.73 (14.27) 
3,519.64 (-3.80) 
3.789.55 (7.67) 
3,893.50 {2.74} 

Source: 1. Statistics Canada, Pu1p and Paper Mi11s, Cat. 36-204 (Annual). 

2. Natiofnal Pulp and Paper Directory (Annual). 
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TABLE 17 

EMPLOYMEtn PER UNn COMB 1 NED OUTPUT (EAST -WEST) 1961-1972 

East West 

(number emp10yed per ,000 tons) 

6.524 
6.441 (-1. 27) 
6.312 (-2.00) 
5.964 (-5.53) 
5.840 {-2.08) 
5.569 (-4.63) 
5.696 (2.28) 
5.514 (-3.20) 
5.146 (-6.67) 
5.434 (5.59) 
5.417 (-0.31) 
5.003 (-7.63) 

5.488 
5.399 (- 1 .62) 
5.230 (-3.12) 
4.917 (-6.00) 
4.622 (-5.99) 
4.643 (0.46) 
4.810 (3.60) 
4.528 (-5.87) 
4 • 180 (- 7 • 68 ) 
4.692 (1 2 .24 ) 
4.693 (0.03) 
4.765 (1.34) 

Source: 1. Statistics Canada, Pulp and Paper Mills, Cat. 36-204 (Annual). 

2. Na ti ona 1 Pu1 p and Paper Di rectory (Annua 1 ). 
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TABLE 1~ 

COMPOSITION OF OUTPUT BV MILL (EAST-WEST) 1961-1972 

Number of Groundwood Pulp 
Produc i ng Mill 5 As A Percentage 

- Of Total Mills 

East 

0.6827 
0.6827 ~0.00~ 
0.6857 0.44 
0.6909 (0.76) 
0.6727 ~-2.63~· 
0.6091 -9.45 
0.5752 (-5.51) 
0.5315 (-7.60) 
0.5688 (7.02) 
0.4955 (-12.89) 
0.4956 (0.02) 
O. 5044 (1. 78) 

L' 

l'It-- ~ 
~~ 

West' 

0.4286 
0.4762 (11.11) 
0.4286 (-10.45) 
0.4286 (0.00) 
a .4545 (fi. 04 ) , 
0.3462 (-23.83) 
0.3600 (3.99) 
0.3214 (-10.72) 
0.2857 (-11.11) 
0.3103 (8.61) 
o . 3000 (- 3 • 32) 
0.1613. (-46.23) 

• / 

/ 

Source: Unpub~;shed data obtained from Mr. G.W. Barrett, Head,Furniiuré, 
Paper and An ied ProdU!:ts Unit t Industry statistics Branch! 

, . 
~j ~ 
~ •• ~~ ____ ~ ..... ----..-..... -- .~ -~ T~ 

1 

# 

, 
'1 



" ; , , 

j ,..;~ J 
\I~. 

, , ."----_ ..... _.~~\\( 
• 

, 
- 111 -

, 
\ 

• 
û 

\ 

TABLE 19 

EXTENT OF MI,LL INTEGRATION (E~ST-WEST) 1961-1"2 

East West 

~ 

Paper Mi11s Pu' p and Paper Mi 11 s Paper Mi 115 pulp ahd Paper Mills 
as a Percentage as a Percentage as a Per:centage as a Percentagè ~ 

of T 0 ta 1 Mi 11 s of To ta 1 Mn 1 5 of Total Mills of Total Mill s 

1 { 1961 0.2212 0.4038 0.0476 0.4286 
1962 O. 2212 (O. 00 ) 0.4135 (2.40 ) 0.0476 (O.OO) 0.4286 (0.00) i 
1963 o . 2190 i -1 • 35 ~ 0.4095 ~-0.97) o . 0476 ~ 0 . 00 ~ 0.4286 ~O.OO~ 1 

C' 1964 0.2182 -0.37 0.4273 4.35) 0.0476 0.00 6 .4 286 0 .00 '. 

1 1965 0.2455 (12.51) 0.4273 (O.OO) 0.0909 (90.97) o . 5000 (16 :66) '. 

1966 0.2634 (- 3.71 ) 0.4182 (-2.13) 0.0769 (-15.40) 0.4615 (-7.70) 

1967 0.2301 ~-2.66) 0.4159 (-0.55) o . 0800 (4.03) 0.4800 {4.01} j 1968 0.2752 -2.13) 0.4054 (-2.52) 0.0714 (-10.75) o . 5357 ( 11. 60 ) 

1969 0.2569 (14.08) 0.4545 (12.11) 0.1071 (50.00) 05714 (6.66) 

1970 0.2613 (1.71) 0.4643 (2.]6) 0.1034 (-3.45) 0.5864 (2.59) 
1971 ,0.2301 (11.94) 0.4035 (-13.09) O. l 000 (- 3.29) 0.4667 ~-20.39) " 
1972 0.2655 (15.38) 0.4298 (6.~2) o • 0645 (- 35.50 ) 0.5484 17.51) 

1 
! ~ 
l' « 

1 . 

l 
" 

, '~ 

,~ 
Source: Canadian Pulp and Paper Association, Reference rabl es, (Ann·ua~). , 

( " 

V '. 
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Source: 1. Statlstlcs Canada, Pulp and Paper Mllls, Cat. 36-204 (Annual). 

2. Unpublished data obta1ned from Mr. P. Koumanakos, Chlef,Capltal 
Stock, Construction Divls1on, Statlstlcs Canada. 
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TABLE 21 

:$ 

AVERAGE MILL OUTPUT (EAST-WEST) 1961-1972 

East West 

(.000 tons) " 
~ 
:l 

1961 79.8820 86.3886 
, 

~-t 

1962 81.3705 (1.86) 91.5467 (5.97) 

1963 82.3958 (1.26) 94.9519 (3.72) 

1964 86.2041 (4.62 ) 108.2829 (14.04) 

1965 90.0061 (4.41 ) 118.8123 (9.72) 

1966 99.0553 (10.05) 11 5 . 2004 (- 3 .04 ) 1 

1967 94 • 632 4 ~ - 4 . 47) 117.6880 ~2.16~ 
, 

1968 97.2783 2.80) 118.5867 0.76 
~ 

,~> 

1969 107 .2050 (10.20) 126.1631 (6.39) • 
1970 106.8411 (-0.34) 121.3669 (-3.80) ~ 

1971 102.4738 (-4.09) 122.2435 (0.72) ~ 

1972 109. 8380 (7. 19) 125.5968 (2.74) 
':! 
~ , 
ï , 
r. , 
~ 

j , 

/ 

Source: 1. Sta stics Canada, Pu1p and Parer Mills, Cat. 36-204 (Annual) . 

National pulp and Paper Directory (I\nnual). 
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TABLE 22 

MEAN VALUES OF EMPLOYMENT PER UNIT OUTPUT AND OF THE 
BASIC DETERMINANTS (EAST-WEST) 1961-1972 

Eas t 

Emp10yment Per Uni t Output 5.738 

Degree of Vertical Integration 0.4230 (0.2381 ) 
of Mills 

Compositlon of Output 0.5996 

Gross Investment Per Employee 2.874 

Wes t 

4.830 

0.4887 

0.3585 

8.335 

Average Mill Output 94.765 112.236 

1 ... 

(D.D73?) l , 
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for the re1ative1y higher 1eve1 of emp10yment per unit output in the 

eastern sector of the industry. The mean values for gross investment per 

emp10yee for the eastern and western sectors of the industry were 2.874 

and 8.335, res·pective1y. Moreover, the economies of sca1e effects were 

relative1y much ~reater in the western sector than in the eastern se:)pr. 

The mean value over this per10d in the average mi11 output variable was 

94.765 in the eastern sector and 112.236 in the western sector. The net 

effect of the degree of vertical integration of mi11s variable over thts 

period was to produce a relative1y higher lèvel of emp10yment per unit 

output in the western sector, other things being constant. The mean value 

in the ratio of paper producing mil1s to total mil1s was markedly higher 

in the eastern sector of the industry. However, given the re1atively larger 
~ 

number of pu1p producing mills in the western as compared to the eastern 

sector, the ratio of pu1p producing and paper producing mil1s was relative1y 

higher in the western sector than in the eastern sector. The mean values 

in the latter ratio over this period were 0.4230 and 0.4887 in the eastern 

and western sectors respective1y. 

In terms of the secu1ar trends over the 1961 t'? 1972 period, the relevant· 

trends in employment per unit output and in its basic determinants are 

summarized in Table 23. Employment per unit output dec1ined at a relative1y 

faster rate in the eastern sector than in the western sector of the industry. 

The trend rates over this period were -2.31% and -1.15%. respectively, in the 

eastern and western sectors. From the avai1ab1e data, we see that the basic 

contributor to the relative1y faster dec1ine in the eastern sec'tor was the 

degree of vertical integration of mil1s variable. The trend rates in the 

eastern and western sectors were () 75% and 2.81%, respectively. All other 

i .. 
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TABLE 23 

CYCLICAL AND SECULAR PATTERNS IN EMPlOYMENT 
PER UNIT OUTPUT AND IN ITS BASIC DETERMINANTS 

(EAST-WEST) 1961-1972 ' 

Emp10yment Per Unit Output 

(1) 
(2) 
(3) 

Composition of Output 

(1) 
(2) 
(4 ) 

Degree of Vertjc~l Integration 
of Mi.l-ls 

(1 ) 
(2) 
(4 ) 

Gross Investment Per Employee 

Average Mi 11 Output 

(1) 
(2 ) 

(1) 
(2 ) 
(4) 

East 

0.57 (1.67) 
0.75 (4.10) 
0.4230 

5.65 
8.67 

2.94 
3.04 

94.77 

Note: (l) annual compound rate of growth 
(2) average of annua1 perl l ntage changes 
(3) standard deviation a~ d percent of mean value 
(4) mean val ua 

l-Jest 

2.27 (2.80) 
2.81 {6. 96) 
0.4887 

11.97 
19.21 
\ 

3.46 
3.58 

112.24 

l ' 
f 
1 

1 

\ 
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variables tended to promote a relatively faster decline in employment per 

unit output in'the western sector rather than in the eastern sector. The 

composition of output variable declined at a relatively faster rate in the 

western sector. The trend rates for the eastern and western sectors over 

the 1961 to 1972 period were -2.56% and -6.90%, respectively. However, given 

the nature of the data, sorne serious doubt could be expressed as ta the 

relative magnitude of these trends and, passibly, as ta the relative 

direction of these trends. The gross investment per employee variable 

increased at a relatively faster rate in the western sectar, as compared 

ta the eastern sector. The trend rates for the eastern and western sectors 

were 8.67% ahd 19.21%, re~pective1y. Fina11y, the trend rate for the 

economies of scale variable was slightly higher in the western sector, 

at 3.58%, than in the eastern sector where the trend rate was 3.04%.~c 

Finally, in considering the cyclical aspects of the secular trend, we 
/ 

see that a slightly greater variabilit~in employment per unit output was 

evident in the western sector than in the eastern sector. From Table 23, 

we see that the standard deviations were 8.19% and 8.45% in the eastern 

and western sectors respectively, over this period. The basic contributing 

factor to the relatively higher variability in the western sector was the 

relatively 10wer mean value in the composition of output variable in that 

sector. The mean values over this period were 0.5996 and 0.3585 in the 

eastern and western sectors, respectively. Partial1y offsetting the latter 

effect were the relatively higher mean values in the degr~e of vertical 

integration and in the economies of- scalè var'iables in the western sector. 

In the case of the former variable, the mean values were 0.4230 and 0.4887 

. in the eastern and western sector~. respectively. In the case of the latter 
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variable, the mean values in the two sectors over this period were 

94.77 and 112.24. 

The trends in variability presented in the preceeding paragraph would 

tend to imply a re1atively greater proportion of direct variable to indirect 

variable employment in the eastern as compared to the western sector over 

the 1961 ta 1972 period.~The data in Table 24 would tend to support this 

conclusion. It ;s quite evident from the latter table that the mean value 

in the ratio of production emp10yment to total employment was relatively 

higher in the eastern sector over the 1961 to 1972 period. The mean values 

were 82.14 and 78.78 in eastern and western sectors, respective1y . 

• 
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TABLE 24 

DISTRIBUTION OF EMPlOHtENT (EAST-HEST).1961-1972 

Administrative and Office Employees Sales and Oistributïon 
Production Workers as a Percentage as a Perc/Ultage of Tota 1 Employees as a Percentage of 

of Total Activity Emp10yment Activity Employment Total Activity Employment 1 

:,1 

East West East .\!Jest East West , 
1 (1) (2) (l) (2) ~ , 
1 

1 
r. 1961 83.91 N.A. 79.82 N.A. N.A. N.A. N.A. N.A. ...... 
1 

...... 
! - 19Q2 83.46 85.28 79.51 83.13 14.51 16.06 0.21 0.31 \0 , 

1963 83.15 85.23 82.18 82.66 14.53 16.70 0.24 0.64 J .. 
1964 83.43 82.43 82.93 83.36 14.34 15.66 0.23 0.98 
1965 83.27 85.46 82.20 83.76 14.32 15.46 0.22 0.78 
1966 83.17 85.29 81.12 81.87 14.52 17.08 0.19 1.05 .. 
1967 83.42 85.09 80 .. 05 80.69 14.70 18.12 0.21 1.19 
1968 82.56 84.37 79.89 80.,58 15.30 18.30 0.33 1.12 
1969 83 .. 14 84.65 80.51 80.90 15.03 18.31 0.32 0.79 
1970 78.68 80~16 71.36 72.05 18.84 26.62 1.00 1.33 
1971 78.70 80.10 72.75 73.36 18.75 25.49 1. 15 1.15 
1972 78.85 80.02 73.06 73.80 18.80 25.03 1.18 1.17 

Note: (2) includes indirect variable or overhead employment as well as production emp1oyment. 

SQurce: Statistics Canada. Pu1p and Paper Mi11s, Cat. 36-204.(Annual) . 
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IV. DETERMINANTS OF TECHNIQUE CHOICE 

This section will basically identify and analyz.e, where possible, th~ 

determinants of the technique choice re1ated variables. The ana1ysis 

will enable the derivation of possible future trends in the technique 

choice related variables and. consequently, the prediction of the 1evels 

and the secular and cyclical trends in employment per unit output over 

the next decade. 

From the analysis in section III, three basic technique choice 

related variables, which affect employment per unit output patterns, 

were specified. These were the composition of output, the degree of 

vertical integration of mills in the industry and the 1evel of gr~s 

investment per employee, which included any economies of scale effects 

that accompanied increases in productive capacities of mil1s. First, 

the determinants of each of the above variables will be identified and 

examined in a theoretical context. Second, the relevant trend 

relationships between each variable and its determinants will be analyzed, 

in the cases where the required data are avai1able. The analysis will 

be carried out at both the national and regional levels. At the national 

,leve1, the analysis will coyer the period 1951 ta 1973. At the regional 
, 

level. the relevant period will be 1961 ta 1972, as it was in section III. 

Third. an attempt will be made to predict the 1eve1s or ranges in the 

1eve1s, of the technique choice related variables over the next decade, 

given the trends in thei r determi ndllts. In cases where the past 

re1ationships between a variable and one of its detenminants cannot be 
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ana1yzed, the relevant theory will be discussed briefly and the relevant 

assumptions to be used, regarding the future trends in the variable, will 

be specified. This situation will arise where either the necessary data 

are unavailable, or, the re1ationship between the variable and its 

determinant(s) is too complicated ta be considered in this study. 

1. The Composition of Output 

The composition of output variable trends are basically re1ated to 

the trends in two determinant variables. The first of these is the pattern 

of demand and the second is the relative availabil ity or supply of the 
'" 

various wood ; nputs. 

An examination of the re1ationship between the composition of output 

and the pattern ~f demand is beyond the scope of this study. In a theoretical 

context, the pattern of demand ean be seen to be re1ated to the priee 1evels 

of the various pulp, paper, and paperboard produets, to the incarne level 

and population of the relevant geographic region, to the tastes of 

" 

consumers, etc ... The ar.alysis of these varia~les for the Canadian market wou1d 

present a sizeab1e prob1em by itse1f. Such an analysis, however, is made 

even more difficult by the fact that the gr~ater part of the Canadian pu1p, 

paper; and paperboard production is direc~ed towards the export market. 

Over the period 1951 to 1973, foreign demand represented anywhere between 

70% and 80%55 of the t6ta1 demand for Canadian pulp, paper and paperboard 

production. As such foreign priees, incorne lev.els, population levels, tastes 

etc ..• , would also have to be eonsidered in any thorough ana1ysis of the 

demand pattern and its relationship to the composition of output. 

55 Canadian Pulp and Paper Ass(), lation, Referenee\Tables (Annual). 
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On the other hand, the relationship between the relative availability 

or supply of the various wood inputs and the composition of output can 

be examined ln a relatively more detailed manner. The a priori considerations 

are derived from the technical discussions in section II, where the 

input-output relationships for the various products were examined. 

In that discussion, two facts were mentioned that are relevant to this 

relationship. First, groundwood pulp production i~ limited to the use 

of softwoods as material inputs, since hardwood fibres are tao short 

and brittle for the purposes of grinding. Second, in the case of 

groundwood pulp production, wood blocks are used as inputs while in 

the case of c'hemical and refiner pulp production chipped blacks or wood 

residue (which includes sawmill chips, edgings, reject lumber, veneer cores, 

etc •.. ) can be used, As such, given a trend towards increasing shortages 

in hardwoods and/or towards the greater use of wood residue (due ta 

trends in integration of sawmill and/or lumber operations to pulping 

operati~ns), there would be a tendency to shift from qroundwood pulp 

production to refiner or thermo-mechanical pulp production. The latter 

trends would represent economic pressur~s in the form of relatively increasing 

materia1 costs in groundwood pulp and related paper and paperboard production, 

as compared to refiner pu1p production. 

In examining the past relationships between'the composition of output 
. 

variable and its basic determinants, the trends in the composition of output 

variable will be considered first and then the trends in the determinants. 

At the national level, we saw in section III that the trend rate of 

decline in the composition of output variable was greatest in the 1960 to 1969 

period and greater in the 1969 tu 1973 period as compared to the 1951 to 1960 

. . '"'!' 
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period. The data in Appendix Table 1 provide a finer breakdown of the 

compositional aspects of the latter trend. First, the proportion of pulp 

production in total production increased over the 1951 to 1973 period, 

basically at the expense of newsprint production. In 1951, the proportions­

of pulp, newsprint, and other paper and paperboard production in total 

production were 56.3%, 33.6% and 10.1%, respectively. In 1973, the 

relevant proportions were 59.2%, 27.1% and 13.7%. The greatest relative 

increase in pulp production was over the 1960 t~ 1969 period .. The 

proportion of pulp production in total production increased from 56.3% 

in 1951, to 56.,7% in 1960, to 59.1% in 1969, and final1y to 59.2% in 1973. 

Simi1ar1y, the greatest relative decfease in newsprint production was 

evidenced over the 1960 to 1969 period. The relevant proportions, 

here, were 33.6% in 1951, 33.1% in 1960, 28.9% in 1969 and 27.1% in 1973. 
~ 

The proportion of other paper, and paperboard production in total production 

increased steadily, over each decade from 10.1% in 1951,"to 10.2% in 1960, 
, 

~o 12.0% in J969 ~nd to 13.7% in 1973. Second, the increasing trend 

in pu1p production was composed of a re1atively much faster increase in 

chemica1 and refi~er pulp production than in groundwood pulp production. 

Moreover, the greatest shift from groundwood to chemical and refiner pu1p 

production came over the 1960 ta 1969 period. The proportion of chemical 

and refiner pu1p to total pulp production increased from 44.47% in 1951 

ta 48.61% in 1960, to 57.97% in 1969, and finally to 60.61% in 1973. 

As regards the regional analysis, we sa\1 in section III that. in 

terms of production 1evels, the on1y distinction of praduct types possible 

was between pulp production and paper and paperboard production. The 

data in Appendix Table 7 1ndicdtê the relevant tret'J.ds.over the 1961 ta 1972 
1 

period. In the eastern sector, the proportions of pulp production and 
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paper and paperboard production to total production re~ained almost 

constant over this period. The relative gain in pu1p production was 

quite nOlTl<inal, with the proportion of pu1p prO'duction to total production 

increasing from 55.85% in 1961 to 55,86% in 1972. In the western sector, 

the proportion of pulp production to total production increased much 

faster, relative to the eastern sector. at the expense of paper and 

paperboard production. The proportion of pulp production increased fram 

65.35% in 1961 to 70.59% in 1972. Moreover, given the conclusions in 

section III that the trend rates in the composition of output variable 

were negative in bath the eastern and western sectors, several inferences 

can be made about the product composition changes in the two sectors 

over the 1961 to 1972 period. First, given the almost constant proportions 

of pulp production and paper production in the eastern sector, the implicit 

conclusion wou1d be a shift to other paper and paperboard production from 

newsprint production over this period. Moreover, this would tend to 

also imply a shift ta chemical and refiner pu1p from groundwood pulp. 

Seco~d, the trend in the western sector was fram paper and paperboard 
., 

to pulp production. It wou1d appear that newspr;nt ,~oduction and 

groundwood pu1p production also exhibited a relatively declining 

proportion in total production in the western sector. 

In attempting to understand the aforementioned trends in the 

composition of output variable, the trends in the demand pattern variables 

and in the relative availability or supply of the various wood inputs 

must be considered. As was mentioned above, an analysis of the former 
; , 

trends i s beyond the scope of thi s study. However,. gi ven "hese trends. 

we can examine the possible relal lonship between the trends in the 

relative)a~lability or supply of the various wood inputs and' the 
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above analyzed trends in the composition 9f output yariable •. The 

data to be used are the 1eve1 of pu1pwood consumption by, speties of 

wood and by region. Th~ three basic species of wood are softwoods, 
" 

hardwoods and wood rèsfdue (defined above), which inc1udes Both 

hardwoods and softwoods. Optima11y, the proper trends that shou1d be 

considered are the 1eve1s of pu1pwood production by species and by 

region, however, such data are not available for the entire 1951 to 

'1973 period. In considering the consumption and not the production.~ 

1evels, the problem is that the trends will, to a great extent, ref1ect 

changes in the demand pattern. However. they shou1d a1so ref1ect 

changes in wood type use arising out of relative shortages in specifie 

types of wood inputs and ref1ecting changes in the relative prices of 

the various wood types. 

At the national 1eve1. two basic trends are evident. First, the 

use of wood residue. relative to the use of both softwood and hardwood 

roundwood, was increased' drastica11y over the period 1951 to 1973. 

The proportion of wood residue, to the total amount of wood used, increased 

from 2.51% in 1951,to 11.?3% in 1960, to 27.01% in 1969, and fina11y 

ta 36.93% in 1973. 56 Second, the proportion of hardwood use in total 

roundwood con-s-wnption' a1so increased over this period, but at a slower 

rate. The proportion of hardwoods in total roundwood consumption rose 

fram 3.69% in 1951, to 5.82% in 1960, to 10.54% in 1969, and 10.61% in 

1973. 57 The conclusions that can be drawn from the above trends a~e as 

follows. On the one hand, the pa~tern of wopd use does ref1ect changes 

56 The data presented were ~a1culatéd fram raw data pub1ished in: 
Canadian Pu1p and Paper ASSOcl~tion, Reference Tables, 1975. 
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in the pattern of demand over the 1951 to 1973 perlod. The fact that 

changes ln the propo~t1ons of wood residue in total wood consumption 

and of hardwoods ln total roundwood consumptlon wer~ greatest over the 

1960 to 1969 perlod lS partla1 evidence of this. \~e can recall that 

thlS W<lS the perlod over WhlCh the composltlOn of output variable 

decllned fastest. 
~) 

On the other hand, however, a1so reflected ln the 

above trends lS the partlal Sh1ft from groundwood pu1p ta reflner 

pulp (for Export and/or for use ln newspnnt and other paper qnd paperboard) 

over thlS perlod. The baslc reason for thlS trend has been tbe re1ative1y 

faster increaslng pnces of roundwood an9 of softwood roundwood, speclfically. 

At the reglOna1 1evel, these trends are eVldent ln the western and, 

especlally ln the Eastern sector over the 1961 to 1972 perlOd. The 

proportlOn of wood resldue ln total wood consumption lncreased re1ative1y 

faster ln the eastern sector, rlSlng trom 4.12% ln 1961 to 18.43% ln 

1972. In the western sector the abso1ute 1eve1s were hlgher but the 

re1atlVe change_s were slower. The proportlon of wood residue increased 

from 41.43% ln 1961 to 60.77% ln 1973. 58 Slm11ar trends were exhiblted 

,ln the proportion of hardwood use to total roundwood use. The increases ln 

the eastern sector were relative1y greater. with the proportion of 

hardwoods rlsing from 6.04% in 1951 to 11.71% in 1972. In the western 

sector. the increase in the proportion of hardwoods was from 2.63% in 1961 

to 3.36% in 1972. 59 As ln the case of the national analysis, the trends 

can be seen to have arlsen bath from changes ln the patterns of demand 

and fram de1iberate declslons initiated from changes in the relative prices 

58 The data were calculated from raw data pub1ished in: Statistics 
Canada, Pu l p and Paper Mi 11 s, Ca t ~l6-204 (Annua 1) . 

59 Ibid. 
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of the various wood input types. 

In attempting to predict changes in thé' composition of output 

varIables over the next decade, the trends in the two basic determinants 

must be consldered. FHst. as regards the pattern of demand, we must 

make certain assumptions due to the fact that a thorough analysis of 

the relevant factors lS not possible ln this study. We shall assume 

that the pattern of demand. as represented by the relati ve proportions 

of the basIc pulp, paper and paperboard classificatlons, wil1 remain 

falrly constant over the next decade. If the relatlVe demand for groundwood 

pulp and/or predominantly groundwood pulp us;ng paper and paperboard should 

lncrease, the composltlon of output variable would lncrease proportionately 

" over this perlod. Alternatively, if th'e relative demand should decrease, 

the composltlon of output vanable would fal] proportionately. An implicit 

assumption ln the above specificatlons is that other thinqs remain constant. 

Second, g;ven the relatlvely increaslng costs of roundwood and, especially, 

softwood roundwood. we shou l d expec t a su bs tant i al sh i ft From groundwood 

pulp production to refiner pulp production over the next decade. This 

shift would a l sa have its repercuss i ons on newsprint and other paper and 

paperboard production. presently using groundwood pulp. Theoretically. 

refiner or thennO-~hanical pulp could completely replace graundwood pulp 

in paper and paperboard production. However, the actual rate of replacement 

would be detérmined by the rate of adoption of thermo-mechanical techniques 

over the next decade. The factors that affect this rate of adoption will 

be considered in subsection 3 of this section. 

As such, at the national level, even if the pattern ofdemand is 

fairly constant over the next dh dde. we should expect a decline in the 

composition of output variable, arlsing fram a shift ta refiner pulp production. 

il 
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The rate of decline is basically a function of economic pressures 

over the next decade. -and wi 11 be considered in section V. after these 

economic pressures have been considered. 

At the regional level, given the same assumptions concerning the 

pattern of demand, we shoul d expect a rel ati ve 1y faster decl i ne in the 

eastern than ln the western sector. arising From the shift to refiner 

pulping. Given similar Economie pressures in the two sectors over 

the next decade, the above conclusions is based on the existing fact 

of a higher proportlOn of groundwood pulp and predominantly groundwood 

pulp using paper and paperboard production ln the eastern sector. The 

important implicatlon is that a greater possibl1ity for substitution 

to refiner pulping exists in the eastern sector of the industry. Again, 

the actual predicted rates of decline will be considered in section V, 

for the eastern and western seetors. 

2. The Deqree of Vertical IntflC)ration of r1ills 

The trends in the degree of vertical integration of mills variable 

present greater difficulties in terms of explanation and prediction 

than did the trends in the composition of output variable. First, in tenns 

of the theoretical specification, the determinants are l'lot as evident 

as in the case of the composHion of output variable. Second, Even in 

the case where these determinants are identifiable, they are nat readily 

quantifiable. As such, the ensuing analysis will be both cursory and 

quite descri ptive or qua li tative ; n nature. 

Amangs t others. severa l important determinants of the trends in 

the degree of vert i ca 1 i ntegratl'on vari ab 1 e are the si ze and age structure 

of pulp and paper producing, papt>r producing, and pulp producing mills and 

, 
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the pattern of demand. ta a lesser extent. First, in terms of the 

age and si ze structure, the more important potential relationships 

can be specified. a priori. We would expect that the older and smal1er 

the mills are. the less efficient they would tend ta be. The rationale 

is tllat older mills would tend to utflize more dated and lower productiyity 

techniques of production and related machinery. Moreover, the smaller 

mills would not be able to capture any economies of scale effects, related 

to overhead or indirect variable labour utilization, that usually exist 

in the larger sized mills. As such, the older and smaller mills would 

tend to be characterized by higher operating cost structures. Given 

these conditions, the older and smaller mills would tend ta be the most 

likely mills ta shutdown during periods of depressed economic conditions. 

Second, the pattern of demanda to sorne extent. can affect the 

mi 11 type composition and, consequently, the degree of vertical integration 

in mi l1s in the i ndustry. The primary effect, of the patter'n of demand 

;5 on the number of pulp producing mi1ls in existence at a given point 

in t;me. If the demand for pulp and paper and paperboard products shifts 

in favour of pulp products (the main impetus coming from foreign demand), 

then we should expect the ratio of pulp producing mills to pulp and 

paper producing mills to increase. This conclusion arises from the fact 
Il 

that pulp production can be and is produced quite independently from 

the level of domestic paper and paperboard production, due to the 

existence of a large foreign market for pulp. Paper and paperboard 

production, on the other hand, requires a proportional level of pulp 

production, provided usually by the domestic market. As such, an ;ncrease 

in the demand for paper and pap(>lJ,oard, relative to pulp, nee~ not 

necessarily 1ncrease the ratio of paper producing mills to total mills. 
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• Instead, the increased demand might be accommodated by an increase in 

the nunner of pu1p and paper producing mills. In sU/TIJ1ary. the number 

of pulp producing mills at a given point in time would appear to be 

affected by the pattern of demand. H,owever, in the cas~ of the number 

of paper producing mills, the more important decisions would tend to be 

the organizational and structural ones. 
~ 

In light of the above theoretical and structural considerations, 

we can sunmarize the basic trends in the- degree of vertical integration 

of mi l1s variable over the 1951 to 1973 period and examine the extent 

of their relationship to these explanatory variables or determinaflts. 

At the national level, the ratio of paper producing mil1s ta total mi1ls 

exhibited a slight positive trend while the ratio of pulp producing 

and paper producing mi1ls to total mills exhibited a constant trend 

over the 1951 to 1973 period. Both ratios exhibited similar trends by 

decade. Dec 11 n·i ng trends were evident between 1951 and 1960, and , 
increasing trends characterized the 1960 to 1969 and 1969 to 1973 ~iods. 

The increases in the latter peri od were greater in the ratio of paper 

producing mills ta total mills, relative tl> the ratio of pulp producing 

and paper producing mills to total mil1s. In re1ating the trends in 

these ratios to the trends in the number of paper produc.ing and pu1p 

producing mil1s, reference should be made to the ana1ysis in section 1 .\1 

and. specifically, to the data presented in Tables 2 and 4. Over the entire 

period 1951 to 1973, the net increase in the number of pulp producing 
.. 

m1l1s was quite smal'l. In contrast to this, the increase in the number 

of paper producing mills over this period was rather marked. The number of 

pul p producing mi l1s however di d e~hibit evident trends over the specifie 

decades. Over the 1951 to 1960 period, the number of pulp producing mills 
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dec1ined, whi1e over the 1960 to 1969 and 1969 to 1973 periods, the number 

increased. Paper producing mills, on the other hand, increased in 

number most drastically over the 1960 to 1969 period and in 1973. Over 

the 1951 to 1960 and 1969 to 1972 peri ods, the number of paper produci ng 

mills was fairly constant. 

At the regional level, the ratio of paper produ~ing mills to 

total mills and the ratio of pulp producing and paper producing mil1s 

to tota 1 mi 11 s i ncreased in both the eastern and western sectors of 

the industry, over the period 1961 to 1972. However, both ratios increased 

relative1y faster in the western sector. These trends can be related 

to the number of plJlp producing and paper producing mills, in each 

sector over this period, through the data in Tables 3 and 5 in section I. 

In the eastern sector, the number of paper producing mills increased 

drastically, while the number of pulp prOducinq and pu1p and paper 

producing mills remained fairly constant. In the western sector, the 

number of pulp producing mills increased drastically over this period, 

while the number of paper producing and pulp and paper producing mills 

increased slightly. 

At this point, we can relaté the above trends in the degree of 

vertical integration variables to the trends in the basic determinants 

discussed at the outset of this subsection. In considering the trends 
! 

at the national 1eve', the two basic re1ationships can be examined 

separately. First, jn terms of the relative age and size structures of 

the various mil 1 types,'generally speaking, the paper producing 

mills tend to be smal1er and older. relative to the pu1p producing 

and the pu1p and paper producing 1111115. Comprehensive data to support 

this fact in a quantitative manne-r i'", not available. However, the 
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mill reportings on the productiv,e capacity and on the type of machinery 

presented in the National Pulp and Paper DirectorYO tend to support this 

fact. '\..Moreover, va ri ous i nterv i ews conducted at the Domtar offi ces 

in Montreal al so tended to support this conclusion. Given this fact, 

we can conel ude that the number Qf paper producing mi 11 s would bE! 

very much affected by demand conditions at any point in time. This 

relationship is evident in the data on the number of paper mil1s, presented 

in Table 2. The number of paper '~lls operating in a given year appears 
, ' 

to be closely related ta the cyclica1 aspects in combined output, i.e. 

the number rising in periods of expansion and declining in periods of 

recession. This trend is evident throughout the 1951 to 1973 period. 

Moreover, Tab le 4 shows that the mean or average number of paper mi 11s 

was hi ghest during the 1960 to 1969 period, which \'las al so the most 

expansive period over the 1951 to 1973 period. Tc further support 

this relationship, we can see ?rom the data in Table 2 that this type 

of re1ationship does not appear ta apply ta the case of pu1p producing 

mil1s and pulp and paper producing mil1s. Second, the effect of the 

pattern of demand, on the degree of vertical integration variable can 

be seen to be re1ated primarily to the number of pulp producing mills, 

at a given point in time. From the data presented in the preceeding 

. sUbj,ection. we saw that the proportion of pulp production in total 

production increased most drastically over the 1960 ta 1969 period. 

It was over this same period that the number of pulp producing mills 

increased most marked1y. 

At the regional leve1 J the lack of data on th~ composition of output 

forces an even more cursory analY'.ls of the basic relationships, relative 

to the analysis at the regional level. However, one basic conclusion ca,n be 

60 
National pulF a~d Paper Directory (Annual). 
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drawn about the relationship between the degree of integration variables 

and the basic determinants. That is. practically all the paper producing 

mills are located in the eastern sector of the industry and these mi11s, 

in the eastern sector. tend to be re1atively smaller and older than those 
1 

in the western secto~'l. As such. the cyc1ical characteristic in the 
-. 

number of paper producing mills tends to be more evident in the eastern 

than in the western settor. This is illustrated by superimposing the 

trends presented in Table 2 (the number of paper producing mills) on 
J 

the trends presented in Table 16 (combined output). 

In order to predict the trends in the degree of vertical integration 

of mi 11 s var; ab le over the next decade. we mus t anti ci pate the trends 

in the basic determinants mentioned above. However. as in the case of 

the pattern of demand. assumptions must be made about the growth or 

trend in demand sinçe the same variables (in aggregated form across 

product types) are relevant. here. Moreover, we shall make the same 

assumptions about the pattern of demand as we did in the previous subsection. 

In light of these assumptions, we can expect the ratio of paper 

producing mil1s to total mills to increase slightly over the next decade, 

at the national level. as in the 1951 to 1973 periode If, however, the 

growth in demand '(given its compos1tion) proceeds at a relatively faster 

rate, other things being constant, we shou1d expect a faster rising ratio. 

Similarly, if paper producing mills are modernized and/or increased in size 

at a quicker pa-c-e. relative to pu1p and paper producinq mi11s, we should 

expect the ratio to rise relatively more quickly, other things being constant . 
. 

Conversely, if demand growth 1s relatively slower and cost structures 

increase, relative to pulp and paper producing mills t the ratio would 

'. ~----. ~~" ..... 11 ~, .... ~ .... _ ...... ---- ... "'.: ..... - .. ---
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tend to rise at a re1ative1y slower rate or it might even decrease. Given 

the assumptions re1ating to the pattern of demand and the above trends 

in the ratio of paper producing mil1s to total mil1s, l'le would expect 

the ratio of pu1p producing andcpaper producing mil1s to increase at a 

slight1y faster rate th an that ovar the 1951 to 1973 periode If. however, 

the pattern of demand continues to shift towards pu1p production. as it 

has between 1960 and 1973, we should expect an even greater trend rate 

over the next decade in this ratio. Converse1y, if the trend is away 

trom pulp production, and tOl'/ards paper and paperboard production, the 

ratio shou1d exhibit a relatively slower increase or even a slight decrease, 

depending on the extent of the shift in the pattern of demande 

At the regional 1eve1, given the assumptions made above,61 we shou1d 

expect the degree of vertical integration of mills variables to increase 

faster in the eastern sector relative ta the western sector over the 

next decade. un 1 i ke the trf'nds over the 1961 to 1972 peri od. In the 

western sector, given the assumptions about the pattern of demand and the 

relatively small number of paper producing mills, the degree of vertical 

integration yariable would tend to rema;n constant over the next decade. 

The basic factor that would affect the deqree of vertical integration 

variable in this sector would be the pattern of demande If the present 

trend towards pulp production increases, the ratio of pulp producing 

and paper praducing mills to total mills wou1d tend to rise. Converse1y, 

if the trend is away from pu1p production, the ratio mi ght dec1 ine. In 

the eastern sector of the industry, given the assumptions made above, we ; 

would e~pect, bath, the ratio of paper producing mi11s ta total mills 

and the ratio of paper producing alld pulp producing mills to total mills 

to increase at roughly the same rate as that over the 1961 to 1972 period. 

61 The assumption about the trend rate in demand is, here t related to the 
1961 ta 1972 period. 
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However, the basic factors in the eastern sector are the trend rate in 

demand and the relative cost structures of the paper producing mills, 

in contrast to the pulp and paper producing mills. If the growth in 

demand proceeds at a relatively faster rate, we should expect faster 

rising ratio~, other things being constant. Similarly if paper 

producing mills are modernized a~d/or increased in size at a quicker 

pace, relative to pulp and paper producing mills, other things being" 

constant, the ratios would tend to rise relatively more quickly. 

Conversely, if demand growth is relatively slower and cost structures 

increase, relative tQ pulp and paper producing mills, the ratio would 

tend to rise at a relatively slower rate or it might even decrease. 

3. Gross Investment Per Employee 

The final trends to be examined are the trends in the gross investment 

per employee variables and in the related economies of scale variables • 

The theoretical issues in this case are more closely related to technique .------~ 
choiee~ in the strictest sense of the term, than were the other variables 

and, as .such, need be examined in relatively greater detail. Moreover, 

the required data is more readily available and, therefore, the various 

past relationships can be examined to a relatively greatel" extent. 

As was mentioned in the discussion of the hypotheses in section III, 

the gross investment per employee variables basically reflect c~anges in 

technique choice, other than t~ose arising from changes in the composition 

of output. This variable would include changes in input proportions arising 

from technical advances in techniques and/or in the related machinery. 

Even where employment is not aff~lted in a direct manner, the proportions 

could be altered by changes in the ~lze, width and/or speed of specifie 
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rnachinery, affecting the productive capacity of the techniq,ues or processes. 

These changes in technique choice, related to both techniques and 

machinery, would appear to be affected by the rate of technical advance 

(i.e. blueprints of new techniques) and by the rate of adoption of the 

new techniques and machinery embodying the latest knowledge. As such, 

two relevant questions must be asked. First, what are the basic characteristics 

of technical advance? Second, how are the new techniques adopted in an 

industry, or, what are the mechanisms through which the technique choice 

changes are implemented, and what are the economic, institutional and 

structural barri ers to their implementation? Before considering these 

questions in the case of the Canadian pu1p and paper industry, we must 

consider them in a theoretical contexte 

The conventional or Neo-classical theory tends to be inadeguate in 

deal i nq wi th such dynamic processes of technique choi~e, as are impl i ed 

by the two questions posed above, due to its reliance on co~parative static 

equilibrium analysis. As W. Salter explains, 

IlThe crux of the difficulty lies in the inabil ity of 
s ta tic equi 1 i bri um concepts to ana lyze conti nuous 
processes through time ••• This is an important problem 
in productivity analysis, for the b/o elements in this 
example - continuous disturbance and 510\'1 adjustment - are 
essential features of technical change ..• The "once-over" 
analysis of comparative S~iCS is only appropriate to 
changes in technique, whic are sufficiently great to 
displace comp1etely al1 p e-existing methods before they 
themselves are displaced. 1l62 _ 

As such, in examining the problems in a theoretica1 context we shall make 

reference to the methodo logy and, to a l esser extent, the ana 1yti cs .. 
developed by W. Sal ter. 63 

, 62 Salter, W.E.G., Productivity and Technical Change, Cambr.idge, 1969, 
pp. 4-5. . 

63 lb id.. pp. 1 3- 94. 
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In describing the characteristics of technical advance. we are 

concerned with the latter term as it relates to those "techniques which 

are feasible in principle but have not been developed because the necessary 

economic pressures are absent. ,,64 This concept 1s much broader than one 

which includes only that knowledge which has been developed in detail and 

has been physically embodied in new techniques and/or machinery. 

wahin this notion of technical advance, the first characteristic 

that should be considered is the speed and pattern of technical advance. 

Other things being constant, the faster the rate of technical advance, 

the greater woul d tend to be the changes in technique choice. Moreover, 

,the greater would be affected the gross investment per employee variable. 

The second relevant feature of technical advance is the extent of the 

change in the input proportions that accompanies the technical advance. 

Although, we could not a priori predict the nature of the input bias of 

the new technique, W. Salter presents two reasons why such a bias would 

tend to be labour saving. 

"It shôuld be noted that there is no a priori reason why 
younger plants should have the lowest unit labour requirements. 
But there are two strong reasons why any other situation 
would be rare: first, few technical advances do not save 
labour absolutely, and secondlYt the pressure for substitution 
generated by technical progress in the capital g~ods 
lndustries tend to encourage progressively greatrr 
savings of labour." 65 ,? , 1 

As such, technical advances would tend to result in low~r gross investrœnt 
o 

per employee values, other things being constant. Third. it is important 

to distinguish between technical advances that affect techniques or processes, 

in their entirety. and those that affect only 'specific machinery or equipment 

64 Salter. W.E.G •• Productiv_J_ty and Technical Change, Carrbridge, 1969, 
p. 26. 

65 
Ibid., p. 53 •. 
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within broader techniques. If the teehnical -advanee 1s related ta 

specifie machinery. one of two fairly opposite effeets may be prevalent. 

On the one hand. the rate of adopti<m may be faster because a relatively 

smaller investment is required to implement the change in technique choiee. 66 

On the other hand, due to teehnical compl ementarity between various 

machinery in a ,specifie technique. the ,adopticrn of a specifie 'piece 
- .., 

of machinery may be postponed because the real or actual savinqs in cost 

might turn out to be much less than what was initiallyexpected. 67 These 

problems will be considered in greater detail at a later point in this 

section. The final aspect of technical advance that must be considered 

concerns the extent and nature of the econorni cs of scale that accompany 
( 

the changes in technique chtlice. Again, th'is factor will be rrore fully 

discussed at a later point in this section. 

Given the nature and extent of technical advanee, the rate of change 

of technique chaice and, therefore, of the gross investment per employee 

variable is dictated by the rate of ad.option of the new techniques 

embodying the latest technical knowledge. As was mentioned above, both 

economic and institutional constrafnts are relevant in determining the 

rate of adoption of new techniques. Several institutional and behavioural 

constrai nts . can be menti oned, a lthough they ,wi 11 not be cons i dered 

explicitly in the analysis of this section. These jnclude the various 

patent systems that might exist, the imperfections in transmitting the 

information on the technical advances, the possible inertia of man~gement, 

and the potential fears of labour reaetion, especially in the case where 

66 Salter, ~J.E.G., Productivity'and Tech.nical Change, Cambridge, 1969,', 
;p. 86. 

67 Ibid., pp. 85~86. 
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labour is organized to a great ~xtent. 68 A very important consideration 

which relates to possible management inertia in the Canadian pulp and 

paper industry is the degree of confidence that firms have in the ability 

of new techniques to opera te profitably on a large scale commercial basis. 

Since many of the new techniques, di~cussed in sect~o,n If 4. were first 
, 

adopted in the United States industry, the experience of the latter 

industry ;s very important, here. Some of these variables will be considered.J 

in section V when the predictions in employmerrt per unit output will be 

attempted. 

In considenng the economic constraints on the rate of adoption of 

new techniques, one extreme ly important fact mus t be remerrbered. Thi sis 

, that technical advance is almost alway~ embodied in new machinery. 

. '. Although sorne changes, such as 1mprovement ln organization and training 

of workers, might not require this condition, the general case byand 

large is one where new machinery is required. In liqht of this iMportant 

fact, we can conelude that the basic vehicle f<hr the adoption of 

technical advances is the rate of gross investment in the industry. 

To be more specifie, the rate of gross investment would equal the rate 

of new of net investment, in mills and/or machinery, and the rate 'of 

replacement investment. Subtracted from the latter sum would be the r.ate 

of scrapping of mills and/or equipment. Implicit in this type of analysis 

is the fact that any new investment, either net or replacement, would 

enbody the l a test tkhnical knowl edge. \o~ ,., 

Thereforoe, in order ta understand thef"~c~anges in technique choice and. 

68 Salter, W.E.G" Productivity and Technical Change, Cambridge, 1969,. 
p. 66. 
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" 

consequently, the movements in the gross investment per employee 

variable, we must analyze the criteria for or determinants of the various 

types of investment. W. Salter derives the criteria for new investment, 

rep1acerœnt lnvestment and scrapping, both, for techniques in their 

entirety69 and for specifie priees of machineryJO On the cost 

side, constant marginal costs (up ta normal productive capacity) are assumed 71 

and account 15 taken of the scrap value of technlques and/or mach1nery. 

On the revenue side, the analy51s 15 carned out for vanous market structures, 

in Neoclass1ca1 terms. However, slmply stated, the criterion for net 

1nvestment lS that the d1fference between expected proceeds and expected 

operat1ng costs 72 1S suff1c1ent to cover the init1al cap1tal costs and 

a norma 1 rate of return over the 1 ife of the i nves tment. 73 The criterian 

for replacement -'1nvestment is that the expected savings ln operat1ng 

costs arislng from the use of the new techn1que and/or machinery is 

5ufficient to caver the capital -costs of the new mach1nery and a normal 

rate of return aNer the llfe of the 1nvestmentJ4 In such situations, therefore, 

the rate of 1nvestment lS determined by the relationship of present and 

expected future price to present an~ expected future operating cost~. 

The former i s determi ned by the na ture of pri c i ng and output de ci s ions 

69 Sa1ter, W.E.G., Productivity and Technical Change, Cambtt.~ge, 19,69, 
pp. 55-57, 65. 

70 l bi d., pp. 84-86. 

71 Given Salter's methodo1ogy and ana1ytics, the assumption of constant 
marginal costs can on1y apply for the long period in a perfectly compet1tive 
industry. 

72 Operatin.g costs are defined ta include prime costs as well as indirect 
variable costs. 

\ 

73 Salter, W.E.G .. QE.. cit., ~. 55. 

74 Ibid., pp. 56-57, 86. 
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of firms in a specifie indtJstrial structure. The latter is affeeted 

by input proportions embodied in techniques and. ta a certain extent, 

input priees. With respect to the latter re1ationship, W. Salter stresses 

the role of relative input priees (specifically wage costs relat'llle ta 

capital costs) in affecting the rate of adoption of the new techniques. 

From the above analysis, the rate of gross and net investment can 

be interpreted to be determined by the expeeted rate of profit. Howevér. 

the expected rate of profit lS not a viable variable for the purposes of 

analysls, by ltselfJ5 Instea~d, sorne understanding must be had of how 

expectations coneerning the rate of profit are formed, ln a specifie 

industry. Several factors enter this explanation. Fi~t~ it would 
.~ 

seem reasonable ta assume that firms in an industry base.,their expectations 

of future profit rate on the existing rate of profit in any given period, 

other things being constant. In this type of situation, decisions on 

the rate of investment in any given period (Le. a year) would be greatly ~. 

affeeted by the rate of profit actually realized in that period. Given 

sorne type of imp1ementation 1a9 (perhaps up to a year depending on the 

nature Ofl the investment), the rate of realized investment in one period 

would be much affected by the existing rate of profit in the previous period. 

Second, the historical stage of the industry would tend to affect the 

expectations of the future rate of profit. A younger and more quickly 

expanding industry would tend to imply more optimism, as regards future 

rates of profits, on the part of the ffrms, relative to the expectations 

held by firms in an older and less dynamic indYstry. other things being equal. 

75 The analysis, from hereoll, deviates fram that of Salter. One 
reason is thet the data Salter u~es are not available in this case. Another 
reason is tha.t the ens.ui ng theoret Ical analysi s goes beyond the Neo-Classica 1. 
pricing and output decision framPI/cJrk used by Salter. 
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Th1rd, investment decisions of the recent past as reflected in the degree 

of capacHy utilization in a given period wou1d also tend to affect the 

rate of investment in that period. Other things being equal, a lower 

degree of capacHy utilization would tend to imply a lower rate of 

investment in a given period. FinalfY, the degree of monopoly or 

concentration in an industry would also tend to affect the rate of 

investment. The greater the ability of firms in an industry ta control priee 

and costs (through means such as research and development and controls over 

input supplied) the less risky would tend to be the planned investments. 

As such, the more willing would firms in the industry be to undertake higher 

rates of investment which would result in higher rates of profit. 

Before proceeding to the analysis of the above relationships in 

the Canadian pulp and paper industry, a brief note should be made concerning 

the economies of scale effects. The nature of the economies of scale 

that might accompany the increased investment were described in section III. 

What should be added is that these economies of scale effects wou1d 

increase in the industry if the average productive capacity of mi11s increases. 

This could arise from net investment in existing mills and/or investment 

in new and larger than average mi11s. 

In light of the theoretical considerations discussed above, we can 

t attefll>t ta analyze the relevant relationships between the gross investment 

per, elJ1>loyee variable and its basic determinants. First, past trends in 

the gross investment per employee variables will be summarized at the 

national and regional levels. Second, the trends in the basic determinants 

will be described and related to the trends in the gross investment per 

employee variables. Since profits data are avai1able on1y in a currént 
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'dollars specification, we sha11 consider investment and capital stock 

data in current dollars. 

At the national leve1, the gross investment per employee variable 

specifications exhibited simi1ar trends. Over the 1951 to 1973 period, 

, 

" 
the trend rates for the aggregate and disaggregated and lagged specifications 

were 5.43% and 4.67%, respective1y. The trend rates of increase were 

greatest during the 1960 to 1969 period, where the aggregate and 

disaggregated and 1agged specifications proceeded at rates of 8.47% and 

7.52%,respective1y. The trend rates of increase was sma11est for both 

specifications during the 1969 to 1973 period, where the latter specifications 

proceeded at trend rates of -2.03% and 0.17%, respectively. Final1y, 

the trend rates for the aggregate and disaggregated and lagged specif;cat;Qns 

for the 1951 to 1960 period were 5.14% and 3.81%, respectively. 

At the regional 1eve1, the gross investment per employee variable 

increased at a relative1y faster rate in the western, as opposed to the 

eastern sector. The respective rates were 19.21% and 8.67% over the 

1961 to 1972 period. 

In re1ating the above trends to their basic determinants, we shal1 

examine the trends in the various determinants separately. First, we 

shal1 consider the nature and extent or speed of te~hnica1 advance over 

the 1951 to 1973 period. Second, we shai1 examine the rates of gross 

investment over this period. Finally, we shall relate the trends in 

gross investment to their basic determinants, discussed above. 76 

As regards the nature and extent of technical advance in the Canadian 

pulp and paper industry over the 1951 to 1973 period. the basic trends 

76 Since the trends between the gross investment per employee specifications 
in section III were quite similar, the ana1ysis of disaggregated and lagged 
investment will not be considered l!parately. 
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c... 
were considered in detai1 in section II. 77 First, the changes primari1y 

re1ated to specifie machinery and not to techniques of production. The 

on1y important new techniques that were deve10ped over the 1951 to 1973 

period were refiner pu1ping and wood preparation in the forests. The 

major changes in machinery were in the chemical pulping, papermak}ng and 
\ 

finishing operations. Second, in all cases the new technical advànces 

were labour saving. ln the case of refiner pu1ping and wood preparation. 

the labour requirements declined absolutely, while in the other cases, 

relative savings in labour were obtained by the development of the new 

machinery. Finally, in terms of the speed of technical advance over 

specific periods, very little evidence exists with which to formulate any 

definite conclusions. The only fact that might be argued is that technical 

advance was relatively greater in the post-1960 period due to the 

development of refiner pulping and new wood preparation techniques. 

Aside from these developments, it would seem that technical advances in 

improved machinery proceeded at a fairly even rate over the 1951 to 1973 

period. The above trends cannot, howeve(, be related ta the trends in 
, 

the gross investment per emp10yee variables a1one, since they relate 
"' 

to advances in knowledge, which are separated from' the process of 

imp1ementation or uti1ization of new techniques and machinery. Ta 

understand the trends in the gross investment'per employee variables we a1so' 

must consider the trends in the rate of gross investment. 

Table 25 presents the gross investment expenditure data for the 

national 1evel over the period 1951 to 1973. The bracketed figures 

repres~nt the percentage increases from the previous year. In analyzing 

77 Since the f10w of information is quite efficient between sectors, 
the ana1ysis need ~ot distinguish IH.:!tween the national and regiona1 1evels. 
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Source: Unpubli~hed data obtained from Mr. P. Koumanakos, Chi~f,Capital 
Stock, Construction Divi, ion, Stati,.stics Canada (revised). 
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these trends, we see that they bear a re1ation~hip to the trends in the 

gross invest~nt per emp10yee variables. The trend rate in gross 

investment was greatest during the 1960 to 1969 period at 13.43%. 

The trend rate was lowest during the 1969 to 1973 period at 5.14%. 

Dur~ng the 1951 ta 1960 period, the trend rate of increase in gross investment 

was 11.54%. 

Severa1 variables enter into the explanation of the above investment 

trends. The first of these 1s the rate of profit, as reflecting expectations 

of future rates of profit. Table 26 presents the gross rate of profits for 

the national leve1 between 1951 and 1971. The gross profit rate represents 

the ratio of gross profits for a gi ven year ta the mid-year gross stock of 

that year. Gross profits represents the difference between the value of 

shipments ànd prime costs (i.e. labour, materia1 and energy costs). Obvious1y, 

.' serious problems are imp1icit in such a measure. For instance, the capital 

stock measures are va1ued at cost, whereas book value measures of capital 

assets should be used. Moreover, the gross profit variable does not give 

any indication of the extent and nature of taxation in any given year and 

over the entire 1951 ta 1973 period. However, these are the an1y measures 

that are available as indtcators of the profitability of the industry's 

undertakings. Comparing the year to year patterns in the. rate of 

investment and in the rate of profit, we see that some evidence exists 

to support the fact that the rate of investment in a given year is affected 

by the rate of profit in the preceeding year. This would appear to support 
o • 

the hypothesis that expectations of future profit are primarily dictated by 
l , 

profit rates in' the present period. The second relevant variable 1s t.he 
" 't. • 

histor~:cal )pattern of irlvestment d::> it is reflected in the 'average degree 
. \ 

of capaèfty utilil~tion of mills. Although capacity and capacity utilization· . . 
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TABLE 26 

GROSS PROFIT RATE (CANADA) 1951-1973 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 , • 
1969·' 
1970 
1971 
1972 
1973 

Gross Profit Rate 

34.10 
23.99 
22.39 
23.90 
24.60 
22.39 
16.92 
15.80 
17.39 
17.45 
17.73 
18.04 
17.77 
17.50 
15.22 
13.31. 
10.38 
10.22 
11 .52 
9.81 
7.08 
7.81 

11.16 

Source: 1. Statistics Canada, Putp and Paper Mi11s, Cat.36-204 (Annua1) J 
2. Unpub1ished data obt,dned from Mr. P. Koumanakos, Chief, 

Capital Stock, Con·,truction Division, Statistics Canada (revised). 
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data are not available for periods prior to the mid 1960'5, sorne conclusions 

can be drawn from the trends pre~ented in Table 25. 
\ 

The i nves tment 

pattern seems to be one of high rates of inve~tment over a given cycle, 

followed by low rates of investment over the fo11owing cycle. The 

latter phase of this trend could conceivably be marked by low degrees of 

capacity uti1ization. More specifically, with respect to gross investment, 

the period 1951 ta 1956 was characterized by a relatively high trend rate 

of investment of 25.76%. The periad 1956 ta 1960 exhibited a negative 

trend rate of -6.25%. Similar1y, the fol1owing period, 1960 ta 1966, 

was marked by a trend rate of investment of 24.34%. The trend rate of 

investment for the period 1966 to 1969 wa5 -8.17%. Fina11y, the rate of 

investment picked up slightly in the 1969 to 1973 period at 5.14%. The 

final important variable that cou1d have affected investment patterns 

i s the des i re and abil i ty of fi rms to contra 1 total cos ts through 

promoting and implementing technicel advances. Table 27 presents data 

on the average hour1y wage rate and on the ratio of wage and salary 

costs ta total prime costs. Optimally, the ratio of wage and salary 

costs to capita~ costs wou1d be the best indicator of the degree of 

incentives for generating labour saving technical advances. However, 

capital cost data for the various types of processes are not available. 

In terms of the two proxies, the implications derived from each are 

quite different. First, the trend rate in the average hourly wage oveu 

tbe 1951 to 1973 period was 5.97%. Roughly the same rate prevai1ed over 

the 1951 to 1960 and 1960 to 1~69 periods. The trend rates were 5.60% and 

5.23%, respective1y over these periods. However, th~ trend rate increased 

drastical1y ta 8.24% over the 1969 to 1973 period. This fact'might have. 
, . 

contributed to the relatively greater rates of investment in the latter 
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TABLE 27 

AVERAGE HOURLY WAGE AND ,RATIO OF WAGES AND SALARIES Ta 
TOTAL PRIME COSTS (CANADA) 1951-1973 

Average Hour1y 
\~age 

($ per Hour) 

~ 1.39 
1. 51 (8.63) 
1.63 (7.95) 
1.72 (6.75) 
1. 79 (4.07) 
1. 90 (6.15) 
2.01 (5.79) 
2.08 (3.48) 
2.15 (3.37) 
2.34 (4.17) 
2.35 (4.91) 
2.42 (2.98) 
2.48 (2.48) 
2.55 (2.82) 
2.65 (3.92) 
2.92 (10.19) 
3.11 (6.51) 
3.30 (6.11) 
3.57 (8.18) 
3.77 (5.60) 
4.18 (10.88) 
4.52 (8.13) 
4.90 (8.41) 

Ratio of Wages and Salaries 
To Total Prime Costs 

0.276 
0.282 (2.17) 
O. 289 (2.48) 
0.296 (2.42) 
0.294 (-0.68) 
O. 290 (-1. 36 ) 
0.296 (2.07) 
a . 303 (2. 36 ) 
0.303 (0.00) 
0.310 (2.31) 
0.300 1-3.23) 
0.298 -0.67) 
0.294 -1.34} 
0.296 (-2.72) 
0.283 (-1.05) 
0.287 (1.41) 
0.289 (0.76) 
0.28ff (~O. 35 ) 
0.288 (0.00 
0.313 (8.68) 
0.318 (1. 60) 
0.319 (O.31) 
0.310 (-2.82)' 

Source: 1. _~tistics Canada, /'ulp and P~per Mi11s. Cat. 36-204 (Annual). 
, 

2 . .---'5tatistics Canada, Review of Manho~rs and Hour1y Earn1ngs. 
,-- Cat, 72-202 (Annualf.-- - < 
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period, as compared to the previous periods. The ratio of wage and 

salary costs to total prime costs exhibited similar relative trends 

over the 1951 to 1960, 1960 to 1969, and 1969 to 1973 periods, however, 

the absolute changes were much more volatile. The trend rates over the 

latter three periods were 1.31%, -0.49% and 1.55%, respectively. The 

trend rate over the 1951 to 1973 period, in this case, was 0.56%. 

In summary, the three variables tend to explain both the cyc1ical and 

secular trends in th,e rates of investment. However, in terms of the 

secular patterns, the more relevant determinants appear to have been 

the historical relationships and, during the most recent period, the 

rising level of wages, in absolute terms and relative to other prime 

costs, to a lesser extent . 

• At the regiona1 leve1, the same re1ationships between the gross 

investment and gross investment per emp10yee variables can be seen to 

exist. The re1ative1y faster rate of increase in the gross investment 

per employee variable in the western sector could be partially explaided 

by the relatively faster r~te of gross investment in this sector over 

the 1961 to 1972 period. The rates of gross investment in the eastern 

and western sectors over this period were 19.77% and 30.72%, respective1y. 

as der; ved from Tab1 e 28. 

An analysis of the determinants of the rates of investmeQt is a150 

more difficu1t at the regiona1 level, as compared to the national level, 

basically due to the 1ength of the period under consideration. From 

Tables 28 and 29, the year to year relationship between the rate of 

investment,and the rate of profit (as described above) can be seen ta exist. 

However, the pattern at the regioll,d level is not as consistent as it . 
was at the national level. In terms of the secular determinants, the'on1y 
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TABLE 28 

GROSS INVESTMENT EXPENOITURES (EAST-WEST) 1961-1971 

// 
/ 

East " West' 

Gross Inyes tment Gross Investment 
~ 

($,000 current) 

124,069.0 32,076.0 
96,059.0 ~-22.58) 72,032.0 (124.57) 

119,256.0 24.15) 86,554.0 (20.16) 
198,861.0 (66.75) 124,961.0,(44.37) 
246,650.0 (?4.03) 176,394.0 (41.16) 
282,575.0 (14.57) 274,950.0 (55.87) 
259.769.0 i-8.07) 164,264.0 (-40.26) 
167,574.0 -35.49) 107,649.0 ~-34.47) 
242,644.0 ~44.80~ 119,952.0 11.43) 
347,352.0 43.15 192,303.0 (61.19) 
325,150.0 (-6.39) 236,9'19.0 (23.20) 

" 

Source: Unpublished data obtained fram t1r. P. Kaumanakos, Chief'C,.pital 
Stock, Construction Division, Statistics-.canada! -, ~ 
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TABLE 29 

GROSS PROFIT RATE (EAST-WEST) 1961-1971 

EAST 

GROSS PROF Il RATE 

1 

,1 
1 

'\1 
\ ' 

14.25 
14.35 
14.13 
16.47 

- 14.93 
13.95 
10.51 
9.95 

10.20 
~ 8.42 

6.82 

, 
c'" , , 

.' . 

WEST 

GROSS PROF IT RATE 

17 .81 
18.25 
18.12 
16.66 
14.10 
10.13 
7.91 
8.15 

10.53 
9.62 
5.72 

~ \ t ' 

1. Stati,stics .Cana~~,. Pulp and Paper M!l1s, Cat. 36~20~ ,(Annual) . 
~': .' . 

2. Unpublished data, bta1ned f'r,Om:Mr. p, . KoUmanakos, CMef 
Capital Stock, Co structioh'rrivision't StaMst1cs Canada. 
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variables that can be considered are the .age c~st trends and the historical . ,-
stage of the industry. in the two sectors.. With respèct to the former. 

th~ relatively higher trends in the average hourly wage and in the' ~atio 

!. of wage -and salary costs to total prime costs in the western sectar 
~ 

-might have genl!rated the relatively higher rate of gross investmerit in 

that s,ector. The trend rates for the -two measure,s over the 1961 to 1972 

period were 5.98% and 0.57%. respectively. in the eastern sector and 6.70% 

and 1.47%, respectively, in the western sector, The~e trend rat~s were 

der; ved from the data in Table 30. The other factor tha t mi ght ha ~e 

affected the relativèly faster trend rate of gross investment in the , 

western sector is the fact ·that the latter sector is relatively younger 
o 

and more expansi v~~~/ the eastern sectar. 

From the abo'le relationships, w,e can attempt ta predict the changes 

in the gross investment per emplayee variables b~ anticipating changes 

in its basic de'terminants. At the national level t we would expect the 

gross·inv.es.tment per emp10yee variable to ;ncrease at. a relatively faster 
1 

-rate over the next decade, as, compared ta ; ts trend ra te ove~ the 1'951 to 

1973 periode Two factors are important, here. First, the t~dlnica1 
1 

advances that have been embodied in new techniques and/or ~chinery 

appear to be much /OOre significant for the next decade. t~ar they ~~ve 
Jbeen over the period 1951 ta ~973. These 'have' been çtescrifed in detail 

in sect;ion II. The most'relevant of these ar~ the thermo-rechanical or 

refiner techniques, the new wood-preparation technique~ a~d the twin-wire 

former paper machines. The result of an implementation ~f these techniques 
\ 0 1 • 

would be ta lower the gross investment per employee vari~ble value for any g;ven 
• 

rate of ~rass' inves'tment. Second, the rate of investmeJ1t required to brin.g 
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TABLE 30 

AVERAGE ~OURLY WAGE AND RATIO OF WAGES AND SALARIES TO 
TOTAL PRIME COSTS (EAST-WEST~ 1961-1972 

, . 
( 

\ 

Source: Statistics Canada, Pulp.~.a!ld Paper Mills, Cat. 36-204 (Annual) 

, 

• ~~""'I'''''''''' ~I -.- .............. ,~~~ " .... --- ..... " .... ~ - ~~ 
• , L • 



1 

1 
i 

1 

1 
.1 

() 

~--

~- _ .,._"' __ '" __ • 1 

~ 155. -

forth these changes in technique cholce wou1d appear to be forthèoming. 

The recent rapid increases ; n wage' costs and the des1re te reduce total 

costs by reducfng wage costs will IOOst likely serve as incentive to 

higher rates of investment. Given demand trends similar to those over 

the 1951 to 1973 period, higher rates of profit can be obtained from 

these changes in technique choice. 

1 

In terms of the regional effects, the rate of increase in the gross 

investment per employee variables should be relatively, gre~ter in the 

eastern, as compared to the western, sector. First, the potential for 

implementing the technical advances is greater in the eastern sector, 

given the ex~st;ng technique structure (as described in section II). 

Second, fai rly simi 1 ar wage cost incent; ves exfs ts in both sectors, 

however, the opportunity for reducing labour costs (in light of available 

techniques) is greater in the eastern sector.( As such, given demand 

trends, in either sector, similar"to those that marke/the 19~1 ta 1972 

period, we would expect that the rates of investment would be higher 

in the eastern sector, relative to the western sector. 

Before leaving this subsection, we should make a br; ef note about 

the future trends ;n the econom;es of scale variable.' We shall assume 

that the latter variable will proceed at a trend rate, over the next 

decade, similar to that of the 1951 to 1973 periQd. If~ however, relative1y 

IOOre investment is embodied in new mills of less than' average productive ; 
Il 

cllpacity, the economies of scala variabl e will, tnerease at a relatively' sl,ower 

rate. [f relatively IOOre investment 1s embodied in existing mills and/or , " 
greater than average productive canacity mills, the ecpnomies of scale variable 

will i ncrease at a relati v~ely fa';, tel' rate, other things being equal. 
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V. PRED ICTIONS AND CONCLUSIONS 

The final section of this study will offer sorne predictions on the 

level and cycl ical and secular patterns of employment per unit output 

over the next decade. In order ta do this, it will utilize the various 

relationships developed in sections III and IV and, impl ic1tly, the 

technical and structural information presented in sections 1 and- II. First, 

g~elil the anticipated values for the determinants of employment per unit 

butput over the next decade, the ba sic hypothes i sin sec 'ti on II I wi 11 be 

used to pred i ct the va 1 ues for emp l oyment per unit output 1 at bath the 

national and regional levels. The predictions, here, will be qual itative 

rather than quantitative given the nature of the analysis. However, the 

results will bequantified in theanalysis in AppendlKB. Second. the 

r~le of some institutional variables that might affect the predictions 

will be cOllsidered !;riefly. It should be noted that the study also 

indirectly predicts employment trends in the industry. given either 
o 

knowledge of or some assumptions about the future trends in output or 

demand • 

At the national level. the secular and cyclical trends in employment 

per unit output will be examined. In terms of the secular trertds, the . 
trend rates in the basic detenninants of employment per unit output. over 

the. next decade t must be surmtarized, as they were derived 1n section IV • ... 
The composition of output, the degree of vertical .integrat1on of mills. the 

capital stock per employee, and the related economics of scale variables 

are rel evant. here. As r,egards the degree of vertical integration of mi 11s 
\ "~-,,' ' 
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variable, as represented by the rittfo of paper and pu1p producing mills to 

total mills, we concluded that the trend rate over the next decade would 

tend to be quite similar to the trend rate over the 1951 to 1973 period. 

Similarly, with respect to the economies of scale variable, the same trends 

were assumed to continue ~ver the next decade, as were evident over the 

~ 1951 to 1973 period. The predicted trends..in the composition of output 

variable and in the gross investment per employee variables are very much 

interrelated, as was described in section IV. Giv~n the anticipated trends 

in the rate of gross investment and in the gross investment per employee 

variable, the implication for the composition of output variable would be for 

a relatively faster dec1ining trend, relative to the trend over the 

1951 to 1973 period. That is, a relatively faster increasing trend in 

gross investment and in the gross investment\ per employee variable would 

tend to imply a relatively greater s'tlift to refiner pul ping (al 50 to be 

used in newsprint production), from groundwood pulp production. The net 

effect of the above anticipated trends, given the relationships der1ved in 

section III, would be to produce a relatively faster rate of decline in 

the employment per unit output variable over the next decade as comparj!d to 
~,f" 

the l 951 to 1973 period. 

With respect to the cycl1cal aspects of the 'secular trend in employmènt 
III 

per unit output, the trends in the basic determinants would tend to imply 

.. a ~elatively greater variability ovèr the next decade. The basic e}ement 

in this prediction 1s the relatively faster rate of tlecl ine in the composition 

of output variable over the next decade .• ,ihe other potential determinants 

of v~riabi1 ity. the degr~e of vertical fntegration of mtl1s and the econom1es 
. . 

of scale variables w~re e1ther argued or assumed to proceed ~t a trend rate 
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similar "to that over the 1951 to lQ73 period. As such, their effect on 

the relative variability in employment per unit output over the next 

decade would tend to be neutral .. Again, these specifie predictions are based 

on the relationships deve10ped in section III, betweËm the variabi 1 ity 

in employment per unit output and the trend rates in the relevant determinants. 

At the regiona1 level, differences in the 1evels, as well as the cyclica1 

and secular trends, in employment per unit output will be cons~dered. As 

regards the difference in the secu1ar tr'ends ,i~ employment per unit output 

between the eastern and western sectors, the trend rate hi emp10yment per 
'. 

unit output would appear ta decrease relativeJy fastÊm in the eastern 

sector, as compared to tywestern sector, over the- next decade. 'This prediction 

is based on the following anticipated differences in ,.the relativEt, trends 

in the composition of outpt'lt variable betweerl the two.sectors. It would 

appear that the interrelationships between the rate of gross investment, -
the gross investment per employee var~able and the composition 9f output' 

" variable are relevant in the regional analysis, as in, the national analysis . 
. . '-. . .. ' .. . ... 

From section IV, we saw that the anticipated increases in' the rate of . 
f 
l 

• " 11 ~ .. 

gross ; nvestment and in the gross i nvestment per emp 1 oyee \~oul d.. appear to be't 
\ .' -, ~ f 

.. J 
greater in the eastern sector, relative to the western secto.r.. However. 

, " "., "0 ...... 
" .. l 

these tendencies towards a relat1ft!ly faster declining employment per'UJiit 
• 4 • • • \ .. -_ .. ~ , • 

output variabl e in the eastern sector would t'end to' be partiallY offset' . ~ ... 

by the relative trends in the two sectors in the degree of vertiéal '1ntegra1:1on 
., ,..-

.~ 

i 

.' j 
of m~lS variable. From the analysis in section IV, we concluded th~t the ~'.,.; .'_' L 
degree of vertical integration of mill s varia~le woutd rémàin constant in .. 

the western sector, while 'ft wou1d tend to. show an increas 'lng trend in tbe 

eastern sector, simllar to the 'trend over the l" to 1972 period ... iiiven' 

the relationsh1ps set out in section Ill, 1t does not appear that the 
1 • • .. 

, /' 
. \ 
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t 
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anticipated differences in the trends in the degree of vertical integration 

>- variable could outweigh the effects of the differences in the trends in 

the composition of output and capital per employee variables. Finally,-the 
, 

economies of scale variable, as in the national analysis, was assumed to 

have a neutral effect on the employment per unit output trends in the two 

secto"rs, over the next decade. 

The obvious effect on the d1fference 1n the levels of em~oyment per unit 

output in the eastern and western sectors is for the absolute differences to 

, ',be narrowed or lessened over the next decade. For various reasons, however, 

it is anticipated that the level of employment per unit output will still 

be h1gher in the eastern sector. First, the existing differenc&:, in the 

levels bet~en the two sectors was fairly large in 1972. SecOnd, the effect 

of the degree of vertical integrat10n of mills trends in the eastern sector 
J , . 

will be to dampen the d:ecrease in emploYfT!ent per unit' output in this sector. , 

Finally, with respect to the differences in the cyclical aspects of 

the secular trends in .employment per un~,t O11tput, the net effect is uncertain. 

On the one hand, the.aryticipated trends in the composition of output variable 
, " 

would tend ta imply a greater increase in variability in the eastern sector. 

rel.ative ta, the western set;:tor. On the other hand, the anticipated trends 

, I.in'the degree of verticâl integrat10n variable would tend.to imply the 

pppos1te'results over the next decade. Given the ~nticipated greater relative 
, ' . ,. 

.. ~hangë in the former variable over the ne,xt decade, we ~ight i nfer ;that 
... \." 1# 

/'. the' tendency would te to~ards a relatively greater increase in variabil ity 
'., 

~ . .' . 
" , 

. , 

. .. . 
" 

" 

.. .. 

:.' ".in th~ eastern sector. However, this result 1s uncertain due to the lack of 

, .JAowl edge of the relative weights ot' the two var1ablês in affecti-ng the 

variability of the employment per- unit ou'tput trends. 

" ... 
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In all of the above cases, the predictions are specifie to the assumpt10ns 

made in section IV. If the assumptions are altered or if the actual trends 

over the next decade turn out to be different from those assumed. the 

predictions would be affeeted within the constraints of the hypothesis 

specified in section III. The potential situatipns are quite numerous and 

their analysis, individually, would not appear to render substantive results. 

These assumptions concern the trend rates in the growth and pattern of demand, 

in the number and size of new mills built, and in the leve1 of concentration 

in the industry, over the next decade. 78 

In the above analysis, the impl icit assumption being used is that the 

non-economic factors remain constant over the next decade. As such, given 

the assumptions of trends in the economie factors, the predictions still 

only represent potential trends in the employment per unit output variable. 

Some of theïnstitutional factors that might affect the aetual trends in 
" 

the employm~nt per unit output variable were mentioned in section IV. The 

most relevant factor is the role that the labour organizations play in 

relation to the relatively faster decl ining trends in emp10yment per unit 

output. As was seen in the discussion,in section l, little concern has been 

raised in collective bargainin9 agreements in the Canad1an pulp and paper 

industry about job security and technologica1 change clauses. If th1s trend 

continues, 1 ittle resistance will be presented to the relatively faster 

declining trends in employment per unit outpùt over the next decade. However, 

if labour resistance is initiated at the mill, regional or national level, 

employment per unit output would tend to decrease at a slower ra te than 

" the trend pred icted above. 

78 Jncluded 1n these assumpt ions about trends in the economic variables 
are those related ta the eff,iciency uf labour and organization (other than' 
the de9re-e of'vertical integra~1on effects) as specified in section III. 
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APPENOIX A 

A regres5ion analY5is using ordinary least squares estimation is used ... 
to supplement the statistical analysis of section III. The purpose 15 two­

fold. First, a test of the direction and significance of the relationships 

between employment per unit ouput and its specified determinants is desired. 

Second, an absolute measure of the magnitude of each relationship, which 1s 

lacking in the statistical analysis is sought. The "resulting equations are 

al so employed to test the non-quanti tative predictions offered in section V. 

The pred ict;ons in the regression ana lysis util ize the va 1 ues of the indepen­

dent variables that were derived from the assumptions and relationships 

specifi ed in section IV. 

The dependent and independent variables used i~ the regression analysis 

are those specified in section III. To summarize, the dependent variable 15 

employment per unit output, represented here as EIO, measured in the number 

of employees per thousand combined tons of output. Eight independent 

variabl es are used in various combinations 1 , seven of which are secular 

and one of which is cyclical in nature. Two of the secular variables appear 

in all of the regression eq~ations. These are the composition of output 

and the degree of vertical integrat10n of mills variables. The fonner, 

denoted by C, i s represented by the percentage of groundwood pul p production 
, 

(in tons) 1~ total pulp tonnage produced. The latter variable, denoted by ~t 
Ail 

1 Only somé of these '1ariable!Y were 'exami.ned in the statistical analysis 
of secttQn III. The latter variables were selected on the bas1s of structural 
considerations and of the regress ion resul ts presented here. 

, 
j 
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represents the percentage of pu1 p producing and paper producing ,mill S in total 

mills. The other five secular variables are different specifications of 

gross investment in constant 1961 dollars per employee, measured in thousands 

of dollars per employee. The first specification, represented by IlE in the 

regression equations~ does not take into account general construction and 

imp1ementation time 1a9s involved in investment decisions and does not 

consider possible differences in the se time lags between construction 

investment and investment in machinery and equipment. The second specification, 

denoted by IllE. takes account of the first problem of the existence of 

general time lags. The variable represents the ratio of the average of 
j 

i.nvestment in the current and previous years to the number of employees 

in the current year. 2 Implicit in this formulation is the structural 

observation that, on average, a two year construction and imp1ementation 

period is relevant to investment projects. The third specification, 

consisting of three alternative variables, takes account of the second, mor'e 

specifie problem of differentia1 t1me 1ags in different types of investments. 

The important determinant of the specifie formulation of the variables, 

here, is a knowledge of the technical structure of the' industry. The first 

variabl e, represented by Ietn/E, hypothesizes, on th~ average, a two year 

lag in construction investment and no lag in machinery and equipment 

investment. As such ; t represents the ratio of the sum of the average of 

construction investment in the current and prevalous two years and of 

machlnery and equipment in the cur~ent year to the number oT employees in 

the current year. 3 In the same manner, the second ~ariable, represented by 

~lgebraiCallY, the variable can be seen as 1t" It - 1' / 

J 2 1 Et 
.1 
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li 
1 m lE hypothes;zes. on the average, a two year lag in construction 
c2 1 

investment and a one year lag in machinery and equipment investment. The 

thtrd variable. denoted by 1 JE. represents a one year lag in construction 
cl 

investment and no lag .in machinery and equipmE;nt investment. The cycl kal 
1 

variable used in all of the regression equations 1s the annual percentage . 
change in combined output represented by a in the regressfon analysis. This ' 

variable did not appear in the statistical analysis of section III beeause 

the secular trends in employment per unit output and its determinants were 

being considered. However. it is essential that it be included 1n the 

regression analysis, since annual data is utilized, here, and the se annual 

changes in employment per unit output are determined by both cyclical 

and secular factors. The theoretical justification for the inclusion of 

this variable arises from the presence of indirect or overhead labour which 
-

results in an inverse relationstiip between employment per unit output ,and 

tne annual percentage change in output. The gist of the argument is that 

due to the presence of overhead labour. output increases at a relatively 

faster rate than'employment during periods of expansion and decreases at a 

relatively faster rate' than employment dur1ng periods of contraction. 

Therefore, other things being constant, the higher (lower) the annual 

pereentage change in output. the lower (higher) the value of employment per 

unit output. 

3 Algebra1cally, this is represented by le + 1 + 1 + 1 ) 
_t~_C...;t,,::::-..;..1 __ e"""'t,--..;;;.2 mt Et 

3 

4 Algebra1callY, this is represented by I{: + 1 + k + -1 + 1 ) 
_t~~C_t".,..;l __ " t;;:...-...;;;.2 mt 2 mt - l Et 

r} 3 

5 ~lgebraica,l1y. this 15 repl'esented by le' .. le tIf 
C t t-l mt Et 

2 

• 

, 
1 

•• 1 



,. 

! 
, , 

" 

- 164 -

A final note before considerinq the regression results concerns 

the absence of the e"conomies of scale variable in the regression analysi's. 

The unavai1qbilfty of productivé capacity data served as an important 
~ , 

deterrant to the inclusion of this variable in the regression results. 

Moreover, tf the proxy measure, average mill pro'duction, used in section 

III was used in the regress;on results the problem of having output or 

production values on both the 1eft and r'-ght hand sid~s of the regression 

equation wou1d have been present. This factor contributed to the decison to 

omit the variable altog~ther. However, it shou1d be noted that the economies 

of scale effect is picked up by the investment per employee oIIariable, to a 

great extent, when the former, variable is not inc1uded separately in the 

regression equation. 

In all, five regr~ssion equations were estimated. The bas" results are 

presented be low; 

. 
(1) EIO = -10.023 + 52.033 C + 10.629 D - 0.281 IlE - 0.054 0 + e 

(-3.739) (20.028)' (2.127) (-2.521)' (-1.904) 

R2 = 0.9658 
F = 163.,81 

D.W. = 1.15 

(2) , E/O = -8.683 + 50 . .584 C + 9.971 0 - 0.358 IllE .. 0.075 6 + e 
(-3.099) (17.999) (2~044) (-2.728) (-2.625) 

~2 '" 0.9673 
F = 171 .26 

, , 

D.W. = 1.24 

. . 
(3) EIO = -9.747 + 51.655 C + 10.657 0 .- 0.303 1: m lE - 0.061 0 + e 

(-3.630) (19.612) (2.152) (-2.61q 1 . (-2.171), 

R2 = 0.9665 , D.W. = 1.19 
F = 166.97 . 

(4) EIO = -8.376 + 50.218 C + 9.848 0 - 0.377 le rnJE - 0.076 0 + e 
(-2.904) (17.109) (2.001) (-2.671) 21 (-2.653). 

R2 = 0.9669 
F = 169.165 

D.W. = 1.27 

/1 
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. 
(, (5) E/O = -9.361 + 51.131 C + 10.642 0 - 0.337 If m lE - 0.062 0 + e 

'--, {-3.446} 08.818) (2.163) (-2.671 2 (-2.229) 

C) 
v 

R2 = 0.9669 
F' = 169.144 

It 15 apparent that the d1fferences 'between the various regression 

equations are mi nimal. However, equation (5) was selected as the most 

appropriate equa tian based on its superior stabil fty properties as indicated .. 
by the t-ratios of the coefficients of the independe~t variables. As such. 

we shall concèntrate the discussion of the regressi-fin statistics on this 

equation. 

In all cases, the signs of the coefficients of the independent 

variables are correct in the sense that they comply with a priori theoretica1 

and/or technical specifications (see section III 1). The only conceivab1~ 

problem, here, is the negative sign of the intercept, since a negat1ve 

value for employrnent per unit output does not have any meaning. However, 

in a practical sense, this does not present a problem because the range of 
• 

values for the independent variables that we "re interested in for predié\.ion 

purposes are sucn that they do not closely approacH this range of negative 

values for employment per unit output. 

As regards the absolute or r.el~tive ,signs of the coefficients, there 

are no a priori theoreticàl o!" structural expect~tions. However,., an 

examination of the various emploj1l1ent per unit output elastit'ities of 

the independent variables i.nd~cates that the com~osition ~f output.variable 

exerts the greatest rèlative influence on the employment per unit output 

variabl e. The relevant elasticitfes of employment per unit output twere , 
.) 

calculated both at the means of thl! variabl.es and over the range of the 

" 

" 

J "\'1 

: 
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variables comprising the 1951 to lQ13 period (i'.e~ arc'e1asticity),' These , 

are presented in Appendix A - Table f. In interpreting U,ese elastic)ties, 

two points should be noted. Firsf, the relative magnitudes of relative 

change in each of the lndependent va~iables that i s exp~cted (as refl-ected 

in the analysis of section III 3 and Table 14) are also important 

considerations in analyzing the relative impacts on employmént per unit 

output .of each of th~ independent vari,ables. Second, the assumption of , . 
1 

ceteris paribus that accompanies the use of elasticity,concepts should be 
o • 

'. > 

amended to inc1ude the varipus cross-eJa~~icity relationships that exist 
1 

between the independent variables. 

In all cases, the t-ratios of the independent variabl es (and of, the 

intercept) exc~ed 2.074 (with 22 degrees of freedom) and, as s'uch, the 

coefficients are statistically s;gnificant at the-95% confidence 1evel. 

Moreover, the intercept and the coefficients of the composition of output 

and investment per ~mployee variables are statisth;ally sign1fïcant at the 

99% confidence le~~l' (i.e. t c=2.508 with ~2 degrees of freedom). 

'. ,g 

The explanatory ability of the regression equation is extreme1y good.' 
- -

The adjusted R-squared 1s 0.9669 ana the F-value 1s 169'.144. The OurbiÏl-. '. , ... 
Watson statistic 'is 1.22 which falls withfn the inconc1usive rangé in tenns - ~ ) , ' 

o • 

of autocorrelat 'ion with, dl = ~~83 and, du"'= 1.'52' for 23 observations. A 

Hildreth-lu transformation was tri~d pn the equ.aticin without any $uccess. ... - ~ 

" ..... ' ',.1everal predict,ion's were' made\U~ .. ing re9ressl~ eqV~tion (5). The" 
-,-'.. .~ < ... __ .. ," 

relevant prediction yeàr was;,chosen fo be 1985 whi-ch èO~p'rised a .. period 
'--, . 

of thirtèen ye~rs. Since ~ecular pattern~ ln employment pér~nit' outp~t 
weré of pr'imary ,concern, intennedia'te: year~~ b~we~n :1973 and l'~à5"were not 
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APPENOIX A 

TABLE 1 

, ,1. 
{. 

, " ~ --------r - ... ----'l''-'''~--~---- ... ---

, 0 

INDEP~NDENT VARIABLE ELASTIClTIES OF EMPLOYMENT PER UNIT OUTPUT 
." . 

, 
• • 

<' 

Co~osition of OutPlJt / 
, (E' C) ~ OS" . l 

(0' 

Degree of Vertica l Integration 

( E 10 ,n> 

- Output 
( 0) EIO ' 

1 

L 

Mean Arc 

1.326 1.334 

., 

0.249 0.277 

• 0 

0.064 o 0.057 

0.014 . 0.035 
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D 

considered. Based on the results 0 1 the analysis of section IV, upper 
,',. ~ 

. 

and 10wer estimates of anticipated growth rates in the independ~nt variables 

were employed. and abso1ute values for the independent variables were thus 

CqIlputed for tne year 1985. It should ,~e noted that the neglect of intermedfate 
!1 

ye~rs ,n~cessitate~ the use of growth rates in the calculation of the values 

of the independent variables fo~ the year 1985. This presents a problem in 

the derivation of the appropriate rate of growth and consequent predicted, 

,value for the investment per employee value, which wi~l be examined later 

• in this appendix~ The pesulting values for the independent variables were 

then emp10yed in the regression equation ta yield predicted values for 

employment pero unit output for 1985. " -

Appendix· A - Table 2 preseRts the upper and lower bound estimates for' 

the growth rates of the independent varia·bles and the resulting absolu,te valJJes. 

for 1985. Moreover, it pre sents the. pred i c ted 'va 1 \Jes for emp 1 oyment per 

unit output ;n the same year. 
(l , 

Several Co_nt. must be made about the .pecifJ< data uled-, in th.e 

analysis and about the resulting predictions. First. the expe~ted rates of 
.". 

,~ 

grow~h of the composition of'output ~nd degree of ver~ical i~~egration of 

mills variables were simply quantification of the assumptions nd predictiorrs 
1: 

discussed in sêction IV. ~econdJ the gross inve~tment~per èmpl 1 

expected rate of growths 'are,much higher than the'abs~rve~ rat of growth 

over the~1951 ~o 1973 period. The problem basically concerns th~ fact that 
'"' .... • g" \ ~ , 1 

the rate of growth calculation ihvolves only th& first -and last \ob,servat1ons 
.. 1 

of the relevant period ,and ignore~ th~ extent of 'yariabH ity ov~~ the, samé~ -"', . 

peri~d. In th~ cas. of 'this ana1ysl." t':;s prob1.m is 'Pl'fl~nt onk 'f:~·' th. ' 
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APPENDI X A ~ , 

TABLE 2 

SUMMARY ,OF REGRESSION EQUATION PREDICTIONS 
~: ,of 

E xpec ted Ra te 0 f· 
Rate of Growth Growth, 1973-1985 

1951-197-3 Lower BO'und Upper Sound 
;' 

1. C -1.55 -1.50 ,-2.00 
t 

. 2. 0 -0.,05 0.00 -1.00 
- . , 
\ 3. l 1.61 • 5.00 8.00"'" 

. ~ 
C2m/E 

\ 
c. , ' 9.13 4. 0 3.94 9.13 

._.--.-.----------------~-_.-------------------~-._-------------.--~----
-2~ 31 -3.09 -5.81 

" 

1\ 

.' Pred1tted Values 
Ac~ua1 Va1ue,s', . (ige5 ) 

1951 1197~ , Lowe;' Bound Upper' Sound 

L C . 0.6553 O.a939 0.3236 O~30Z9 .. 
0 • .4762 c 

0.4'7io· 0.4710 0.'4133 , 2. D 
• 

2.547 3.,,618-" ' 6.820 .. 9,840 
-, 3. l c2m/ E 

. 4. à ~ l ,', ,,1 1'1. 580... 9.040 9.130 9.130 
( 1 ' .:. ~ q, 

-------~---~_.-----~~---~--~-~--.. --_._----------------.-._------------
, " 

~. El 22,763 13.608 '.9,.333 6.635 

, " U ,. 
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gross investment per employee var; ,tde. If growth rates for high investment 
'" 

periods a;re considered (see section III Table 14), we see that the resulting 
r . • 

growth rates are much higher than the 1. 61 % observëd over the 1951 ta 1973 

,~period. Furthermore, given the investment patterns described in section IV 

and the average length of cyc1e~ Qver the 1951 to 1973 period, we would 

exp~ct that twotof the three cycles camp.rising the 1973 to 1985 period 0 

would be high investment cycles. As an example, if we calculate the rate of 
. 

growth for the 1951 to 1966 periqd, whic'h in'é~ud~s two high investment and 
~ , 

ane'low investment cycles, we see that it is equal t0.5.98%. The lowe~ and' 
".; ~ 

ùpper bound estimates of expected growth rates in gross investment per man 
'1 

were thus d.erived, with the a-bo),le points being exp1 icitly ·considered. Third, 
. 

since the a!1nua1 percentage chang'e in output variable (0) relates to a 
, 

• ' >-
specifie year,'a specifie value' rather than a trend prediction was requ1r~d.. 

q \" 1 

The average'value peak year annual pêrcentage changes in output was sel~ted 
1 l. • .. ~. 

" . 
(over the 1951 to 1973 period) sinée'1985 was chosen ta represent.a peak ~; 

year, o;:the basis of past eycle 1ength estimates. The res~lting value of 

9.13 15 therefore considerab1y higher than the average value of:annual. -. , 
percentage changes, which was 3.94 over the 1951 ta 1973 p,er10d. However, 

ft shou1d be noted."that the resulting 'relative effect on the èm'pl~yÎnen't per 

unit output e5timate ïs not that much grèa'ter, given the relative1y low 
- (/'. . 

aS$ociated elast1e1ty of.'e,!,ploymt!nt per ùnit output (see Appendix A - Table 1). 
~. '. ~ 

Fourth, the 'ahalysis ~~sum&s that the rate 'of'grO\vth,'and cOnsequent value 
" . .. ~ ~ - ...J~ 

of the gross 1nvestment per ~mp1,oyee variable· (as wel T ~s ~f ~the, compos1ti'on 

~; output, v~riable) .~~ ta s'ome' ~xteht ind.ependent)li ~h~'i~te 'Of' ~rowth of 
" ". ~ , " . ,. \ ." 

oU,tput .. Different rates ()~ Qrowth for gross invéstmènt per .employe~, given, 
-. " ' 

the rate of growth 1n output, tould .be accounted for by referen~e ,to such 

1. 
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factors as the state of confidencf' or "animal spirits" of firms, and in 

the case of the Canadian pu1p and paper industry, the observed commercial 

Viability of new techniques of production abroad. This, however, does not 

deny the fact that the rates of growth of gross investment per employee 
J 

are also affected by the expected and actual rates of growth of output. The 

latter relationship 1s not examined, here, simply because the determinants 

of the growth and pattern of demand or output were tao complex to be considered , " 

in the present study and were thus assulJ1ed ta follow the pattern of the 1951 

to 1973 period. It should also be noted that although'the difference 

between the lower and upper bound of the gross investment per empl~yee 

variables is quite large, it does not imply an'equally large difference in " 

the growth rate of 1nvestment. Instead, the basic differences in the upper 

and lower bound estima tes of the ,gross investment _pe~ employee variaMe are 

" basically due té .the djUerentes in the input ratios of the various , 
, . , 

techniques being fhvested'in and in the relative costs of these alternative ~, 

techniques. As sUch'. generally spea:king, ·the 'lower bound estimate ;an be 1-

seen to relate pred~,nant1y ,ta 1nve~tnièn~ in ,exi st'ing 'tee~n~ques ~f P~6duc,t1àn. 
wh il e the upper bound estimat~ can be seen' to relate primari ly to i'hvestment 

. ?, 

• ""1 --
in new te~hniques of production (as described'in section II 4). To 

. -
illustrate t~is point, we 'Can compare tbe impllc.it rates of growth -for gross . ".\ 

-investment in "theO e$t1mated equatjons for th~ lower "and upper estimates, for, 
~ Ir, ',' .. ~ 1 

le mIE. Appendh A -TabJe 3 sUImlar1zes 'the resul\s. The assumption of a . 
, 2 • , 

"constant·growth rate'fpr outputls made. From the,table. it can be seen that, 
, (1 ',u • 1- l • 

t~e difference in the expected ~ates of growth 'in i~vestment"1S very small 
.,. .. '1' " # ~ , ). 

'-- relat,~~e to ,the 'difference in the expected <rates of growth in 'gross inVf!stment 
~ : ..... ~ ~ , 1 .l, 1 

_, per employee. F1nallY. ,bath the ant1c1pated' values of I<the independent 
~ ~ .. !..' ,.. • ~ 
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TABLE 3 
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'DIFFE~ENtES IN THE .EXP~TED RATE Of GROWTH OF INVESTMENT 'A . , 
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., .. 
variables and the predicted values (,f employment per unit output exhibit a 

, ~ . . 
sizeable difference between the upper and lower bounds. This fact was 

Ilecessitated by the u'ncerta inty concerf)ing'l the future growth and pattern .of 

deman~ aDd#:conse~uently. the rate of a4option of new techniQues of production 
_, J , 

" 

in inv.estmen.t~ decison~. As such. the basic purpose of the predictions is 
- ~. .. 

tO .. p-r:'ovide an indication of tbe range of possible trends in emp10yment 

.per unit output. 

. 
.. ' . ..... ' 

In lignt'of'the a60ve result~~ the likely alternative trends in 
c . ' 

employment gfQwth can be deduced. App~~di~ A - Table'4 summarizes the relevant 
, 

, re~u1ts. The assumption of a gr~wth in output simi1ar to.that over the 
• • 

1951, ~ 1973 period h employed. -ne results of the t~ple clearly indicate 
• . j , , 

that even if the 'lower bbund e!til11a'tes are taken· to represent the most 
, . -' .....~, . 

11kely future trends, the increase in e~ployment will proceed at a much sldwer 

rate than 'over the 1951 to 1973 per;od (i.e. 0.85% as compared to 1.53%). _______ -~ 
, ~~ . . . '....... ~----

However, if,the upper 90unQVestimates of th; independent v~r~ are 

t accépted âs most probable. then a sizeabie absolute ~ecrease in the level of 
, ,; 

employment- teslll.ts. 
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APPENDI~ A 
TABLE 14 

, 

~ 

IM'UED TRENDS IN EMPLOYMENT 

loW~r Sound 

Upper Sound 

. ~ , 

t 

" 

Employment Pe~_Unit Output 

Growth Rate 
(i 973-1985 ) 

-3.09 

, -5.81 

Predicted Value 
(1985) 

9.333 

5.224 

-..... 

Output 

Growth Rate 
(l973-1,9~5) 

~3.94 

3.94 

Predicted Value 
(1985) 

9726.29 

9726.29 ~ 

,. 

-----
:r 

\ . 
Employment 

Growth Rate 
(1973-1985 ) 

0.85 

-1.87 

Predicted Va~ 
(1985) 

~9.400 

-> 

::2 ,658 ~ 

1:' ) 
'1 ' 
t. 
1 0 

."'" Tl Dirwom 17l1U1'wrng.';J' •• lC ..... UI, pneu, ., 'II'WliIIllwn 1Ft]"$' 717 'm. [lIUII lIfJ1JP arr ,--,- • 
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-" 
The following tables present the raw data from which the data in 

the text of the study are derived. The explanation of the l'aw data and 

their relation .to the data in the text were discussed in sections III and 

IV. 
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APPENDIX B 

TABLE 1 

PRODUCTION OF SELECTED PULP t PAPER AND PAPERBOARD 
, PRODUCTS (CANADA) 1951-1973 , 

Grou,ndwood Other 
Groundwood Refiner Chem1ca1 Pri n1:i ng aAd Paper and 

Pu1p , Pulp Pul'P Newsprint Specialty Papers Paperboard 

('000 tons) , 
,1 

1951 5,172.47 200.11 3,942.27 5,561.12 50.06 , 1,614.10 
1952 5.275.32 177 .59 3,515.10 5,701.03 47.45 

+ 
1,477 .32 

1953 5,1"22.60 189.83 3,764.64 5,755.47 47.35 1,573.71 

'" 
1954 5 ,337 .61 181.40 4,154.01 6,000.90 59.19 1,589.52 
1955 5,466.93 209.41 4,474.22 6,186.32 79.77 1,724. T2 
1956 5,723.00 236.30 4,774.45 6,445.11 ,93.66 1,928.01 
1957 5,574.23 . 207.37 4,643.40' 6,361.65 8'3.26 1,854.98 

" .fI 1958, 5,375.50 212.89 ·4,549.07 6,030.93 91.64 1,958.72 

f""t 1959 5,655.00 249.00 4.928.00, 6,351.00 107.00 2.092.00 
1960 5,881.00 231.00 5,331.00 6,689.00 112.00 2,122.00 

1961 5,878.00 281.00 5,484.00 6,718.00 114.00 1,937.00 
1962 5,981.51 283.99 5,810.35 6,663.92 108.94 : 2,107.18 
1963 5,849.54 334.09 6,130.90 6,657.ot 113.90 2,191.88 
1964 6,442.20 372.34 6,742.50 7,380.26 103.57 2,459.83 

1 1 
1965 6,9,88.67 280.84 7,303.44 7,827.04 127.06 2,518.37 

. 1966 7,625.79 330.98 8,100.83 8,530.31 167.85 ç" ,2,913.34 
, ,1 1967 7 ,249.48 278 ~ 1 0 8,329.79 8,192.65 159.51 "2,996.45 

1 

1 1968 7 f.J304. 91 309.80 9,146.90 8,192.63 168.47 '. , 3,099.99 
1 1969 7,680.02 353.38 10,238.24 8,937.59. 214.47 " 3,~87 .. 96 

1970 7,649.85 396.64 9,975.50 8,814 .. 47. 268.85 3,300.43 
1971 7,404.79 409.67 10,087.47 8,231.07 . 299.50' 3,478.99 

.,-" ''''''' _~197~ 7,679.83 424.47 la ,763.61 8,Sr· 76 - 296.17 3,894.55 
, lé73 7,931.88 440.55 11 ,764.61 9,2 2.53 221.74 4.435.85 

:1 • 
' , 

" . -- . 
" . 

"1 ' '-:' l -
, ,.. 

f . 

Source: ..s~atistics Canada, Pulp and Pâper Mi 11 S,I Cat. 36,.204 (Annual), 
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1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 

f".. 1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 " 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

0 

" 

'0 

. , , l 

" 
" -. 
" 

') :-
,~ {f~ 
',(ll" 

'::1-
'Source: d' 

-' 

~ : ~~ , t: . 
ri' -, " 
'~~f 
'~~;I ;z, !tA..{k,. .. 

'~' • 'j" , '~ ju 
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APPENDIX B 

TABLE 2 

\ 

PRICES OF SELECTED PULP, PAPER AND PAPERBOARD 
PRODUCTS (CANADA) 1951-1973 

Groundwood 
Groundwood Refiner Chemica1 Printing dlnd 

Pu1p v Pu1p Pulp Newsprint Specia1ty Pa pers 

($' s per ton) " 
, . 

41.36 31.06 128.79 101.48 157.51 
41.20 31.75 121.49 105.22 156.16 
40.98 28.84 108.77 110.05 163.77 
40.12 . 29.23 105.0,8 109.56 156.53 
,39.98 28.86 104.78 111.09 151.00 
68.02 29.88 ",135.50 114.17 158.28 
69.17 ' 29.18 128.97 114.71 156.87 
68.51 31.73 132.72 116.02 156.34 
67.27 28.32 129.21 115.03 154.35 
68.36 ' 28.36 125.12 117.13 152. la 
67.94 28.12 122,.93 120.55 154.86 
70.36 27.76 123.35 : . 123.20 149.43 
68.40 . 21.9·1 123.96 121.89 155.08 
68.35:, 24.10 129.69 120.3i 156.26 
67.77' 26.30 132.51 118.33 157.94 
69.17 26.33, 128.50 120.70 170.35 
63.14 24.91 125.98 123.10 161.35 
61.43 20.83 ' 123.20 H3.BO 160.27 

'62.85 21.71 128.05 125.77 179.15 
65.43 23.37 141.00 126.28 173.34 
60.56 23.10 160.29 128.54 162.74, 
65.21 25.21 135.05 131.22 170.28 
77.24 40.87 167.64 ' 145.11 

, Hi2.36 

.. 
.!rJ 

" 

D c 

Other 
Papèr and 

Pt:lperboard . 

155.99 
155.81 
156.76 
162.64 
163.01 
179.84, 
185.25. -: 
184 '78~" . ~ - ~ 

J 87 • 3~~ .. ,~,. 
187~~~: "~l"~ 
189 .. 51 ."<.' t 

185. ~9: ": ", 
185.2r .. " 
188.07 
187.42 
190.12 
192.13 
189.37 
192.37 0 

)95 .. 90 
192.46 

,194.46, 
216.98 

Statistics, Ca"nada, pulp and~Paeer Mills, Cet. 36~204 (Ann~11) .. , . 
, . 

1 ~-: 

" 

, . ' . 
" ... 1 " . 

' . 
~ , t • 

! ' 

( 

J 

• 1 

f j 



- 178 .. 

( )'1 

: APPENDIX B 

TABLE 3 . 

q 

TOTAL ACTIVITY EMPLOVMENT (CANADA) 1951-1973 

, .. 
Nunber of EJI1)loyees 

, 1951 57,291 
1952 57,803 

J"153 58,194 
, l 54 60,837 

--~\- - f955 62,205 
,,- J "1956 65,985 

1957 66,067 
a 

1958 ~ 64,199 
1959 65,162 .. 
1960 66,772 
1961 64,155 
1962 64,885 

r"t 1963 65,040 " 1964 67,729 .. 
" 

1965 69,897 
1966 73,501 

' , 

1967 1:3 -983 , 
J, 

1968 73,498 
1969 . 75,427 
1970 80.371 

'..!-
1971 79,397 " 

~-

1972 78.969 
1973 80,085 

'- , \ 

..... 

, Squrce: ' Statfst1cs' ,canada;· Pull> and PaRer M111's/ Cat. 36 .. 204 (AnnUal) l 
~ ~~ .,....~l ;t ~ fi ~. _ ., 

""."~ (. • .. f '. 

,- ~ \ ... ,' " ., .. ", ...... . , 
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APPEAOIX B 

,TABLE 4 

.. 
, " 

.} 

GROUNDWOOD PULP AND TOTAL WOOD PUlP PRODUCTION (CANADA) 1951-1973 

1951 
1952 
1953 
1954 ' 
1955 

~1956 
1957 

.. 1958 
1959 
1960 
1961 
1962' 
19,63 
1964 . 
1965 
1966 ~~ 
1967 

'T968· 
1969 
197.0 
1"971 
1972 

).97.3, 

.' . 

Grounqwood Pul-p 
" ('000 tons) 

5,172 ' 
5,175 
5',123 
5,338 i'l?- ,~' 

5,467 
5,723 
5,~574 
5.315 
15,656 
5,881 
5,878 
5,8~a 

'5,850' 
6,442 
6.802 
7,351 
7,041 
7,055 
7,680 

. 7.650 
7,405 
7.680 

• '8,060 

. , 

.' 

"'" . 

, 

, 

, , 

l"~ •• ', 

, 

, 

...... 

, , 
, " 

. . 

. "\ 

," 

Tata l Wood Pu1 p 
('000 tons) 

9,315 
8,968 
9,077 
9',613 

1 0,151 
10,734 " 
10,425 
10,137 
10,832 

'.11,461 
11,779 
12,133 . 
12,414 
13,742 
1,\,573' 
15,958 
15,857 
, 6,762 . 
18,590 . 
18,308 

., '18,234 
19,239 
20;462 

. 
\, 

, 
'. . 

J-
0) 

\ 

\ . 
" -- .. , 

. " 

" ',. l ' '1 ' . . 
._.:-.. _ .... -.. " .... " . 
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19~1 
1952 
195,3 ~" 
1.954 ' 
1955 
1956 "'-
10957 
~1958 
1'959 
1960 
1961 
1,962 
1963 
1964 ~ 
1965 
'966. 
'1967 
1968· 

,'1969' 1 

1'1970, ' ' 
, 1971~' • 
1972 ' 
1973 
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APPENOIX' B 

,t TABLE, 5 
. \ 

., . -
,GROSS INVESTMENT (CANAPA) 1951-1973 

-
Tota1 CoÎ!l>onent 

. 
, 159, :176.4 
'164,141-.1 

;-' 131 ,802 ~4 
100,195.6 
,160,904.7 
298,740..3 

.227,24'.1 .5 
131 ,4~8. ~ . ' 
131:. 1re .. S , 

" 163,371'.5 
.156'; 145.0 ' " 

,166,157.6' 
197,,367 :4 
304 f,655.5 

: 366,903.0 . 
468,196-• .1 
395,~20.2 " 
232,978.1 
299.295.ê 
424,070.8 

COh~tru'ction Machinery and Equipment 

($ÎObo constant 1961 )':,', ~~: f 

, ' 
\ *. .' 

! 
3e ,534.6 120,841.8 

'. 29,738.8 " ... 134t4~2.3 
,18,936) . . 11"2,.965.8 
14,475.8'" 85;719.7 
28,153.8 ,132,750.9 
82.-414:9 ',216,325,.3 
~5~981.8~ 23J.~,59. 7· ' 
19,194'.4 11' ,633.8 
Zl.,933.4 .. 109',839.5 .• 
Z!~800.2 ,( 135,p7l.~ t'~ ; 

'32,8l9.0 ' "lg3:326'.O: 
34,508.6 .. ,132,249.1 

. 35 .. '905.4 1] , " 161~462.1 
64,557.0' " ' ' !39'.998.7 
'95,063.3 ' '. ; .. ' 21l .8~.8 

1'10,944.9 ' 357 ~251:-1 
,'8~',a7Q.l: " 312,350.2 
.48,·1~6~3· ,.·184~261..9,. r 
71,601.8 ' ',' ,'·aZl..693 .• 8 ' 
9.1.507.9 -: ' "332,563.0 
9b.&43~3: ,",' : 331.011.3' 
74.7~~.9 !t ,''l. ' .," 258,.2Q5.3 

, , 

l ' 

'. 

.' 

, 

,;. Il , 

" , 

~ .'. 

<> 
\' , 

: l' •• 
, " 

. 421 .86{).'3' .. -
333;002~2 ... 
266,375.1 47,80t...,& '. ,2J8.57,3 .. 4 

• ~ ',' ! 

, . 
, ; 

, " 

~., , . ' .. ~ \ ... 
" 

',-1 ... 

.... l ' • 

, 
, • : 1 

, " 

" ,r • 

l,', .' 

.' . ~ , / . ' , , 
, , ' 

, " ... 

. 
," 

" 

.. ' '1 
' , 

". " Or ,', -'~ \..-: ~ 

::, Source: .Unp'ubl1shed data obtained from Mr. P. '/<oumanakos " Ch1èf Capita (:~ ,'.,", ,', ~ 
Stock" Construction Division, Statist1cs Cana,da. (revised). /,,',. - , . 

, " 
, 1,. , 

, , 
, . 

. , 

" , , 
, 1 

c " 

-oP, 
• 1 . . 

, , . ' . \ 

, ! , 
" )' 

, ' 

" 
, -, 

,f " 
1 



,1' 

( ) 

o o 

. ' 

i 
',' ] 

" 

J 
'r/ri 

,,1 

, 
.~, . " . 
" 

" 

,1 

, 
, Il .. 

, " , 
, " 

, , 
" 

- 181 -

, APPENOrX B 

~ TABLE 6 
1 

NUf1:l~R: OF M~LLS (CANADA) 1951 :-1973 ' 
, " 

1951 
1952 
'1953 
.1954 

.1955 
1956 
1951 
1958. 
1959 
1960' 

1 

,l'961 ' ... 
. 19&.2, 
:'19'63 ,-

, , 1964 
1965 

" > :1966 
'Ù"~' 19t>1 

'1968' 
\.,,1969' 

'\'1i' 11970 
. '1971, 

\19i2 
\973 

\ 

J, 

, 1 

; 
1 

'" 

l, 

" 
.~ 

\ 

\ ' 
\ , 
\, 

,'" 1 

, , 
~ 

'c 

, '~ 

fi • l' 

0 

q 

~ 

, 
0, 
- 0 

126 
128 0 

1-27-
125 
125 
\26 
T27 
127 
126 
126 
12'5 
125 
126 
,131 
lj2l' ' 

" " 134'" 
,136 
13'7" 
138 
139 _ 
)4,2· 

'" 141 
141 ' 

" \ . ',' 
, l' -, ' 

, 
" 

, 1 

. ' 

\', ~ -

, ' 
" 

" " 

. . 

,1 

\ , 
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APPENDI X B 

TABLE 7 

PRODUCTION OF PUI:..P, PAPER AND PAPERBOARD PRODUCTS 
(EAST-WEST) 1961-1972 

pulp Paper and Paperboard 

East .tJ West East Wes t 

( ,000 tons) 

9,356.06 2.422.94 7,395.64 1,284.36 

9,544.45 2,588.06 7,530.35 1,349.05 

9,788.52 2,685.59 7,665.14 1,393.82 

10,696.72 3,045.06 8,373.89 1,569.77 

11,071.31 3,501.64 8,793.13 1,77 3.80 

12,044.68 J, 9}·2. 92 9,666.85 l ,944.64 

11 ,760.34 4,097.02 9,411.25 1,937.35 

12,132.21 4,629.41 9,478.10 1 ,983.00 

13,271.68 5,!318.21 10,302.60 2,212.00 

13,334.41 4.973.44 10.257.84 2,145.90 

12,884.67 5.388.89 10,004.22 2,298.48 

13,597.14 5.641 .95 10,745.82 2,350.89 

Source: 1. Statistics Canada, pu1p and Paper Mil1s, Cat. 36-204 (Annual). 

2. National Pulp and Paper Director,t (Annual). 
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1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1961) 
1970 
1971 
1972 
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TABLE 8 

PRIeES OF PULP, PAPER AND PAPERBOARD PRODUCTS 
(CANADA) 1961-1972 

Pu 1 p 

117.74 
118.42 
119.09 
124.3) 
127.3t 
124.39 
122-:-45 
120.20 
124.96 
137.02 
136.81 
132.22 

Paper and Paperboard 

'( $ 1 S per ton) 

135.27 
137.45 
137.21 
136.13 
1-34.60 
137.38 
140.72 
140.80 
143.32 
145.01 
146.73 
149.85 

Source: Statistics Canada, Pu1p and Paper Mi11s, Cat. 36-204. 
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1962 
1963 
19b4 
1965 
1966 
1967 
1968 
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1970 
1971 
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. TABL-E 9 

TOTAL ACTIVITY EMPLOYMENT (EAST-WEST) 1961-1972 

Eas t, 

54,199, 
54,5Q6 
54,6'fli1 
56,549 
57,816 
60,129 
59,830 
59,000 
60,1 32 
63,857 
61 ,611 
60,451 

D West 

(number of employees) 

9,956 
10,379 
10,429 
11 ,180 
12,081 
13,372 
14,153 

.14,498 
15,295 
1 b, 514 . 
17,78b 
18,518 

1 ~ 

1 
_ J 

, 
Source: Statistics Canada, Pulp and Paper Mills, Cat. 36-204 (Annual) . 
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TAIRE 10 

NUMBER OF GROUNDWOOD PULP PRODUCING MILLS (EAST -WEST) 1961-1972 

East West 

(number of mi11s) 

1961 71 9 

1962 71 la 

1963 72 9 

1964 76 9 

1965 74 la 

1966 67 9 

1967 65 9 

1968 5'9 9 

1969 62 8 

1970 55 9 

1971 56 9 

1972 57 5 

Source: Unpub1ished data obtained fram Mr. G.W. Barrett, Head Furniture, 
Paper a~ Al1ied products Unit, Statistics Canada. 
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TABLE 11 

\ 
GROSS INVESTMENT (EAST-WEST) 1961-1971 

East West 

($,000 constant 1961~ 

1961 124,069.0 32,076.0 
1962 95,160.8 ~.o 
1963 114,225.7 3,121.2 
1964 169,613.9 114,496.3 
196, 213,673.8 153,202.9 
1966 237,350.5 230,812.9 
1967 220,505.0 139,380.1 
1968 144,283.1 92,336.8 

<li 1969 ,200,930.0 98,391.3 
1970 273,510.1 150,629.4 
1971 244,355.8 177,472.5 

" 

" 

Source:~ Unpublished data obtained from Mr. ~: Koumanakos, Chief Capital 
Stock, Construction Division. Statistics Canada • 
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TABLE 12 

NUMBER OF MI LLS (EAST-WEST) 1961~1972 

I~ East West 

1961 104 .... 21 
1962 .. 104 21 
1963 105 . 21 
1964 110 . 21 
J945 110 22 
1966 110 26 
1967 113 25 

i 1968 111 28 

l 
1969 109 28 
1970 111 29 
1971 113 30 
1972 113 31 

i r". 
1 r , 
1 

1 

Source: Canadian Pulp and Paper Association, Reference Tables (Annual) 
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TABLE 13 

WAGES AND SALARIES (CANADA) 1951-1973 

), , 
($ ,000) , 1 

1951 213,169.9 
1952 225,353.3 
1953 235,741.7 
1954 ~2 ,598.4 
1955 5,298.1 

i 
1956 297,571 .9 
1957 307,828.0 , . 
1958 307,595.0 

11 

1959 322,480.0 
1960 344,410.0 

~ 1961 .~ 
340,857.0 

1962 355,245.0 a 
1963 364,513.0 
1964 394,136.0 
1965 423,732.0 

\ 
1966 486,249.0 

, ! 01967 • 516,724.0 
1 1968 552,162.0 

! ! 1969 . 611 ,591.0 
f 1970 701 ,395.0 

1971 745,608.0 , . 
1972 808,869.0 J 
1973 884,243.0 

1 
~ 

.. 

Source: Statistics Canada, Pu1p and Paper Mills, Cat. 36-204 (Annual). 
-' . 

o 
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TABLE 14 

TOTAL PRIME COSTS (CANADA) 1951-1973 

- ($,000) 

.1951 771,809.6 

,.\) 1952- 799,139.8 
f 1953 815,472.2 , 

1954 852,746.8 
• l 

1955 902,4f8.1 
J 

1956 1,026,283.2 
1957 1,038,8Q2.0 
1958 1 ,01 6, 4 O~ . 0 
1959 1 , 064 , 51 9 .0 
1960 1 ,112,446. , 

1961 1,138,10. 
l , 

1962 1,193,83 .0 l 
~ 

1 
~ 1963 1,240,82 0 , 

1964 1 ,379 1 003 0 • i 
• 1 1965 1,499,375 0 î 

1966 1,693,436. ~ 

1967 1,786,558. l 
/ 

1968 1 ,916,363.0 
1 
l 

1969 2, 1 2~, 394 • 0 
1 

1970 2,240,.129.0 

i 1971 2,342,160.0 
" 

l. 1972 2 , 537 ; 11 0 • 0 
1973 2,855,813.0 

( . 

Source: Statistics "Canada, Pu1p and Paper Mi11s, Cat. 36-204 (Annual). 

! 

• ; l 
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Source: Unpublished data obtained from Mr. P. Koumanakos, Chief 
Capital Stock, Constructio,", Division, Statistics Canada (re'vised). 
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1959 
1960 
1961 
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TABLE 16 t 

GROSS PR~FrTS (CANADA) 1951-1973 

Gros s Pro fi ts 

46t,i,087.9 
358,747.9 
364,193.2 
388,811.7 
4;14,520.0 
438,774.5 
378,583.0 
383,869.0 
440,277.0 
466,281.0 
494,725.0 
522,465.0 
552,404.0 
605,111.0 
605,050.0 
604,226.0 
:>14,486.0 
530,11.0 
646,882.0 
610,707.0 
490,107.0 
590,019.0 
935,126.0 

; 

Sources: 1. Statistics Canada, PU1\? and Paper Mills, Cat. 36-204 (Allfiua1). 
~ 

2. Un)Jublished data obtained fram Mr. P. Koumanakos,!l'fef 
Capital Stac~, Construct)on Division, Statistics ~ada. 
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Source: Statistics Canada, Pulp and Paper Mills, Cat. 36-204 (Annual) • 
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TABLE 18 

.. 
0 WAGES AND SALARIES (EAST-WEST) 1961-1972 

East West 

•• ($ ,000) / 

t 961 285,879.0 54,960.0 
1962 295,908,.0 59,337.0 

,. 
1963 303,093 t O 61,420·.0 
1964 323,199.0 ,.70,~37 .0 , 
1965 342,922.0 80, 10.0 .f 

1966 389,867.0 96,382.0 i 
'967 406,243.0 1"10,,481.0 
1968 430,723.0 121,439.0 
1969 476,249.0 135,342.0 
1970 l' 542,520.0 158,875.0 

~ 
1971 557,097.0 1,88,-511. 0 
'972 600,334.0 208,535.0 

1 - 't' 
1 , 

• 
\ 

1 
! 

1 

~ 

J 
; 
D. 
~ . 

'-. 
1 

>, ~ 

,-, 1 .,. 
) 

1 t 
i 
j , 
1 
; ... 

, , t 

Source; .Statistics Canada, Pu1p and Paper Mi11s, Cat. 36-204 (An nua 1 ). .,..l 
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APPENDIX B 
." 

" ." o. )" TABLE 19 
; 

TOTAL PRIME COSTS ( EAST - WEST) 1961-1972 

') 
,ust ... West 

0 ($,OOQ.) 

~ 
"\ , 

944,142.0 
. 

1961 193,967.0 
1962 981,535.0 212,300.0 " 
1963 1,014,B09.0 226,OH3.0 
1964 1,1 02 ,~B. 0 276~405.0 

6', 

1965 1 ,1 72 ,917'.0 326,458 .0 
1966 1,316,207.0 377 ,229.0 

1967 Il,375,185.0 411 ,373.0 

1968 1,449,749.6' 466,614.0 
19'69 1,598,296'.0 526,098.0 
1970 l ,715,024.0 525,105.0 

1971 1,738,522.0 603,638.{) 

1972 1,866,178.0 670,932·9 

( 

. , 
Source: Statistics C~nada; Pulp and Paper Mills, Cat. 36 .. 204 (Annual). 
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TABLE 20 

CAPITAL STOCK (EAST).196t--1971 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 

Mi d- Yea r Gross 
Stock 

($,000 current) 

2,039,763.4 
2,107,481.8 
2,227.986.7 
2,435,~79.9 
2 , 746.381 .2 
3,051,928.6 
3.,251,759.4 
3 , 367 • 26 1 . 7 
3.631,371.4 
4,006,521.1 
4 , 4 l 3 , 68 5 . 0 

Source: Unpub11shed data obtatned from Mr. P. Koumanakos. Chlef Capital 
Stock, Construction Dlvlsion, Statistlcs Canada. 
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TABLE 21 

CAPITAL STOCK (WEST) 1961-1971 

Mid-Year Gross 
Stock 

($,000 current) 

750,275.3 
789,865.5 
880,665.0 

1,017,882.4 
1,218,923.3 
1,477 ,223.4 
1,674,619.4 
1,773,571.4 
1 ,936,677 . 9 
2, 167 ,500.8 
2,458.678. 6 

Source: Unpub1ished data obtained fram Mr. P. Koumanakos, Chief Capital 
Stock, çonstruction Division, Statistics Canada • 
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TABLE 22 

GROSS PROFITS (EAST-WEST) 1961-1971 

East West 

Gras s Prof; ts Gross Profi ts 

($,000) ,~ 
'1 
,; 

1961 361 ,106.0 133,619.0 

1962 378.329.0 144,136.0 

1963 392,836.0 1-59,568.0 , 
\ 

1964 485,524.0 169,587.0 j 
1965 433,160.0 171,890.0 

1966 454.543.0 149,683.0 
1967 381,945.0 132,54r.0 t 
1968 386.042.0 144,469.0 1 

1969 442,871 .0 204,011 .0 ) 
~I 

1970 402.219.0 208,488.0 

1971 349,366.0 140,741.0 1 , 

Source: 1. Statistics Canada, P-ulp and Paper Mills, Cat. 36-204 (Annual). 

2. Unpub1isht;!d data obtained from Mr. P. Koumanakos, Chief 
Capital Stock, Con~truetion Division, Statistics Canada. 



1 

1 

... . , .. -" '. JI 

/ 

- -- - - - ~ --

BIBLIOGRAPHY 

Ains~rth, J.H., Paper, Thomas Printing and Publishing Co .. Wisconsin, 
1967. 

Casey, J.p .. Pulp and Paper, Volurœs land 2, Interscience Publishers, 
New York, 1960. . 

Canadian Pu1 p and Paper Association, From vJatershed ta Watermark, t1>ntreal 
1974. 

Davenport
i 

Paul, The Sources of Economie Growth in Canada, 
McGi 1 Uni vers l y l meo pp. - . aper presen e 0 e 
Seventh Conference on Quantitative Methods in Canadian Economie History, 
Guelph. February 28. 1975. 

Davis, L.E .. et al., Amencan Economlc Growth: An Economist's History of 
the United States, Harper and Row. New York, 1972. 

de Montigny. R., La Fabrication du Papier, L'Institute Canadien de 
Recherche sur les pates et Papiers,- Pointe Claire. 

Domtar Pulp and Paper Ltd., (Howard Smith Division), Papermaking, Montreal. 

Gavelin, N., Sciences and Technology of Mechanical Pulp Manufacture, 
Lockwood Corp •• New York, 1966. 

International Brotherhood of Pulp, Sulphite and Paper Mill Workers, 
Automation, 1964. Appendix G. 

Kalecki, M., "The Supply Curve of an Industry Under Imperfect Corrq:>etition;' 
Re'View of Economie Stu~s. 1939, pp. 91-109. 

MacFarland, J.M., Linder and Demand-Led Theories of the Pattern of Trade: 
A Review in the Canad;an Context, MëGill University (Ph.D. thesis), 
1971. 

Nadiri, M.I., "Sorne Approaches to the Theory and Measurement of Total Factor 
Productivity: A Survey.1I Journal of Economic Literature, 1970, pp. 1137-77. 

Roberts, C.J., A Survey of-Employment l-Ddels; Centre for Industrial and 
Business Researeh, University of Warwick, Coventry, 1972. 

Robinson, J. and Nagvi, K.A., "The Bad1y Behaved Production Function," 
Quarter1y Jpurnal of Economics, 1967. pp. 579-91 • 

Salter, W.E.G., Productivity and Technical Change, Cambridge University Press, 
1969. _ 

Samuelson, P.A., "A Sun.ning Up," Quarterly Journal of Economies, 1966. 



1 
1 

1 
1 

f 

\ 

., 
", ./t 

.--- - , 

" 

- 199 -

/-----, . 
Solow, R., IITechnica1 Ch'nge and t)'C' Aggregate Production Function," 

Review of Economic Studies, 1957, pp. 312-20. 

J 

Stevenson, L. T., The Back~round and Economics of American ,Papermaking, 
Harper and Brothers uhlishers, New York, 1940. " 

Wenzl, F.J:-; Kra-ft Pulping - Theory and Practice., Lockwood Corp., New York, 
1967. 1 

Wenzl, F.J., Su1phite Pulpir:lg Technology, Lockwood C~rp., NeW'York: 1965. 

Witham, G.S.,~Modern Pu1p and Paper Makin'9, Reinhold 'Pub1ishing Corp., 
New York ~ 1942.' ' 

STATISTICAl REFERENCES 

Canadian Pulp and Paper Association, Reference Tables (Annual). 

National Pulp and Paper Directory (Annual) - available at the Canadian ' 
Pulp and Paper Association, Montreal. 

Statistics Canada, Priees and Priee Indexes, Cat. 62-002 (rt>~,thly). 

Statistics Canada, Pulp and Papér, Mills, Cat. 36-204 ~Annùal) .• f 

Statistics Canada, Type of Organization and Size of ~stablishrren'1:, Cat. 31-210 
(Annua 1 ) • 

r . 

~) 

, 

1 • 

1 

i 
! 

1. 

" 1 . 

~ 
~ 
,~, 

,'" , 
~ 

) 

.~ 

< 
~t 

~? 
57· 
~ 

.~. ~ , " 

" 
~ 
;. 
"., 
, " 

\ 
',\ ,'. 

:i 
.~~.., 

-~ 
'j, 
~ 

",' 

,1 
.; 
~ 

) , 
'" 
j , 
l 
i , 
; 

1 
:-'! 
l 

, ; 


